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Abstract
Exploring Liberatory Possibilities of Anti-Racist and Anti-Colonial Elementary Science

Education Across a School District

Anastasia Sanchez

Chair of the Supervisory Committee:
Dr. Phillip Bell

College of Education

Background: This dissertation examines the pervasive influence of the white and colonial
imaginary in shaping educational narratives that promote neoliberal success and capitalism,
impacting the minds of successive generations. Contemporary youth perceive these narratives as
detrimental, contributing to racial violence, climate-induced displacement, and ecological
degradation. The growing disillusionment among young people calls for a shift towards
cultivating authentic, responsible, and reciprocal narratives prioritizing critical eco-relational
significance and fostering sustainable futures (Fowler, 2023; Vamvalis, 2022; Han, 2022; Whyte,
2018). The design research shared in this dissertation not only illuminates the intricate
eco-relational brilliance and radical care exhibited by some of our youngest geologists,
engineers, scientists, and critically conscious citizens, but it also unveils liberatory trajectories
for teacher (un)learning and pedagogical commitments associated with anti-racist and

anti-colonial approaches to science education. This work serves as an offering and an



encouragement to embrace boldness, bravery, and a committed rogue approach against racism

and coloniality in education.

Methods: The dissertation employs Design-Based Implementation Research (DBIR) (Penuel et
al., 2011), guided by social practice theory (Bell et al., 2012; Lave & Wenger, 1991), and an
In-relations methodological practice (Tachine & Nicolazzo, 2023) animated by Indigenous
eco-critical and critical race theory. The collaborative design research was conducted within a
network of elementary school, kindergarten to sixth grade educators across a suburban school
district. Educators participated in a 15-month professional development initiative designed in
accordance with the Social Focus Framework (Sanchez, 2024) to build capacity for anti-racist
and anti-colonial education. This involved a network of teachers participating in critical learning
as a collective and in grade-level teams involved in co-designing curriculum and iterative
implementation. Ethnographic, artifact-based, and interview data was analyzed through critical
ethnographic methods involving participant-observation, interpretive analysis and coding of
student and teacher artifacts and teacher interviews, and theory-driven focused coding of student

interaction.

Findings: The dissertation is structured into three papers, each addressing different aspects of
the research. In Paper 1 (Chapter 2), I document the diverse learning pathways of elementary
teachers engaged in anti-racist and anti-colonial education. The findings reveal that teachers'
engagement in sensemaking, critical meaning-making and situated actions varied significantly,
influenced by dimensions of whiteness such as innocence, ignorance, saviorism, and arrogance.
Teachers who adopted a "rogue settler diligence" approach showed significant progress in
anti-racist and anti-colonial teaching practices, highlighting the developmental nature of critical

teacher learning. In Paper 2 (Chapter 3), I present a case study focused on a second-grade student



who exemplifies the potential for young learners to engage in eco-relational caring practices

during a geology unit. The student's end-of-unit presentation underscores the importance of

nurturing relational epistemologies (Bang et al., 2018) to support speculative (re)worlding in

socio-ecologically precarious times. In Paper 3 (Chapter 4), I follow third-grade students

prioritizing multispecies justice, anti-racism, and anti-coloniality in a science unit. The students'

development of just worlding engineering design principles illustrates their capacity to envision

and advocate for radically caring and sustainable futures.

Contributions: The dissertation offers several design principles for transforming education, as

well as fields of science and engineering:

1.

Teacher (Un)Learning Pathways Towards Antiracist and Anticolonial Science
Education: Analysis of teacher learning pathways highlights the developmental nature of
critical teacher learning, emphasizing the need for sustained, reflexive, and rigorous
professional development to counter white supremacy and coloniality.

Honoring Kindred Relationality as Design Priority: Prioritizing relationality in
curriculum design fosters radically caring approaches in science and engineering
education, aligning with children's inherent eco-relational perspectives.

Critical Liberatory Presencing of Multispecies, Land AirWaterStars, and Rights of
Nature: Integrating diverse ecological perspectives disrupts human supremacy narratives,
promoting interdependent thriving.

Transparency and Humility as Valued Design Stance: Emphasizing transparency and
ethical curiosity in scientific inquiry challenges traditional power dynamics, fostering a

more inclusive and collaborative scientific community.



5. Resistance and Refusal as Valued Design Practice: Encouraging children's principled
resistance and refusal to harmful actions cultivates liberatory learning environments and

responsible, ethical STEM education.

Overall, the research highlights the potential of young learners to contribute to a more equitable
and sustainable world and offers insights into how district-level initiatives can support such
transformative educational practices. This dissertation ultimately affirms the crucial role of
education in shaping a just and caring future, guided by the eco-relational brilliance and radical
care of young learners. The work shows that this was only possible across a school district
through a sustained, coherent, and critical approach to shared teacher learning and support of
situated actions related to instructional practice that enacted anti-racist and anti-colonial

approaches.
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INTRODUCTION

“In white and colonial imaginaries that thrive on the thrill of control and subjugation, we
still frame learning as ‘mastery’ — a horrific, horrific imaginary.”

-Pratim Sengupta (2020, p. 1)

For many adults, we have digested and absorbed chapters, upon chapters of the white and
colonial imaginary, handing over our pre-colonial minds, piece by piece, grade by grade, to a
neoliberal success narrative of capitalism promising us positions as masters over masters. The act
of consuming and endorsing the narrative that encourages mastery as a pathway to success has
the potential to detrimentally impact successive generations. This narrative, prevalent in
educational settings, is perceived by aware youth as nothing more than a disconcerting
portrayal—a depiction woven into the fabric of a Westernized dream, reflecting escalating racial
violence, oppression fueled by the rise of climate refugees, global economic hegemonies,
billionaire influence, conflicts over land and water, the depletion of 99% of the planet's
biodiversity, and the emergence of unprecedented diseases attributed to climate change.While
this observation may appear stark and devoid of optimism, it is crucial to acknowledge that
contemporary youth increasingly harbor a sense of disillusionment and diminishing trust in
adults, viewing them as inadequate stewards of their collective well-being and futurities
(Vamvalis, 2022; Han, 2022). As responsible adults, encompassing roles such as educators,
scientists, engineers, and leaders, it becomes imperative to cultivate a heightened awareness.
This awareness serves as the catalyst for conscientious efforts to actively disrupt and dismantle
not only our own complicity but also that of others in perpetuating the constructs of the white

colonial imaginary. Moreover, it entails sowing the seeds of authentic, responsible, and



reciprocal narratives that prioritize critical eco-relational significance, fostering a collective

commitment to a sustainable and meaningful future (Whyte, 2018).

It is within this mind and heartspace that I position myself across the papers shared in my
dissertation—as well in the collective engagements focused on moving toward the liberatory
futures they represent. Furthermore, in hopes of being a responsible elder and ancestor, in the
continued words of Pratim Sengupta, “I am led here by students and ex-students, who offer
imaginaries for integrating intersectional narratives of suffering and resilience with algorithms of
complexity. They show us the value of solidarity and listening together as computational

experiences that can heal our pain.” (2020,p.3)

Whilst making a declaration of my commitment to embody and enact radical caring, I
recognize that I must do so as a rogue, rigorously striving to inspire, support and lead against a
dominant current designed and determined to wash me, and fellow rogues, away. This
recognition and cellular remembering, does not and did not wither my resolve, but continues to
galvanize me as I consider the rogue settler educators, student Earth Guardians and their peers
highlighted in this dissertation—engaged in a rigorous processing of co-becoming, assuming
dual roles as teacher-learners, who embraced collectivity, reciprocity, and mutuality. Together
they operated within a framework of refusal, directing their efforts toward the utilization of
knowledge as a potent tool for the eradication of oppression (Del Vecchio, Spady & Toomey,
2018). Courageously and resolutely, they endeavored to "forge critical consciousness as part of
creating the world we can get behind rather than only describing the one we reject in front of us"
(Said, 1983, p. 283).

Rooted in a genuine appreciation for the concerted efforts of educators and students, as

well as the collaborative endeavors among teachers, students, and their peers, it is imperative to



underscore that the attainment of our accomplishments, as well as the nuanced understanding of
what remains unattained, hinges upon a foundational knowledge base. This knowledge is
cultivated through the lens of critical theory, with a specific emphasis on critical race theory
(Bhaskar, 1975; Ladson-Billings, 2009; Delgado & Stefancic, 2023) and Indigenous realism
(Wildcat, 2010; Whyte, 2020. Throughout the duration of our partnership, educators were
equipped with a spectrum of critical theories and pedagogical frameworks, including critical
realism theories, through various channels such as professional development, grade-level
collaboration, curricular development, and instructional strategies. These provisions served to
furnish educators with a solid foundation upon which to anchor their sensemaking, engage in

critical meaning-making, and contextualize their actions within a broader framework.

Building Capacity to Educate for a Future Justly Responding to Racial Realism

A realist approach to Anti-racism and Anti-coloniality education necessitates the
discontinuing and demystifying of ideologies that colonization and racism will or can decline
over time or with approaches of anti-bias training, and/or access models and methods of
diversity, equity, and inclusion—all which simply result in tokenization, cultural and racial
gaslighting, extraction and exploitation of BIPGM (Black, Indigenous, People of the Global
Majority), as a human resource for nuanced modes of settler comfort and saviorism (Milner,
Harmon, & McGee, 2021). I work from the commitment that merely adding white gaze
“cultural” approaches (Paris, 2019) and damage-centered, victim narratives (Tuck, 2009) as
curriculum addendums—under the guise of cultural relevance or social justice—will only
continue to manufacture racial oppression and settler colonialism, as intended in the original
design of public schooling in the U.S. Without calling out and calling into light the white

epistemic and ontological dominance which has been operationalized as the dominant norm—as



it has defined and determined the purpose and methodologies of teaching, learning, and
society—the educational system will uphold white epistemic domination as modus operandi
“because racial oppression is already a structural problem, conducting schooling as usual ensures
that race-based inequality will continue” (Gilborn’s cited in Leonardo, 2013, p. 17). Without
pulling into precise perspective the ways that schooling, as an institutionalization of settler
colonialism, fuels and provides bodies and minds for on-going coloniality, we will forever be
sacrificing the socio-ecological belonging, rights and futurities of BIPGM communities,
generations of children, and our collective selves.

Coloniality and racism are not static or temporally bound, they are both dynamically
fluid and mutating as society and social conditions evolve and unfold—and yet they are also
susceptible to disruption and dismantling (Liboiron, 2021). Embracing Anti-racism with a racial
realist stance means deeply understanding that, “the permanence of racism means that racism
does not consist of ahistorical, individual, or aberrational events but rather is endemic to and a
normal part of American life (Matsuda, Lawrence, Delgado, & Crenshaw, 1993), including
education (Ladson-Billings & Tate, 1995), science (Harding, 1993), and science education
(Parsons, 2014)” (Sheth, 2018, p 39). To take on a realist stance of colonization means to hold
true the TribalCrit tenant that “that racism has become so deeply ingrained in society’s and
schooling’s consciousness that it is often invisible” (Brayboy, 2005, p.428).

To be Anti-colonial means to deeply understand that “coloniality survives colonialism. It
is maintained alive in books, in the criteria for academic performance, in cultural patterns, in
common sense, in the self-image of peoples, in aspirations of self, and so many other aspects of
our modern experience. In a way, “as modern subjects we breathe coloniality all the time and

everyday” (Maldonado-Torres, 2007, p.243). This reality exists since contact-invasion where



“the structure of settler colonialism has been maintained by eradicating and punishing
Indigenous, Black, Brown peoples” (Patel, 2018, p. 102).

Therefore engaging in Anti-racist and Anti-colonial research for liberatory ends through
education is particularly provocative for teachers working within the belly of the beast of our
westernized education systems which indoctrinates white culture supremacy and colonial logics
and agendas (Dietrich, 2016 ) through ethnocentric, zero-epistemological mandated curriculum,
coupled with race-neutral practices (Shah, 2021) and teacher professional development that
reifies settler-false consciousness (Kulago, 2019). Therefore, taking up Kathrine McKittrick’s
idea that “discipline is empire” (McKittrick, 2020), I take a position at the inner walls of
discipline to create cracks, fissures, and desettle from the inside of the empire.

Recognizing the ongoing, current and escalating impact of this concoction of domination
and disaster, as a former K-12 educator, as a woman of color passed through the machinery of
this system, and as a scholar standing alongside other scholars committed to the exploration of
“how we might create learning environments liberated from ethnocentrism imposed by Western
science and science education (Bang, Marin, & Medin, 2018; Barton & Tan, 2018; Mensah,
2019)” (Warren et.al., 2020, p. 279). I present this dissertation research as both an offering to the
efforts and invitation to continue to see forward facing insights in the designing of an anti-racist
and anti-colonial educational Other-wise- as “both a horizon and also being lived in the present
tense” (Kaba, 2021, as cited in, Tachine and Nicolazzo, 2022, p. 9) within that “space of

decolonial in the colonial" (Patel, 2022, p xi).



Methods: Using Design Based Implementation Research to Build Teacher Capacity

for Orchestrating Anti-racist and Anti-colonial Un/Learning

To achieve the aims described above, I have incorporated key tenets from Design-Based
Implementation Research (DBIR) (Penuel, et al., 2011) guided by social practice theory (Bell, et
al., 2012; Lave & Wenger, 1991), and In-relations methodological practice (Tachine, &
Nicolazzo, 2023) alongside Indigenous Eco-critical and critical race theory.

The research practice partnership utilized methods and principles of design based
implementation research (DBIR) to build social networks of educators at various scales, levels,
and settings. “Design-based implementation research can help develop local capacity by
fostering cohesion among networks of local actors tasked with implementing change, and by
creating designs for routines and coordination mechanisms that can help innovations travel
readily along those networks and that themselves can travel to new contexts.” (Penuel et.al.,
2011, p.334) DBIR is guided by principles that focus on addressing persistent problems of
practice, from multiple stakeholders' points of view, that engages educators, subject matter
specialists, and educational researchers in collaborative, iterative design and develops knowledge
and theory while also building capacity for continuous improvement (Penuel et al., 2011).
“DBIR ideally produces more scalable designs and a deeper understanding of the contexts of
science education, particularly how these contexts arrangements produce patterns of educational
outcomes we observe today and the patterns we hope to produce tomorrow.” (Penuel et.al.,,
2011, p. 282). Therefore, as a DBIR project, guided by these principles, with aims to promote
Anti-racist and Anti-colonial education at multiple scales, levels and settings within a district, the
power and potential of the social network of educators, researchers and district partners was

leveraged and nurtured. Efforts to facilitate mutualistic and in-depth, broad implementation of

10



educational change with the project’s social network were aligned to the following research
informed conjectures (Penuel et.al, 2016):

Conjecture 1: Efforts to promote sustained, mutualistic interaction will be more effective

if researchers join and contribute to existing professional networks of educators.

Conjecture 2: Deep interactions between researchers and educators can facilitate access

to and interpretation of research and changes to educators’ and researchers’ practice.

Conjecture 3: Co-design that involves key boundary spanners will facilitate high-depth,
mutualistic interactions between researchers and practitioners, provided those boundary

spanners can successfully link people and resources across networks.

Conjecture 4: Multi-tiered partnerships organized around boundary objects help

coordinate activity within systems and support boundary spanning within districts.

Throughout the research project researchers, educators and organizational leaders
participated as co-learners during Anti-racist and Anti-colonial professional development. Due to
the intimate and critical content of the professional learning, meaningful interactions were
scaffolded and shared among all participants. Application of co-learning was facilitated across
the social network through the co-designing and co-constructing of curriculum. Both the
professional development that transpired over 15 months and the curriculum were boundary
objects supported by the instructional, cultural and intellectual expertise I brought into the
research practice partnership network as a boundary spanner.

Throughout the research project and my dissertation, a central focus will be on grounding
the inquiry in my own cultural intuition (Bernal, 1998). This approach, aligning with Bernal's
concept of reflexive, embodied conocimento, permits the integration of the "politics of spirit"
into the research process (Bernal, 2016, p. 2). Additionally, the adoption of ethnographic

storytelling methodology will be employed as a deliberate act to further incorporate Chicana
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feminist epistemologies (Calderén, D., et. al., 2012) and relational research into the dissertation.
Stories have the inherent power to center humanity, creating narrative spaces that facilitate felt
knowledges (Harjo, 2019; Million, 2009) and a storied understanding. This approach becomes
especially poignant and necessary in the current socio-political landscape marked by hegemonic
oppressive forces determined to trade lived, living and unsecured future living of BIPGM, and
multispecies kin in place of fables of dominant cultural epistemic superiority narratives of status
quo and foreboding socio-ecological challenges.

Furthermore, I engage in the dreaming of, and designing of teacher education and
research with the wholehearted aim to reflect Kim TallBear’s approach of “standing with” and
“towards faithful knowledges, towards co-constituting my own knowledge in concert with acts
and claims of those I inquire among” (as cited by Liboiron, 2021, p. 25)—in good feminist
practice of not “fixing or saving” but rather expressing “political kinship and alter-relations"
which understand that although the distribution of colonial violence is unbalanced, with
whiteness as complicit, collectively we are threatened (Liboiron, 2021, p. 25). However, to do so
requires great forethought and critical care for how educational innovation and teacher capacity
should be designed and infrastructured across various scales and networks for sustainable and
sustained transformation—especially when this work is conducted within district-sanctioned

implementation initiative at the systems-level scale.

Research Context & Participants

I came into this research study as a continuation of my critical heartwork journey of transforming
science education to embrace emancipatory teaching practices and generationally and culturally
liberatory learning. This pursuit has evolved from my middle school classroom, into several

districts and organizations as the Social Focus initiative starting in 2018. The research that will
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be presented in my dissertation will be centered on Social Focus praxis teacher and student
classroom learning that occurred during the 2021-2022 timeline.

During the 2021-2022 timeline, 122 teachers from three districts attended Social Focus
praxis professional development with the option to participate at two scales. The Educators
Series was a five-part professional development sequence of Social Focus praxis learning over
the course of the 2021-2022 school year, this option was open to educators across districts and
leadership roles. The second option was designed for educators in the Edmonds school district
who agreed to participate in the Teacher Advisory Board (TAB). The TAB cohort included the 5
core Social Focus professional development trainings provided to the Educator Series cohort
with an additional 5 professional development learning opportunities, including in-person, all
day learning labs. During the 2021-2022 school year TAB teachers were also supported by
university researchers in their classrooms as they began to integrate learning from professional
development into their teaching practice and through the implementation of Social Focus science
units.

It is important to note that throughout the arc of learning the realities of teaching, learning
and living during the COVID-19 global pandemic were ever-present and constantly
transmorphing, elevating the visceral pulse of humanity in education, necessitating care and
responsiveness. Therefore, the design of the learning for both cohorts of educators included
synchronous online group learning, supported by curated multimedia resourced, learning done
asynchronously between sessions, with the intention to support and scaffold new and upcoming
learning, as well as encourage collaboration and application into classrooms and district spaces.
The Social Focus praxis approach to teacher learning supported the building of shared capacity

within social networks by connecting educators to resourced expertise and mediating tools
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(Penuel et. al., 2016). Additionally, throughout the learning, for both cohorts, the undertaking of
Anti-racist and Anti-colonial instruction was designed to extend within and across networks
through the use of shared tools, such as the Social Focus framework, Critical Liberatory
framework, Spectrum of Representation, Social Focus Instructional Practices and Unit

development process.

The Lines of Research

Holding the need and desire to do this critical dreaming, remembering, designing,
infrastructuring, and implementing, transformative work is needed from preschool to graduate
school; I narrow my sights of my research to elementary school at district-level scale. A core
heart-centric reasoning for this focus is rooted in the years of experience as a middle school
science teacher witnessing and endeavoring to reverse the impact of the colonial mind making
and white supremacy spirit abusing machinery of the educational system uniquely presenced in
the ways students—particularly Black, Brown and Indigenous youth—regarded science and the
disregard of themselves as scholars, scientists and innovators. Therefore, despite patronizing
colonial narratives of children, especially young children, which I discuss further in my papers,
specifically paper two and three, I situate this myself within a network of district elementary
school educators, to think in the company of Vintimilla and Pacini-Ketchabaw (2020) who assert
“pedagogy demands that early childhood education become ever more attuned to the situated
complexities in which we live, pedagogy requires that we carefully and attentively study the
conditions that create early childhood education, and that early childhood education creates"
(p.15). And given the conditions and complexities of elementary schools and their learning
ecologies, both teacher and student, this research recognizes the deep “interventionist nature of

the work at hand” (p. 244) which has resulted in the implementation of a myriad of educational
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products, to varying degrees of outcomes, often due to “imposed theoretical view” (p.249),
cultural and racial incongruencies and bias, “where objects are taken into authentic educational
contexts without any coordinated attempt to engage in theoretically framed empirical research on
related educational phenomena" (Bell, 2004, p. 245). Therefore, with a sharp focus and clear
agenda to address the multi-dimensional and multifarious ways that anti-racism and
anti-coloniality are infused within elementary school science education, aimed to disrupt
childrens’ inherent onto-axio-epistemic trajectories of socio-ecological identity development,
brilliance and securities. Additionally, given the reverent and complex differences and sacred
kinship between anti-racism and anti-coloniality, a rigorous theoretical pluralism 1is required, and
employed to best ensure the design-based research responsibly and response-ably (Bell, 2004) to
forge “pathways toward educational self-determination and sovereignty through allowing
learning to be collective, democratized, and emergent from Land and community” (Meixi et.al.,
2022, p. 3). Accordingly, grounded in the notion of answerability (Nelson & Shotton, 2022), the

dissertation research I engaged in is multiscalar with the following focal research questions:

Paper System Level Focus, Title, and Corresponding Research Question(s)
Purpose
Paper 1 (Chapter 2): 1. How can we design sustained professional

learning for elementary teachers from across a
Level: District Network of Elementary School | public school district on anti-racist and

Teachers anti-colonial approaches to education?
Title: Documenting Elementary Teacher 2. How do elementary teachers recognize and
(Un)Learning Pathways Towards Antiracist disrupt white epistemic dominance in science

and Anticolonial Science Education Across a | and science education in practice?
District
3. How does a network of elementary teachers

Purpose: To develop a typology of the engage in extended learning about anti-racist
disparate cultural learning pathways of and anti-colonial science pedagogies? How do
elementary school teachers as they engage in | they take up such approaches and associated
anti-racist and anti-colonial learning understandings? How do they resist them?
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Paper 2 (Chapter 3):

Level: Curricular, Teacher Pedagogy, and
Student Outcomes

Title: Disrupting white Geology in Science
Education by Centering the Eco-Relational
Mattering of Consequential Lands: A Second
Grade Student Case Study of Possibility

Purpose: To document and theorize the
capacities of a young learner to engage in
eco-relational caring practices during a
science geology unit

1. What are the possibilities for disrupting
settler colonial geo-imaginaries and
cultivating second-grade students'
socio-ecological caring and relational
reasoning as Land Guardians?

2. What are the implications of this
socio-ecological caring and relational
reasoning by second-grade students for
anti-racist and anti-colonial science

pedagogy?

Paper 3 (Chapter 4):
Level: Student Focus

Title: Just worlding design principles:
Childrens’ multispecies and radical care
priorities in science and engineering
education

Purpose: To develop an existence proof of
student learning and relational thinking
focused on environmental and multispecies
justice in science and engineering.

1. When situated in learning spaces of
desettled engineering education, how do
students engage in the co-construction of
epistemic agency to promote their
ontological security and perspectives on
worlding just worlds?

2. What engineering design priorities do
students provide the field of engineering
education and engineers, for considering
Multispecies, LandAirWaterStars,
community and global futurities?

Taken together, these three articles provide substantial insight into the pedagogical, curricular,

and learning dimensions of a sustained district implementation effort focused on liberatory

education. In the following chapters, I present these three research articles. I will then conclude

with a synthesis of the high-level conclusions and implications of this work.
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CHAPTER 2:
Documenting Elementary Teacher Learning Pathways Towards Anti-racist and

Anti-colonial Science Education Across a School District

Introduction

As is, educational research, district and classroom efforts for educational justice are bound up in
equity propaganda, spinning narratives about increasing access to standardized dominant
knowledge, thereby increasing acculturated participation, of course with the benevolent inclusion
of diversity, as curricular accessory with tokenized diversity representation. This acts as a
narcotic illusion, rooted in and spun by Euro-westernized and colonial logics, producing a guise
of settler false consciousness, spreading variants of white supremacy, through palliative double
morality. This stupor, as critical conscious coma, requires anti-racism and anti-coloniality to
begin the waking and healing process in urgent hope for finding a true antidote to educational
injustice. Given the appeal of settler false consciousness and the grip and saturation of white
supremacy culture and settler coloniality within education, I ask: Is it possible for white teachers
to become anti-racist and anti-colonial in their instructional practice? Coupled with this question
is: What is in jeopardy should white settler educators not become both anti-racist and
anti-colonial? The answers to the last question live within tired data about achievement, and exist
in the ghosts of BIPGM' student dreams, potentialities, futurities, and our lost and threatened

ecosystems (de Olivera Andreotti et.al., 2015). Therefore, I situate this research at the

' The abbreviation of BIPGM stands for Black, Indigenous and People of the Global Majority. This
abbreviation is purposely used instead of BIPOC, POC or diverse in an attempt to address both the marginalization
and collapsing of persons identified as Brown, not to claim this sufficiently mitigates the pervasiveness of these

common practices which continue to center whiteness as norm.
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intersection of these queries with the assertion that the disruption of coloniality and racism
necessarily requires the transformation of teacher professional development to move beyond
normative confinements of teaching and learning designed to maintain and advance white and
human supremacy (Arada, Sanchez & Bell, 2023).

This research aims to shed light on the effective design and implementation of teacher
professional development initiatives within research practice partnerships, with a focus on
fostering anti-racist and anti-colonial pedagogies and curricula, to document ideological shifts
over an arc of time. Providing such teacher education, operating at the district level, affords an
opportunity to examine instructional guidance frameworks rooted in liberatory education
principles at systems-level scale. Contrary to conventional views of infrastructure as static
entities, this study adopts a design-based research approach that emphasizes the dynamic
processes involved in (re)designing educational infrastructures for liberatory possibilities—as
outlined by Bell (2019). Undertaken within the context of public schooling, this transformative
endeavor operates on the premise that an educational paradigm centered on liberation is not only
viable but also urgently overdue. The objective of this work is to offer illuminative insights and
advocate for radically caring approaches to supporting educators' journeys of unlearning and
cultivating anti-racist and anti-colonial ideologies and pedagogies. The teacher development
facilitated and documented in this design-based research is conceptualized as engaging teachers
in fostering their political clarity and personal and professional commitment to anti-racist and
anti-colonial teaching practices. Moreover, given the relative dearth of empirically grounded
research on anti-racist (see Blakeney, 2005; Mensah, 2019 as notable exceptions) and
anti-colonial professional development for educators (see Kulago, 2019 as another exception),

this study aims to fill this gap by tracing the dynamic learning pathways of teachers' (1)
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sensemaking, (2) critical meaning-making, and (3) situated action(s) over an extended period of
(un)learning—to better understand the complex oscillations and evolutions towards and away
from and towards settler false consciousness and horizons of anti-racist and anti-colonial

(co)becomings and instruction.

Theoretical Foundations

Cultural Learning Pathways: A Sociocultural Accounting of Learning Across Structures
of Social Practices

Dreier (2009) elucidated the diverse social practices in which individuals engage, emphasizing
the influence of local contexts on shaping knowledge and expertise (as cited in Bell et al., 2012).
Leveraging established theoretical frameworks for cultural learning pathways, this study attends
to the socio-material, relational, affective, and power-laden dimensions of learning processes
(Bell et al., 2012; Nasir et al., 2020). By examining these pathways, the research aims to
comprehend the chains of personally consequential activities and sense-making, which are
culturally diverse and temporally extended (Bell et al., 2012). This approach reveals how cultural
learning is taken up in relation to learners' identities, emphasizing relational and affective
elements (Nasir et al., 2020). I use this view to understand how teacher learning is accomplished
across a range of social practices that include: (1) sensemaking, (2) critical-meaning making, and

(3) situated actions.

Sensemaking, an intricate process inherent to educators' professional lives, encompasses
the navigation of a myriad of inputs and messages concerning educational reform and best
practices, often rife with contradictions, within the local educational milieu (Allen & Penuel,
2014). While extant literature underscores the contextual factors shaping reform initiatives, such

as leadership support and access to professional learning opportunities (McLaughlin & Mitra,
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2001), it is the sensemaking endeavors of teachers that serve as pivotal catalysts for
transformative shifts towards critical meaning-making and sustained action. Sensemaking,
characterized as an active process of assimilating and structuring information, operating the level
of epistemology, necessitates grappling with ambiguity and uncertainty (Allen, 2020) to
"structure the unknown" (Waterman, 1990, p. 41). This ambiguity, likened to shocks, possesses
the potential to invigorate sensemaking processes and should thus be intentionally cultivated,
particularly in endeavors aimed at fostering anti-racist and anti-colonial education (Allen, 2020).
It is imperative to acknowledge that the depth of sensemaking may vary, potentially leading to
the reinforcement of entrenched cultural norms and assumptions (Phillips, 2019), if not
accompanied by supportive, sustained engagement with critical content within a sociocultural
context. Thus, the design of learning environments must prioritize providing supportive
structures conducive to sustained critical engagement, facilitating transformative sensemaking

processes among educators.

Critical Meaning-Making: In the dynamic process of sensemaking, characterized by the
grappling with epistemic destabilization, critical meaning-making emerges as a profound
response within the situated contexts of educational practice. This transformative process, as
expounded by Phillip (2011) and Madkins & McKinny de Royston (2019), represents a pivotal
moment wherein individuals engage deeply with affective modes of processing to navigate
ideological shifts in understanding. By delving into multi-dimensional reflexivity, critical
meaning-making serves as a catalyst for reshaping not only epistemic perspectives but also
axiological and ontological stances, aligning them toward emancipatory praxis—a concept
championed by scholars like hooks (2000) and Freire (1970). The intricate interplay between

epistemology, ontology, and axiology underscores the depth of critical meaning-making,

23



highlighting its significance in fostering nuanced perspectives and transformative action within
educational contexts. Moreover, the nuanced engagement with ideological shifts facilitated by
critical meaning-making, as articulated by Philips (2019), further underscores its profound
impact on ontological and axiological realms, thus emphasizing its pivotal role in facilitating

comprehensive transformative processes.

Situated Actions: Grounded in cultural-historical activity theory which holds that
“transformative agency and willful action are of crucial importance in performing and shaping
work” (Engestrom & Sannino, 2020, p. 2). As architects of professional development and
advocates for transformative progress, it is imperative that designing teacher professional
development take into deep consideration that educators' actions are situated within particular
social and political contexts. Professional development design should account for the varied
responses of teachers, recognizing their positionalities and striving for transformative action
within communities of practice (Lave & Wenger, 1991). Centering anti-racism and
anti-coloniality in professional development design aims should address power dynamics
inherent in the learning environments created, shared and situated within them. (Adams et al.,
2022) By focusing on situated actions as units of analysis, this research aims to understand shifts
in learning from knowing to doing academic practice (Dohn et al., 2019). By examining situated
actions as units of analysis pivotal insights can be gleaned into the depth of sensemaking and
critical meaning-making taken up providing essential indicators of white supremacy culture
pillars which act as barriers of transformation and manifest as embodiments and enactments of

white ideological resistance (Pewewardy et al., 2018).

This sociocultural theory of cultural learning pathways is used to understand the detailed

learning processes and shifts in sociomaterial practice that relate to teachers taking up anti-racist
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and anti-colonial instructional approaches. In order to theoretically understand what that learning
involves, it is necessary to understand the kinds of processes associated with how teachers take
up and enact a critical settler consciousness with respect to how whiteness and coloniality
operate in public schooling.

How Unveiling False Consciousness Can Awaken Critical Settler Consciousness in
Teaching and Teacher Education

Efforts to establish anti-racist and anti-colonial instructional frameworks within teacher learning
necessitate an introspective and explicit examination of the systemic entrenchment of white
supremacy and colonial logics within education with deep consideration of educators' cultural
pathways of transformation, and patterns of regression. Historical contextualization and
systematic identification of prevalent practices and methodologies in teacher learning constitute
foundational aspects for comprehending the landscape of educational opportunities (Bell, 2019).
Concurrently, it is imperative to recognize and address the perils of faux-equity practices that
perpetuate false consciousness (Liou, 2020; Mills, 1997). False consciousness manifests as a
failure to acknowledge the pervasive influence of whiteness, colonialism, and coloniality in
shaping the generation and dissemination of knowledge, resources, and opportunities. This
ignorance perpetuates socio-subliminal structures that uphold and propagate colonial ideologies
and agendas, further entrenching the pervasive "educational racial contract" (Leonardo, 2013)
within educational institutions and the mindsets of educators. Such an endeavor aims to unravel
the intricate web of systemic biases and inequities woven into the fabric of our schooling
systems to weave a new liberatory, educational Otherwise.

False Consciousness, Equity, and Racism: Equity best intentions, particularly best
intentions undertaken within enclosures of dominant culture paradigms and mindsets are fraught

with deceptive approaches, harmful expectations and troublesome outcomes, maintaining racism
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and the ever-present achievement gap (Leonardo & Grubb, 2018). In education, such best
intentions have evolved from an era of multiculturalism, shifting to equitable education,
popularly taken up as DEI (Diversity, Equity and Inclusion) initiative and efforts. DEI at its core
asserts that by exposing Brown, Black, and Indigenous students to a spectrum of diverse role
models who have gained entry into traditionally white-dominated spheres of success, will serve
as compelling evidence that achieving success is not only feasible but also a goal worth pursuing,
irrespective of its associated challenges and costs. Such initiatives are reminiscent of 18th
century paternalistic benevolent racism whereas, “White Americans, stated simply, were
encouraged to take on the ‘burden’ of looking after the inferior races they colonized” (Esposito
& Romano, 2014, p. 5). Attempts to mitigate educational injustice via DEI premises, commonly
through tokenized cultural inclusion in mainstream curriculum, and/or STEM career workforce
goals and narrative, are rooted in neoliberal race-neutral myths of meritocracy (Singh, 2018)
ultimately serving as acts of racial and cultural gaslighting, upholding pillars of white
supremacy, feeding settler false consciousness—thereby detouring authentic potentialities of
anti-racism (Gorski, 2019).

Cultural inclusion initiatives, often implemented to fulfill district Diversity, Equity, and
Inclusion (DEI) objectives, can inadvertently perpetuate settler false consciousness and insidious
racial and cultural gaslighting. This occurs through an overemphasis on diverse cultures while
neglecting to address white culture, thus implying that persistent disparities in academic
achievement among BIPGM students are inherently tied to their cultural and racial backgrounds.
This narrative persists under the assumption that education, rooted in settler colonialism, remains

inherently objective, neutral, and normative.
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The Framing of Anti-Racism and Anti-Coloniality for Liberatory Teacher Education

Critical analyses within the frameworks of whiteness and settler studies have identified
attributes, traits, structures, and systems within white culture that reinforce white supremacy
(Kulago, 2019; Ladson-Billings, 2021; Liboiron, 2021; Matias & Boucher, 2023). These
attributes, which I refer to as pillars of white supremacy culture, serve as foundational elements
upholding dominant white culture as the societal norm. In my research and in the professional
development provided to educators, I argue that true educational justice necessitates a thorough
examination and critique of these pillars of white supremacy culture. This calls for a radical and
compassionate direct approach that involves understanding concepts such as white arrogance,
white innocence, white ignorance, and white saviorism, particularly as they manifest within
educational contexts.

Pillars of white supremacy: If education is truly committed to the disruption and
countering of on-going educational onto-epistemic violence inflicted upon Black, Brown and
Indigenous students, efforts of cultural competence necessarily would include the exploration
and interrogation of white supremacy culture. White studies has done much to illuminate the
complexities, historicities, manifestations and mechanizations of whiteness and white supremacy
culture in education (Matias & Boucher, 2023). Building from these foundations of theory, I
assert that white supremacy is upheld and maintained uniquely through pillars of white
innocence, white arrogance, white ignorance and white saviorism—individually,
interconnectedly and interchangeably. These structurally, systemically and socioculturally
enabled, normalized, pillars of white supremacy act as barriers of transformation, derailing
momentum towards anti-racism and anti-coloniality.

In contrast to soteriological attempts to absolve white individuals through pious

intentions and performative displays of white guilt or fragility, the perpetuation of white
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innocence is sustained. White innocence can be viewed as a weapon and a perceived entitlement
granted by white supremacy. This pernicious variant, evolving over time, finds its origins in the
justification of massacres during the Christian crusades, the colonial narrative of civilizing
societies leading to genocide and ecological exploitation (Said, 2012), and current efforts to erase
racialized histories and impede affirmative action, thereby upholding education as a domain of
whiteness. The pervasive nature of education as white property not only fosters white innocence
but also perpetuates it within the materiality and identities of white teachers, particularly among
white women.

White innocence, often mislabeled as white fragility, is prevalent in education—Ilargely
due to the predominant presence of white women teachers in the US. Many of these educators
inherit and exhibit attributes of innocence as an innate privilege, consciously and subconsciously
wielded often at the expense of non-white students and colleagues. The equating of innocence
with white women, rooted in centuries of violence, has tragically resulted in the marginalization
and even death of countless Black, Brown, and Indigenous individuals. White feminism,
critiqued by scholars such as Ruby Hamad (2019), author of "White Tears, Brown Scars," traces
its origins to settler colonial societies, where white women are assigned dual roles as
complements to white men but rendered powerless due to their perceived need for constant
protection, particularly from racialized peoples. This enduring trope serves as a protective
mechanism and a source of white arrogance, perpetuating the belief that being a white woman
makes one untouchable to the realities of racism and colonialism as they manifest in society.

White arrogance, like white innocence, is multifaceted. It exists within the very
materiality of whiteness, cellularly as if a sense of white superiority, garnered from generations

of white supremacy as genetic material passed on, forming connective tissue between whiteness
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and power, as power is enacted and embodied within systems, structures and socio-political
spaces. In the realm of education, white arrogance fueled the justification of violence in
residential schools. It echoed in the sound of sheared hair from Native children (Adams, 2020),
the insertion of lye soap between the teeth of Native children, and the immersion of Mexicans in
kerosene baths, all under the guise of assimilation — an attempt to erase native languages and
darken skin to better conform to whiteness (Khanmalek, 2021). Such acts were arrogantly
deemed righteous, disregarding the epistemic destruction and genocidal violence they wrought.

The tendrils of this history of white arrogance persist, infiltrating education with
narratives that equate proximity to whiteness with equity and altruism, particularly for white
educators. White arrogance manifests in the denial and deliberate ignorance of colonial origin
stories and their ongoing manifestations, perpetuating the classroom, curriculum, and instruction
as instruments of white dominance and colonization. This saturation of whiteness within the
educational infrastructure and ideologies perpetuates a cycle of hyper-validation, reinforcing and
imposing white ways of being and knowing upon marginalized communities. In this cycle, the
absence of diverse perspectives and relationality is disregarded, creating a void of expertise and
understanding, characteristic of what can be termed as white aggro-ignorance. This term
describes the state of arrogance and lack of awareness exhibited by individuals steeped in
dominant white culture, asserting their own perspectives while dismissing those of non-white
communities and experts within the educational system.

White ignorance exists both explicitly, through overt expressions of bigotry and white
supremacist beliefs, and implicitly, through willful misunderstandings that enable white
individuals to avoid confronting the realities of race and racism. Additionally, settler ignorance,

related to white ignorance yet specific to the indoctrinated erasure of Indigenous peoples,
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throughout time, involves the rejection of acknowledging colonialism as an act of genocide and
an ongoing colonial project. To understand white ignorance, Mills (2007) describes it as "an
ignorance militant, aggressive, not to be intimidated, an ignorance that is active, dynamic, that
refuses to go quietly—not at all confined to the illiterate and uneducated but propagated at the
highest levels of the land, indeed presenting itself unblushingly as knowledge." In education,
white ignorance is fiercely protected, evident today in the push to penalize the inclusion of
critical race-related content, to end affirmative action, and even in the removal of language or
initiatives revolving around equity or social justice, further distancing learning from the
possibilities of critical liberatory presencing (Sanchez, 2024; Arada et.al., 2023). With this
understanding of white ignorance Blakeney (2002) calls for praxis driven and problem posing
anti-racist teacher professional development structured for awareness awakening dialogue.
White saviorism, espouses a false generosity (Freire, 1998) and self-righteousness,
reminiscent of colonial, christian missionaries, aimed at saving the damned Othered, from the
perils of their assumed brokenness as non-whiteness, through the shepherding of their conversion
and accretion of whiteness for access and inclusion to empire.The neoliberal white savior, the
DEI white champion, has been valorized in the media through movies such as Dangerous Minds,
Blindside and even Hidden Figures, reifying the power of whiteness to save the unsaveable,
usually singular individuals deemed worthy of investment, often through the rendering of their
onto-axio-epistemic cultural and racial identities (Cammarota, 2011). White saviorism is
embodied and enacted in many forms- all forms requiring an essentializing, damage-centered
perspective (Tuck, 2009) of non-white communities and individuals. This perspective relegates
relationships into conditional, transactional, and hierarchical arrangements based on the

indentured productivity of the subordinate, favoring the benevolent white savior's ego and
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reifying white power rather than liberation.

Despite the entrenched challenges presented by the pillars of white supremacy;, it is
essential for white settler educators to undertake the arduous task of recognizing and
deconstructing these pillars within themselves, their instructional methodologies, and their
classrooms, as they represent critical points for intervention. Examining supposedly race-neutral
practices (Shah, 2021; Jupp et.al, 2019), instructional approaches, and epistemologies as default
mechanisms upholding "whitestream" education (Grande, 2003, p. 6) creates opportunities for
liberation by exposing and challenging mindsets that perpetuate injustice, while facilitating the
reorientation of teaching practices towards centering justice, Black, Brown, and Indigenous
histories, futurities, significance, knowledge, and ontological security (Bang & Marin, 2015).
Therefore, echoing Rafia Zakaria's sentiments (Etiesit Samuel, 2021), the critique of embodied
and enacted white cultural supremacy should be construed not as a rebuke but rather as a
radically caring (Rivera-McCutchen, 2021; Aswad, 2024) invitation to embark on a journey of
healing, critical hope, and authentic transformation. Embracing this perspective necessitates a
commitment to a path of anti-racism and unmooring oneself from conceptualizations of
normalcy as neutral and simultaneously racially hierarchical and inevitable. Through anti-racism
educators demystify life as is, as inevitable, to begin not only to see, but work to disrupt within

their situated positions and positionalities.

Colonialism, Coloniality, and the Call for Anticoloniality: Colonization did not only
occur through physical seizing and displacement of peoples from land, but also through the
colonization of minds. (Asante in forward to Dei & Kempf, 2006, p. ix) Colonization, which
takes up the “organizing language of race” (Wolfe, 2006, p. 387), involves the forceful political,

physical, and intellectual occupation of space, through the displacement of Indigenous peoples,
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laying the foundation for settler-colonialism, colonial and neo-colonial relations, begetting
coloniality. Coloniality according to Nelson Maldonado-Torres (2007): “coloniality survives
colonialism. It is maintained in books,in the criteria for academic performance, in cultural
patterns, in common sense, in the self-image of peoples, in aspirations of self, and so many other
aspects of our modern experience. In a way, as modern subjects we breathe coloniality all the
time and everyday” (p. 243). This leads to the portrayal of Eurocentric knowledge as neutral,
universal, and apolitical, resulting in the suppression of alternative knowledge systems. Imperial
and colonial actions have established biased narratives and perspectives of the Other, perpetuated
through ideologies, discourses, institutions, scholarship, and imagination. (Mignolo & Walsh,
2018; Smith, 1999) To come to truly understand the devastating influence of coloniality one must
become critically conscious about the fact Asante elevates that: “Nothing is sacred in such a
system as it powers its way toward the extinction of the wills of the imposed upon with one
objective in mind: the ultimate subjection of the will to resist.” (Dei & Kempf, 2006, p. ix) Thus,
taking up the anti-in anti-coloniality is the diligent embodied and enacted practice of resistance,
disrupting and countering coloniality as it exists and is propagated within the situated spaces as
resistance, which for this research means taking up anti-colonial education- a vital imperative to
delve into the underlying colonial logics, ideologies, and agendas that informed and continue to
inform the very purposes of education (Kulago, 2019; Brayboy, 2005; Calderon, 2014; Garcia &
Shirley, 2012; Lee & McCarty, 2017; Shirley, 2017).

To take up anti-coloniality it is essential to understand the purpose, prospect and power of
the ‘anti’ in anti-coloniality particularly in considering education as place for “epistemic
delinking from colonial matrices of power (Mignolo, 2009)” (quoted in Warren et.al, 2020, p.

278). Anti-colonial education challenges current forms of education, viewed as remnants of
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neo-colonial indoctrination. It aims to counter the ongoing devaluation of Indigenous knowledge
and cultures. Indigenous scholars and activists strive to evaluate and improve school curriculum,
textbooks, teaching methods, and classroom practices to ensure relevance and inclusivity. (Dei,
2008) Anti-colonial education aims to weed out the deep roots of colonial epistemic dominance,
social injustice, narratives of ecological dominance to render an educational landscape that is
guided by Indigenous knowledges and futurities as a best way forward towards collective
continuance (Whyte, 2013). Therefore, where anti-racism calls for loss, a rendering of power,
asking us to constantly consider, what am [ willing to give up in order to participate in
anti-racism (Shah, in review), anti-coloniality offers a (re)new(ed) rendering of Indigenous
futurities, not absent of settlers (Tuck & Gaztambide-Fernandez, 2013), a more pluralistic,
socio-ecological sustainable, just society.

As a collective of critical theories, anti-racism and anticoloniality provides a vision of
what must be forfeited as current and on-going power constructs, knowledge projects and acts of
eradication, to (re)gift a pathway forward in harmony with natural and spiritual law (Banyacya,
1992) for collective survivance (Sabzalian, 2019). Recognizing the vast complexities and
realities embedded in Anti-racism and Anti-colonialism as separate justice projects both
deserving of singular focus, given the intersectionality of our BIPGM youth that are the all-too
young gladiators in the public school arena, there is validity in working towards advancing a
“multiplicity justice project” (Tuck & Yang, 2018). Which means taking up educational research
with the explicit intent to promote “co-resistance movements as a way to build relationship
between the Black radical tradition and critical Indigenous studies that Sandy Grande suggests

working through a framework of refusal, focusing on the knowledge as a means to eradicate

33



oppression” but rather “collectivity, reciprocity and mutuality” (Del Vecchio, Spady & Toomey,
2018, p. 138).

Anti-racist and anti-colonial approaches are vital to a more just science
education—making it an important lever for the transformation of education more broadly.
Science education, despite false claims of being apolitical, has been uniquely tooled to erase the
expertise, experiences and existence of BIPGM cultures and communities (Bang et.al., 2018).
“Embedded in science learning environments (e.g., through curricula and assessments), settled
expectations replicate the racialized structures predicated on white supremacy and settler
colonialism through the erasure of Black, Brown, and Indigenous presences and histories, and
the privileging of white settler ways of knowing and being (Bang et al., 2012; Harris, 1993)”
(quotes in Arada et.al., 2023, p. 78). Informed and inspired by scholars in the field of education
who have dedicated themselves to fostering anti-racist and anti-colonial science teaching and
learning across diverse contexts, my research draws from various approaches and focuses. These
include youth and community-led, justice-centered pedagogies (Morales-Doyle, 2017; Patterson
& Grey, 2019), revitalizing and resurgent informal Indigenous science learning (Bang & Marin,
2015; Pugh, McGinty, & Bang, 2019), science learning that centers Indigenous and Black refusal
and futurities (Nxumalo, 2021, 2020; Nxumalo & Cedillo, 2017), as well as fundamental
research conducted at the intersections of formal and informal learning, honoring students'
cultural pathways for learning (Bell, et al., 2012; Bricker & Bell, 2014; Nasir, et al., 2020;
Stromholt & Bell, 2017).

Understanding that educators can only tell the stories they know and map the paths they
are conscious of, dreaming of and designing for liberatory science and engineering education

means restorying and restructuring teacher learning for liberatory situated learning that disrupts
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and counters the master’s narrative as starting place to present a different mirror (Takaki, 2012)
on science, teaching and learning. This means providing pluralistic counterstories and designing
professional learning sites to be counterspaces for co-deconstructing, whitestream curriculum
(Solorzano & Yosso, 2001). Given the layered complexity of such a proposal of teacher learning
I lean on and engage theoretical pluralism in the design of learning environments (Bell, 2004)
weaved together with deep felt knowledge(s) (Harjo, 2020; Grande, 2015)— with themes of
activism, constellar cultural and experiential expertise. Guided by this constellation of theory and
professional experience, I engage in the dreaming of, and designing teacher education and
research, with the wholeheartedly aim to reflect Kim TallBear’s, approach of “standing with” and
“towards faithful knowledges, towards co-constituting my own knowledge in concert with acts
and claims of those I inquire among” in good feminist practice of not “fixing or saving” but
rather “political kinship and alter-relations” which understand that although the distribution of
colonial violence is unbalanced, with whiteness as complicit, collectively we are threatened
(quotes from Liboiron, 2021, p. 25). Therefore, at the core of this work is radical care, meaning
that despite and in spite of the absence of racial and ecological topics of consequentiality and
urgency in teacher learning and science classrooms, the intent of this radically caring teacher
learning approach is to build and fortify a “quiet movement” (Tuck, & Yang, 2018, pg.123)
movement of teachers as guardians for change.

Holding a commitment to the radical care of teachers as critical methodology for change
as well as the pervasiveness of white supremacy and coloniality, it is necessary to ask, is it even
possible for science and engineering learning to be race-visible (Hambacher & Ginn, 2021),
critical settler consciousness nurturing and anti-colonial? And if so, “how do we hold people

accountable for wrongdoing and yet at the same time remain in touch with their humanity
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enough to believe in their capacity to be transformed?” (hooks, 1998) And if all of that is
possible, how can teacher education be infrastructured and designed to do so? With these
questions in mind I boldly say that not only is it possible, it is required. Therefore this study, as
part of my life’s heart work, aimed to address the following research questions:
1. How can we design sustained professional learning for elementary teachers from across a
public school district on anti-racist and anti-colonial approaches to education?
2. How do elementary teachers recognize and disrupt white epistemic dominance in science
and science education in practice?
3. How does a network of elementary teachers engage in extended learning about anti-racist
and anti-colonial science pedagogies? How do they take up such approaches and

associated understandings? How do they resist them?

Methods: Infrastructuring and Studying Teacher (Un)learning Pathways
through Design-Based Implementation Research

Setting and Participants

For this NSF-funded research practice partnership project, the research focused exclusively on
educators within a suburban school district network, spanning 15 elementary schools in the
Pacific Northwest. All of the teacher participants were members of the Teacher Advisory Board
(TAB) which included twenty-seven kindergarten through sixth grade case study teachers, with
twenty-five identifying as white women and two as white males. Recruitment for the TAB cohort
occurred during various summer professional development opportunities for science instruction
provided by the district, which were co-designed with university research assistants funded by

the NSF grant, including myself. While teachers were invited to participate in the two-year
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research project, membership in the TAB was voluntary, with incentives such as clock hours and
stipends provided for participation.

The study included 27 elementary teachers from a mid-sized city in the Pacific
Northwest, all members of a Teacher Advisory Board (TAB) for the project. The TAB cohort
served as case study teachers participating in the research practice partnership over the course of
15 months. The educators centered in this research resembled the racial and gender demographic
average of classroom educators in the nation, with 25 of the participants identifying as white

women, and two identifying as white males.

Methods of Data Collection

Throughout the 15-month duration of the partnership, data for this study was collected across
three primary contexts: (1) documentation of professional development (PD) activities, (2)
observation of classroom instruction and planning, and (3) individual interviews and interactions
with teachers. Data collection was conducted with the support of the project’s four other graduate
research assistants. Professional development activities were meticulously documented through
various means, including video recordings of PD sessions totaling approximately 36 hours, exit
tickets completed by participating teachers, and collection of artifacts from the PD such as video
transcripts, online chat logs, breakout room artifacts, and researcher notes.

Data collection regarding classroom instructional practice and the implementation of
curricular interventions as situated actions involved gathering data from multiple sources.
However, due to the timing of the project, which coincided with the return to in-person
instruction following the COVID-19 pandemic shutdown, the number of in-person classroom
observations varied. On average, there were eight recorded classroom visits per case study

teacher.
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Criteria for classroom visits were carefully established, encompassing the use of a shared
observational protocol. This protocol was specifically designed to comprehensively document
various aspects of the observed lesson, including the content covered, instructional practices
employed, student participation, and any connections to the content from PD and/or the Social
Focus framework. The observational protocols served as a reference point for the development of
case study teacher analytical memos, which played a crucial role in the subsequent research
analysis.

In addition to classroom observations, data sources on teacher practice included student
artifacts, researcher fieldnotes and analytical memos, and notes from grade-level team meetings
(if planning sessions were observed). It was also common for teachers to communicate via email
and text with members of the research team. Relevant emails and text messages were considered
data sources, subject to the participants' approval.

In summary, data sources used in this analysis of teacher (un)learning pathways included:
(1) Professional development artifacts: video transcripts (~43 hours), chats, interactive platforms
(~14), slides, surveys (4), exit tickets (~36), (2) Classroom observations (of 29 classes),
curriculum slides (8 decks), student artifacts (28 pieces of student work), (3) Teacher interviews
(29 total interviews) and communication (numerous emails, texts, and individual conversations

with 14 teachers).

The Design and Implementation of the Arc of Professional Learning Through the
Research-Practice Partnership

In design-based research, the design of the learning environment is part of the research methods
since enactment of the design opens up spaces for the phenomena-of-interest—and other

emergent phenomena—to become available for empirical study. Recognizing the nuanced role of
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district educators as both contributors to the perpetuation of coloniality and racial inequity, as
well as potential agents of change capable of implementing anti-racist and anti-colonial
education, presents a critical opportunity for practice (Bell, 2019). This perspective brings into
focus the fundamental question posed by Philip Bell (2019): "Can we leverage collective teacher
learning associated with standards implementation to advance liberatory goals?" (p. 681). To
address this question, my research identified liberatory goals as the establishment of a networked
justice improvement community. This necessitated the deliberate design and development of a
proactive and iterative infrastructure for an arc of teacher (un)learning within a district network,
operating at various scales, and producing cohesive yet distinct curricular products that could be
enacted in classrooms (Bell, 2019).

In pursuit of this objective, the study adopted a critical Design-Based Implementation
Research (DBIR) approach that integrates elements of design research and implementation
research to conceive, refine, and assess interventions within authentic contexts (Fishman et al.,
2013). DBIR provides a structured framework for developing and testing innovative solutions
while also considering the complexities of implementation, adoption, and sustainability in
real-world educational settings. By employing DBIR, the research aimed to bridge the gap
between theoretical frameworks and practical application, ensuring that the interventions
designed were not only theoretically sound but also feasible and effective in addressing the
identified challenges within the district's educational landscape (Penuel et.al., 2011).

In this section, I elaborate on the structured progression of professional development
(PD) learning environment and teacher engagement—which I developed with the assistance of
my co-facilitator, Dr. Kelsie Fowler. This PD initiative was implemented for district teachers

within the framework of a research practice partnership spanning 15 months. The PD trajectory
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is delineated into five distinct phases, comprising multiple PD sessions and situated learning
engagements. Each phase builds upon the preceding one in a methodical and sequential manner.
This approach is rooted in the belief that the effectiveness of PD is contingent upon its ability to
address targeted areas of improvement while also contributing to broader educational
transformation. By systematically organizing PD content, resources, partnership engagements
and activities within a coherent progression, this research sought to optimize the outcomes of PD
interventions at both the micro (individual sessions) and macro (overall PD program) levels.

The design of each PD session was infrastructured using a knowledge-reflection-action
(KRA) praxis model, as a consistent substrate of intervention for desired outcomes (Bell, 2019).
Blakeney (2005) emphasizes the pivotal role of praxis in fostering impactful teacher professional
development, especially in tackling issues related to racism and fostering racial consciousness
among educators. Building on Brown's (2002) epistemological approach, Blakeney highlights
the importance of teachers delving into the societal impact of racism and their own racial
identities. This process should be designed to facilitate teachers' understanding of critical
theories, enabling them to navigate the intricate emotional terrain of racism effectively. Blakeney
also emphasizes that effective praxis-oriented professional development must go beyond
theoretical understanding to translate knowledge into practical classroom strategies. Insufficient
professional development that merely skims the surface, as discussed by Sleeter and Bernal
(2002), may result in regression, teachers falling back on familiar practices, thereby impeding
progress in addressing racial issues within the educational context.

Through the KRA praxis approach teachers were provided multi-dimensional situated
learning experiences to engage in currere which encourages participants to “confront difficulty in

order to loosen its grip” (Pinar, 2004). By engaging teachers a KRA praxis cycle of currere,
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teachers were supported and encourage to participate in pedagogical improvisation which,
“works to bridge the theoretical value of the design principles to their pedagogical actuality,
showcasing the ways design principles are not static theoretical constructs but fluid and
pedagogically contextual artifacts for deepening and expanding teaching and learning that reflect
the core political, ethical, and educational values of the learning context” (Jackson, 2021, pg 62).

The multi-dimensionality of the KRA approach is akin to the parallel anti-racist research
and IPER framework developed by Dr. Niral Shah, which posits the existence of "four
interconnected components of antiracist learning: ideation, practical, emotional, and relational
change" (Shah, in review, p. 1). The alignment between the IPER framework and the KRA praxis
model utilized in this study, while adaptable due to individual learning dynamics, can be
conceptualized as follows: (a) the knowledge segments of the PD sessions foster ideation, (b) the
reflection segments encourage emotional and relational development, and (c) the action segments
align with the practical dimension. However, it's important to note that this alignment does not
fully encompass the sensemaking, critical meaning-making, and situated action engagement
dimensions used in the present study—which are highlighted in this research as pivotal for
comprehending both transformation and regression, as later discussed in the paper.

The development of the PD arc using a KRA praxis model served as a foundation for
integrating anti-racist and anti-colonial content, guided by the Social Focus Framework
(Sanchez, 2024). The Social Focus Framework (see Appendix A1) revolves around liberatory
principles, critical consciousness, consequential concern, and critical liberatory presencing,
acting as pedagogical and theoretical anchors, as well as moral compasses and scaffolds for
shaping teacher learning and curriculum development toward transformative student education.

Extensive research has explored the efficacy and value of utilizing design principles as a

41



transformative method in education (Herrington & Reeves, 2011; Jackson, 2021; Engle &
Conant, 2002; Sandoval, 2014).

The Social Focus Framework's principles have been refined through an iterative process
involving collaboration with multiple K-12 teachers, education leaders, and researchers since its
inception in my middle school science classroom in 2017. This framework is firmly rooted in
critical social theory, as delineated by Zeus Leonardo (2009), underscores the significance of
criticism in fostering quality education, positing that the depth of learners', in this case the
teachers’, analytical engagement correlates with the educational quality they receive. It also
encourages learners to critically analyze institutional and conceptual hurdles, particularly those
perpetuating domination or oppression. Furthermore, critical social theory advocates for a
language of transcendence alongside critique, aiming to cultivate alternative and less oppressive
social structures.

This recognition of the potential for transcendence is integral to the design, development,
and implementation of the professional development (PD) arc. Additionally, the approach is
grounded in sociocritical theories of learning, as highlighted by Kris Gutierrez (2008), who
emphasizes the powerful learning outcomes that emerge when individuals, both children and
adults, engage meaningfully in communities of practice and grapple with real-world problems
that hold significance for them. In the subsequent section, I delineate how these theoretical
underpinnings and methodological strategies were put into action with the teacher cohort over a
period of 15 months. The explanation of the phases below follows the KRA praxis elements as
they were implemented with notes about how implementation was not aligned to the original

design particularly in regards to phase three.
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Phase 1 (September-December): Launching with Social Focus Framework Principles of
Critical Consciousness and Critical Liberatory Presencing

Phase one of the professional development (PD) initiative focused on instilling critical
consciousness among teachers using the Social Focus framework. This phase commenced with a
deep dive into how white supremacy culture permeates personal identities, educational
landscapes, and broader societal contexts, including the fields of science, technology, and
engineering. Teachers were equipped with knowledge and tools to critically analyze and
challenge manifestations of white supremacy culture in education and science. To facilitate this
learning, teachers engaged with Kenneth Jones and Tema Okun’s "15 Characteristics of White
Supremacy Culture" to discern common traits indicative of white supremacy (Jones & Okun,
2000). This approach aimed to cultivate critical awareness of these manifestations, which later
became recognized as pillars of white supremacy in phase four of the PD.

Moreover, teachers delved into a historized understanding of colonialism's adverse
impacts, contextualizing colonization within science and education policies (Latour, 2008). They
also explored how white supremacy culture influences national education policies such as The
Elementary and Secondary Education Act, Every Student Succeeds Act, and No Child Left
Behind. Through sensemaking processes, teachers were encouraged to challenge the notion of
schooling systems as historically neutral and just.

Another essential aspect introduced in this phase was "Critical Liberatory Presencing,"
designed to counter tokenized representations of Black, Indigenous, and People of Color
(BIPOC) individuals in educational settings. This approach aimed to move beyond surface-level
diversity and inclusion efforts, emphasizing the necessity of centering BIPOC expertise in
shaping scientific knowledge and activism. Reflective sessions were conducted to validate

teachers' agency in sensemaking and critical meaning-making. The Spectrum of Representation
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and the Critical Liberatory Presencing framework (see Appendix A3 & A2) served as guiding
tools to facilitate discussions on erasure and intervention points within curriculum and practices.
Action in phase one focused on fostering a community of learners and leaders (Penuel et
al., 2011). Teachers engaged with critical frameworks while building relationships based on trust
and transparency, challenging traditional PD models by prioritizing critical reflection and
dynamic action research. This phase laid the groundwork for developing critical consciousness

and embracing anti-racist ideologies and practices within educational contexts.

Phase Two (December-March): Focusing on Consequential Concern and Social Focus
Curriculum Development

Moving into phase two, the PD shifted its focus to consequential concern within the Social Focus
framework. This principle prompts educators to question how, for what, for whom, and with
whom science is taught (Phillip et al., 2018). It underscores the understanding that all science
and engineering topics are linked to socio-ecological consequences and calls for a more honest
and generationally competent approach to science education.

Teachers were introduced to the concept of consequential concern to redirect the teaching
and learning focus from individual achievement to students' intellectual health (Bang, 2020).
This approach encourages students to critically analyze societal challenges stemming from
colonialism and white supremacy, positioning them as active participants in addressing complex
issues.

Implementing the Social Focus Framework principle of consequential concern
necessitated sustained reflection and supported resources due to the teacher gap (Love, 2019)
among white teachers, stemming from a sheltered worldview devoid of BIPGM realities and

experiences. Designing teacher learning experiences to achieve such goals required addressing

44



"epistemological collisions" and ideological wrestling (Kulago, 2019). Radical care for teachers
during this transformative process was crucial to "delink from epistemic colonial matrixes of
power" (Mignolo, 2009).

The action phase in curriculum development aimed to avoid replicating western thought
traps (Leonardo, 2018). The Social Focus Iterative Design Process and Pedagogical
Commitments (see Appendix A4 & AS) served as guiding tools for teachers to develop emergent
curriculum and instructional strategies aligned with anti-racist and anti-colonial pedagogies.
Phase two emphasized the practical application of (un)learning experiences through curriculum

development, promoting critical consciousness and liberatory teaching practices.

Phase 3 (March through May): Stabilizing, Synthesizing and Centering Anti-coloniality
through Indigenous Pedagogies of Practice

In phase three, the focus expanded on the tenets of anti-coloniality by delving deeper into
colonialism, settler colonialism, and anti-colonial theory. Indigenous science pedagogies,
practices, and theories were introduced to counter traditional PD approaches perpetuating white
culture mindsets and colonial agendas. The lifelong journey of enacting anti-coloniality and
desettling science education was emphasized, urging participants to reject knowledge as capital
and critically assess performative actions like Land acknowledgments (Funes, 2022).
Participants were challenged to disrupt colonial narratives and practices, differentiating
between settler colonialism and settler coloniality. The inadequacies of Westernized science in
addressing socio-ecological challenges rooted in settler colonialism were highlighted (Bang,
2016), emphasizing the importance of Indigenous science knowledge centered on relationality

and interconnectedness (Meixi et al., 2022).
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Reflection sessions and collaborations with university researchers focused on concluding
efforts in teaching Social Focus units and gathering feedback on incorporating Indigenous
perspectives into curriculum. Although time constraints limited the action sequence related to
anti-coloniality and Indigenous science pedagogies, phase three significantly contributed to

participants' understanding of anti-colonial theory and practices.

Phase 4 (August-December): Journeying Towards Enactment and Embodiment of
Anti-coloniality and Anti-racism

Phase four commenced with in-person (un)learning conferences aiming to further destabilize
settler colonial logics and white supremacy ideologies. These sessions engaged teachers in
critical reflection and discussions on disrupting acts of colonialism and coloniality. The emphasis
on Anti-coloniality and Anti-racism aimed to guide teachers in developing interventions
promoting sensemaking, critical meaning-making, and situated actions to counteract regression
and foster transformative processes.

Despite the unforeseen termination of graduate researcher time, subsequent PD sessions
continued online, focusing on deepening teachers' critical meaning-making and situational
actions. Radical care was provided to support teachers in processing the end of the partnership,
culminating in the development of a Social Focus backpack resource with tools and frameworks

to sustain ongoing (un)learning and collaboration.

Phase 5: Foreclosure and Rogue Resistance
Phase five, although curtailed due to the premature end of the partnership, witnessed teachers
uniting in resistance and forming their own community of practice to continue (un)learning and

collaboration. This phase underscored the resilience and determination of teachers to uphold
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Initiative.

anti-racist and anti-colonial ideologies and practices, highlighting the lasting impact of the PD
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Figure 1: Scope and sequence of PD across phases.

Analytical Methods

The data were analyzed through the following procedural phases for the purposes described. This
ultimately allowed for the identification of distinct cultural (un)learning pathways of teachers

taking up an anti-racist and anti-colonial pedagogical approach.

Data sources were aggregated for each case study teacher. Data was gathered and aggregated
per teacher alongside teacher memos written by researchers about the experience and practice of
those teachers. Sources of data were systematically aggregated on a per-teacher basis to ensure
rigorous analysis and interpretation. A diverse array of sources was collected and organized from

multiple channels for each of the 27 educators involved in the study. These sources encompassed
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a comprehensive range of quantitative network survey data and qualitative data comprising
teacher reflections, Zoom chat comments, exit tickets, surveys, teacher interviews, professional
development (PD) transcripts, and grade-level team meetings, as well as associated artifacts.
This data collation was conducted alongside the compilation of teacher memos by myself and the
graduate student research team. The aggregation process involved attention to detail to ensure a
comprehensive portfolio of evidence and artifacts was created to make initial assertions. While
the collation of data and development of the analytical memos provided generalizable insights
into each case study teacher, the memos did not provide a thick description of “detail, context,
emotion, and the webs of social relationships that join persons to one another” (Denzin, 1989, p.
83) correlated to the shared, yet varied situated learning experiences and processes over time.
Therefore, with aims of “particularizability rather than generalizability” to “uncover the different
layers of universality and particularity that are confronted in the specific case at hand- what is
broadly universal, what generalizes to other situations, what is unique to the given instance” it

was necessary to take another pass at the data analysis (Erickson, 1986, p. 130).

Open coding of teacher data as it relates to sensemaking, critical meaning making, and situated
action. The next phase of analysis involved organizing and examining the various data sources
for each teacher as it unfolded across the five phases of professional learning with respect to the
three core dimensions of the analytical framework (sensemaking, critical meaning making,
situated action). (Lofland & Lofland, 1995) Following the approach outlined by Corbin and
Strauss (1990), an open coding method was employed to delineate the spectrum of engagement
and enactments undertaken by teachers, guided by the theoretical framework of sensemaking,

critical meaning-making, and situated action. The resulting coding schemes for these three
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dimensions are presented in Tables 1, 2, and 3 . Within each of the tables, sub-codes were

determined—which for sensemaking and critical meaning-making fell under ideological

categories as related to the professional development content themes and engagements. In

regards to the situated action, sub-codes were developed based on teacher enactments and

applied (un)learning within classroom instruction and during grade-level collaboration. There is

variation within specific sub-codes as it relates to antiracist and anticolonial science instruction.

These value-based differences were interpretively taken into account in the subsequent

identification of different teacher learning pathways.

Table 1: Coded Dimensions of Teacher Sensemaking

Sensemaking (SM): How teachers negotiate meaning from a variety of, often conflicting,
messages they encounter in their local environments, it describes how they "structure the
unknown" (Waterman, 1990, p. 41). It operates on the level of epistemology.

Sensemaking
Subcodes

SM:Personal

SM:Equity

SM:DEI/Representa
tion/CLP

SM:Instruction

49

Description of Teacher Sensemaking Actions

* Personal orientations as limiting factor for anticolonial/antiracist (un)learning,
teaching

* Instruction and participation framed through lens of equality—not equity nor
justice

* Equity and Inclusion as baseline grounding

* All learning is cultural

* Content [science] is not neutral; access to content as equity is not neutral

* Teachers/teaching with inclusion of diverse perspectives is better than tokenism

* Recognizing curricula and systems equity strategies focus on tokenized images of
BIPGM scientists in curriculum // Teachers and school leaders rely on tokenized
images of BIPGM scientists in curriculum (district mandated & created) &
instruction

» Teachers grappling with DEI; need ways to engage in critical and liberatory
presencing of BIPGM knowledge beyond inclusion/tokenism

* Reflecting on science and science instruction matters

* Commitment to dominant curriculum is not supportive of ways of
knowing/learning

* Teachers are positioned to embody & uphold white supremacy culture



SM:Curriculum

SM:Teacher
Learning

SM:Students

SM:Anticoloniality
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* Teachers are positioned to uphold white supremacy culture but can become
antiracist and anticolonial

* Teaching that centers students intellectual healthy & consequential learning
disrupts the pace of dominant curriculum & teaching practices

* Self-reflection as social actor within education

* To become an antiracism and anticolonial teacher takes willing rendering

» antiracism and anticoloniality and are needed in all content areas, not just science
* Teaching requirements often contradict what it means to responsibly take up
antiracist and anticolonial approaches

» Expresses EuroWestern view of science as central to science instruction

* Science & science learning is not neutral but endeavors to be positive and
practical

* Pragmatic concern about the intensity of work involved

* curriculum and instruction embedded within practices of white dominant culture
traits/values/macroaffirmed ways of knowing

* Tension with curricula as fixed object, time intensive to change

* Curriculum needs to be audited using an anti-racism and anticolonial lens

* Science learning content is connected to consequential climate, justice, and
ecological matters

* Desettling curriculum includes antiracist and anticolonial counter pedagogies and
content

* Revoicing of PD learning goals

* Reducing antiracism and/or anticolonial content to prior knowledge

* Antiracist and anticolonial content and value not provided in teacher prep/district
training/curricular materials

* Novel and productive professional learning

* Antiracism and anticoloniality are big concepts and need more time for learning
+ Antiracist and anticolonial (un)learning is epistemically & affectively
destabilizing

* Antiracist and anticolonial content inclusion needs specific pedagogical
approaches

* Equity, justice-oriented, antiracist content/approaches are for diverse populations
* Students cultures should be included in learning

* Students are sources for determining depth of learning

* Centering of students lived experiences supports PD goals of anti-racism

* Centering students lived narratives/intellectual health as counter pedagogy

* Students are harmed by dominant/mainstream/status quo instruction-curriculum

* Anti-coloniality (decolonization / Indigenous ethnic studies) is situated in the
past and includes legends and myths

» Addressing anticoloniality is a nuanced practice of tokenized
representation/inclusion

* Colonial logics/colonialism consumes/destroys nature and Indigenous peoples



* Anticolonial instruction counters false/deficit/detached/aggressive narratives of
LandAir Water

* Anticoloniality includes multispecies justice and more-than human critical &
liberatory presencing

* Becoming anti-colonial is about collective power, not individualism

* Presencing Indigenous Pedagogies, Peoples and Perspectives

* Anti-colonialism sustains collective well-being

* Anticolonial instruction counters reductive approaches through complex
relationality

SM:Racism/ * Being white, in a white-dominanted system does not require critical consideration
Antiracism of positionality
* Inclusion of racial injustice is not enough for meaningful antiracist
instruction/learning
* The knowledge & skills to center dignity-conferring antiracism is unknown/not
taught/needed
* Students could/should have learning experiences that include BIPGM expertise

SM:Barriers * Racialized identities and communities pose important pedagogical considerations
» white supremacy informs/is built into the structures of education

Table 2: Coded Dimensions of Teacher Critical Meaning Making

Definition of Critical Meaning-Making (CMM): Meaning-making that engages ideological shifts
in understanding (Philips, 2019) often through affective modes of processing. It operates at the
level of ontology and axiology in coordination with epistemology.

Critical Meaning
Making Subcodes Description of Teacher Critical Meaning Making Actions

* Personal challenges have come up (e.g., confronting biases, white gaze
dominates) as central to transformation

* Regression is a pattern of progress—not an ideological, pedagogical
permanence—but requires attunement

* Transformation is a lifelong journey that requires rigor to continue to unlearn
CMM: Personal (R) and learn and take action.

* BPIGM representation as DEI strategy (tokenism)

* Spectrum of Representation referencing

* Making meaning out Critical Liberatory Presencing framework dimensions in
connection to practice/education/materials

CMM: ¢ Curriculum without critical liberatory presencing is by default designed to
DEI/Representation/Cri [uphold WSC

tical Liberatory * (general) Consequential Concerns; Critical & Liberatory learning to promote
Presencing critical (settler) consciousness is needed in all content areas
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CMM: Curriculum &
Instruction

¢ Transforming curriculum and instruction is a daunting project

* Generous reflection/auditing of current/prior practice poses opportunities for
transformation

*The system of education impedes transformation

*Teaching and Learning that is consequentially centered fosters community
Progression:

* To know better is to do better but it is hard how to know how to do better
*Learning should center socio-ecological care/understanding that Science and
society includes multispecies/landsairwaterstar justice

*Teaching antiracism & anticoloniality is an obligation to commit oneself to for
the collective well-being of students.

* Inclusion of antiracist and anticolonial content will require teacher to take
responsibility for critical iterative research

* Teaching that counters dominant culture approaches to education requires
seeing youth as whole/deserving of their intellectual health being nurtured.

* Teaching that counters dominant culture approaches de-centers teacher as
source of knowledge

* Teaching is isolating-(un)learning, auditing, (re)designing, critical curriculum
in community is valued

CMM: Teacher
Learning

* Teacher PD/Ed needs to go beyond fakequity and tokenism to be anti-racist or
anti-colonial

* Antiracism and anticoloniality are big concepts and need more time for
learning

* Desettling is a collaborative, iterative & integrated process of critical noticing,
research, and refined practice

* Becoming/(un)learning antiracist and anticolonial teacher is an on-going
challenging, messy journey and practice yet worthwhile and necessary

CMM: Students

* Antiracism and Anticolonial learning is great but must have classroom
value-to shift in practice

* Students are capable and deserving of Antiracist and Anticolonial learning

* Valuing instruction/learning that nurtures students' intellectual health, students'
lives and experiences-that they are part of the narrative, not separate, even if it
is in conflict with dominant culture/curriculum is essential.

* Students are deserving and capable of expansive and consequential antiracist
and anticolonial learning.

CMM: Anticoloniality

* Indigenous/Native peoples as romanticized or essentialized

* Decolonization is valued but misunderstood and lacking PD

* Indigenous representation is most often presented as tokenized stories from
the past, as legends, not truth.

* Colonization pushes progress at the cost of nature and POC communities
well-being

* Indigenous ways of knowing provide more hopeful ways of living then
dominant white culture
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* Anticoloniality redefines/repurposes the classroom/learning to center healthy
relations with Land and multispecies

* Anti-coloniality calls for instruction that disrupts dominant narratives &
agendas to center self-determined content from Indigenous communities to
promote their thriving.

CMM:
Racism/Anti-racism

* DEI work does not change the dominant system

* Equitable representation needs to go beyond equity and tokenism to be
anti-racist or anti-colonial

* Antiracist (science) education needs to go beyond deficit-equity approaches of
tokenism as supplementary inclusion

* Centering BIPGM presence is key; Centering BIPGM presence is key,
disrupting whiteness; WEIRD focus is key

* White supremacy culture is present in our classrooms and requires critical
reflection and noticing and (un)learning.

* Antiracist and anticolonial resources/knowledge about consequential concerns
and critical liberatory presencing is needed to desettle science

* Performative inclusion supports white saviorism &white innocence

* Antiracism and Anticolonial learning is interdisciplinary

CMM: Barriers

* BIPGM are cultural and epistemic resources to be extracted from for
validation

* Leadership in equity projects bolsters one's centering (e.g., through white
arrogance or white saviorism)

* Breaking down barriers of white supremacy is essential for transformational
education

* Science (other content) is situated in society's entanglements of race,
colonialism and ecology-not void of it-supports white dominance

* Teachers can embody and enact white-saviorism, ignorance, arrogance and
innocence

* Education and teaching (and society) is designed to enable pillars of white
supremacy.

Table 3: Coded Dimensions of Teacher Situated Action (identified by PD Phase or as
representing baseline, emerging, or progressing/transforming levels of understanding)

Definition of Situated Action (SA): Operating at the level of methodology (in relation to
axio-onto-epistemic details).

Situated Action
Subcodes

Description of Teacher Situated Actions

SA: Personal Baseline/Regression
* Attendant/Participation in the moment book clubs, race and equity committees etc.
* Curriculum Design & Development: Present at grade-level learning collaboration
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Emerging

* Curriculum Design & Development: Engaging in adaptation of mandated curriculum
through process of integrating Social Focus lessons

Progressing/Transforming

* Personal Practice:Intentional critical personal
learning/growth/connections/engagement in (un)learning antiracism and anticoloniality
inform practice (instruction, development of materials, shifts in self-positioning, ...)

* Personal Practice:Shifting participation in school community (shifts include new
roles, increased vocalization of antiracism and anticoloniality = settler responsibility)
* Personal Practice: Engaging in the messiness, the difficulty of applying/integrating
antiracism and anticoloniality in the classroom

* Personal-Meta-awareness of praxis journey-reflection to refigure the substantive
work to be done

* Curriculum Design & Development: Collaboratively engaging in critical research to
reconstruct, redesign, curricula for classroom use

* Curriculum Development: Taking responsibility to center consequential climate
issues in elementary units/lessons—often involves critical research

¢ Curriculum Design & Development: Making BIPGM histories present in materials /
instruction (i.e., curricular representation); often involves finding critical liberatory
presencing sources and integrating on their own

SA: Instruction

Regression

* Instruction: Mutating Critical Liberatory Presencing into cultural
appropriation/tokenism

* Maintaining dominant pedagogies; (Re)centering settled, funneled curriculum

* Resisting students' elevation of/engagement of consequential concerns, personal
narratives, Not attending to students pathways of thinking/learning/engagement;
teacher maintaining course of curriculum as written

* Barriers of adult power and dominant colonial logics-transformation happens or does
not happen here

Emerging

*Inconsistent uptake of Social Focus grade-level curriculum-did not critically engage
students/content(interest convergence instruction-often due to maintaining white
innocence/ignorance)

* Instruction: Centering students’ general critical sensemaking
Progressing/Transforming

* Curriculum as Methodology-Teaching Social Focus lessons as method for moving
forward/towards antiracist and anticolonial instruction

* Inclusion of student discourse on socio-ecological consequential matters in
conjunction with dominant pedagogies/ideologies

* Inclusion of student discourse on socio-ecological consequential matters as an
expressed countering of dominant pedagogies/ideologies

* Desettling (white) students’ conceptions of science as race- or justice-neutral

* Desettling by modeling ("even if that means pausing the lesson") connected to
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personal growth/desettling

* Desettling dominant colonial narratives by centering/making space for multispecies
justice/presencing and ecological care/responsibility

* Science and engineering have been/is practiced/led by cultural communities around
the world across history-centers the critically liberatory presence of BIPGM

* Desettling dominant colonial narratives by including antiracist and anticolonial
climate change/justice content

* Integration of antiracist and/or anticolonial content and/or pedagogical commitments
across content areas

* Student Focus: Science and engineering is situated in consequential socio-ecological
entanglements; giving space for critical and speculative student discourse-engagement.
* Student Focus: Science & Engineering occurs within the spaces, time, realities of
communities; positioning community as stakeholders to be presenced

SA: Network/ |+ Valuing of and participating in partnership learning ecologies-reflection &
Community curriculum adaptation work; his is positive yet identifies teachers who are more
passively involved collaboration

Progression

* Curriculum Networking: Sharing/supporting teachers use of Social Focus units
outside partnership (grade-level teaching partners, school teachers...)

* Sharing of PD content, resources, learning experiences with others outside
partnership (teachers, admin, family, friends...)

Collaborative analysis of individual teachers across all data sources. The five researchers on the
team had worked with subsets of different teachers over the 15-month period. They had
participated with the teachers in a range of contexts, developed memos from their observations
of teacher practice, and communicated with teachers over phone, text, and email. To understand
the learning pathways of specific teachers and how subsets of them were engaged in specific
learning pathways, I worked with each of the other researchers to cross-check my analysis of
teacher learning and action across the arc of the project. In this participatory approach to design
research (Bang & Vossoughi, 2016), I looked for similarities and sought out disconfirming data
to further inform the analysis to make further assertions regarding the range and particularities of
teachers’ processes (sensemaking, critical meaning-making and situated actions) of engagement

(Erickson, 1986). It was not practically possible given how the project was ended to engage in
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traditional member checking with each teacher after the project had been disrupted. However,
this collaborative analysis of researchers helped triangulate and highlight salient theoretical

aspects of the teacher cases.

Analysis of patterned variation of teacher behaviors across professional learning phases to
identify distinct pathways of engagement and learning. In the next phase of interpretive data
analysis, patterns of sensemaking, critical meaning making, and situated action across the phases
of professional learning were identified. These patterns are assertions made about the corpus of
data from each teacher in the coded analysis (Erickson, 1986). See Figure 2 for an example
coded analysis of one teacher at a specific phase of professional learning. This teacher case
analysis revealed significant commonalities among subsets of teacher-cases in terms of the
learning pathways teachers were engaged in over time. By identifying parallels between teacher
cases and variations across distinct sets of cases, | was able to make assertions regarding how
specific sets of teachers engaged in distinct pathways of engagement and learning. For example,
a group of teachers engaged exclusively in sensemaking behaviors without critical meaning
making nor related situated actions. They were identified as being on a ‘non’ performative settler
pathway. On the other hand, another group of teachers were engaged in deep sensemaking and
critical meaning making that translated into anti-racist and anti-colonial situated actions in the

classroom. They were identified as being on a rogue settler diligence pathway.
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First Name

Phase 3: April-June SM Themes CMM Themes SA Themes Phase 4: Summer 2022
(Alaura)
» Teachess can embody and enact
white-saviarism, ignorance, armogance
and innocance
- To know betteris to do better butit is
How to help my white students not become white saviors? Something | continually struggle with myself hard how ta knaw how to da better CM [Personal Map):
ludes
- v justica « SA[Helps lead and host summer
[Intervie: hallenges have come up learning and | love 1o host people

202211 think, esecially for me, 2 sameane wha is white and was raised pretty sheltered. That
in that space fm like allowing my to expr d have space for all
of that. And understand that what | grew up with Esnit the best for anybady, but certainly nat my students of
color- And | think you knaw, like them. The mare | can lsarn, and the more | can be aware of the world, and
how other peaple are moving and acting in the warld is what | can do but it's really hard”

54 [May abzervation notes]: JB teaches the 3rd grade Puyallup Tribe lesan and opens witha
lengehy land acknowlzdgement... This is the first time she has ever done this. She names
Indigenaus Peoples’ cantributions ta science and need ta let them control their own land as a
climats change mitigation strategy—-it was INCREDIBLY to witness this naming for such young
students

[Interview 5120221 of the resources that | like I'velearned so much about ke | think about lika the soul
fire farms lessons that | did and like learning about that Community and those people, and all the work that
they're daing and and how excited my students qat when wa learned about that and and the ideas they startad
qenerating. Like Ivs e learmed a ton just especially | think about people and organizations that | didnt know
existed, which is amazing for my own learning and then the fact that my kids are leaming it alang with me is so
eiciting. hecause | think it's gaod for me ta madel for them like | didnit even know this was a thing and were
leaming about it tagether™

[Interview /1/2022] "yeah | just think like fter we read water protectars, and then they did that, like seesaw
activity like how am | going to be a water protector, what does it mean for me to be a protector of something
and the ideas that wers generated and how excited thay got and then, whan we maved into persuasive writing
after that and thinking about. Climate change and how, then they incorporated what they've learned in their
science unit inte their persuasive writing and then they would give these persuasive spesches to each other,
and you can hear them, just like bauncing ideas off of each other and gatting excitad and you knaw, | think,
especially with things like climate change its so =asy o get stuch in the we're &1 qonna dis and the worlds you
knowr falling 2part. And just that hope for like | can make changes thing is really cool and fun to see my
students get excited”

[ May email to KF]: JB Is naming she doesn't know of any examples of critical liberatory

ing for the spinning earth unit and needs to go and do research to figure this
‘out—doesn’t put it on KF. Then she does the research, drafts the ways this will be taken upinthe
classroom and seeks feedback.

- 4R & AC content and value
ovided in teacher
t

trainingfcurricular materisls

[&:.. confronting b +CHM
Centering BIPGM prest
Centering EIFGM prs 2y,
disrupting whiteness | WEIRD focus(2)

itent and,
mmitm:

have beenis
-AR/AC resaurcas/kna
consaquential concem:
nzedzd to desettle sci
~Teaching antiracism & anticolaniality is
an obligation to commit oneseif to far

lesettling daminant

“Indigenous ways of knowing provide

wful ways of living then
white culture
ing that
ctual health,
and experiences-that
¥ of the narrative, not
separate, sven if it is in conflict with

i
dominant culture/curriculum fs essential | SMftS in positioning-)

“nstruntinn: Niesatting daminant
~Teaching antiracism & anticolaniality is
2n obligation to commit oneself to far
the collect being of students.

- Inclusion of AR & AC cantant will
require teacher to take responsibilty for
iterative research

SA-Intentional criticzl persanal |

ing a leader
wark. | think]

sure that all of this (gestures with|

[PO-ET-Howare you working towd
“Realizing the daily mistakes | mal
do btter next time By smbedding
my teaching as possible.Unlearnid

[PO-ET-Haw are you working ta
“Centering other voices. BIPGM

[From the past twa days, what is

[Connecting new K teachers]

Figure 2: Coded analysis of teacher action and responses during professional learning

Theorizing the discrete teacher (un)learning pathways. In this final phase of analysis, the
resulting distinct pathways of engagement and learning were connected back to the theoretical
foundations of this study (Ravitch & Riggan, 2016). This allowed for a deeper understanding of
how and why teachers had responded to the professional learning experience in differential ways.
This theoretical understanding then informed the discussion, conclusions, and implications

identified through this study.

Findings: Documenting Elementary Teacher (Un)Learning Pathways
Towards Anti-racist and Anti-colonial Science Education

In this section, I present the findings of an analysis conducted on teacher cases involved in an
extended professional development initiative. The analysis identified distinct teacher learning
pathways, each characterized by emblematic patterns of sensemaking, critical-meaning-making,

and situated actions throughout the PD and partnership phases. These pathways offer insights
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into how teachers engage in (un)learning processes, showcasing variations in transformational

consistency and fluctuations between regression and transformation. The aim of delineating these

pathways is to provide nuanced understanding into the complexities and possibilities in

designing and implementing critical teacher professional learning interventions.

The five pathways of teacher learning discussed below were identified through the

patterned responses of multiple educators to the professional learning initiative:
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The "Non" Performative Settler Pathway: teachers who exclusively engaged in
surface-level, self-serving sensemaking work without critical meaning making nor
transformed situated actions. [very common]

The Best Intentions Cultural Inclusion Pathway: teachers who jumped from relatively
shallow sensemaking to situated actions that were problematic or shallow without critical
meaning making. [very common]

The Reluctant Settler Pathway: teachers who engaged in cycles of significant
sensemaking with modest critical meaning making and then engaged in transformative
situated actions often only with significant assistance from rogue leadership, plethora of
resources over a sustained period of time, ideally years. [moderately common (relative to
the duration of PD)]

The '"Woke' Co-Conspirator Teacher Pathway: teachers who enact and embody critical
sequences of sensemaking, critical meaning-making and designed situated actions but
who are dependent on rogue leadership for accountable action. [rare]

The Rogue Settler Diligence Pathway: Learners along this pathway engage in cycled
processes of sensemaking, critical meaning-making with situated action(s). These

learners enact and embody settler malleability and settler rigor to push through



destabilization and white discomfort, via a stabilizing orientation of settler responsibility

to move forward acts of anti-racist and anti-colonial transformation. [quite rare]

The "Non" Performative Settler Pathway: Shallow Participation That Maintains the
Status Quo

Neoliberalism presents itself with multiple deceptive facades, yet it adheres closely to dominant
cultural norms. Particularly within the teaching profession, which is significantly influenced by
the predominant demographic of white women aligned with white feminisms, neoliberalism
adopts a pleasant facade adept at navigating politics of niceties (Castagno, 2019; Vintimilla,
2014).Simultaneously, it upholds the momentum and objectives of the colonial knowledge
project (Leonardo, 2018).

This pathway phenomenon is widespread in education, encompassing a significant
number of well-meaning yet passive white settlers participating in book clubs, staff meetings,
committees, and equity trainings, superficially discussing and contemplating the challenges faced
by BIPGM students and communities, or the latest equity strategies without effecting substantive
change in dominant instructional practices. Through superficial participation marked by
performative ‘non’ performativity, this group depletes resources, contributes to settler battle
fatigue among POC often positioned to do the heavy-lifting for settlers (Buenavista et.al., 2021).
Such participation reinforces pillars of white supremacy, particularly white innocence and white
saviorism and perpetuates shallow engagement without transformative learning, thereby
perpetuating the status quo in classrooms and society over successive generations.

This pathway phenomenon is not just theoretical but has practical implications, as

observed in the research study where a significant portion of teachers, eight of the twenty-seven,
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followed a ‘Non’ Performative Settler pathway focused solely on sensemaking without

meaningful action—as shown in these three case studies.

Case Study 1: Conni's Reductive Sensemaking

Conni, a veteran teacher, initially expressed their participation in the partnership as a
means to continue learning and supporting students. However, throughout the PD phases, Conni
consistently reverted to reductive sensemaking, maintaining a focus on superficial intentions and
niceties rather than engaging in critical meaning-making or active classroom participation. Their
statements and actions reflected a pattern of deflecting responsibilities and recentering prior
naturalized axioms and status quo maintaining stances, devoid of anti-racist and anti-colonial
perspectives or practices.

For example, Conni's re/voicing of ideas from professional development sessions
minimized critical themes of anti-racist and anti-colonial (un)learning, reducing them into vague
perceptions that upheld dominant epistemic boundaries. This reductive sensemaking was evident
in their hope that students would "learn how to see [learning barriers] and learn skills to climb
over them or break them down themselves," which deflected their own role as a social actor with
settler responsibility. Despite declaring intentions to be more sensitive to students' age, beliefs,
and culture, Conni avoided researcher partnership and support, and did not fully engage with
extension learning or the Social Focus curriculum.

Throughout the PD arc, Conni consistently derailed discussions with a focus on logistical
minutiae rather than critical reflections or transformative actions. Even during core PD sessions
on Indigenous Science pedagogies and practices, Conni's statements revealed a pattern of
dismissive and reductive sensemaking, centered on settler epistemologies and white innocence.

This 'non' performative approach, characterized by deflective and defensive utterances,
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ultimately reinforced white supremacy variants within their teaching practices and perpetuated

the status quo.

Case Study 2: Calliope's Intermediate Reductive Sensemaking

Calliope engaged in a 'non' performative settler learning pathway marked by sustained
and iterative sensemaking. While initially expressing a desire for strategies and feedback,
Calliope's sensemaking throughout the PD remained reductive, focusing on gaining knowledge
without translating it into meaningful classroom actions. Their participation in PD sessions and
equity initiatives validated reductive sensemaking for epistemic competency, without critical
reflection on classroom enactment or embodiment of anti-racist practices.

For instance, Calliope's statements during PD sessions and exit tickets demonstrated a
pattern of disconnection between critical ideas and classroom practice. Despite verbalizing
interest in critical and liberatory presencing, Calliope's sensemaking often reverted to reinforcing
systematized instructional practices that contradicted the PD's focus on (un)learning. This
disconnect persisted throughout the PD, with Calliope's sensemaking revolving around verbal
recitation of content hot takes and recentering of settled instructional practices.

Calliope's journey mirrored that of many 'non' performative settler teachers, showcasing a
pattern of reductive sensemaking without critical meaning-making or situated actions in the
classroom. Their deceptive participation, characterized by hyper-engagement but lack of
transformative learning, highlighted the challenges of addressing systemic inequities within

educational contexts.
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Case Study 3: Minna's Reflexive Sensemaking and Transformation

The case study of Minna provides an insightful illustration of the potential for change in
pedagogical approaches. Minna, whose pseudonym signifies "resolute" and "love," underwent a
transformative journey from a 'non' performative settler pathway to a reluctant settler pathway
over a 15-month period. This transformation was marked by a progression from sustained
sensemaking eventually towards critical meaning-making, showcasing the potential of a
commitment to critical inquiry and reflexivity.

Initially, Minna's sensemaking revolved around critical noticing, recognizing the
limitations of a restrictive curriculum and the need for inclusivity and expansiveness. They
expressed this realization by stating, "I realized I can take a restrictive curriculum and make it
more inclusive and expansive - I am still trying to see how to do that within the culture we teach
in now.” This phase of sensemaking focused on identifying challenges and areas for
improvement, demonstrating Minna's evolving awareness of pedagogical possibilities.

As Minna progressed through subsequent phases, their sensemaking evolved into critical
inquiries aimed at fostering critical and liberatory presencing in their instruction. For instance, in
a phase two PD exit ticket, Minna shared, “I am thinking about how to do more critical liberatory
presencing by looking at scientists from all parts of the world, not just tokenism.” This shift
towards critical liberatory approaches indicated a sense of deeper responsibility with anti-racist
and anti-colonial perspectives, signaling potential moves towards critical meaning-making, and
situated actions, which could be utilized as key indicators for responsive DBIR PD.

By phase four, Minna's sensemaking had advanced to include actively challenging settler
norms and incorporating antiracist and anti-colonial perspectives into their teaching. This
transformation was influenced by on-going, consistent practical and reflective experiences within

their grade-level team, which often included myself as boundary spanner, demonstrating the
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importance of relational influences in settler malleability and transformative learning. Minna's
journey involved a progression from critical noticing to critical meaning-making inquiries,
eventually leading to a deeper, self-identified, understanding of the embodiment and implications
of settler innocence, ignorance, and white saviorism within their teaching practices. This process
of destabilizing habits of white supremacy, and stabilizing ambiguity with anti-racist and
anti-colonial tenets and actions required time, reflection, and community support. Minna's
journey from sustained sensemaking to critical meaning-making and situated action exemplifies
the potential for transformative shifts in settler pedagogy, highlighting the need for responsive
design of PD learning experiences and ongoing support for educators on 'non' performative
settler pathways.

These case studies demonstrate variance of engagement within the 'Non' Performative
Settler Pathway, showcasing patterns of sustained sensemaking indicative of settler false
consciousness- adherence to pillars of white supremacy despite participation in equity initiatives.
This phenomenon underscores the importance of moving beyond performative gestures,
symbolic participation towards critically meaningful and responsible engagement and action to

dismantle systemic inequities in education.

The Best Intentions Cultural Inclusion Pathway

Teachers following the Cultural Inclusion learning pathway engage in rapid sensemaking, similar
to the 'Non' Performative Settler pathway, yet they tend to re-stabilize ambiguity using prior
epistemic and ontological naturalized axioms (Phillip, 2011). However, their engagement in
classroom instruction and curricular adaptation situated actions sets them apart. This group of
teachers filters critical content and practices introduced during the PD partnership through a

sensemaking process that leads them back to cultural inclusion instructional methods as the
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primary solution for addressing educational inequity. Consequently, they shape their curriculum
design and instruction accordingly.

These teachers hold cultural inclusion as their instructional situated actions homeplace,
reinforced by their pride in their knowledge of and experiences with various cultures worldwide.
Early in phase one, many teachers shared personal experiences such as travels to places like
Thailand and Mexico, with one teacher noting, "I have experienced way more than other teachers
and this allows me to build upon what we are learning with more personalization." However, this
declaration of cultural awareness, coupled with perceptions of themselves as culturally relevant
teachers, often solidifies foundations of white arrogance, white innocence, and white saviorism,

acting as barriers to transformation.

Case Study 1: Prett's Cultural Inclusion Misappropriation

Prett, a pseudonym meaning trickster, embodies a method of "employing the hook,
student culture, and culturally responsive pedagogy [that] is often misappropriated in ways that
hoodwink students into engaging with their teacher and the learning process" (Evans et al., 2020,
p. 57). This misappropriation, as discussed in "Good Teachers" with “Good Intentions”:
Misappropriations of Culturally Responsive Pedagogy by Emdin & Adjapong (2018),
repackages students/diverse cultures as a product for exchange, promoting adherence to
dominant white culture's learning and classroom expectations, ultimately benefiting whiteness
and the teacher's whiteness. Derrick Bell (1980) and Milner (2008) postulate this as an
incarnation of interest convergence, wherein race and equity issues are addressed only when they
align with white ideologies (2020, p. 58). Prett's approach views culture merely as an
engagement mechanism or hook, justifying instructionally situated actions that misappropriate

culture. For example in phase one Prett proudly shared his inclusion of Indigenous cultures by
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having students create Native Tribe dioramas without contextualizing the consequential learning
of colonialism and coloniality. Prett’s ideological and practical stances continue along this
pathway with little transformation which is both evident in his classroom situated actions and
participation in PD. This is reflected in Prett’s comment during phase three PD on Indigenous
science, specifically at a moment when sharing innovative engineering practices in right relations
with Land and multispecies kin, Prett asks, “Why did Native Americans choose that feature?
Trying to go back and forth between history and science because here’s a perfect leeway and I’'m
fishing with the right bait because students are really into it.” Seemingly well-intended within an
ideology of white saviorism through diverse inclusion, Prett's actions exemplify white arrogance
and maintained white ignorance, thereby bypassing critical meaning-making, thus perpetuating
white innocence. This misappropriation of culture serves to assuage white guilt, reinforcing
settler false consciousness—an entrenched phenomenon in education that often evades critique
or challenge of the prevailing white supremacy culture within educational systems and among
educators. Prett's reductive sensemaking of culture and subsequent misappropriation, reflective
of other cultural inclusion pioneers, resulted in cultural inclusion mutations, as demonstrated in

the shared classroom example.

Case Study 2: Taylor's Tailored Cultural Inclusion

To further analyze how teachers' reductive sensemaking led to cultural mutations along the
cultural inclusion pathway, I present the case of Taylor, a pseudonym meaning one who tailors.
Taylor, like other educators on this pathway, asserted expertise as a culturally relevant teacher,
claiming to tailor all classroom learning to be culturally inclusive. However, Taylor did not
consistently engage in critical meaning-making of PD content. During reflection portions of PD

sessions, Taylor often highlighted accommodations made for her diverse students, citing their
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hardships compared to her white students, such as allowing certain students to knit during
science or having lower expectations. While these accommodations may seem tailored to racially
diverse students, they are rooted in deficit frames of non-white cultures and lack critical
meaning-making to identify why instruction and curriculum fail to serve all students. Taylor's
approach also lacked anti-racist and anti-colonial situated actions to disrupt dominant narratives
and ideologies and implement liberatory education practices.

Moreover, Taylor's participation in the PD was inconsistent, showing no investment in
engaging in the asynchronous learning provided to all TAB teachers through embedded scaffolds
for situated action in the course. Taylor's cultural inclusion approach in phase one involved
placing students in peer work groups with tribal names to explore how Orcas are impacted by
humans. Although Taylor attempted to integrate social justice content, such as discussing
pollution and noise affecting Orcas, when prompted to consider how a colonial mindset
perpetuates the nature/culture divide, Taylor's defensiveness regarding her knowledge of First
Peoples' culture emerged as an expression of white arrogance. This defensiveness was also
evident when resistance arose against including the Navy's weapon testing methods in the Ocean,

likely due to personal connections to the Navy.

Case Study 3: Maude's Fragmented Cultural Inclusion

Maude, meaning mighty in battle, centers diverse cultures as a source for personal growth but
tends to tokenize cultures by focusing on fragmented dimensions without interrogating whiteness
and coloniality. Although well-intentioned, Maude's approach lacks critical dimensions
necessary for addressing racial oppression and privilege. Inclusion of "The BIPOCS" as cultural
and epistemic sources becomes a source for white savior validation, extending to inclusion of

multispecies kin but falling into human supremacy narratives outside the adapted curriculum.
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Maude's statement reflects her approach: "I put the BIPOCs at the center of my learning
as a source for my growth." While this statement is shared with an air of reverence, it is evident
that Maude's self-centered focus should be viewed as a mutation of cultural inclusion. Her
emphasis on diverse cultures becomes a battleground, a well-meaning mission that holds some
value as it edges slightly beyond tokenism towards contextualized inclusion. In the classroom
Maude's focus on superficially including diverse perspectives without engaging in deeper critical
meaning-making perpetuates a cycle of surface-level diversity evident in her phase three
share-out statement that she is “Fusing social studies into Pattern and Sky by including stories
about the constellations, moons, stars, universe, etc. Students will learn about how people from
all over the world interpret the universe. I want to ensure I am including eastern and First
Peoples’ perspectives. Would like them to recognize that the same questions they are asking
about the sky today were asked by painters, book characters, historians, scientists, people, etc.”
This approach, while making strides towards inclusivity, falls short of critical liberatory
presencing which calls for critically contextualized self-determined representation of BIPGM
leaders, knowledge, values and secured futures to disrupt dominant narratives that uphold

whiteness and colonial ideologies within the educational framework.

The Reluctant Settler Pathway

Educators traversing this learning pathway exhibit a persistent reluctance to disengage from a
sensemaking cycle that offers solace as deracialized individuals inhabiting a realm of perceived
participation. Particularly among white women educators, the role of teaching, especially
teaching Black, Brown, and Native children, often confers a sense of moral righteousness and
personal virtue without the requisite acknowledgment that this perceived merit can inadvertently

perpetuate white innocence, ignorance, saviorism, and arrogance. This veil of merit shields
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educators from the imperative of engaging in profound axio-ontological, critical
meaning-making regarding the educational institution's complicity in systemic racism and the
erosion of Indigenous sovereignty. It also encourages educators to view themselves as passive
beneficiaries rather than active agents within the system.

The reluctant settler learning pathway expands upon critical settler discourse within the
domain of education, exposing how whiteness and feminism intersect to subtly prioritize
self-preservation over dismantling oppressive structures. This analysis delves into how white
feminism often employs narratives of victimhood to distance itself from the harsh realities of
racial and Indigenous oppression, culminating in a "reluctance to acknowledge their role as
colonizers" and the consequent realization of the impossibility of achieving a postcolonial state
without relinquishing control (Macoun & Strakosch, p. 430). Within the context of our deeply
flawed educational system, the reluctant settler narrative legitimizes personal struggles and
challenges to minimize their responsibility and agency as a justification for evading meaningful
anti-racist and anti-colonial endeavors.

For educators treading the reluctant settler pathway, exemplified by the six white women
in this research project, despite evidence of critical meaning-making, for these teachers retreating
into sensemaking about best intentions of teaching, standards, schooling and science. This
regression pattern became a process of affective desire to disengage from the rigorous work of
transformation. With regular patterns of respite from critical meaning-making and reluctance to
implement supported situated actions the reluctant settler teacher often sidestepping investment
in their own critical setter consciousness trailed behind their ‘woke’ co-conspirator or diligent
rogue settler peers to garner a perception of transformation by proximity absent of personal

practical applications. Contrary to the ‘non’ performative settler who stays situated within
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cyclical sensemaking epistemic eddies, the reluctant settler recognizes both the need for
liberatory education and their own complacency, akin to wanting to swim in the deep end of the
pool to improve their swimming skills yet holding that they could always stay in the shallow end.
For the reluctant settler, time, resources and sustained support contributes to the courage needed

to dive into deeper waters of transformation.

Case Study 1: Coral’s Struggles and Transformations

Coral, a pseudonym selected for its symbolic representation of resilience in the face of adversity,
navigated the reluctant settler pathway with a blend of critical inquiry and hesitation towards
practical implementation. During phase one of the professional development (PD) program,
Coral displayed a commendable engagement in epistemic sensemaking, as evidenced by her
query during a PD session: “We do STEAM Day each year. Last year I shared a book about the
man who invented the Super Soaker. It seemed like a high-interest topic. The creator is a man of
color. The ethnicity of the man was never brought up in our discussion. Was this just a token
representation?”” Coral’s journey from epistemic sensemaking to critical meaning-making was
evident in her evolving understanding of the tokenization of Native American culture in her
lessons. In phase two, Coral remarked, “I believe my specified lessons designed to ‘teach about’
Native American culture are tokenizing their culture. It is probably mostly because I don't have
enough knowledge about their native culture nor their current culture.” Despite this critical
awareness, Coral struggled with the practical application of her insights in her teaching
practice.Upon closer examination of Coral’s engagement patterns, it became clear that while she
demonstrated a commitment to critical reflection, there was a notable reluctance to translate
these insights into actionable changes. This reluctance manifested during grade-level

collaboration sessions, where Coral’s apprehensions about the challenges of implementing
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change were palpable. Her concerns often circled back to the district's expectations and the
potential discomfort of students and families, which hindered progress towards transformative
pedagogical approaches.

The disconnect between Coral’s critical reflections and her hesitancy to enact change
underscored the complexities of the reluctant settler pathway. Despite her deep ideation
engagement and meaningful relationships formed during the PD, Coral hesitated to embrace
anti-racist and anti-colonial practices fully. This reluctance stemmed from the perceived
complexities and challenges associated with such transformative work.

However, as the PD progressed into phase four, particularly after the ‘woke’
co-conspirator and rogue settler diligence pathway teachers shared classroom examples and
stories of transformation, Coral began to showcase signs of transformation in her instructional
practices. She eagerly shared student artifacts that reflected a shift towards decolonized and
liberatory pedagogical approaches. For instance, Coral highlighted a student-developed game
inspired by the Puyallup Tribe’s efforts to care for the land, animals, and community. This game
engaged players in learning about climate change impacts on the wolverine population,
demonstrating Coral’s evolving commitment to integrating critical liberatory presencing into her

curriculum.

70



Figure 3: Student game adaptation countering dominant curriculum activity by learning from

Puyallup Tribe by centering multispecies well-being, climate change and migration..

Coral’s journey encapsulates the nuanced dynamics of the reluctant settler pathway,
where critical reflection coexists with practical challenges and hesitancy towards transformative
action. Her trajectory underscores the ongoing process of grappling with pillars of white
supremacy, dismantling colonial narratives, and embracing pedagogical practices rooted in
anti-racism and anti-coloniality. For DBIR researchers and educators of educators, it is
imperative to design for the reluctant settler learner. This design should deeply consider that
without the fortification of substrates of support and critical learning over a sustained arc of time,
there is a tendency for these learners to fallback into dominant epistemologies and ontologies
enabled by the colonial knowledge project that currently defines the education system. But,
transformation is possible, when like Patrick Wolfe, who identifies himself as a “reluctant
settler” (Kauanui & Wolfe, 2012, p. 237) leverages their settler identity not as a reason to cower
away from behind barriers of white ignorance and/or white innocence which invisibilize

settlerism and identities, but rather as mere fact, as responsibility and response-ability for action.
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Additionally, the reluctant settler benefits greatly from a strong foundation of examples
throughout the arc of the PD, provided by prior Social Focus teachers, researched resources and
from less reluctant teachers brave enough to take on the messy and rigorous journey of sustained

sensemaking, critical meaning-making and situated actions

The 'Woke' Co-Conspirator Teacher Pathway

Early in the partnership, the 'woke' co-conspirator settler teachers surfaced white arrogance
coupled with white saviorism as dominant forms of enacted and embodied white supremacy
barriers to the liberatory work, veiling white ignorance and white innocence. The settler
co-conspirator embarked on their journey with an epistemic ideology rooted in white savior
narratives, believing that "to be a good teacher in urban schools, all one needs is leadership
abilities, intelligence, and content knowledge, and a desire to make transformational change by
working hard" (Kavanagh & Hadley, 2013). Evidence of this orientation was in the pattern of
‘woke’ pathway teachers' declarations of leadership and knowledge on equitable education
reflective in the following teacher quotes,*“I have done a lot of equity work™, and “ [district PDs]
feel very beginner.” This orientation is emblematic of “neoliberal denial often projected as,
‘You’re preaching to the choir; I already do/did the work.”” (Ozier, 2023, p. 72)

Each of the teachers on this pathway managed their classrooms as authoritarian teachers,
in varying degrees, often flexing their power and presence, to control conversations and inquiry
to maintain a pace and trajectory that ensured coverage of standardized content over attending to
students’ critical questions or divergent thought. This instructional approach was grounded in the
false conscious premise that access to dominant knowledge equates to racial and educational
equity. This orientation leads to a misconceived notions of equity, teacher responsibility and

purpose of schooling.
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"For the ‘woke’ co-conspirator believing in logics of meritocracy perceive knowledge
knowledge as currency earned through mastery, with mastery leading to access failing to
recognize,"Going to school does not enhance one’s chances of success because even if
everybody was learning something, schooling is still about stratifying students" (Barton, 2001, p.
848). This onto-axio-epistemic orientation began with teachers attempting to master knowledge
presented yet struggled with the destabilizing implications that arose during their critical
meaning-making processes. For ‘woke’ co-conspirator pathway teachers the shock of
challenging their own instructional situated actions was often paralyzing, with repeat situated
action codes of, Maintaining dominant pedagogies-(Re)Centering settled, along with
sensemaking codes of, Teaching requirements often contradict what it means to responsibly take
up AR & AC.

Interestingly, for the ‘woke’ settler co-conspirators, their own epistemic curiosity (Freire,
2020) and co-conspirator commitments to equitable access, initially demonstrated white
arrogance and saviorism— proved to be areas of significant change by taking up settler
responsibility in the classroom and settler rigor to wrestle with epistemic collisions for critical
meaning-making (Kulago, 2019). This diligence resulted in shifting the focus of science
education towards presenting students with the knowledge required for societal integration,
rather than fostering their ability to produce, apply, and critically analyze scientific concepts for

the purpose of societal transformation.

Case Study 1: Atlas’s Rendering of Power for Purpose

Representative of this pathway of transformation and this group of teachers, I elevate the case
study of Atlas, pseudonym meaning one with the world on their shoulders. For Atlas, the theory

of repurposing education to prioritize students’ intellectual health (Bang, 2020) presented in
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phase one proved to be a sticky resonance, inspiring new leaps in classroom situated actions,
which facilitated transformational critical meaning-making. Early in the partnership Atlas stated,
“I'm resonating with the WEIRD dynamic, and really thinking about how white supremacy is
embedded in education, down to the curriculum and practices we take for granted.” This
overwhelming awareness and Atlas’s sensibilities of holding the weight of the world, albeit
perhaps from an orientation of white saviorism, surfaced repetitive pragmatic concerns and
tensions about how much work it would take for him to “overhaul” the curriculum. These vital
sensemaking platforms also pushed Atlas into unknown territory in the classroom, as part of one
of two pathway groups who implemented Social Focus units relatively early, Atlas grappled
alongside students with how anti-racist and anti-colonial approaches asserted new ways of
thinking about science, engineering, and innovation. For instance, in phase two, one of Atlas’s
students asked “What does this have to do with science?” after introducing the Social Focus
question, “Who and what should scientists and engineers consider when designing technology”?
Atlas leveraged their learning from the third core PD on critical and liberatory presencing which
unpacked the intentional and ongoing erasure of BIPGM brilliance and the issues with methods
of diverse representation. Atlas admitted: “I think in the past I have relied on tokenization,
instead of going into depth, like highlighting Black scientists during Black History Month.”
Atlas continued: “Because science doesn't work all on its own it exists within society and
communities.” For Atlas, transformation from a place of equity expertise, to then recognize, and
admit in an interview, “I've always kind of excluded that stuff from science, kind of feeling like
sciences, as its own kind of thing, and not really thinking about the intersection of that with
equity, so I think it challenges me personally.” This shift required malleability to rigorously

render the comforts of white arrogance. Additionally, Atlas’s white saviorism began to be
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transmuted into settler responsibility, which was evident in their statement: “The opposing forces
do not let up, not even for a moment - so the fight, whether it starts in a small place like science
education, or anywhere else, is vital. This work, with the students, in even just a short time has
developed such rich conversations. The kids are ready for the work.” This statement was part of
a reminder to themselves to stay diligent to the work of staying ‘woke’, and responsible,

continuing to co-conspire with students and others to transform education.

Case Study 2: Jessie's Reflexive Evolution

For Jessie, the journey began with the desettling of their power in the classroom. Starting from a
place where knowledge and execution of equitable education were sources of white arrogance
and white saviorism, Jessie seemed to take on the role of a shepherd. Tasked with fervent
protection of their students, Jessie worked to shepherd them firmly towards academic success.
This stance, evident in their comment, “My kids need me to walk them through every step, I’d
like them to do more on their own but that just gets crazy, I even need to do read-alouds for the
class. This way I know they are getting the learning in.” This ideology was contrary to their
critical sensemaking from phase one about: "Testing, redefining the purpose (evidence to prove
your thinking) has gotten away from why learning matters” and their desire to “keep anti-racism
at the front of my instruction. It is so easy to get caught up in the day-to-day teaching and I am
hoping this helps me take a step back and reflect on what I am actually doing/perpetuating or not
perpetuating. Also, how to change it.” This juxtaposition between her stated goals for education
relative to her instructional practice seemed to be destabilizing enough that Jessie agreed to
partner with myself, my fellow PD co-facilitator (also a graduate researcher at the time), and
their grade-level team to pilot the sixth grade Social Focus curriculum, explicitly designed to

position students to interrogate the role of colonialism as the global cause of climate change.
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Witnessing students leverage science concepts to formulate explanations about a range of climate
change phenomena while speculating about their roles and identities as climate justice leaders,
proved to be liberating for both the students and Jessie. For Jessie, who began their journey with
barriers of white arrogance and white saviorism which, blocked their vision of their own white
ignorance and damage-centered moves towards white innocence, shared a reminder to
themselves: “Just take time so step away from what you think you are supposed to do and look at
your students. Do what is right for them! [Science education] It should create questions that don't
have answers and it should cause kids to love our world and planet. This is just really hard. but
we can't go backwards, we need to talk about it to move forward! Have fun and teach justice. Go
back to the earth!”

Atlas and Jessie, exemplifying teachers traversing this pathway, initially claimed an
epistemic state of being 'woke,' based on their participation on race and equity committees and
knowledge of racism and social injustice. This orientation of saviorism and arrogance informed
their perception of youth and their roles as educators. Destabilization of this ideology resulted in
a new echelon of awakening as teachers endeavored to redefine their roles from holders of
dominant knowledge to bestow to promote access to and inclusion within the empire to
becoming youth allies. Allyship for the ‘woke’ co-conspirator pathway educator aligned with the
understanding that “A coconspirator functions as a verb, not a noun” (Love, 2019, p. 17) in the
ways classroom situated action centered around nurturing students’ intellectual health by taking
up the Social Focus principles of critical consciousness and consequential concern as their settler
responsibility. And although teachers along this pathway were both essential exemplars of
emergent settler malleability, letting go of their colonial ways of viewing youth as incomplete,

(Fikile & Cedillo, 2017) by making strides to desettle science education by implementing
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adapted Social Focus units there was little evidence to indicate leadership and action outside of
the work completed as a team or outside of the classroom (Picower, 2015). In other words, the
‘woke’ co-conspirator traversed along a pathway cleared and forged by the rogue settler
diligence pathways teachers, who’s settler malleability and responsibility and rigorous
sensemaking, critical meaning-making and situated action led to more expansive and brave

enactments and embodiments of anti-racism and anti-coloniality.

The Rogue Settler Diligence Pathway
Comprising four white female educators, the teachers on the rogue settler diligent learning
pathway exemplified a multidimensional commitment to realizing curriculum, classroom,
community, and self-transformation. Their dedication to this endeavor was consistent and
evident from the early stages of the partnership, providing concrete examples of enacted and
embodied evidence that proved essential for the learning of both educators and researchers. The
mapping of the settler diligent teachers' pathway highlighted a learning pattern characterized by
the engagement with ideological ambiguity and onto-epistemic destabilization. This engagement
was facilitated through iterative, cyclical, and progressively rigorous processes of exigent and
reflexive sensemaking. These processes were directed towards the cultivation of a radically
caring, problem-posing, and critical approach to meaning-making, resulting in the emergence of
new affective and onto-epistemic coherences. These coherences were both incited and inciting,
spurred on by bold and courageous situated actions.

Within the active spaces of sensemaking, critical meaning-making and situated actions,
learning was dependent on and mobilized by rogue settler diligence requiring what can be

conceptualized as settler malleability, settler responsibility, and settler rigor. In the following
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section | highlight the ways individual teachers exemplified these particular attributes of rogue
settler diligence (see Fig. 4) within a non-linear learning pattern of sensemaking, critical
meaning-making and situated action cycles iteratively, holding that each of these teachers

enacted and embodied all three dimensions of the anti-racist and anti-colonial teacher learning

model.
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Figure 4: Rogue Settler Diligence attributes and processes framework

Case study 1: Alaura’s Rogue Malleability

For white settler teachers, malleability allowed for exigent reflexive sensemaking,
iteratively accepting racial and colonial realism—to move towards considering, as one teacher
shared, “how am I an instrument in this agenda and what can I do right now?” This teacher,
Alaura, a pseudonym meaning generous, associated with the ever-green Bay Tree, identified as
symbolizing courage, exemplified multi-dimensional settler malleability. Alaura, from the
beginning of, and beyond, the partnership, leaned into the destabilizing learning of settler

coloniality and WEIRD culture, modeling for the entire TAB group how they were connecting
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the learning not only to the values they upheld in their classrooms but also as a school leader and
within their personal worlds. Alaura’s onto-epistemic malleability allowed for exigent reflection
about how dominant curriculum is normalized stating,“Our school system is based on WEIRD
culture and it limits what we are able to do and accomplish. Rigid System! How does what I
choose to teach and how I teach it affect my students? Everything is broken down into subject
areas. Subjects seem to be disjointed. There is little integration between subject areas and
students' own experiences. Student thinking becomes fractured. There is not much to spark
curiosity. There is not as much joy in learning. It is just rote memorization with no clear
purpose.”

This fluidity of sensemaking towards problem-posing questions for critical
meaning-making that occurred early in phase one was maintained and nurtured by Alaura’s own
initiative to learn and lead change. Later in phase one, like other rogue settler diligent teachers,
Alaura eagerly opened up their classroom as a place to pilot lessons as they were being adapted,
flexibly accepting the fumbling that would occur in purview to others. For example, during a
classroom observation, after sharing “I want to know what I am missing” was prompted to
consider how ecosystem hierarchies favor humans, detached from all of Earthly being yet
demonizes predators, such as sharks. Alaura, a self-identified white christian woman, openly
modeled the rendering of prior ideologies of human supremacy over multispecies as kin, stating
“I want help to center interdependence”. Alaura’s malleability resulted in opening up all science
units to consider multispecies kin as vital stakeholders and knowledge holders essential to

consequential learning (see Fig. 5).
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Figure 5: Class generated multispecies classroom stakeholder anchor chart

Additionally, recognizing that as a white settler their anti-racist and anti-colonial
comprehension and skills of perception will always be in need of growth (Dei, 2006), Alaura was
willing to decenter themselves and dominant knowledge in hopes of countering the erasure of
BIPGM expertise and experiences. This began in phase one with her critical noticing: “I have
definitely been tokenizing,” bending to own that it is not enough just to know it happens but that
it will require diligence to disrupt: “that it's just a constant movement away from tokenism, it's an
easy thing to fall into.” Alaura’s malleability led to the understanding that if “I want to decenter
myself and white supremacy culture” then “I will be learning alongside students” which at the
start of the partnership they admitted, “I am not used to” later embracing it is part of this
necessary “messy process.” In an interview Alaura builds on the need to disrupt white epistemic
dominance stating students should see the “big picture, the whole picture of [BIPGM] folks
doing the work™; she argued that this critical and liberatory presencing of BIPGM within relevant
and consequential contexts “should happen across content areas.” This sensemaking and critical

meaning making was done in conjunction with classroom instruction; new learning was
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immediately applied to the classroom, flexing the curricular agenda and to be critically
responsive to student actions. An example of this occurred directly after the PD discussed the
ways Land acknowledgments can be tokenizing, with most people not truly understanding the
depth of their purpose and meaning. Alaura shared to the entire group that they were supposed to
use the Star Spangled Banner for a reading lesson, “And I was like just in the moment I was like,
how about I pull up our Land acknowledgment instead, and use that as our text instead of this
harmful, not so great song that doesn't necessarily need to be centered. So then, when we
discussed an Indigenous astronomer in our science lesson a week later, they were like, oh, so
she's part of a Native group that has been there since time immemorial, they just like we're able
to jump there and have that deeper understanding across content.” Alaura followed this up by
sharing in a conversation following up with her about how anti-racist and anti-colonial teaching
happens, “we [white people] can’t wait for it to feel good or perfect, we have to just do it, in
those moments you see that you should say or do something.”

While Alaura's dedication to a rigorous pathway towards transformation is evident in her
conceptual model, especially in her capacity as a teacher partner and within her classroom, it was
her malleability—a seemingly consistent trait stemming from an enhanced critical settler
consciousness—that catalyzed recognition and led to sustained transformation. This nuanced
depiction underscores the ongoing journey of unlearning, growth, and active engagement

necessary to dismantle oppressive structures within educational contexts.

Case Study: Mira’s Settler Responsibility

While all teachers on a learning pathway of rogue settler diligence demonstrated settler
responsibility for this paper, the case study of Mira (pseudonym meaning peaceful ocean) will be

shared as representative of (un)learning over the arc of partnership. Mira, one of the less vocal
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teacher participants, was a force of transformation, serene on the surface yet dynamically
engaged, much like an ocean. While the professional development arc was designed to promote
understanding of critical theory as well as support reflection and design opportunities to adopt
situated actions that promote liberatory education, Mira did so diligently in ways many other
teachers did not. From the start content and discussions about the normalization and
pervasiveness of white supremacy culture and colonialism with education was leveraged for
exigent reflexive sensemaking and critical meaning-making about society, education, race and
equity. Mira shared in an interview that the (un)learning opened up space to consider how
“norms of white culture” inform not just science but the entirety of classroom life and challenge
how despite “all the things that have happened in our world last couple years" that “white people
aren't always thinking about or conscious about helping, just taking” therefore, “what my role is
especially as a teacher, a middle class white person. And that's the majority of people in our
profession, what does that mean, how can we work to bring light to everybody's voice.” The
“critical pedagogy helps me create action by grounding myself in those pieces of it.” This fluid
sensemaking and critical meaning-making led to a range of situated actions from pushing back
when other grade-level partners channeled colonial deficit logics of children, voicing their
reluctance to center the consequentiality of climate change in their third grade unit, stating “I just
don't care. It is CLIMATE CHANGE...I won't be able to sleep if I don't teach this.” And stepping
up in their school, during the chaos of implementing a new instructional model, managing three
instructional assistants while teaching, on average 40 students, to ensure that the Social Focus
science units were taught instead of the problematic adopted curriculum. Mira’s ideology of
settler responsibility led to further direct action, by recruiting teachers outside the partnership to

take up the anti-racist and anti-colonial units. This diligence towards direct action, a flexing of
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power in service of justice, as an obligation, despite the ever-present systematic and breathing
barriers of transformation, “is really the best and may be the only way to learn what it is to be an
accomplice. We’re in a fight, so be ready for confrontation and consequence.”(
Carlson-Manathara, 2021, p. 208).

For the rogue settler diligent teachers it was not enough to stay within the parameters of
the designed partnership, they took direct action within their situated worlds. Mira, on their own
accord, further adapted classroom learning to infuse critical disability theory as counter
pedagogy to dominant culture instruction within the context of climate change learning. And
while it can be said that Mira and all settler diligent pathway teachers navigated from a place of
humility, as indicative in Mira’s statement, “there’s a lot of conversation about equity and
equality but I think people often mash them together, I think it [PD] gave me more tools of like
how to start creating like justice...I feel like I’ve just barely touched the surface, because this is
such a deep rooted issue [whiteness as norm] but I feel just starting at that point means a lot,
here's how you can start making that happen for yourself and for your students,” Mira’s settler
responsibility, encompasses settler humility while being catalytic, requiring bold and brave direct
action to advance transformation, justice and profound radical care (Puig de la Bellacasa, 2017).

Mira, like other rogue settler diligent teachers also came to the visceral understanding
that the work of (un)becoming towards anti-racism and anti-coloniality never has “a finish line”
but rather is an on-going rigorous, messy journey. Yet, in the words of our next case study:

“Once you know better, you do better, you have to.”

Case Study: Alia’s Rogue Settler Rigor

Settler rigor, as a momentous embracing of rogue actions and ideologies, away from white settler

shelters of power and comfort, were epitomized in the next and final rogue settler diligence
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learning pathway case study. Aila, pseudonym meaning bringer of light and from a strong place,
while also exemplifying settler malleability and responsibility, their immediate commitment to
(un)learning and transforming their practice and classroom despite facing multitudinous
challenges, personally and professionally, never ceased to engage in PD at all levels. Aila’s rapid
sensemaking of critical content, secured an iterative practice of critical meaning-making about
their racial identity in honest, yet not centering ways, stating, “okay I know I am a white woman,
but I gotta do my best to not muck things up more, I want to know when I do or say something
that is not anti-colonial and antiracist, even if I am just learning about all that, so just tell me.”
This critical meaning-making fueled the taking on of situated actions above and beyond the
timeline of the PD. Aila, not only attended all the whole group and grade-level PD, they invested
precious time in all of the corresponding asynchronous learning provided, even bringing that
learning directly into the classroom and partnership. For instance, within phase one of the PD,
Aila, after watching Leah Penniman’s talk Farming While Black: A Legacy of Innovation and
Resistance, (2018) not only elevated the content into discussion during the third core PD on
Critical and Liberatory Presencing but she also partnered with myself to integrate the content
into their current science unit—a unit that had yet to be adapted. This resulted in the
development of a science unit that centered around seed guardians from Africa and central
America which proved to open up communication and relationship building amongst reluctant
multilingual students filling the classroom with stories of their familial practices of seed banking
and connections to multispecies survival.

Another memorable time of enacted settler rigor was witnessed when I walked into the
classroom while students were singing and using co-developed gestures to the song Stand up for

Standing Rock (Taboo, 2016). This act of critical and liberatory presence of Native communities’
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fight to protect Land and Water, was elicited by Aila’s rigorous desire and investment to not wait
to make change happen, regardless of how messy it might be. Reflective of Sarah Ahmed’s
sentiment that “It is by showing how we are stuck, by attending to what is habitual and routine in
“the what” of the world, that we can keep open the possibility of habit changes, without using
that possibility to displace our attention to the present, and without simply wishing for new
tricks” (2007, p. 165). The mantra of the messiness of (un)learning anti-racism and
anti-coloniality proved to be catalytic, not only for Aila, but other educators, giving a sort of
permission to be messy in front of others and even the students. Aila vulnerably shared their
“messy” implementation of the seed guardian lessons, “as the plane [unit] was being built” to the
collective of teachers, showcasing the realities and actualized application of (un)learning in the
classroom. Aila’s sense of settler responsibility and rigor, despite the messiness of the journey is
woven in their statement that “It’s kinda painful to see how I didn’t see what I was doing, then to
have others watching what I did so they could learn. I guess that's what it takes, it's hard though.
It's so messy but I want to know better, more than I care about all the fumbling.” This attitude of
not waiting for the perfect or even designed moment for implementing change was maintained
throughout the partnership, only wavering at one point during family loss, yet never relented.
Although the providing of critical research was modeled by myself and a fellow research
assistant/co-facilitator, as a necessary habit for destabilizing dominant cultural knowledge within
oneself and content and for the authentic centering of Othered voices, it was only the teachers
along the rogue settler diligent pathway that endeavored to identify relevant resources promoting
anti-racism and anti-coloniality. These included videos, websites and new classroom books
aligned to the disciplinary content, yet pushing on disciplinary boundaries. Similar to Alaura and

Mira who organized to have new teachers get access to adapted curriculum, even after the
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partnership ended, Aila’s rigorous commitment to the journey of anti-racist and anti-colonial
(un)learning continued within a rogue network space created for the collective as a time to
continue to gather and maintain relationships. It was in this space that stories of the messy
journey were shared and evidence of pathway shifts continued to unfold. Even more recent, Aila,
continuing a settler rigor practice of gifting relevant critical research shared their learning about
the genocide in Brazil during a live filming of the play the Antigone in the Amazon led by
Brazilian and european actors alongside Indigenous activists as an example of a “beautiful

collaboration between settlers and Indigenous people.”

Theoretical Discussion of the Teacher (Un)Learning Pathways

The five identified teacher (un)learning pathways related to antiracist and anticolonial science
teaching represent patterns of engagement of different sets of teachers engaged in the same
learning experience. It is useful to consider these patterns of engagement as modes of
participation of specific teachers in their extended developmental process related to equity- and
justice-centered teaching as it relates to their personal background and social positioning. These
patterns of engagement may be stable for individuals across a longer course of their
development, or they may directly relate to teacher’s developmental capacity to engage in this
shared work as it happened. I do not consider these pathways to be essentialized forms of
individual engagement, but rather a cross-sectional representation of a set of teachers with
different developmental histories, ideological commitments, and forms of community
participation. Here I discuss the implications of these five pathways of (un)learning as it relates
to the status of current theorizing about such learning processes.

The "Non'' Performative Settler Learning Pathway. Teachers in this pathway engaged

in surface-level, self-serving sensemaking work without critical meaning making nor
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transformed situated actions. Performativity in teacher equity learning is well established in the
literature as a presenting problem (Gay & Kirkland, 2003). This often involves revoicing
(un)earning in statements that recenter prior stances, knowledge and practices, known as
naturalized axioms (Phillip, 2011). Teachers in this pathway often declare the importance of the
approach followed by dismissive, reductive sensemaking that recenters settler epistemologies; it
is an example of ‘non’performative, “white Diss-course, a speech pattern that has an innocent
facade of color-blindness, yet continues to “diss" or disrespect, people of color” (Matias, 2012, p.
132). While the continuous sensemaking pattern of this pathway indicates a sustained ideological
rigidity, this research does not assert that those who maintained this mode of sensemaking lack
the potential to transition to more transformative pathways. On the contrary, recognizing that
teacher learners, especially white teachers, tend to engage in and maintain a pattern of
sensemaking opens up opportunities for designing substantive critical meaning-making learning
events and situated actions with extended time, scaffolding, and support.

Best Intentions Cultural Inclusion Teacher Learning Pathway. In this pathway
teachers jumped from relatively shallow sensemaking efforts to situated actions that were
problematic or shallow—without engaging in critical meaning making processes. This kind of
superficial response to cultural heterogeneity is common and results in cultural essentialism and
stereotyping of cultural communities. A Best Intention Cultural Inclusion Teacher pathway is
reflective of a level two additive approach, a dimension of the Transformational Indigenous
Praxis Model (TIPM) which expands upon James Banks’s (1989) models of multicultural
education and Michael Yellow Bird’s (1998; 2005) research on colonialism and decolonization.
The additive approach is when educators “clearly intend to surpass deficit ideologies and see

families and communities as knowledge holders, but their social justice frameworks are fragile” (
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Pewewardy et.al., 2022, p. 5). Similarly, teachers working along this pathway sought out
alternative instructional approaches resulting in instructional cultural misappropriations (Emdin
& Adipong, 2018)—rather than the critical liberatory presencing of BIPGM. Evans et. al. (2020)
cite Derrick Bell (1980) and Milner (2008) in their postulation that the “repackaging of students’
culture as an incarnation of interest convergence wherein issues of race and equity are only
addressed if, and when, they converge with the interests and expectations of white ideologies"
(2020, p.58). Within the TIPM research this growth and regression pattern is identified as
non-linear, fluid and cyclical wave jumping. By applying an analytical lens of sensemaking,
critical meaning-making and situated action as well as critical theory on pillars of white
supremacy and settler false consciousness, a finer focus is had to notice deeper patterns within
teacher wave jumping which for the best intentions cultural inclusion teachers elevated shallow
critical meaning making. For these teachers more robust critical meaning making would have
included, as Milner describes a “deep deliberative search to understand their own and other
individuals’ racial backgrounds, racial heritage, and consequences of race that cause oppression
and privilege” (2003 p. 207). The present work underscores the necessary depth of this work and
the need for sustained professional learning and support to take up the work meaningfully.

The Reluctant Settler Teacher Learning Pathway. Research in teacher education
underscores the imperative of equipping educators to act as activists and champions of social
justice (Apple, 2011; Mutegi, 2022; Picower, 2011). Becoming a critical educator is subtle,
long-term work in need of ongoing support for learning, reflexivity, and teaching (McDonough,
2009). In this pathway, teachers engaged in cycles of significant sensemaking with modest to
substantial degrees of critical meaning making, however reluctantly took up classroom and

curricular situated actions. The reluctance among teachers to adopt critical pedagogies and
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integrate critical content into the curriculum often originates from discomfort in moving away
from familiar territories of mainstream knowledge and adherence to district protocols.
Additionally, white teachers express apprehension about making mistakes due to a lack of critical
understanding. As one teacher aptly put it, “how do I do what I don’t know how to do because
I’ve been taught not to know what I should know, I don’t know what I don’t know.” This
sentiment is a prevalent challenge faced by educators and critical teacher educators (Blimke,
et.al., 2014; Jackson et.al. 2016). Furthermore, settler colonial theorists, Macoun and Strakosch
(2013) attribute settler reluctance to complex psychological and social dynamics of settlers in
postcolonial contexts. Settlers often struggle to acknowledge their role as colonizers and instead
adopt alternative identities, such as "colonized subject: settler indigene" or "inheritor of a painful
past," to distance themselves from the history of colonization (p. 430). This distancing can be
seen as a form of "strategic disavowal" (p. 430), where settlers consciously or unconsciously
deny their involvement in the colonizing act.

The complex reasons for settler teachers’ reluctance to take action call to attention the
intensity of destabilization that will need to occur for transformation to be set in motion. Radical
care of reluctant teachers requires both designing (un)learning to promote destabilization while
also providing new grounding to be stabilized upon. This calls for more than “a discrete set of
courses and competencies, or an assigned set of experiences, teacher learning is a continuum”
(Feiman-Nemser, 2001 as cited by Lyiscott, 2018, p. 247). Professional learning needs to be
multifaceted, with documented implementation and examples of anti-racist and anti-colonial
situated action, in community over a sustained period of time. Partnerships need to be in place to

support that ongoing work.
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The 'Woke' Co-Conspirator Teacher Learning Pathway. Teachers on this path enact
and embody critical sequences of sensemaking, critical meaning-making and designed situated
actions, but they are often dependent on rogue leadership for accountable action in the
classroom. The term 'woke' is commonly used to describe a range of attitudes and practices
related to equity, diversity, and inclusivity (Ashlee et.al., 2017; Hayes, 2023). The ‘woke’
co-conspirator while demonstrating commendable progress towards anti-racist and anti-colonial
transformation, follows an ideological path of knowing, a project of coming to know by being
shown and guided by others leading anti-racist and/or anti-colonial work, most often BIPGM
leaders. “Woke-ness has both ontological and axiological components (Babulski, 2020, p. 76)” as
was evident with Atlas realization that he must render up his authoritative power as teacher, as
holder of dominant knowledge to open his classroom for students to exercise their own agency to
grapple with consequential concerns. For Jessie, teaching the Social Focus climate and
colonialism unit co-designed by her grade-level team with extensive guidance by Dr. Kelsie
Fowler, she came to affectively and epistemically know the power of centering generationally
relevant justice in content, destabilizing prior neoliberal beliefs about access to standardized
content as equitable education. The ‘woke’ co-conspirator pathway teachers, through a pattern of
sensemaking, situated action then critical meaning-making, to varying degrees took up Altheria
Caldera’s the woke pedagogical framework distinguishing practices identified as: (a) the use of
instructional methods that prioritize critiques of present-day inequities from an intersectional
perspective, (b) centering of students’ and teachers’ lived experiences, and (c) demonstration of
activist care (2018, p. 2). While taking up these distinguishing practices is most definitely
transformational, and had the partnership not been prematurely foreclosed perhaps woke

pedagogical orientation could have advanced to an anti-racist and anti-colonial liberatory
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ideological and pedagogical homeplace. However, due to the ways the ‘woke’ co-conspirator
entered the partnership from an self-congratulatory (touting participation in race and equity
initiatives) and self-pity (consistent codes about practical challenges to enact change,
systemically, instructional or curricular) orientation, a pitfall of white teachers (Ozier, 2023).
This differed from the rogue settler diligent teachers who engaged from a ideological stance of
humility, and desire to become to be more responsible as settlers, thus the ‘woke’ co-conspirator
pathway teachers did not substantially engage in curricular development or extensions of
anti-racist and anti-colonial (un)learning, maintaining a lock-step behind those “actively
involved in anti-oppressive practices aimed at addressing specific inequalities, fostering
diversity, or genuinely incorporating marginalized individuals and communities (Babulski, 2020,
p. 74).” For the ‘woke’ co-conspirator pathway teachers completion of the partnership meant, an
acquisition of critical consciousness compared to rogue settler diligence teachers navigating their
participation and pace guided by an ideology, “do this learning for your own healing and
liberation, for your community and your children, and for the global community” (Aguilar, 2020,
pp. 97-98 as cited by Ozier, 2023).

The Rogue Settler Diligence Teacher Learning Pathway. Teachers along this learning
pathway engage in cycled processes of sensemaking, critical meaning-making with situated
action(s). They enacted and embodied settler malleability and settler rigor to push through
destabilization and white discomfort, via a stabilizing orientation of settler responsibility to move
forward acts of anti-racist and anti-colonial transformation. Relatedly, it has been argued that
decolonial teacher education that boldly and unapologetically aims to instill and hone practices
of critical settler consciousness and rogue settler diligence should be in alignment with

Dominguez’s (2017, p. 233) five essential features of liberatory education which include: “(1)
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displace colonial epistemologies, and foreground epistemologies reflective of youth and
community; (2) engage educators with frameworks of race that capture the dynamic ways in
which youth racial and cultural identity is being produced and reimagined; (3) rethink the ways
that field experiences position the expertise of educators in relation to youth and community
knowledge; (4) actively confront coloniality and create alternative frameworks and identities
endowed with hope and possibility; and (5) engage practices that unpack coloniality and explore
liberation in the mundane, everyday work of teaching” (quoted in Kulago, 2019, p. 249-250).

In embodying liberatory education features, teachers must exhibit a high degree of
malleability to challenge rigid epistemological, ontological and axiological frameworks
associated with pillars of white supremacy culture. This shift requires the malleability for
rigorous movement away from entrenched patterns that uphold settler logics and ways of being
steering towards a horizon characterized by anti-racism and anti-coloniality. This transformative
horizon emphasizes ideologies and actions that prioritize the well-being and thriving of
communities historically marginalized by systems of power like white supremacy and
colonialism. The concept of settler malleability, exemplified by the rogue settler diligent
teachers, enables educators to reconsider the purpose of education, emphasizing settler
responsibility in securing BIPGM, multispecies kin and LandAirWasterStars futures responsibly
(Sanchez, 2023). Rogue settler diligence is grounded in understanding Grace Lee Boggs offers
us, “You cannot change any society unless you take responsibility for it, unless you see yourself
as belonging to it and responsible for changing it” (Harewood & Keefer, 2009). This
forward-looking approach is crucial for embracing critical theory and leveraging ongoing

learning processes not just as intentions or best practices, but as acts of reciprocal generosity.
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While not all participants adhered strictly to the rigorous diligence embodied by the
rogue settler paradigm, the diverse trajectories of each teacher's learning journey provide
valuable insights into the (un)learning processes, catalysts, and barriers to ontological-epistemic
transformation, as well as the subsequent actions taken within their unique contexts. These
diverse pathways serve as guiding indicators for designing professional development that is
iterative and adaptable, shedding light on when and how static epistemological frameworks
perpetuate surface-level settler perspectives on cultural inclusion. This critique extends to both
well-meaning but superficial cultural inclusion strategies and white settler power reifying models
that dilute critical theory and transformative practices, lacking depth in meaningful critical
engagement. By critically examining these pathways characterized by performative cultural
inclusion and lacking substantive critical engagement, we can identify the shortcomings of
mainstream DEI models in teacher professional development. These models often reinforce
notions of white saviorism, innocence, arrogance, and ignorance, resulting in limited
transformative impact. In contrast, pathways marked by reluctant settler engagement and 'woke'
co-conspiratorship present intriguing opportunities for exploration in professional development
design. These pathways encourage settler educators to adopt rigorous, responsible, and adaptable
approaches as catalysts for anti-racist and anti-colonial practices, thereby fostering a

transformative educational environment.

Transforming Systems in Support of Teacher Learning Pathways. Leveraging
Design-Based Implementation Research (DBIR), the design, development, and implementation
of the professional development (PD) aimed to create a range of infrastructured conditions and

engagements to support teachers’ anti-racist and anti-colonial (un)learning. As Eisenhart and
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Finkel (1998) suggest, this was approached as a progressively transformational situated learning
model in which participants engage in cultural production along pathways of transformation. The
PD was designed to provide opportunities for teachers to take on new identities by “taking on
new roles in the learning community, gaining more knowledge, and has access to the discourse,
tool use, and more central aspects of participation in the learning community” (Carlone, 2004, p.
396).

This deliberate approach to PD design and implementation contributed to significant
growth for all teacher participants, albeit merely at an epistemic level for some, nonetheless,
exploration of teacher (un)learning pathways offers valuable insights into the processes of
engagement and enactment, contributing to a broader movement toward anti-racist and
anti-colonial transformation. Teachers following the Rogue Settler pathway demonstrated a
steadfast embrace of the inherent complexity and imperfections in transformation, facilitating the
cultivation of critical settler consciousness. Examining how settler responsibility, as a resolute
commitment to "know more to do better," regardless of how “messy” transformation is,
particularly when it requires stepping beyond white comfort zones and challenging established
norms, can steer research objectives towards a collective convergence of interests rather than
mere interest convergence. This dedication is crucial for critical learning scientists and
proponents of DBIR to better grasp how to design interventions that facilitate sensemaking,
critical meaning-making, and situated action thereby mitigating regression, nurturing
transformation, and forging a path forward even in the face of potential obstacles like
foreclosure.

Having learned from this extensive research I have come to the bittersweet awareness

that the original design plan for the arc of the teachers in which teacher participants were
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introduced to Indigenous science and pedagogies, anti-coloniality practices and leveraging the
above liberatory framework alongside the Social Focus framework earlier in the arc of PD could
have proved to be transformational. This would have resulted in the phase 3 content and
activities being placed as phase two (un)learning to ensure the partnership and the work was
grounded in the promise of anti-racism and anti-coloniality as a shared generative vision and
responsibility. To have done so would have shifted research as dirty practice that is violent,
transactional, extractive, production-focused methods and aim enforced by people and structures
of power unbothered by harm to participants, sacred knowledge, and liberatory purpose (Smith,
2019; Smith, 2005). In doing so the catalytic power of responsibility as a generative engagement
reflects Leigh Patel’s sentiment that generative responsibility means, “to be in right relation with
dynamics of power, history, and futurities we need to be generative, not producing for
production’s sake” (Tachine & Nicolazzo, 2023, p. xi) could have better been centered as a
collective practice of reciprocity. By delaying and derailing the call, made by the university
principal investigator, for teachers to produce classroom products before understanding settler
responsibilities as outlined in the above liberatory education framework I truly believe more
teachers could have made further transformational leaps forward and less regressions into pillars

of white supremacy. This remains a systems transformation design hypothesis for future study.

Conclusions & Implications

A liberatory pathway of rogue settler diligence does not promise mastery of anti-racism and
anti-coloniality, in fact, it asks on repeat: “Are you willing to take on a lifetime of ambiguity,
uncertainty, moral torment? (Waziyatawin, 2009, p. 153). It provides a glimpse into a way
forward towards developing “Consent, trust, accountability, and reciprocity are qualities of

relationships that are critical for justice-oriented coordination across societal institutions on any
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urgent matter. Yet they are precisely the kinds of qualities of relationships that take time to
nurture and develop” (Whyte, 2020, p. 2)—attributes necessary for avoiding continued harm
against Indigenous peoples, to mitigate a “relational tipping point” (Whyte, 2020) in this case to
address climate change and climate injustice. Ultimately as consistent enactments and
embodiments teachers committed to a liberatory learning pathway of rogue settler diligence
embrace the words of Angela Davis, “You have to act as if it were possible to radically transform
the world, And you have to do it all the time” (2014).

It is not enough to provide teachers with PD that aims to massage settler epistemic
potentialities to make sense of equity outside the entangled matrix of racism and coloniality in
hopes of transformation. Equity, diversity, access, inclusion, or the newest term belonging as
entry points for change without critical racial and Indigenous realism along a timeline of
historicity and futurities, dangerously and deceptively concretizes white supremacy and
coloniality. Honest efforts for liberatory education, particularly during this current era of racial
reckoning and climate chaos necessarily need to take up multidimensional, critical DBIR within
PD that moves far beyond the nurturing of settler false consciousness, by identifying the
complex dimensions of pillars of white supremacy where and as they do and have existed within,
structures, systems and ideologies of colonial power, enacted and embodied, not as points of
closure, or condemnation, but as locations of healing scorched mindscapes for growing
transformation. Transformative anti-racist and anti-colonial professional development requires a
critical knowing that onto-axio-epistemic evolution necessarily must engage the whole teacher
because “Ideas are always connected to feelings and practice” (Vea, 2023, ISLS closing speech)
and (un)learning is, should be, deeply relational and reflective along arcs and pathways with

longevity.
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And while the current climate for racial justice is tenuous with the attack on the teaching
and learning of critical race oriented content, white resistance is not inevitable. For education
researchers, teacher educators and learning scientists, mapping the sticky onto-epistemic sites
that teachers retreated to, and the naturalized equity axioms educators recentered offers up
potential points of designed intervention in order to destabilize the dominant racial ideologies of
whiteness (Picower, 2009) and to advance liberatory learning pathways. Designing for such
transformation, particularly with white settlers as the leading audience, requires a
multidimensional approach that infrastructures sensemaking, critical meaning-making and
corresponding situated actions that facilitate shifts in ideation, practice, emotion and
relationships in ways that constitute teachers' liberatory pathways of learning towards rogue
settler diligence.

Radically caring, multiscaled, network educator PD, sustained over an arc of time, holds
immense transformational possibility, yet are precarious endeavors given the pervasiveness and
tenacity of racism and colonialism. Given the outcomes of this study, particularly the foreclosure
of the teachers’ (un)learning, DBIR justice efforts seeking to advance anti-racism and
anti-coloniality within a network, as movement building, requires critical infrastructure
interventions that proactively design for the ever-looming reality that such efforts are always
threatened and far to often strategically staunched—forming ghost networks and hauntings of
justice and transformation within a network prematurely terminated. Such a critical realist
approach to DBIR suggests a hybrid conceptualization of transformational learning that includes
the designing, conjecture mapping and infrastructuring planning for kincentric rogue networking
for continued liberatory pathway making, beyond the inevitable foreclosure of true justice

research partnerships that endeavor to dismantle and disrupt. Such an intervention approach
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would be proactively designing for the warning James Baldwin offers in his 1963 speech stating,
“you must understand that in the attempt to correct so many generations of bad faith and cruelty,
when it is operating not only in the classroom but in society, you will meet the most fantastic, the
most brutal, and the most determined resistance. There is no point in pretending that this won’t
happen.” Critical infrastructuring of PD with radically caring interventions, with varied entry
points of (un)learning, along diverging settler pathways for eventual convergence towards rogue
settler diligence posits a form of thick solidarity of enacted and embodied settler un-RULE-iness
necessary for desettling, dismantling and disrupting white supremacy and colonial logics and
agendas within education. Such infrastructuring allows for the implementation of antiracist and
anti-colonial education that is sensegiving, meaningful for just future and world making, within

the situated possibilities and power of teachers and ultimately students.
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CHAPTER 3:
Disrupting white Geology in Science Education by Centering the Eco-Relational Mattering

of Consequential Lands: A Second Grade Student Case Study of Possibility

Introduction

Dominant science education practices in geology, a pivotal field within the Earth sciences,
employ a Cartesian-influenced, reductionist method of instruction, aiming to achieve a veneer of
universality and neutrality while detaching the parts of land from the whole of Land* (Pierotti &
Wildcat, 2000). This approach lacks consideration for the complex socio-ecological histories and
the pressing matters that impact rightful relationships between LandAirWaterStars and
multispecies kin (Sanchez, 2023). In its enduring form, formal geology education has operated
within rigid confines characterized by white geology which “creates atemporal materiality
dislocated from place and time—a mythology of disassociation in the formation of matter
independent of its languages of description and the historical constitution of its social relations”
(Yusoff, 2018, p.14). This education often overlooks the critical historicities and enduring
patterns of Indigenous genocide, slavery, and settler colonialism through a structure of extraction
and erasure that is indifferent to the specifics of people and places. As a result, students are
steered along epistemic pathways that perpetuate settler colonialism and erase culturally and

racially lived, and living, storied realities with, on, and because of Land.

2 Aligned with scholars like Sandra Styres and Max Liboiron, I follow the practice of capitalizing "Land" when
referring to it as “unique entity that is the combined living spirit of plants, animals, air, water, humans, histories, and
events recognized by many Indigenous communities” (Liboiron, 2021, p.7). This practice extends to other Earthly
entities, including Water, River, and Salmon, emphasizing their sacredness. Conversely, terms like "white," which
reinforce dominant cultural norms or colonization, are written in lowercase. Similarly, I capitalize "Indigenous" and
"Native" to recognize their cultural significance.
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Coupled with this Euro-westernized Landless, affect-less, zero-point (Warren et. al.,
2020) approach to geology that dissects lived and living consequentiality from learning, the
siloing of the sciences from the sciences, as separate “glass-encased shiny epistemological
objects” (Higgins & Sanchez, in review, p.1) and hierarchical ranking of the sciences has
relegated Earth science as a low priority science field of study and instruction, with geology at
the bottom and geography as a distant disciplinary domain (Vasconcelos & Orion, 2021; Orion,
2019). Although it has been clearly established that the decentering of Land within science has
been to settle science to further colonial agendas of progress that normalize the uncare of land for
extraction and exploitation (Bang, et al., 2022; Whyte, 2020), the way Earth sciences have been
dismissed by mainstream education can also be attributed to the ingested and ingrained
neoliberal ideology among educators that inclusion of science content into their instruction is
only for purposes of promoting a future workforce—often as an attempt for equity—which is a
harmful premise that coddles settler false consciousness (Kulago, 2019) and, in fact, exacerbates
educational injustice (Strong, et al., 2016).

In elementary science, students often learn to memorize types of landforms and their
changes over time through abstract illustrations, without connecting these to the consequential
geographies where landforms have been altered by mining, overdevelopment, and climate
change. These educational practices displace and erase Indigenous peoples and vital multispecies
kin, from Cryptobiotic Soil to River Dolphins, fostering generations of students who are
disconnected from the deeper, relational understandings of their environments. This reductive
siloing and the Euro-westernized, Landless approach to geology education dissect lived and

living consequentiality from learning and treat the sciences as separate, compartmentalized
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fields, effectively relegating Earth science to a low priority (Vasconcelos & Orion, 2021; Orion,
2019).

A central theme and purpose of this research is to offer critical pedagogical possibilities
to disrupt white geology through the adoption of transdisciplinary instruction and learning as a
method for anti-racist and anti-colonial science education. This approach challenges the
traditional siloing within education and positions geology not only within the realm of Earth
sciences but across all scientific disciplines. Such integration is crucial for addressing the
reductive and disconnected nature of current education systems, especially in the context of
climate change education, which is often paralyzed by politics, adult fears, and abstract,
standardized facts that are distanced from other areas of scientific learning.

By disrupting the entrenched narratives of white geology and interweaving the
consequential matters of Land and the eco-relational significance of these connections, educators
and learners can foster a more expansive cross-disciplinary dialogue. This is essential for
transforming science education into an endeavor of radical care in these socio-ecological
precarious times. Transdisciplinary approaches not only bridge the gaps created by traditional
educational models but also highlight the interconnectedness of various scientific disciplines
along with other knowledge systems, allowing for a more holistic and integrated understanding
of our world (Warren, et al., 2020). This shift is not just educational but deeply political, aiming
to cultivate and nurture students' socio-ecological caring identities as guardians of the Land, and
confront the challenges posed by climate change and colonial legacies.

But can such an approach surface and refine the relational thinking of young children
with our multispecies kin? And if so, what does that relational learning and thinking look like?

This research seeks to disrupt settler colonial geo-imaginaries and re-envision science education
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as a space for critical, liberatory engagement with the world. By prioritizing transdisciplinary
learning and focusing on the mattering of consequential concerns, this approach advocates for a
science education that is not only about knowledge acquisition, but about fostering a deep sense
of care and responsibility towards our planet and each other. With this purpose in mind and heart
this research aims to address the following specific questions:

e What are the possibilities for disrupting settler colonial geo-imaginaries and cultivating
second-grade students' socio-ecological caring and relational reasoning as Land
Guardians?

e What are the implications of this socio-ecological caring and relational reasoning by

second-grade students for anti-racist and anti-colonial science pedagogy?

Theoretical Foundations: Making Space for the Mattering of
Consequential Concerns

To make matter that which dominant culture has made matter-less would mean making
significant and necessary the consequential concerns of BIPGM and Othered Earthly kin
alongside dominant “stories that have been circulated” to affectively and critically grapple with
and speculate about potential pathways of futurity or further extinction(s). By doing so, we can
re-purpose settled science and geology in ways that expand the fields as vital inquiry spaces to
explore, nurture and radically care for essential eco-relations and eco-relational matters thereby
disrupting paradigms of colonial power.

However, a significant challenge emerges as the majority of science educators, primarily
white settlers, have been slow to respond to the urgent need for a fundamental rethink, and
restructuring of curriculum and teaching methods. This inertia persists despite the mounting

evidence of climate change and the pressing injustices faced by BIPGM and multispecies
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communities, both locally and globally. Consequently, science education, including geology
education, often remains ideologically neutral if it is taught at all.

While it may be argued that there have been attempts to incorporate content related to
social justice and climate change into the curriculum, these efforts are often superficial and can
be seen as misleading, only serving to placate teachers' misconceptions. For example, recent
efforts related to climate change typically focus on a single, though thought-provoking,
phenomenon, without addressing or challenging the socio-political and colonial factors
underlying climate change. This approach fails to acknowledge the complex web of
socio-ecological relationships that demand more profound attention and care.

When it comes to justice-centered topics in science education, many continue to prioritize
standardized content rooted in Western knowledge, relegating justice topics, particularly
environmental justice, to a secondary position in the curriculum. This practice reinforces
narratives of suffering for BIPGM (Tuck, 2009; Zeidler, 2016) and normalizes whiteness as an
ideal. While some sensational aspects of science are included in Westernized curriculum, they
often fail to give rise to transformative thinking or meaningful change.

To truly transform formal science and geology education , it is essential to move away
from damage-centered social justice approaches and simplistic, justice-neutral approaches that
focus on superficially "cool phenomena." Instead, learning should revolve around substantive
engagement with anti-racist and anti-colonial concerns. Countering dominant white geology,
which takes up reductive zero-epistemological approaches to instruction, requires teachers to
shift their roles as distributors of banked right answers to critically responsible educators.
(Kayumova & Tippins, 2021) This shift in perspective aims to disrupt existing paradigms within

science and geology education. The Social Focus Framework (Sanchez, 2023) which centers
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principles of critical consciousness, consequential concern and critical liberatory presence was

utilized to guide the professional development and curricular development work of this research

practice partnership. This classroom case study, while attending to all three principles, has a

particular emphasis on the principle of consequential concern as method of disruption,

countering and critical responsibility. By creating space for and prioritizing consequential

socio-ecological and socio-political issues that are deeply intertwined with the Land, geology

and science come to matter multidimensionally. The three dimensions of consequential concern

proposed by the Social Focus framework are defined as:
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Matters of Justice & Cultural Significance- Science learning is designed to investigate
contextualized issues of consequence that threaten non-white communities’ rights,
cultural ways of knowing by addressing systemic oppression and white supremacy which
limits access to resources, power, and physical & ecological security & well-being.
Matters of Relational & Collective Wellbeing- Science learning disrupts westernized
dominant paradigms, narratives & practices of science that depoliticize science learning
and promote human supremacy. Content moves beyond reductive “science for science’s
sake” furthering white progress narratives & traits and calls for critical responsibility and
reciprocity. Teaching centers Anti-racist and Anti-colonial counter narratives &

methodologies of science that are relational, interconnected, for collective thriving.

Matters of Futurity & Ecological Caring- Topics have social gravity as they position
students to make connections between science content and the conditions and
consequential concerns facing society. Aims to be generationally relevant and future
leaning by investigating topics that have significant impacts on the future well-being of

society, ecosystems, and marginalized communities & cultures.



By transcending the notions of neutrality and pursuing science solely for its own sake, we
open up space within science and geology education to embrace transdisciplinary content and
approaches as moves towards becoming anti-empire (Mckittrick, 2021). An essential aspect of
this transformation is the identification and elimination of artificial barriers that have
traditionally separated different fields of knowledge. This process acknowledges that
"transdisciplinary approaches provide a solution to the deficit model, which tends to prioritize
knowledge from European/Western societies, and instead promotes transformational learning"
(Newberry & Trujillo, 2018, p. 206). Furthermore, it's crucial to recognize the intricate
interconnectedness of the sciences. Geology, for example, occurs within and interacts with
various geographies, weaving critical historical narratives. Meanwhile, life sciences and
chemistry play out on the stage of physics, creating a dynamic playground of interdisciplinary
exploration.

Transdisciplinary “true learning” which according to Cajete (2005) incorporates
technical knowledge as well as an emphasis on “reciprocal relationships with both human and
natural communities” (Newberry & Trujillo, 2018, p.204) provides the pedagogical substance
needed for a form of consequential and expansive science education (Stromholt & Bell, 2018).
By weaving transdisciplinary content and critical approaches to literacies of Land, as an
“articulation of ancient knowledges grounded in the experiences of self-in-relationship to place”
it supports engaging students “to actively analyze and engage with meaning-making through a
variety of texts, media, and popular culture looking for and exploring underlying messages and
symbolic representations” (Styres, 2018 p.25). This allows them “to make connections between

different types and forms for knowledge and allow them to examine concepts of culture,

knowledge and power through an Indigenous lens, which in turn promotes self-education and
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sovereignty (Brayboy, 2006)” (Newberry & Trujillo, 2018, p. 212) In doing so, an emergent
curriculum unfolds, opening up expansive opportunities for teachers to and students to
collectively vision and champion a new educational Otherwise, critically aware of
socio-ecological complexities and vulnerabilities in an era of climate colonialism.

For the present study, I will be leveraging the Relational Epistemologies Framework
developed by Bang, et. al. (2018) to provide a foundation of Indigenous science in hopes of
promoting critical epistemic heterogeneity within science education and for science educators
and students to better “become champions of the common good and adequately respond to
contemporary problems (p. 151). The Relational Epistemologies Framework (REF; Bang et.al.,
2018) consists of the following dimensions:

1. view humans as a part of the natural world, rather than apart from it;

attend to and value the interdependencies that compose the natural world;
3. attend to the roles actors play in expanded notions of ecosystems from

assumptions of contribution and purpose, rather than assumptions of competition;

4. focus on whole organisms and systems at the macroscopic level of human
perception (also a signature of complex-systems theory);

5. see all life forms as agentic, having person-hood and communicative capacity (as
distinct from anthropocentrism);

6. adopt multiple perspectives, including interspecies perspectives, in thought and
action; and

7. weigh the impacts and responsibilities of knowledge toward action.

The REF is centered as an analytical lens within this research to better understand “what
relational epistemologies look like in the context of knowledge and reasoning” (Bang, et al.,
2018, p. 152) for student learning and teacher instruction. The REF dimensions leaning towards
anti-racism ground the case study analysis in the ways they, “suggests patterned cultural
differences in ways of looking at and making sense of the world” (p. 151-152) rarely taken up

comprehensively by westernized science in “a coherent and intentional way.” (p.151-152)
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Methods

Setting and Participants

For this NSF-funded research practice partnership project, the research focused exclusively on
educators within a suburban school district network, spanning 15 elementary schools in the
Pacific Northwest. In the overall study, 27 elementary school teachers from a mid-sized city in
the Pacific Northwest participated in 15 months of professional learning and collaborative
curriculum adaptation. In overlapping and extending ways, the teachers then enacted those
adapted lessons in their elementary classrooms with students. Student-level data was collected
from 4 of the second grade teachers. Given the purpose of this paper—to show how young
children—can be supported to engage in relational thinking in support of multispecies justice and
flourishing—one teacher’s second-grade classroom was selected. The focal teacher, Ammarah, a
pseudonym meaning steadfast and strong, was the only teacher of Color in the 15-month study
and engaged in learning, curriculum design, and enactment as a rogue diligent teacher (see
Chapter 2). I attended the final public presentation of her student’s projects and selected one
student to be the focus of this learner case study. Kai was selected for this analysis because he
was able to verbally describe his thinking with a greater depth than some of his peers. He was
selected because he provides a rich, strong case of the kind of relational thinking that was
possible in this learning context (cf. William James case criteria quoted by Bruner, 1987). His
thinking highlights the distinct possibilities of this kind of approach as an existence proof of the
student learning and project activities that are possible. Many of his peers engaged in similar
kinds of relational thinking—although that comparative analysis is left to another time. In order

to better understand the influence of the Social Focus framework and the resulting curricular
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adaptation, I analyzed Kai’s thinking and then related that to the Social Foccus framework and
pedagogies.

Methods of Data Collection

Teachers were asked to document instruction and collect student artifacts related to instruction
during their enactments. I was present at the culminating project presentations and was able to
videorecord the presentations of students about their efforts. I have these materials for Kai and
for many of his peers—which I selectively share for theoretical reasons. The present analysis
focuses exclusively on Kai.

Curricular Intervention Design

Geology education that adopts a reductive, inconsequential, socio-politically neutral, and
place-less stance, devoid of place-making geographies and placefulness, falls short of fulfilling
its overarching goal: nurturing radical care for geographical eco-relational matters on a planet
marked by damage and abuse. In response to this prevailing approach, the collaborative
curriculum adaptation of a geology unit, conducted in partnership with second-grade teachers
and myself as a university research partner, aimed to instill a sense of placefulness. This involves
understanding place as "iterative, socially produced, and malleable, allowing for a clearer
understanding of the ways that geographies have been used to oppress others" (Germinaro, 2022,
p.1).

The focal teacher was engaged in an extended professional learning experience focused
on anti-racist and anti-colonial approaches to science instruction following the Social Focus
framework approach (see Chapter 2 for details). The particular curricular adaptation that resulted
for this focal classroom centered on the unit Social Focus question, How do Landforms change

and how do these changes teach us how to care for Land? The science unit evolved from being a
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reductive and decontextualized unit that focused merely on memorizing types of landforms and
the impact of weathering into a geology unit that focused on real-world impacts happening to
Land and human agency to be in or out of good relations with Land. Teachers participated in an
iterative process of mapping and weaving the unit together aimed at disrupting narratives of
nature/culture divide (Bang, et al., 2022) by centering Land-centered literacies (see Figure 1).
Land-centered literacies, such as Aloha‘dina, (Goodyear-Ka‘opua, 2013 as cited by
Styres, 2018), transcend traditional definitions of literacy that focus primarily on textual
interpretations and social interactions related to reading and writing. Aloha‘dina, which means to
love and respect the land, is a foundational concept in ancient Hawaiian philosophy. It involves
engaging with the environment through observant, interpretive, and expressive skills that connect
deeply with natural elements like the wind, rain, animals, trees, and waterways. This form of
literacy involves an active participation in the environment, interpreting its signals and
ceremonies, and essentially is “about ‘writing themselves into the landscape’ (2013, p. 34).”
(Styres, 2018, p. 26). Within the findings section additional information is shared on the
pedagogical commitments that were taken up by the focal teacher and other second grade

teachers that shifted science learning and instruction focused on Land-centered literacies.
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Lond Processes

Figure 1: Second Grade Teacher Team mid-way curriculum map of adapted geology unit

Analytical Methods

The primary data source used in this analysis is a videorecording of the focal student, Kai,
presenting his final project. I leverage artifacts of his thinking and his peers to provide context
for that thinking and to support specific theoretical assertions. Given the complexity of Kai’s
thinking, the video recording was segmented into idea units, theoretically interpreted, and then

pedagogically analyzed by engaging in the analytical procedures described below.

Segmenting of videorecording into discrete idea units. The videorecording of the presentation
was repeatedly viewed and transcribed. Using a standard discourse analysis strategy (Gee, 2011),
the transcript was segmented into sets of lines representing a specific topic (or idea unit) related
to aspects of relational epistemology (Bang et.al., 2018). This involved engaging in
theory-driven focused coding of Kai’s thinking based on the Relational Epistemologies

Framework (Emerson, Fretz & Shaw, 2011; see also a priori coding described by Saldafia,
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2015). Through this focus, I identified seven segments that were analyzed and sequentially
presented below. The density of Kai’s relational thinking was such that these idea unit segments

are often quite short (i.e., they represent a specific form of relational epistemology).

Student thinking was theoretically interpreted from a critical, asset-based frame through content
analysis. In order to understand the qualities of Kai’s thinking expressed in each segment, it was
interpreted theoretically for its relational epistemology qualities and connections to the curricular
subject matter—as part of the process of developing specific data-based assertions (Erickson,
1986). This was done from a critical theoretical stance. As described by Beach, et al., (2009, p.
129): “Krippendorff (2003) views qualitative content analysis as the close reading of small
amounts of texts that are interpreted by the analyst and then contextualized in new narratives; a
definition that is a hermeneutic, reader response oriented research stance, and so can be critical
as well. What makes a study ‘critical’ is not the methodology but the framework used to think
within, through, and beyond the text, such as critical discourse, postcolonialism, women’s
studies, queer studies, and childhood studies.” By employing the decolonial methodology of
Living in Relation (Tuhiwai Smith, 2021, p. 192), this analytical process allowed me to
understand the intellectual generativity of Kai’s everyday thinking related to his project (as
opposed to deficits) through a relational lens. This analytical effort to interpret and story is

parallel to the relational analysis in Bang and Marin (2015).

Relating student s relational thinking to curricular design framework and pedagogy. In order to

study the connection between the student’s relational thinking and the underlying curricular

framework, arguments were developed around known or plausible connections to the curricular
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experience with corresponding insights about the connection to the underlying Social Focus
framework and pedagogical model. This allowed for a tracing of Kai’s thinking—as an outcome
of the design based research study—to the mediating processes and design embodiments that

were mostly likely involved in queuing and shaping that thinking (Sandoval, 2014).

Findings

The findings provide a single ethnographic composite narrative of a second grade student
presentation captured on video (see Figure 2) that chronologically stories both the pedagogical
practices and the learning pathway that unfolded within the classroom. It represents a
culminating account of this student’s final project and their understanding near the end of the
curriculum unit. Across Kai’s informal sharing of his project work, we see specific dimensions of
a relational epistemology stance being developed and communicated.

As part of a family, friends and school community event that showcased the Social Focus
science Landforms unit culminating projects, the presentation is structured as an informal
interview between Kai (pseudonym meaning sea and keeper of the keys and Earth), a second
grade Land Guardian (Bell & Price, 2023) and myself, identified as a scientist friend of the
teacher from the University of Washington. It should also be noted that the presentations were

done on pajama day, whereas, Kai is wearing their favorite dinosaur pajamas.
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Figure 2: Screenshot of video recording of student’s Landform presentation

As a composite narrative, Kai’s presentation is largely representative of student outcomes
across the class and pedagogical commitments taken up by his teacher and grade-level teacher
partners across the district. The structure of the findings sequentially follow the flow of Kai’s
presentation. Additionally, each section names dimensions of the relational epistemologies
framework addressed within the student narrative and pedagogical commitment to provide
further insights into how Indigenous science can offer ways to make sense and critical meaning
of the world beyond the limitations and harms of westernized science. That is followed by
analysis that draws connections between these segments of Kai’s thinking and to specific Social
Focus Pedagogical Commitments implemented during the unit’s instruction. Across these
segments of student talk, relational epistemic analysis, and pedagogical connections, I argue that
the findings support the argument that the SFPC framework is a promising methodology for
infrastructuring curriculum and instruction to promote the eco-relational mattering of
consequential Lands, an anti-colonial premise that couples matters of consequential concern

guided by the Social Focus framework and relational epistemologies framework (Bang et.al.,
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2018). Using this case study as a model, future analyses will explore the relational thinking of
Kai’s peers and students learning in other classroom enactments of adapted curricular units.
Kai’s presentation is segmented into two thematic portions: (1) a series of three framing
segments that highlight how Kai was approaching the project, and (2) two critical inquiry
segments where Kai is sinking into the details of the investigation. The data analyzed include

student and researcher talk across the seven segments.

Segment 1: Introductory Framing of Kai’s Social Focus

Student Action and Thinking

After introducing myself as a friend of his teacher and a university researcher excited to learn
from second grade geologists Kai shares that he is open to sharing his presentation with me (see

Figure 3). Kai begins his presentation with the following introduction:

Kai: “Introduction, rivers are thin long lines of water that are usually between valleys and
canyons. They can also split land and often lead to the Ocean, they can also run alongside
plains. They run through the middle of rainforests. Some of the spelling doesn’t make

sense but, that’s okay.”
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Figure 3: Introduction section of Kai's science River Landforms presentation board

Relational Epistemologies Analysis

Kai’s defining of what a River Landform from the very beginning situates the defining of River
Landforms in relationship with and geographical context with other Landforms and ecosystems.
Within this opening statement the complexity of Rivers shared exceeded the standards which
only call for students to name different types of Landforms, as static, abstract parts to a whole
diagram. Kai provides his audience a succinct explanation that counters false colonial eco-logics
of competition that purposely position Water and Land in opposition, by “expanding notions” of
River Landforms as valuable, interdependent actors in the natural world that contribute and have
purpose, which align with REF dimensions one (humans with nature) and three (contribution not

competition).
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Pedagogical Framework Analysis

Kai’s opening explanation can be linked directly to the unit Social Focus Question (SFQ) in that
it guides students to not only arrive at understanding the prescribed standardized content, but to
think and even feel beyond settled answers to consider long-standing realities and relations in
future-facing ways. In attunement with REF dimension seven (weigh impacts and
responsibilities), students were iteratively positioned to speculate on the SFQ, how do landforms
change and how do these changes teach us how to care for the land? to “weigh the impacts and
responsibilities of knowledge toward action” (Bang et.al., 2018, p. 151). Bound up within the
question students were introduced to the standardized content of the unit—what are Landforms
and how do they change—alongside this inquiry students were offered a more expansive and
consequential inquiry that prioritizes Land, as essential actor and entity with relational, temporal,
spatial, physical and justice matters of significance needing care. In an interview, Ammarah
shared “on a personal level, I know now not to just take my unit question, for example, and not
to just say, this is the phenomenon we're studying. And then from the first three lessons, we've
kind of already figured out the thinking. Instead of funneling our thinking into one way, we kind
of, we kind of went on to discuss, okay, well, what's happening back home, here and there. What
are those communities doing? How are we as geologists also responding to that information?”
Ammarah’s quote illuminates the transformational shift that opened up for students, as well as
herself as a teacher to widen the aperture of learning to see beyond prescribed right answers to
see the how, why, with whom and for whom (Philip, Bang & Jackson, 2018). Additionally, she
names without naming the tendency for simplicity that occurs within settled science learning
regardless if there is a provocative or seemingly cool phenomenon because the thinking has tight
enclosures particularly for elementary students given colonial views on children. Rather than use

a unit question as a mechanism to direct students along a paved pathway Ammarah and her
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teacher partners use the Social Focus Question more like a looking glass for the glass community
not only to see pathways of inquiry normally hidden by dominant curriculum, but also to gain a
more expansive view to notice consequential stakeholders and matters made invisible, and to
critically wonder how science can and should be leveraged to serve Land and students in rightful
and radically caring ways. This is evident in Ammarah’s statement that “I re-design unit
questions, I elevate communities of the global majority, I correct resources given to students by
vetting it ahead, does it represent my community in the classroom? I give time and space for
debates and discussions rather than rely on written responses, especially because that sets my

early literacy learners in failure."

Segment 2: Kai Identifies Humans and More-Than-Humans as Rights and Relations

Holding Stakeholders in Eco-Urban Design

Student Action and Thinking

As Kai continued his presentation we moved to the topic and section of his presentation board on
stakeholders. It should be noted that families, peers and friends were given prompts to ask the
second graders during their presentations. Since multispecies stakeholders became a central
theme of not only the science unit, but also as an anchoring topic that was across content areas
such as literacy and art (see Figures 4 and 5), I asked Kai, “So what are stakeholders who are the
River Landform stakeholders?”
Kai:  “Stakeholders are people, or things, or the people that are impacted by the change.
Humans can be impacted but I did not add that, other stakeholders are crocodiles and
anacondas which are a kind of snake, there’s another crocodile [points to drawing on

poster of stakeholders (see Figure 4) a salmon, salmon, river dolphins and jaguars.
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Figure 4: Kai's presentation drawing of River Landforms stakeholders

Figure 5: Kai's non-fiction book on the River Landforms’ stakeholder Crocodiles created during
his reading and writing class
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Panel #1 Panel #2 Panel #3

Figure 6: Kai'’s 3°x 2’ art poster about the relationship between River Landforms, Crocodiles
and other stakeholders created during art, and reading and writing class.

Relational Epistemologies Analysis

Kai begins his explanation of stakeholders by quickly addressing that humans are stakeholders
which attends to REF dimension one (humans as a part of the natural world, rather than apart
from it) however he deliberately moves away from human centric stances to identify
multispecies stakeholders from various River Landform ecosystems which directly meets REF
dimension five (see all life forms as agentic, having person-hood and communicative capacity
(as distinct from anthropocentrism). Additionally, Kai’s naming of River Landform stakeholders
as crocodiles, anacondas, salmon, river dolphins and jaguars situates these agentic Earthly kin as
rights-holding, interest-holding beings deserving of personhood, arguably wellmore than
corporations garnering personhood in our legal system. Giving presence to their rights-bearing
personhood Kai demonstrates a highly complex understanding of River Landforms by elevating
REF dimension six (adopt multiple perspectives, including interspecies perspectives, in thought

and action). Although Kai’s stakeholder perspective does not name macroscopic level organisms
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as mentioned in REF dimension four (focus on whole organisms and systems at the macroscopic
level of human perception [also a signature of complex-systems theory) his identification of
salmon in relation to jaguars, in relation to anacondas which are in relationship with humans,
river dolphins and crocodiles as River stakeholders is exemplar of “ a complex system is defined
as the system where there is a bidirectional non-separability between the identities of the parts
and the identity of the whole. Thus, not only the identity of the whole is determined by the
constituent parts, but also the identity of the parts are determined by the whole due to the nature
of their interactions” (Estrada, 2023, p.1). Kai’s complex stakeholder perspective and other
complex thinking shared in the findings should not be taken up with a colonial binary lens that
links children with innocence and children with nature, minimizing and simplifying their
pre-colonial mind-making understandings (see Chapter 4; Watts, 2013) as endearing and
undeveloped (Nxumalo, 2015; Taylor, 2017; Pacini-Ketchabaw, et al., 2014). Instead, Kai and
his peers presence multispecies and Earthly forces (see Figure 6) in scientifically kincentric and
consequential ways related to REF dimension two (attend to and value the multispecies

interdependencies that compose the natural world).

Pedagogical Framework Analysis

Stakeholders as a term, in some ways a contentious term, has most commonly been taken up to
mean people with financial and/or political interests in a given endeavor, usually in service to
capitalistic conceptions of progress. The intention of using the term stakeholders is to disrupt and
counter normative use by weaving the eco-relational mattering of those that have been
invisiblized or marginalized, in hopes of rooting radical care into curriculum, instruction and the

sciences.
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Use of the term was purposely done to meet educators within the colonial mindscapes
they share as adults in a colonial society that mechanizes and mobilizes white supremacy through
collective systems thinking about who holds power to determining how and why science and
engineering endeavors happen regardless of the geological disruption across consequential
geographies. As a pedagogical commitment, Stakeholder lessons aim to give educators critical
pause to unravel their held beliefs to form new, more anti-colonial worldviews. This critical
pause disrupts the assiduous pace of the colonial machinery that is the educational system set to
over-occupy teachers' minds and lives with the business of teaching to maintain status quo.
According to Ammarah, “Pausing to evaluate the intention of the lesson, and from which lens of
critical consciousness should I approach this lesson” has shifted her instructional practice, to
“center by POC communities as, as communities that are, liberating themselves, showing us
examples of what they are doing for the Land.” Ammarah went on to share “the stakeholder
lessons reached all aspects of our learning especially in reading, in which reading nonfiction
topics like biomes or animals, students make intentional connections between habitats and
animals' relationships” opening up previously perceived rigid boundaries between subject matter
areas. Each of these quotes gives us a glimpse into Ammarah’s approach to weaving in
Stakeholder lessons not only into the science unit’s storyline but as a central theme of learning
across content areas. At the onset of the geology unit, following the introduction of the SFQ,
students were asked their preliminary thoughts about what it means to be a stakeholder, how they
are stakeholders and what they think it would mean to be a stakeholder for Landforms.
Importantly, Amarrah’s instruction reflected her voiced commitment to nurture students’
intellectual health and valuing of anti-colonial perspectives by embracing students ideas about

who is a stakeholder to various Landforms, joining, a perhaps at times following students as they
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decided the stakeholders they would be researching during their reading class for their science
learning. Ammarah’s care for students’ ontological security, meant trusting them as they
journeyed along their own pathways of learning. For Amarrah, Kai, other teachers and students
the centering of Othered Earthly kin, processes and entities as vital stakeholders entangled in

geological matters of eco-relational consequence.

Segment 3: Kai Takes the Consequential Geographies Turn
Student Action and Thinking

Having just named essential River Landform stakeholders Kai goes on to provide contextual

examples to support my understanding about how humans should care for various geographical

River Landforms.

Kai: “Humans can take care of us by not taking like sand, and not taking our animals because |
am a habitat for my stakeholders. If you take away my stakeholders I will no longer be a
habitat. Like the Great Barrier Reef, the coral will no longer be a habitat soon because of

those starfish things.” (see Figure 7)
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Figure 7: Kai's poster section covering relational care between humans and River Landforms

Relational Epistemologies Analysis

As Kai's presentation progresses, he adeptly underscores the significance of River Landform
Stakeholders in addressing consequential geological issues across global geographies to address
the SFQ. The excerpt commences with a concise directive stating that humans can care for River
Landforms by refraining from extracting sand, which exemplifies that sand is an integral
component of River Landforms, analogous to how the muscular system is integral to the human
body. Kai's insightful recognition of sand as a fundamental component of River Landforms
brings to the fore the critical concern of the schism between geology and geography in formal
education. Geology, as traditionally practiced in Western contexts, is predominantly concerned
with the exploration of Earth's historical narratives, physical attributes, and the processes
governing the configuration of the terrestrial landscape. In contrast, westernized geography

encompasses the comprehensive study of the Land, encompassing aspects such as its inhabitants,
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soil composition, atmospheric conditions, natural phenomena, and the intricate web of human
interactions.This compartmentalization of academic disciplines has a profound impact on
students' holistic comprehension of Earth's intricate systems, thereby constraining the manner in
which successive generations of learners perceive the Land. It effectively divorces the Land from
its broader eco-relational significance, rendering their conceptualization of the Land incomplete.
Kai challenges and counters this division by conveying a theoretical stance that aligns with
Indigenous Land-centered education scholar Sandra Styres who states that “Land refers to the
ways we honor and respect her as a sentient and conscious being. Land, as a theoretical and
philosophical concept, comprises storied and journeyed connections of self-in-relationship—to
each other, to our places, and to all of creation—as a central model for interpretation and
meaning-making” (Bang, et al., 2018, p. 27).

Kai's guidance on how humans should nurture River Landforms aligns with REF
dimension one (view humans as a part of the natural world, rather than apart from it)
illuminating his socio-ecological awareness of the roles and agency that humans possess,
enabling them to either harm or care for Landforms and their stakeholders across diverse
geographies, thereby disrupting various geological processes. Further demonstrating his
understanding of the eco-relational matters of Landforms Kai expounds on the concept that
humans should refrain from disturbing the animals residing within, upon, and around River
Landforms, emphasizing that animals, as stakeholders, contribute to the identity of the River
Landform as a “habitat.” This understanding recognizes that the removal of sand or the animals
that reside within River Landforms would sever them from their intended purpose—REF
dimension three (attend to the roles actors play in expanded notions of ecosystems from

assumptions of contribution and purpose, rather than assumptions of competition)—and identify
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them as agentic entities, characterized by personhood and communicative capacity and distinct
from anthropocentrism, which aligns with the fifth dimension of the REF.

In the final portion of this excerpt, Kai extends his narrative across consequential water
geographies to draw a connection between River Landforms and Coral Reefs by highlighting the
shared concern of losing their identity as habitats. This exemplifies the sixth dimension of the
REF (adopting multiple perspectives, including interspecies viewpoints, in thought and action).
Although this perspective isn't explicitly macroscopic, it encompasses various natural elements
and their interactions, aligning with the fourth dimension of the REF. Throughout this excerpt,
Kai fosters the engagement with the seventh dimension of the REF—weighing the impacts and
responsibilities of knowledge toward action. He imparts fundamental knowledge about the
inseparability and interdependencies between Landforms, habitats, stakeholders, geographies,
and geology, imbuing a sense of responsibility to employ this knowledge to inform actions aimed

at nurturing Landforms.

Pedagogical Framework Analysis: Attending to Consequential Geographies

Pedagogical approaches, aligned with Kai's viewpoint on Landforms as geological entities
encompassing a diverse range of species and the significant geographical and ecological aspects
they entail, commenced with a family and community elicitation activity. This activity invited
students to identify Landforms of personal importance and narrate the stories associated with
these specific geographic locations, thereby anchoring their forthcoming science education
within the realm of their cultural, communal, familial, and youth constellar knowledges (Arada,
et al., 2023). Contradicting similar efforts to include family and cultural connections to content

that simply extract information without a deliberately designed plan to authentically leverage
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shared expertise and experiences throughout learning, Ammarah consistently resituated learning
in the consequential geographies of her students as well as herself.

The family and community elicitations that students shared became an integral part of the
geology unit’s learning with purposeful and organic integration throughout the unit in various
ways such as using google maps to go on visits to classmates special Landforms as a meaningful
Social Focus Touchstone activity to ensure that the geology maintained a “genetic imaginary”
rather than default to white geology’s” historical regime of material power” (Yusoff, 2018, p.5).
Ammarah’s commitment to centering students’ consequential geographies took the whole
classroom on research journeys to learn more about the locations their peers shared.
Demonstrative of this commitment, Ammarah shares in an interview how as a class they took the
time to “delve deep into taking a look at one of my students home, which was the island of
Tonga” which led to Kai’s connection to Coral Reef, which then led to his connection to the
“starfish things” which although not stated in his presentation referred to the crown-of-thorns
starfish which due to warming sea waters has caused an increase in their population impacting
the well-being of Coral Reefs, such as the “Great Barrier Reef.”

By prioritizing the inclusion of personally consequential geographies Amarrah was also
able to presence her own identity in connection to Land and Lands in ways that forged authentic
inclusion of students from globally consequential Lands. To better illuminate this Ammarah
shared, “We talked about Land, and, as an immigrant, an immigrant parent, an immigrant
teacher, I could talk about what Land means to me, and to be here and you know, I have students
from Ukraine now, and Russia, and we were able to connect it to that.” This
place-(re)membering, place-making, and place-belonging that does not shy away from

displacement (Yussof, 2018) by making space for students’ consequential geographies opened up
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learning pathways that “result from personal or shared concerns, challenges or desires (e.g.,
concerning a pressing circumstance, threat, or opportunity)" (Bell et al., 2012, p. 273).
“Understanding the stories our students come to us with will help us work with them to build
CLL (Critical Land Literacies) while recognizing the complex web of relations that these stories
represent and exist within (emotionally, politically, spiritually, and historically)” (Hampton. &
DeMartini, 2017, p.263).

It is important to note that while the integration of the Social Focus Pedagogical
commitments within the adaptation of the unit greatly contributed to the centering of
multispecies stakeholders it was Ammarah’s critical responsiveness and innovation that led to

critical stakeholders becoming a method and theme for transdisciplinary learning.

Segment 4: How Transdisciplinary Socially Focused Touchstone Lessons Helped Kai Ideate

on the Socio-ecological Context

Student Action and Thinking

As our conversation continues, Kai motions to the next section of his presentation board to share
his perspective on the assignment prompt (see Figure 7 ), How do River Landforms care for
humans?

Kai:  “We take care of humans by giving them some of our water and feeding them some

salmon. Also we could give some soil but not ALLLL [emphasis from student] the soil.”

Relational Epistemologies Analysis

This concise yet impactful statement shared by Kai resonates with the scholarly perspective of

Tiffany Lathabo King, who posits that the Land seeks a reciprocal relationship with humans. In
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King's understanding, “the land's refusal to be separated from flesh” is exuded from Kai’s
seemingly onto-eco-relational-intuition that Land is an agentic entity. Significantly, Kai's
delivery of this statement was imbued with a sense of firmness, reminiscent of how one would
communicate the necessary boundaries for maintaining a healthy relationship with another being.
It transcends the first REF dimension, which emphasizes viewing humans as an integral part of
the natural world. Kai's message seems to convey the sentiment that, while humans are a part of
the River Landform, there are limits to what the Land can provide, akin to saying, "I cannot offer
everything of myself."

Kai's effortless transitions and fluidity between the self and the River Landform, which
are recurrent throughout his presentation, profoundly animating REF dimension six (adopt
multiple perspectives, including interspecies perspectives, in thought and action) to seemingly
appear to transcend REF dimension five (see all life forms as agentic, having person-hood and
communicative capacity [as distinct from anthropocentrism]). Instead, they suggest a fascinating
form of code-switching between nature and human identities, almost resembling a melding of
River-hood and Person-hood, to suggest an intriguing Land-human translanguaging. From the
first instance of hearing Kai flow between his socio-ecological identities, and the throughout the
analysis process, reading, rereading the transcript, watch and rewatching the video, I am always
awe-struck by this intuitive practice, humbly recognizing that I been gifted the opportunity to
witness Kai’s precolonial mind engaged in moments of intimate immensities “an honoring of
origins” (White, 2019, p.120)—recognizing “Land is spiritual, emotional, and relational; Land is
experiential, (re)membered, and storied; Land is consciousness—Land is sentient” (Styres, 2018,

p. 27).
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It is noteworthy to acknowledge the comprehensive approach undertaken by Kai in
synthesizing insights from diverse activities, particularly drawing from the Social Focus
Touchstone Lessons outlined below. This synthesis played a crucial role in shaping his
understanding of how River Landforms exhibit a readiness to nurture and care for humans,
positing important insights about the intricacies of eco-relational matters of care, as well as REF

dimension two (attend to and value the interdependencies that compose the natural world).

Pedagogical Framework Analysis

The term touchstone is defined as a criterion or exemplar, with the plural, touchstones, meaning
fundamental part or quintessential feature. As part of the SFPC framework, Touchstone Lessons
are intentionally designed as lessons, often varying in length, yet essential to the storyline of the
unit, to support students’ sensemaking of content to engage in critical meaning-making needed to
address the SFQ. These lessons embrace transdisciplinary and relational epistemological
methods of instruction and prioritize the critical and liberatory presencing of Black, Brown and
Indigenous and more-than-human kin in expansively just ways.

The weaving in of SF Touchstone lessons began with building students’ place-based
schema and providing geographical context about the removal of a sixty-foot wide levy from a
local River landform, opening up “three channels previously blocked from the river and a flood
plain spanning nearly 30 acres” resulting “all kinds of animals—birds, beavers, otters and
salmon—began returning to the site ‘almost instantly,” according to Josh Kahan, King County
basin steward for the Green River” (Turner, 2022, paragraph 4). This relatively short, yet
powerful lesson provided students with an authentic, learning Land-scape, of shared knowledge

situated within Landforms, Water, multispecies and humans within a real-world story of
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restoration and real-time making of speculative futures, touching on all REF dimensions, except
five which was address in subsequent SF Touchstone lessons. For instance, the follow-up
Touchstone lesson was a Pixar video called Lava (Kahele, Greig & Murphy, 2015) about a
Hawaiian Volcano named Uku, witnessing the love between other species and hoping for and
then finding love with another Volcano. This video, endearing and musically engaging gave
personhood to the Landform which directly aligns with REF dimension five (see all life forms as
agentic, having person-hood and communicative capacity [as distinct from anthropocentrism]).

As the unit progressed with science centered Social Focus and NGSS aligned lessons,
Amarrah turned to art to nurture students’ eco-relational connections and identities prompting
them to make a clay model of themselves as their previously selected focal consequential
Landform (see Figure 8, image 2). These clay models remained on students desks creating a
classroom space of specialized geologists and geo-identities.

Ammarah’s commitment to Critical Liberatory Presencing, a core Social Focus
framework principle, returned her to media sources, to provide students with a curated series of
videos that centered authentic Indigenous voices and stories. Ammarah, along with her second
grade partners, shared with their students the music video of the song Stand up / Stand N Rock
featuring Taboo (2018) from The Black Eyes Peas hip hop band, along with various other
celebrities and tribal members, created in support of the Standing Rock Reservation, and the
Sioux Tribe movement as Water Protectors to stop the Dakota Access Pipeline (see Figure 8,
image 3). As an emic ethnographic researcher being able to visit the classroom was a privilege
and highlight, getting the chance to join during this SF Touchstone activity and the succeeding
Lost Worlds (Mam, 2018) lesson filled me with a range of emotions, that included tear-ful joy as

they pulled me into the space to sing and dance with them, learning the body motions they
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choreographed to the song. This affectively joyful, inspiring and embodied learning nested in
eco-relational matters threatening consequential Native Lands served as an invitation to be Land
Guardians (see Figure 8, image 4). The efforts to support students learning of Landforms through
an eco-relational mattering lens, in ways that positioned humans in relationship and in service to
Land included a short video by a Canadian Indigenous group calling people to become Land
Guardians. In an interview Ammarah shared how these two videos came to form one of her
“favorite” memories “when we watched a video describing the movement of people caring for
the Land, Land guardians, students threw their hands in the air and eagerly yelled "we are
already part of the movement, they need to know we are here in Washington!" This was a
moment that helped me see the sense of belonging to their role and their land as students.™"
These video-centered learning experiences resulted in Kai and his classmates making
Land Guardian name tags and providing fortifying connective threads to prior and future
consequential Lands learning. One of the final SF Touchstone video centered lessons took
students on a journey to Cambodia to form connections between local and global eco-relational
matters (see Figure 8, image 6). The film Lost Worlds documents the ongoing impact caused by
corporate and commercial interests in Singapore actively dredging “sand out from beneath
Cambodia’s mangrove forests, an ecosystem, a communal way of life”” poignantly told from the
perspective of a Cambodian woman, in her native Cambodian language, about how her and her
peoples’, the Koh Sralau, “relationship to her beloved home are faced with the threat of erasure”
(Mam, 2018). In watching this film students were introduced to the fact that to expand the
Landmass of Singapore, 80 tons of Sand has been removed from Cambodia since 2007 (Mam,
2018, 02:13). Kai’s excerpt about River Landforms being able to care for humans but not give

“all the soil” links back to the deep sensemaking and critical meaning making this film facilitated
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for him, and I am sure many of his peers.The film closes with the featured Koh Sralau woman,
name not disclosed, posing the question, what worlds are we building and what worlds are we
leaving behind?

Through transdisciplinary Social Focus Touchstone lessons and activities of video, art,
music, film and relevant books (You Are Never Alone by Elin Kelsey [2019] and Soyeon Kim
and The Lost Girl by Ambelin Kwaymullina [2014]) students were provided learning
experiences prioritized matters of justice, cultural significance, relational and collective
well-being, futurity and ecological caring (cf. Social Focus framework dimensions of
Consequential Concern). Furthermore, the inclusion of various, storied, interconnected, real
eco-relational matters across consequential Lands over time provided the geology unit with a
heartbeat, pulsing with the thrumming of Land, and the lives of those presenced in rightful ways.
These Touchstone lessons, and other Social Focus lessons of (re)membering and critical
liberatory presencing geology learning counter white geology’s pattern of “the radical
ambivalence of the afterlives of geology” and the “Indigenous dispossession of land and
sovereignty in the invasion of the Americas" and other geographies “through to the ongoing

petropolitics of settler colonialism” (Yussof, 2018, p.4).
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RESTORING NATURE ON LOCAL LANDFORMS

S

To begin thinking about how
landforms are made and how
they change we will watch a
short video about how one area
near us has recently changed.

Image 1:Social Focus science
Touchstone Lesson instruction slide
with screenshot of video covering
Green river levy removal and
ecosystem restoration.

Image 2: Example of student
clay model of focal Landform
as part of Social focus science
Touchstone lesson four, after
Pixar Lava video, Touchstone
lesson three.

tand N Rock #NoDAPL (Official Video)

Image 3: Screenshot of Stand
Up/Stand N Rock for Standing
Rock music video centered in
Social Focus science
Touchstone lesson five.

Y
It's a responsibility we have to protect our land.

1 © @
Image 4: Screenshot of the video
Land Needs Guardians central to
the Social Focus science
Touchstone Lesson six.

Image 5: Cover of The Lost
Girl, representative of the
fiction books included as
Touchstone lessons seven and
nine within the unit.

Image 6: Screenshot of video
clip from the film Lost Worlds
focus of Touchstone lesson
eight.

Figure 8: Scope and Sequence of Social Focus Touchstone Lessons and Activities

Segment 5: Kai’s Critical Investigation into Levies, Overdevelopment, Weathering and

Landforms

Student Action and Thinking

This segment is what I take to be the start of Kai’s critical investigation into the context. Please

note that it is highly interrelated with—but critically distinct from—the next segment. Kai’s

following explanation was not on the poster but rather was offered as a vital point of clarification

before providing his answer to the prompt and sharing that portion of his presentation board.
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In response to the question, “So, how do Landforms change?”

Kai:  “Humans and weathering. Weathering is natural impact and the other side is unnatural

impact, humans, rivers can change by humans.”

Relational Epistemologies Analysis

"Unnatural impact," encapsulating untold truths, scientific narratives, voices, and geographies
intentionally obscured, facilitates deceptive neoliberal narratives of geological universality,
eroding the significance of eco-relational interactions on Land. Kai's exploration of "unnatural
impact" and his comprehension of ecological dynamics highlight the collective proficiency of
young learners in engaging with intricate environmental issues. In challenging the ongoing
resistance to teach children about consequential matters, Kai's insight stands as an invitation to
critically engage with REF dimension seven (weighing the impacts and responsibilities of
knowledge toward action) to bring clarity around REF dimension one (view humans as a part of
the natural world, rather than apart from it) whos well-being is bound to the well-being of
Landforms .

By holding both—the natural and unnatural ways Landforms are changing and being
changed—Kai, along with the majority of his classmates, unfold how they are more than capable
of engaging in rigorous sensemaking of consequential geological matters of concern for critical
meaning-making about human actions that are fueling climate change and ecological destruction.
Kai's ecological consciousness extends to his quote, demonstrating an appreciation for the
delicate balance between natural processes and human influence, aligning with REF dimension
two—attending to and valuing the interdependencies within the natural world. His nuanced
understanding of both natural and human-driven forces shaping ecosystems adds depth to his

insights. Children, as evidenced by Kai's engagement, not only exhibit the capability to attend to
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and value interdependencies (REF dimension two) but fosters a pluriverse of eco-relational
mattering, showcasing the potential for holistic ecological care and understanding in early
education.These findings underscore the importance of providing opportunities for young minds,
such as Kai, to grapple with real-world complexities and entanglements in and with the Land

(REF dimension seven, weigh the impacts and responsibilities of knowledge toward action).

Pedagogical Framework Analysis

In geology lessons focused on erosion, a commonly used experiment involves creating a model
of the Earth's surface using soil, which then gradually erodes when water is applied over varying
periods or at different flow rates. The primary objective of this experiment is for students to
grasp the concept that water causes the erosion of land over time, an already well-established
principle.

In this particular instructional unit, teachers were provided with materials by the district
to conduct a similar experiment. However, this activity, notably less engaging, employed chalk,
water, and a spray bottle. Predictably, although it seemed to be fun to make a mess, the
second-grade students found this experiment less challenging, due to the fact that they were
already capable of complex hypothesizing. This simplified activity was coupled with a
non-fiction book that prompted students to contemplate whether water or land was more
powerful, a seemingly innocent purpose, presumably grounded in science, that seeds colonial
perceptions of nature, in this case, Water and Land as having antagonistic and aggressive
interactions.

As part of a collaborative cohort of educators actively involved in a district-wide
professional development initiative centered on fostering anti-racist and anti-colonial

perspectives in science education, Ammarah demonstrated a keen awareness of the subtle
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tendency within Westernized science to vilify nature while erasing BIPGM people. This often
involves portraying nature as the culprit behind catastrophic events, while concurrently rendering
humans detached and invisible, thus creating a default of false innocence- white innocence. Such
narratives deflect accountability and divert attention from the fundamental role of colonial
practices, particularly their voracious appetite for natural and human resource exploitation as the
root cause of climate change (Mercer, 2022). This heightened awareness instilled in Ammarah a
commitment to represent Water and Land as interconnected and mutually influencing entities
affected by climate change. The critical investigations she facilitated intentionally sought to
identify natural erosion processes as part of rightful relationship dynamics between Land and
Water. Emphasizing the symbiotic nature of this relationship, she highlighted how Wind and
Water serve as conduits for nutrient-sharing across various species and components of the
ecosystem, while Land imparts shape and structure to contain and direct Water.

Ammarah's implementation of Social Focus critical investigations further countered
mainstream approaches to include hands-on activities for the sake of having hands-on activities
that are fun to engage second grade students in complex data collection and analysis. In doing so,
Ammarah steered her pedagogical focus towards consequential muck-making, disrupting
patterns of tidying up curriculum-refusing to get deep in the consequential truths of content
through pedagogical lies of omission to maintain the classroom space as a happy place,
conveying a robotic message that everything is okay in and outside the empire. This making and
remaking of neoliberal education, that thrives in the conditioned pedagogical epistemologies of
educators rooted in neoliberal perceptions of morality, favors the “cleaning up” of scientific
content complexity through pedagogies and objectives of “fun” distorting life's intricacies into a

neutralized, supposedly consensual worldview, moving away “from allowing ambivalence in
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children’s emotional lives or supporting ways of being that are more complex than being happy’
(Vintimilla, 2014, p. 82).

Ammarah's aspiration to "transform teaching and learning" for her second graders,
particularly those identified as "systemically marked ones," with the goal of nurturing them to
become “global leaders fostering peace and harmony for all species” (PD exit ticket) goes
beyond the constraints of a neoliberal "passive and impoverished conception of happiness"
(Vintimilla, 2014, p. 85). Achieving this objective necessitates a heightened awareness, and of
how and when the curriculum dissects the significance from the substance of learning, to
responsively repositioning learning within the context of situated eco-relational matters of
consequence. Ammarah narrates this process as having changed her instruction by way of change
her as a teacher,

“I noticed the different attitudes I have towards my instruction, whether I'm going
through slides to introduce a topic or whether I am like, on this side of the room, now I'm
running to the other side of the room, now I am listening to a podcast with them. And
now I'm introducing an article to them. And so I noticed that I am me, myself, as an
educator, I am more engaged and definitely more passionate, because it is something that
I know is happening, and something that I know is going to be connected to my students'
lives. So to me, if it's meaningful to me, and I show them my passion, they cling to that.
And I know that I don't need to drag anybody with me, they are already ahead of me, and

they're already wanting even more.”

This process of transformational responsiveness, guided by her students and informed by the

Social Focus Consequential Concern principle dimensions, resulted in the implementation of a
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series of critical investigations that cast students in the roles of critical researchers and
geologists. This sequence commenced with students addressing the question of why are Edmonds
Beach and other Landforms changing, initiating the inquiry within the local context and
establishing connections to various consequential geographies, both globally and personally. The
students delved into researching events near the beach, comparing current appearances with early
images to discern the impact of commercial development on the area. Subsequently, the class
conducted an experiment (refer to Figure 9, image 3) to investigate how commercial
development expedites erosion by eliminating native plants—essential, as revealed through
graphed data analysis (refer to Figure 9, image 4), for the resilience of Landforms. This process
enabled students to broaden their comprehension of how overdevelopment affected the local
beach Landform, applying these insights to specific Landforms selected as focal geological
formations and geographies for their Speculative Culminating Activity presentations. Ammarah's
execution of Social Focus Critical Investigations extended beyond the confines of the mandated
curriculum, embedding learning within the intricacies of lived, generationally significant
complexities—challenges addressed by Kai and the large majority of his peers, perhaps even

surpassing the aptitude of many adults.
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Figure 9: Sequence of Critical Investigations on commercial overdevelopment as an unnatural
cause of erosion and Landform changes.

Segment 6: Kai’s Critical Investigation Continues into Weathering, River Landforms &

Climate Change

Student Action and Thinking

As Kai continues his presentation he provides a storied example of unnatural impact that causes

River Landforms change.

Kai:  “Rivers can change by humans putting in levies, and levies are little hills that block the
water. Levies can change Rivers into ponds, like when a beaver does a dam. Weathering,
natural impact, oh umm, other rivers can also flow in and break them apart and then a

whole bunch come and come and come until it turns into a giant Lake.”

Relational Epistemologies Analysis

Aligned with the pedagogical storyline Kai’s elevation about how the construction of
levies is an unnatural impact caused by humans. This is stated matter-of-factly, not as a fatal
condition or practice of humans, it is simply stated as an act that is unnatural and disrupts the

natural flow of the river. While this matter-of-fact affect may seem just that, given the hyperbolic
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concerns of teaching about climate change and the impacts of humans, Kai’s approach to the fact
indicates that our youth are more than capable of grasping the detrimental impacts of certain
human behaviors and leverage that understanding as a new way forward. This distinction of
certain human behaviors as being “unnatural impact” is deeply connected to REF dimensions 6
and 7, which focus on evaluating ethical obligations of human action(s) and calls for a
responsible approach to action that considers multiple perspectives and long-term impacts on
both the environment and all its inhabitants.

In addition to Kai’s mentioning of unnatural impact I found intrigued by his explanation
of weathering as a cause for Rivers to have an increased water flow. After a more thorough
analysis of Ammarah's pedagogical approach, encompassing both sequence and content, I
discerned a nuanced depth within Kai's explanation that might be easily overlooked. On the
surface, it appears to illustrate how rivers can converge to form a lake. Yet, a deeper layer
emerges through critical analysis, particularly in Kai's demonstrative statement, "a whole bunch
come and come," which, while not explicitly stated, correlates with the increased frequency of
storms due to climate change, leading to heightened flooding and subsequently amplifying the
flow of river waters. In this brief statement, Kai subtly addresses both "natural impact" and
"unnatural impact," indicative of REF dimension four, emphasizing the macroscopic
understanding of whole organisms and systems. Although lacking explicit mention of organisms
and scale, Kai's comprehension that rivers converge and experience increased flow with a higher
volume of water aligns with REF dimension 2, highlighting the appreciation for and
consideration of the interdependencies inherent in the natural world. While this excerpt left me
with more questions than answers, it served as a compelling point for investigating Ammarah's

pedagogical enactments, which may provide insights into the observed increase in water flow.
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The fact that a new, more complex narrative about how River Landforms change that is inclusive
of “unnatural impact” caused by certain human behaviors offers insights into ways science
education can take up more honest storylines that are woven through with consequential matters

with future-facing considerations for attending to climate change and ecological destruction.

Pedagogical Framework Analysis

Building upon the preceding critical investigations, Ammarah consistently offers avenues for
making observations, collecting data, and drawing conclusions regarding the impact of
anthropogenic climate change on disrupting the natural weather patterns (see Figure 10, to see
how lightning and thunder connect to Land) and escalating instances of flooding. Ammarah
seamlessly connects students' prior learning experiences related to the removal of plants and
trees with the intensified occurrence of storms, guiding them to observe the consequences of

deforestation in conjunction with more robust rainfall patterns (see Figure 10).

A'A'A \\
f— Coastal Floods Are Increasing

Days of Coastal Flooding

Visual representation of rainwater flow before | Graph of Local Coastal Flooding used during
and after removal of trees Critical Investigation

Figure 10: Visual Data sources used in climate change Critical Investigation lessons

Additionally, considering one of the most pressing climate change issue, or perhaps the most

known, sea level rise, Ammarah, and her partner teachers engaged students in a hands-on critical

161



investigation involving the construction a model representing Snow Capped Mountains, Land
and Snowpack, to demonstrate one way global warming is contributing to sea level rise (see
Figure 11). Although not directly related to the flooding of River Landforms Kai is able to weave
together the climate change content provided by Amarrah, along with other content provided
such as the removal of the Green River levy, in addition to his own research to form his
understanding that River Landforms are susceptible to flooding. Amarrah did not have to include
climate change related content into the units, she did not have to provide students with a range of
critical investigations that hone in students’ attention to the complex eco-relational matters
rapidly unfolding and unraveling sacred processes and ways of being due to anthropocentric
impacts. However in doing so Ammarah not only disrupts and counters “the anti-intellectualism
sustained by existing structures in early childhood education” (Vintimilla, et.al., 2023, p.2) by
prioritizing pedagogical commitments that approach “our world with the attention” dissolving
the disconnections and distractions that underlie climate inaction” which “also nurtures aa love

for the world which is joyous and motivating” (Gillespie, 2019, p. 67).

Figure 11: Critical Investigation exploring the connect betweenSnow melt, climate change and
Landforms
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Segment 7: Speculation as active hope for futures of eco-relational mattering

Student Action and Thinking

As Kai’s presentation comes to a close he leaves me with a summary of key instructions about

how I, and other humans can care for Landforms, as well as an important scholarly citation.

Kai:  “You can help by not taking soil and not taking too much salmon, aka overfishing of
salmon and also not putting levies in, and again levies are big hills that block water from

coming into the Land. I did this all by myself.”

Relational Epistemologies Analysis

In his concluding statement, Kai succinctly summarizes key thesis points from his
presentation, aiming to offer both “clarity—recognizing the challenges in our world—and
imagination, envisioning potential futures beyond situations that may not be inevitable or
immutable” (Solnit, 2004, page 22, as cited in Houlden & Veletsianos, 2022, p. 615). In doing so,
he strategically identifies speculative points and points of divergence, steering away from current
colonial trajectories leading towards catastrophe. For instance, Kai revisits his earlier comment
emphasizing how River Landforms care for humans by "feeding them some salmon," reinforcing
the idea that River Landforms serve as a crucial "habitat" for salmon stakeholders, thereby
assuming the role of their Guardians. Speaking from the perspective of a Salmon Guardian and
embodying the identity of a River Landform, Kai advocates for the cessation of "overfishing of
salmon" (REF dimension six—adopt multiple perspectives, including interspecies perspectives,
in thought and action).

In this concluding excerpt, Kai introduces a speculative blueprint for shaping a future
characterized by eco-relational mattering and thriving, challenging the acceptance of a future

already in the making (REF dimension seven—weigh the impacts and responsibilities of
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knowledge toward action). Kai offers clear and timely instructions for human action,
emphasizing the boundaries of River Landforms that humans must respect to foster responsible
and reciprocal relationships. As River Landforms, habitat, and Guardians of stakeholders, Kai,
despite acknowledging human misbehaviors, maintains a belief in human agency to improve
(REF dimension three—attend to the roles actors play in expanded notions of ecosystems from
assumptions of contribution and purpose, rather than assumptions of competition, and REF
dimension five—see all life forms as agentic, having personhood and communicative capacity,
distinct from anthropocentrism).

Kai's insights provide a pathway to better align with REF dimensions, fostering a right
relationship with Land and other multispecies stakeholders. This includes viewing humans as an
integral part of the natural world, rather than apart from it (REF dimension one), focusing on
whole organisms and systems at the macroscopic level of human perception (REF dimension
four, also aligned with complex-systems theory), and attending to and valuing the

interdependencies that compose the natural world (REF dimension two).

Pedagogical Framework Analysis

Although Amarrah never met the teachers highlighted in the article titled "Youth as
Pattern Makers for Racial Justice: How Speculative Design Pedagogy in Science Can Promote
Restorative Futures through Radical Care Practices," (Arada, et.al., 2023) she endeavors to
extend the transformative practices discussed in the context of middle school to her second-grade
classroom. Parallel to the middle school Social Focus speculative culminating activity, which
involves students creating vision boards to address the Social Focus Question, "How can and
does light serve some communities and not other communities?" Amarrah adopts a

transdisciplinary approach for the Landforms unit's speculative culminating activity. This
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approach involves aligning SFPC with NGSS content, thereby weaving a curriculum, instruction,
and learning pattern that facilitates critical speculation among students regarding the unit's Social
Focus Question: how do landforms change and how do these changes teach us how to care for
the land? She shares this approach as she discusses the transformation of her science instruction
in the following interview quote:

“ I would just take my curriculum and run with it. And now I kind of step back and think,

Okay, how can I connect this to another topic? How can I? What is this connected to?

What are the issues that are important to the students in my own classroom? And how can

1 bridge those together so that, you know they're more, of course, there'll be more

engagement that happens when seeing what's on the slides, or what what's exactly in

front of them as, as a curriculum that matches with what's happening in their real lives.

And that's when a lot of powerful discussions come forward.”

Ammarah's dedication to fostering substantive discussions in her classroom motivated
her to expand and incorporate science instruction into the non-fiction reading unit. During this
integration, she replaced prescribed texts with those chosen by her students, specifically focusing
on the Landform stakeholders they had identified. Throughout this transformative process,
Ammarah maintained a steadfast commitment to the ethical imperative of emphasizing
consequential concerns as central themes. This involved carefully structuring, resourcing, and
encouraging students to employ their radical imagination while researching and speculating on
the eco-relational matters connecting Landforms, Landform stakeholders, and their roles as
aspiring Land Guardians.

Informed by the understanding that, "To be truly visionary, we have to root our

imagination in our concrete reality while simultaneously imagining possibilities beyond that
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reality" (hooks, 2000, p.110), Ammarah positioned her students as both radically caring and

imaginative geologists and co-teachers. This empowered them to share their specialized

knowledge within the classroom community as a collective of visionaries. Guided by their

individual interests and speculations, students synthesized their research into presentation boards,

reports, and murals as part of their Speculative Culminating project (see Figure 12). These

projects were presented during a school community event, inviting multi-grade students,

families, teachers, and visitors to inquire about the significance of Land Guardianship. Questions

such as "Can I be a Land Guardian too? What does it mean to become one?" and queries about

Landform Stakeholders and caring for the Landform demonstrated the profound impact of the

Speculative Culminating project.

SF Speculative Culminating
presentation on Canyon
Landforms and consequential
relationship with multispecies,
lightning, thunder and impact of
climate change.

L B N 4
Speculative Culminating
presentation on Mountain
Landforms in relationship
with Mountain Lions, humans,
Bats, Water and Goats.

Speculative Culminating
presentation on Cave
Landforms in relationship
with Spiders, Bats,
impacted by human mining

Figure 12: Examples of students’ science Social Focus Speculative Culminating Projects
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Conclusions & Implications: Creating Spaces for Young People to
Imagine Critically Hope-filled Futures for Thriving Lands

There are so many reasons we have been separated. This is what we are re-membering. Our
relationship to land is bigger than the trauma that took place on it. Our histories and futures
with forest extend beyond the grip of oppression that transpired within them. We are finding our
way back to our rightful relationship with the Earth that we belong to. ~Naima Penniman in A
Darker Wilderness
How do we, the many, come to forget, to un-know the Land? It begins in our youth, within our
learning spaces as disconnected spaces, absent of place; within the science and the geology
lessons absent of connected spaces, absent of Place-fullness (Styres, 2018), absent of Land as it
is formed; forming—and as it has and can form—memories, pasts, presents and futures. Given
the realities facing youth, the tendency for science standards to lead to reductive, abstractedly
simplistic geology instruction causes a dis-figuring of authentic and expansive science learning.
This dis-figuring, subversively in service to settler eco-logics, severs the very figures, the beings,
the Earthly entities, the figured relationships between Land AirWaterStars (see dissertation paper
three). It severs the very matter and mattering between, within and because of geological
eco-relational systems. Dominant science instruction and curricula make absent the
inter-cooperative connections between Land, Air, Water, Stars, and Earthly beings, severing
students’ sense of belonging with Land and foreclosing the flourishing of their socio-ecological
guardian identities (Bell & Price, 2023).

Through a deep reshaping of the curricular landscape, Kai—as an emblematic case study
of the expertise of young people—presences himself both as human stakeholder and as the River
Landform guardian, positsing eco-relational mattering as a powerful outcome when instruction

nurtures learning that meets the dimensions of the Relational Epistemologies framework. By

situating the dimensions of the Relational Epistemologies framework not as end point but as
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(re)new(ed) baseline standards we as science educators, as researchers, as designers of teacher
and student learning we can both better stand in solidarity with Indigenous science and as
guardians of LandAirWaterStars, multispecies kin and youth futurities.

Prioritizing the dimensions of the REF framework provides a generative outlook on the
promising potential of science education. However, as with all theoretical frameworks in
education, a pedagogical and methodological approach is needed to guide implementation
beyond the epistemic. This map aims to name consequential matters requiring relational care and
facilitate the transition towards situated action. The Social Focus Pedagogical Commitments
offer direct, yet expansive ways to graft dominant science teaching and curriculum to not only
attend to the REF dimensions but ingrain anti-racism and anti-coloniality within learning.
Disrupting the inculcation of a settler “culture of uncare” (Gillespie, 2019, p. 89) within science
maintains white geology as dead, life-less stories we live by (Stibbe, 2015) and die by, calls for
an anti-colonial and anti-racist pedagogical grafting of dominant curricula with transdisciplinary
stories of consequence and relationality to triage, repair and (re)purposing of science education.
Such grafting would necessarily “expand the space for other forms of knowledge,
thought-worlds to live” (Tuck & Yang, 2014, p. 817), and for the critical liberatory presencing
(Sanchez, 2024; Arada, et.al., 2023) of “what is invisible, noticeably absent so that it can be
remembered and missed” (Ahenakew, 2016, p.333).

While the findings in this analysis focus on a specific classroom instance, other actions
were at play in other classrooms and at other grade-levels that put into perspective the reality that
not all grafting efforts occur, or flourish, in consistent ways. Other analyses will investigate how
the Social Focus Pedagogical Commitments get, or do not get, enmeshed within science as a new

infrastructured curricular aesthetic and purpose, working at various scales and across various
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networks. Additionally, understanding that not all diseased tissue can be healed or saved, nor
should it be, equally important research is needed to identify and qualify geoscience and general
science education pedagogical and narrative structures, practices and sites in need of
cauterization. Genuine anti-racist and anti-colonial knowledge projects would nurture students’
sensibilities and “ethics of ecological belonging” (Gillespie, 2019, p.119) across geographies and
generations as an anticolonial and antiracist enterprise for a past due educational otherwise
centered on the eco-relational mattering and radical care of Earthly kin (Puig de la Bellacasa,
2017).

Additionally the (re)purposing and (re)construction science education needs to seriously
(re)connect with interrelated, yet siloed subfields such as geology. All science is situated within
spaces and places dynamically and synergistically experiencing micro, macro, chemical,
biological, physical and socio-ecological processes and occurrences. Science is situated within
science which is written, spoken, drawn, recorded, observed, storied, and felt. It is time to break
science free from dominant culture agendas and colonial logics to free up our colonized minds
and explore new ways to leverage interrelated science across disciplinary boundaries.

It is essential to also mention that this research holds as anticolonial value that youth are
not only whole beings worthy of having their intellectual health cared for but they are also
deserving of being positioned not just as learners but also as teachers. Counter to colonial logics
and instructional methods that maintain a view of young people as developmentally incomplete,
naively innocent, this research, and I argue that education is lagging behind the critical
consciousness of youth, who arrive with relevant ethical commitments, perspectives, able to
“traverse the cultural ecologies across their lives, grasping onto what speaks to them” to

resourcing their “constellar youth knowledges” to engage in consequential sensemaking and
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critical meaning-making, as an onto-epistemic right particularly given the precarity of their
futurities (Arada, et.al., 2023, p. 85).

It is worth noting that the implications of this research extend beyond the confines of the
classroom, offering a call to action for educators, curriculum designers, and policymakers to
reconsider and reconfigure science and geology education.The adoption of transdisciplinary
SFPC, aligned with the Social Focus principles of anti-coloniality and anti-racism, educators are
provided a pathway forward to meet the dimensions of the Relational Epistemologies
Framework—and extend well beyond traditional educational standards—by centering
Indigenous expertise and the eco-relational mattering of consequential Lands. This not only
challenges the dominance of white geology but also contributes to fostering insurgent geology
that remembers and re-members the significant beings absent from traditional curricula. This
transformation holds promise for reshaping geology education—and science education more
generally—to create a more inclusive, interconnected, and responsive educational paradigm that
nurtures student socio-ecological identities with a sense of responsibility and relationality toward

Landscapes of secured futurities.
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CHAPTER 4:
Just Worlding Design Principles: Childrens’ Multispecies and Radical Care

Priorities in Science and Engineering Education

Introduction

“Sadly, children's passion for thinking often ends when they encounter a world that seeks

to educate them for conformity and obedience only” (bell hooks, 2013, p. 13).
As a multigenerational collective of Earthly beings and entities, coexisting across spatial
temporalities and geographies, we are witnessing and striving to endure the realities and ongoing
fallout of global pandemics, climate catastrophe, sociopolitical upheaval and reckonings.
Confrontation and conflict between opposing ideologies of settler colonialism and Anti
coloniality, white supremacy and Antiracism, challenge the very ways we live with one another,
and live upon, with, and from the Earth. Despite claims of neutrality and objectivity, the field of
engineering and the education of engineering, quite literally by design, have uniquely
contributed to our current convergence of multiple crises and injustice by fortifying and
reproducing oppressive power hierarchies and settler eco-logics. The culpability of and urgency
for change in engineering education is reflected in Lionel Claris and Donna Riley’s 2012 article,

“Situation critical: Critical theory and critical thinking in engineering education.”

“We long ago reached a certain ‘situation critical’ in engineering, in which engineers
may have abundant logical thinking skills but no practice of thinking critically about
problem framing, power relations within the profession, hegemonic epistemologies of
the discipline, or reproductive practices of engineering education. This leaves society

with technologies that replicate power relations of the status quo, and the profession
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with intractable problems around underrepresentation of white women and women and
men of color, and few tools for understanding or talking about these problems, let alone

acting effectively for change” (2012, p. 102).

This calling out of a “situation critical” and calling in for change within science
and engineering was made a decade ago, and yet, concerns about engineering education
and its outcomes have only grown in complexity and criticality. Critiques of the
long-standing and current instructional approaches and standards elevate the opportunity
to evolve engineering as more than a technocratic endeavor, but as a discipline that can
solve global and local problems with consideration of multiple perspectives, social
responsibility and dimensions of care (Gunckel & Tolbert, 2018). The application of an
ethical stance of radical care within the disciplines of science and engineering requires an
eyes-wide-open, caring of neglected things in an aching world (Puig de la Bellacasa,
2011). Such a worthy endeavor would require a transformation of engineering purposes
and the education of engineers. While recent and promising critical approaches to
engineering education (McGowan & Bell, 2020) and matters of care in science and
technology studies (Puig de la Bellacasa, 2011; Puig de la Bellacasa, 2017) provide
theoretical grounds for desettling engineering and education research, approaches that
foreground and prioritize the radical caring of multispecies and LandAirWaterStars® have
yet to be translated to engineering educational standards and design priorities.

By recognizing the lack of care and critical considerations in existing science and

engineering education, we can trace these problematic deficiencies to the pervasive

3 [ use the term “LandAirWaterStars” to attend to the problematic ways that dominant,
Westernized culture collapses Lands, Air, Waterways, Animals, Plants, Stars and Soil into terms
such as “nature” or “environment,” in effort to honor each entity and connection. The
capitalization is done with intention.
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influence of settler colonialism. Settler colonialism suppresses care in science and
engineering, stemming from progress narratives fueled and dependent on the consumption
of and extraction from LandAirWaterStars, while simultaneously causing the erasure and
exploitation of Indigenous, Black, and Brown minds, bodies and lives. By identifying
settler eco-logics as they are implicitly and explicitly reified epistemologically and
ontologically within science and engineering this study aimed to further efforts to

desettle (Bang, 2012) rather than decolonize (Sailiata, 2015), learning spaces for
ecological, socio spatial and multispecies justice through approaches of radical care

asserted by youth.

Furthermore, despite efforts to increase student voice in STEM classrooms, curricular
and pedagogical changes far too often feign the centering of students’ epistemic agency, “while
actually positioning students as receivers of ‘correct’ information and practices” (Miller et al.,
2018, p. 1056) thereby maintaining hierarchical binaries of adult educator and child learner
(Vossoughi, et al., 2021) and status quo affirming epistemologies. This study sought to challenge
these realities by mapping youths’ ontologies and epistemologies onto science and engineering
learning, teaching and doing while engaging educators with youth—not positioning youth as
heroes, but as guides, and visionaries that have sight that has yet to be fully impacted by the
cataracts of living within the machinery of capitalism and settler colonialism. By examining
students’ ways of understanding engineering as deeply connected to the care of disenfranchised
communities, multispecies and LandAirWaterStars, this study was able to capture students’
radical ways of caring in engineering that exceed the parameters of mainstream implementation
of science educational and standards, curricular and instructional reform, and moreover provide
a trajectory for how to desettle the field of science and engineering education toward just

worlding and kincentric flourishing. This design-based research pursues these related research
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questions:

1. When situated in learning spaces of desettled engineering education, how do students
engage in the co-construction of epistemic agency to promote their ontological

security and perspectives on worlding just worlds?

3
2. What engineering design priorities do students provide the field of engineering education

and engineers, for considering Multispecies, LandAirWaterStars, community and global

futurities?

Theoretical Frameworks:

Attending to and Disrupting Settler Eco-Logics

Leaning on and leveraging Indigenous scholars and scholarship on settler colonialism and settler
eco-logics, I seek to call out how westernized science and engineering education secure settler
futurities and continue invasion, elimination and mobility through deceiving progress narratives
which indoctrinate learners—learners who become scientists, engineers, educators and citizens.
In Rene Dietrich’s article, “Made to Move, Made of this Place: Into America, Mobility, and the
Eco-Logics of Settler Colonialism,” he defines settler ego-logics as, “an underlying set of logics
through which settler colonial projects produce ecological disruption” through the “regularly
unmarked and naturalized logics of exploitation, extraction, and profit maximization operative
in settler-nation states" (2016, p. 510). Through acts of invasion, elimination, and mobility,
settler eco-logics design, develop and materialize structural trophies and mechanizations of
settler industrial progress and capitalist modernity (Tuck & Recollet, 2016). Settler invasion

consumes and (re)stories Indigenous ecological expertise and existence through processes of
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exploitation and extraction of Native peoples, species, and lands — all of which, through settler
eco-logics, are determined to be inevitable, justifiable collateral costs of innovation and
progress (Wolfe, 2006). The insatiable appetite of the settler eco-logic of mobility—the
“moving in, extracting, and moving on" (Dietrich, 2016, p. 510), along every
frontier—devastates and reshapes the Land, forces dispossession and instills narratives of the
disposability of multispecies kin and non-settler communities, thereby securing the futurity

of settler colonialism and capitalism.

Due to the violent misalignment with laws of nature and care for all beings, the
persistence and pervasiveness of settler eco-logics requires the ongoing maintenance of
structures and systems of white epistemic and axiological supremacy, which further the
elimination and replacement of holistic and Indigenous ways of knowing and being. Within
science and engineering, settler eco-logics are more than maintained—they thrive. They thrive
within engineering design process models, blueprints, cost analyses, and standards, and are
entrenched in the mindscapes of scientists, engineers, and educators. As an opening for
disrupting, dismantling and unsettling settler eco-logics, this paper is an invitation to

respectfully consider the mapping of our own colonial minds.

On a personal note, I share a story to ground this invitation for future naming and
noticing of settler colonialism’s invasion of our psyches and thus our practices, epistemologies
and ontologies. During a spring morning, I was sharing a quiet moment outside with my
youngest son. As I sipped my cafecito, he softly whispered to me, “Mom, shh, the bunnies are
back.” The fact that he knew of the bunnies, and that we even had bunnies, was new to me.
After some time of stillness, the bunnies left from our view and I asked my son, “Are you going

to name the bunnies?” Without hesitation or emphasis, he simply said, “Mom, what makes you
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think they wouldn’t already have names?”

Although seemingly brief, for me, this was a moment of deep awareness, awareness that despite
actively working to desettle science education, settler colonialism is ingrained within me. I had
assumed inferiority of the bunnies, considered them to be absent without my presence, and tried
to use naming and labeling as acts of possession and storying into my existence—all linkages
towards the colonial logic of human supremacy. I offer this story as a humble exemplar of two
points of thought: First, to illustrate my son’s knowing located within a pre-colonial mindset
(Watts, 2013) and, second, to share my own as a mindset that strives to be desettled but bears
the marks of colonial programming. The intention is also to situate youth within this paper as
guides, as intellectuals, but not in the problematic ways that romanticize youth as they connect
with, care for and theorize about nature. The aim of this study is to elevate and be in solidarity
with scholars such as Affrica Taylor, who challenge the colonial assertion that “there is a
paradoxical assumption that children and nature belong together, as sites of innocence and
purity, not as always-already entangled and unevenly co-constituted participants in world
making” (Nxumalo and Cedillo, 2017, p.101). Recognizing youth as experts in and guides for
world-making requires shifting theories of children with/in nature and disrupting
adult/child/nature hierarchies in order to recognize the agency of youth, multispecies and
LandAirWaterStars as essential to creating connections needed for attending to broken-built
worlds (Nxumalo, 2018). Such a paradigm shift starves the roots of on-going coloniality by
refusing the ideas that youth are naive, less-than adults, and lacking the power and agency
earned by the letting go of childish ways of knowing and caring, replaced by colonial thought
and narratives needed to participate in colonial systems of white supremacy. Within the story I
shared, as a product of and actor of settler colonialism, my question about naming the bunnies

reflects the acquisition and denial of agency of more-than human other, rather than honoring and
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recognizing the relational agency myself, my son and the bunny have merely by holding place
and consciousness together. My son matter-of-factly knows that his world is inclusive of the
worlds made by the bunnies, the bees that visit, the dandelions he says are pretty, the crows that
feed on the grubs, these worlds within worlds, all connected, with valid doing, being and

happenings, despite/in spite of humancentric enactments and ideologies.

Original Intuition, Emplaced Agency, and Children

If we hold the understanding my son illuminated as truth, then we begin to grapple with the idea
that agency is not something given from above, within a hierarchy of power and domination,
but rather exists within the matter and mattering of all humans and more-than humans. Vanessa
Watts (2013) offers the theory of place-thought, which takes the ontological-epistemological
stance that there is a “non-distinctive space where place and thought were never separated
because they never could or can be separated” (p. 21). With roots in Anishinaabe and
Haudenosaunee cosmologies, place-thought theory is based upon the fact that “land is alive and
thinking and that humans and non-humans derive agency through the extensions of these
thoughts” (p. 21) and the stance that “if we think of agency as being tied to spirit, and spirit

exists in all things, then all things possess agency” (p. 30).

The concept that Plants, Animals, Lands, Air, Waters, and Stars have agency because
they simply exist, separate and in relation to one another, not based on what humans determine
them to be, is absent in westernized science and engineering. Settler colonial instructions for
managing more-than-humans requires erasing their agency, extracting their mattering and
experiences in order to subjugate them to the will and agendas of humans and human industrial
progress. Settler colonial thought strips away relational complexities in order to reduce

knowledge into binaries like nature/culture, good/bad, living/non-living, civilized/wild. This
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reductive approach provides a scaffold for domination, for profit, for operationalizing settler
eco-logics. As Bang (2017) writes, “Settler-colonialism minimizes the importance of the natural
world, and constructs narrow relations between humans and the natural world. Nature’s
ontological status is relegated to that of a resource” (p.132). Without relational complexities,
knowledge and knowing of self and others are incomplete, inefficient, short-sighted and
devastating. Liberatory transformation of science and engineering demands the (un)learning of
settler colonialism, which can begin with the understanding that it is a construct that can be
undone. It has an origin of place in our minds that informs practice. According to Tiokasin
Ghosthorse, returning to our original instructions means a returning to original intuition, which
means a returning to our relations and a returning to listening to Earth, knowing she is listening
to us, and knowing science is within and because of nature (Young, 2021). ““...Original
instructions/original intuition is located in what Susan Hill calls the ‘pre-colonial mind’ (Watts,
2013, p. 22). Pre-colonial minds consider what the Land’s intentions might be and how she tries
to speak through us and to us. For youth, like my son and the children in this study, who have yet
to endure years of settler colonial programming, proximity to original intuition provides clarity
of and comfort with relational complexities that holistically presence the agency and beingness
of more-than humans. Before we consider the potentialities of centering youths’ logics for
radical care approaches in science and engineering for worlding common worlds (Latour, 2004),

we need to give attention to how children are not being perceived and/or positioned in this study.

Stances on child development in this study are contrary to settler tropes of young children
being developmentally inclined to have a kinship with multispecies, Land AirWaterStars entities
and natural forces as evidence of naivete—as a beginning stage of human development, not yet
complete. This research challenges the perception that humans become more whole as they

move away from so-called innocence, along developmental trajectory towards adulthood,
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adulthood measured by achieving a nature/culture divide which further validates
anthropocentric dominant ideologies and ecological harm. (Nxumalo, 2015; Nxumalo, 2016)
Instead, this study aims to trouble such perceptions of childrens’ development by elevating that
this departure is anything but natural. Rather, it telegraphs the onset of settler colonial
programming; it is a narration of severance from eco-social relationalities; it is cyborg-making
(Haraway, 1991). Centering relational pedagogies and relational onto-epistemologies of children
means understanding that they are holistically, geographically, biologically, culturally and
generationally situated in multispecies entanglements, as actors and witnesses of the worlding
of their always-becoming worlds. (Taylor and Pacini-Ketchabaw, 2018) This study aimed to
design pedagogical conditions and engagements to disrupt the inscription of settler eco-logics
by supporting the ontological security of students' complex, original intuitions and relational
ways of knowing, considering and caring for all species and LandAirWaterStars. (Bang &
Marin, 2015) Caring for students’ ontological security requires seeing that youth are whole
beings, capable of navigating complex realities and futurities and deserving of having their
heterogeneity valued and presenced. To do so, particularly in formal learning spaces, means to
design pedagogical practices and learning that disrupt settler colonialism conditioning through
moments of critical speculation that support “students in navigating through time-space
relations by creating temporal and spatial synchronicity that refused settler colonial erasure”
(Bang & Marin, 2015, p. 542). Countering colonial hierarchies of being and becoming requires
the (re)opening of paradigms and pedagogies that not only embrace but also honor youths’
pre-colonial stances on and relationality with nature—providing adult educators and engineers

with radically caring insights and sight.

Radical caring, absent from idealistic, neoliberal notions and damage-centered

savior agendas, but rather is informed by critical pedagogies, provides a legitimate and

186



liberating opportunity for the social dreaming (Espinoza, 2008) of a hopeful otherwise
beyond the dominant and domination of beings and worlds. As Hobart and Kneese (2020)

write:

“Radical care can present an otherwise, even if it cannot completely
disengage from structural inequalities and normative assumptions regarding

social

reproduction, gender, race, class, sexuality, and citizenship (p.3) “...care is about
the survival of marginal communities because it is intimately connected to
modern radical politics and activism....During moments of crisis, radical care

allows communities to live through hardship” (p. 10).

Aims of evolving science and engineering to have a pulse, a heartbeat (Frausto et. al, 2022)
necessitates pedagogical (re)designing and (re)purposing to center youth knowledges and
radical care while supporting youth as they learn about and speculate about the world and the

world that is yet to be.

Methods

Curricular Design Implementation

Engaging students in critical speculation at the boundaries of settled, Anglo-western, science
provides escape routes, pathways and expansive learning landscapes. It presences ontological
intuitions, epistemic awarenesses and socioecological complexities so youth agentically engage
in worlding practices for social change. In consideration of the urgent need to desettle science
and engineering that reifies settler colonial eco-logics this study leveraged the Critical

Speculative Design Pedagogy framework (Arada et.al., 2023) to move teaching and learning

187



outside the enclosures of normative engineering pedagogies and processes.

Critical Speculative Design Pedagogy Framework (CSDP) aims to attend to the call for
socio-political, socio-ecologically conscious teaching and learning that focalizes and vocalizes
the how, the for what, the for whom, and the with whom of teaching and learning (Phillip, Bang
and Jackson, 2018) and be mindful of how understandings of the past and present inform the
designing and building of worlds in which youth are critically enmeshed. Thus, the CSDP
framework is grounded in the recognition that youth have the epistemic right to engage in
learning that honors and centers their ontological orientations, knowledges and ways of knowing
within consequential, future-facing endeavors. Within CSDP, youth are valued as generational
stakeholders who can and necessarily are positioned to speculate about a best ways forward to
design for just worlds, despite and in spite of unjust complexities and socioecological doings
and undoings. CSDP framework includes instructional design elements of constellar youth
knowledges, consequential concern, critical liberatory presencing, futurity play and kindred
relationality. These design elements are not to be understood as separate but as interwoven, as
they form the connective heart tissue of radical care desperately needed in an engineering and
engineering education centered on social and multispecies justice (Arada, Sanchez & Bell,
2023).

Implementation of the CSDP framework in the curricular design of this study
foregrounded students’ constellar knowledges, not merely as moves towards inclusion for
assimilative participation, but for visibilizing the onto-epistemic heterogeneity missing in
reductive, zero-sum learning (Warren et al., 2020). Designing curricular learning that priorities
the presence and weaving students’ generational and intuitional constellar knowledges disrupts
epistemic arrogance and hierarchy espoused in dominate science and engineering education.

This foregrounding carves out pedagogical possibilities for epistemic desettling that produce
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expansive learning Landscapes for community and global mattering(s) that are beautiful,
troubling and yet to be dreamt. Within engineering education, the CSDP framework approach
illuminates the ways engineering design and content are situated in real-world contexts with
consequential generational and socioecological concerns. By grounding engineering learning in
consequential concerns, students’ critical sociotechnical literacy is nurtured as they “think about
the social implications of their designs and their impact on the social structures and
sustainability of communities" (McGowan & Bell, 2020, p. 15). The CSDP framework pushes
on ambiguous undertakings and understandings of “sustainability” and encourages communities
to leverage a critical liberatory presencing (Sanchez, in press) which calls for the
dignity-affirming and generative representation of Black, Brown and Indigenous brilliance,
experiences and futurisms (Espinoza & Vossoughi, 2014). This necessitates shifting
engineering, and engineering education, away from technocratic problem-solving and
product-development agendas, towards engineering that prioritizes boundless speculative
thought and consideration of and for kincentric flourishing (of community, multispecies, and
LandAirWaterStars). These expansive priorities, as they are taken up in CSDP, negate moves
towards eco-apocalyptic, universalist stances that by default secure only white futurites. Rather,
these priorities aim to engage in the cultivation of what Mitchell and Chaudhury (2020) call
plural imaginaries, that “exceed white visions of ‘the’ end of ‘the world’, embodying much
wider, diverse, and transformative concepts of, and beyond, ‘humanity’, ‘nature’, and ‘the
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planet’ (p. 2). Engineering education that positions learners as co designers with shared
responsibility to (re)design just worlds of reciprocity and relationality necessarily requires
critical speculation beyond the confines of settler colonial and neoliberal logics of progress and

technocratic innovation.

Learning Context
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This study is part of a longitudinal, multi-scale research practice partnership (RPP) between the
University of Washington and a local school district. In effort to attend to a leading edge of
science and engineering education research, a cohort of teachers participated in a kindergarten
through-sixth grade pilot of the Social Focus Initiative. Guided by the Social Focus framework
(Sanchez, in press), the Social Focus Initiative began in local middle schools, aimed to support
the teacher learning and development of justice-oriented, culturally resurgent science instruction.
For this study, two white teachers from different schools opted to pilot a Social Focus third
grade science and engineering unit in collaboration with myself and my graduate researcher
partner, Kelsie Fowler. The partnership employed a social design research approach, which
positions teachers and researchers as collaborators in the pursuit of transforming science and
engineering education. Between the two teachers, there were three classes totaling 64 students,
with one of the teachers having two science classes. The two schools shared similar student
demographics, and in aggregate across both schools, 55% of students identified as being part of
racial and/or cultural groups representing people of the global majority, with the remaining 45%

of students identifying as white.

It is important to note that the research conducted in this study was done during the
height of the COVID-19 global pandemic, which abruptly moved public school learning from
the classroom into the homes of teachers and students. Given these unprecedented conditions,
teachers, students, and families traversed along a steep learning curve of digital remote
instruction. Necessarily, teachers and researchers adapted to these new conditions, editing
lessons for compatibility with online learning platforms. Therefore, data collection for this study
was done remotely. Due to mandates enforced by the district, science instruction time was

reduced, impacting the scale of the research and partnership. Importantly, these unforeseen
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complexities and constraints are not shared to paint a scenario of limitation, but rather to
highlight that the children in this study embraced the expansiveness of the new curriculum
despite such conditions, brilliantly offering up kincentric engineering design principles to

move the field of engineering toward just worlding.

Curriculum Enactment and Data Collection

Selection of the third-grade physics and engineering unit was based on previous analysis of
students' conceptual models and observational data from multiple classrooms, which revealed
that students’ curiosities and speculative questions exceeded the bounds of the adopted
curriculum. This district adopted curriculum unit leveraged the phenomenon and investigation
of maglev trains, which is seemingly contemporary and provocative. However, the curriculum
reflected zero-point epistemological learning and storylines with ridged enclosures, which steer
students toward content standards which, in this case, were myopically focused on forces of
magnetism and gravity. Early analysis of students’ conceptual models and classroom discourse
showed that students attempted to speculate about how and where these trains existed, or if they
existed at all, and if so, how they were developed, how they function beyond rising and falling,
and if they are safe. Despite students’ desires to learn about the sociotechnical complexities of
maglev trains, the reductive curriculum and district constraints failed to attend to students’
inquiries, as they were not related to the standards needed to learn to pass the end of unit

assessment.

Based on this evidence, my research partner and I co-created pilot lessons using the CSDP
framework to contextualize high-speed train development in real global socio-ecological spatial
geographies while also providing consequential learning opportunities to nurture students’

intellectual health. To support youth intellectual health, we engaged them in the “intellectual

191



work of storying” and “dreaming forward” about “healthful ways to think about the world and
to deliberate about the world, to think about what could be, to think about the challenges of
living in Westernized systems things like decolonization, things like understanding colonial
systems but also things like how do we generate a new always” (Bang, 2020, 20:14-20:36).
Developing pilot science and engineering lessons to nurture students’ intellectual health
required shared understanding among the design team that youth are already positioned within
power-laden socio-ecological entanglements that are ever-present in sociotechnical
developments. Therefore, youth were provided opportunities to critically speculate and get into
the muck that is at the intersection of technoscientific development with cultural, multispecies

and ecological realities and futures.

The unit created for this study aimed to engage third grade children in speculation and
deliberation about science and engineering innovation, centering learning around the Social
Focus question What and who should scientists and engineers consider when developing
technology and solutions? The arc of learning began with a family and community elicitation
about the role and experiences with transportation and speculative designs of possible future
forms of high-speed transportation. This type of elicitation moves away from performative
and interloper lessons that ask students' families to share how the content resonates with their
lives, never to be revisited. Instead, the elicitation was designed as a self-documenting
activity to presence the expertise within students' worlds and communities, to inform how
content is considered and move learning outside the barriers of settled learning (Tzou & Bell,
2010). Following the elicitation, perspective-taking lessons and materials were created to
continue to move content and learning to challenging positivistic, technocratic engineering

stances to shift learning towards learners’ kincentric orientations and intuitions.
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Grounded in posthumanist feminist science theory, perspective-taking learning activities,
called stakeholder lessons, push for the critical liberatory presencing of the oppressed and
invisible human and more-than-human actors (Medin & Bang, 2014). The pedagogical practice
of perspective-taking positions learners to traverse spatial and temporal boundaries and engage
relational epistemologies to connect content to complex roles within socio-ecological systems
and places (Pugh et.al., 2019). For this study, perspective-taking began within student-led
discussions, which asked them to consider who is an engineer and where engineering is done,
moving perspectives away from white identities and countries as dominant doers of engineering.
Students then learned that high-speed trains are a global endeavor by conducting critical
research activities on four real-world high-speed trains currently in stages of development or
proposed for development. Discourse prompts and activities were embedded to help students
deliberate as peers about why the trains were being proposed or developed, consequential
concerns about development, and who and what should be considered when making final

decisions about the trains.

These critical research perspective-taking activities were created to help students
consider the complexities of building the train, including the impacts to local communities and
impacts to natural environments. The unit culminated with students taking the perspective of
engineering design team members tasked to invite the stakeholders they considered to be

essential to determine how and if the train would be built. (See Appendix B for detail.)

Qualitative Analytical Methods

To address the proposed research questions, I employed a thematic analysis approach (Braun &
Clark, 2017). Thankfully, I was able to attend the majority of all the science classes in this study

as an insider participant, therefore I took ethnographic notes while reviewing the class
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recordings, documenting the interactions between students and teachers and peer discourse in
the whole group space, break-out rooms and within the online chat space. This approach and
process was emulated by my co-researcher Kelsie Fowler, which informed our conversations,
guided by a grounded theory approach that asks, “What is happening here?” (Charmaz 2001, p.

337).

Through the analysis of notes, classroom video and student artifacts, with critical
attention to how students engaged in the threading and weaving of science and engineering
content and their constellar knowledges and perspectives on multispecies and
LandAirWaterStars, patterns of socio-ecological care in engineering became evident. These
patterns materialized succinctly in students’ culminating assignment of Stakeholder Design
Meeting Invitations, making these artifacts the primary data set and unit of analysis for this
study. I transcribed each of the digital Stakeholder Design Meeting Invitations (n=60), then used
a thematic analysis method (Denzin, 2005) to identify salient themes within students’ responses
regarding who/what they were inviting to the train design meeting. Initially using an
open-coding approach (Strauss & Corbin, 1998) of students’ invitations, I created categories of
stakeholders, such as farmers, plants, animals, and grouped stakeholders. Then through a
process of focused coding (Miles et.al., 2014), these categories were organized to identify core
themes in the invitations, asking the questions, how are students positioning essential
stakeholders in the design meeting and what do they elevate as vital considerations when

designing and developing the maglev train?
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Findings

“Are there any more human beings, seems to be there are a lot of technical

humans.” — Tiokasin Ghosthorse

Promising and prescient events of anticolonial engineering education and the field of
engineering are presented in the following findings. The findings are structured chronologically,
narrating how the virtual classroom transformed into a space of epistemic sovereignty for
students, creating contestations of coloniality and presencing kincentric flourishing within
engineering. The findings begin with how classroom learning shifted away from settled learning
by asking youth to center their inter-intrapersonal connections to transportation and the
engineering of future transportation. The storying of the findings then moves forward through
the learning experience, sharing the ways students increasingly engaged in contestations of
colonial, technocratic engineering as they learned more about the global socio-ecological
context of the trains. The findings conclude with students’ four critical and radically caring
socio-ecological engineering design principles, which surfaced from analysis of their

culminating activity.

Desettling through Student Inter-Intrapersonal Elicitations

In alignment with the CSDP framework and in effort to break through the walls of reductive
science and engineering learning, an elicitation lesson was created for teachers to provide an
opportunity to begin learning with the centering of students’ authentic and expansive inter
intrapersonal connections to transportation and designing transportation. For this elicitation
activity, students asked a family or community member(s) about what they thought about local

transportation, what works, what doesn’t work, to share stories about their experiences or
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knowledge about various forms of transportation and to speculate about what the perfect
transportation system would look like in the future. (See Figure 1: Student elicitation
examples.)

Community and family responses predominately focused on utility, uses and designs of
transportation, but at the same time hinged on the belief that their transportation system, as it is,
is limited in its usefulness because it lacks consideration of community, the environment, and
future socio-ecological needs. For example, a student’s father who was video interviewed shared
that there are many challenges to consider when designing local public transportation. He stated,
“This is needed so bad,” and at one point he says, “and here they have a lot of water to deal with
and that is hard. They are building bridges because they can’t just build right on or in the
water....yeah, this is something they need to think about.” What goes unsaid here is why water
must be considered. However, he seeds Water, and Water-placemaking as a key stakeholder and

consideration in transportation design for the future.

The elicitation activity countered dominant positivistic views of engineering and
transportation that are pushed when learning is absent of personal and real-world complexities.
By opening up learning to invite inter-intrapersonal connections, students and their families
were elevated as valued sources of knowledge. Beginning with the inclusion of personal,
complex views about the unit topic expanded learning and initiated the unit as an investment in
youth’s intellectual health, opening the classroom as a space to grapple with the consequential

entanglements of engineering and living, lived worlds.
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Figure 1: Student transportation elicitation examples
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3.) "This student and their brother dreamed up a transportation device that moved people from an
urban downtown immediately into a forest."

In class discussions about the elicitation lesson, students’ inclination to stay with the
trouble (Haraway, 2016) was evident. Students weighed complexities when several students
elevated the fact that not all families have access to affordable transportation, such as one
student sharing that light rail “routes are probably great for families that want to go to a big
soccer game but may not be close to other areas where some families need to go, to like work or

see family.” Class discussions toggled between the tension of naming human-centric “benefits"

of
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29 ¢¢

transportation made by teachers such as being “fast,” “efficient” and able to “go far,”

juxtaposed with students’ holding of socio-ecological concerns, such as saying that the trains

99 ¢

would cause “too much pollution,” “we need solar panels that could be used by different forms

29 ¢

of transportation,” “for some people it might not be a good thing,” “maybe there are longer
lines for some people” or that the trains will be “too expensive.” The elicitation and initial
discourse activities illustrate youths’ keen sensibilities to not just take content at face value by
challenging canonical stances of technological progress. They also speak to the students’

abilities, capacity and interest in taking up consequential concerns, different perspectives, and

exploring the tensions and possibilities between those perspectives.

Student onto-epistemic resistance and refusals for the centering of kindred relationality

As the learning progressed, students were asked to consider research on four real-world high
speed trains being proposed for development or in stages of development in Asia. During this
activity, students' inquiry into socio-geospatial realities increased, surfacing more consequential
tensions about the true costs and untold truths about the trains. For example, during whole-class
discussion about the pros and cons of high-speed trains, when it was mentioned that residents
near the train would be able to commute to work, several students added counter points to
residents’ proximity to the train as a potential cause of “noise pollution” and “litter”” and
inquired if the tracks would actually cause more fatalities and property damage. In one student
breakout room conversation about whether or not a particular train should be built, the

following was said:

Student 1: “I don't know what to think because it is a lot of money and doesn't go
that much faster. [long pause] What do you think?”

Student 2: “I--1 don't really know what I think because yeah it can break trees and kill
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animals and stuff to put it in and---and how you said Elijah, it costs 88 million
dollars!!!! Like wow! But I do like that they aren't broke by earthquakes, so they won't

need to be fixed and all that. Just put in. But yeah, I don't really know.”

The above student conversation excerpt is representative of how the third-grade students
in this study embraced the troubling of the development of the four trains they researched.
Designing science and engineering education that prioritizes consistent, expansive, critical and
speculative learning opportunities (re)opens up the classroom as a space that contradicts
learning that attempts to espouse “one right answer” white supremacy traits (Jones and Okun,

2001), which fails to nurture students’ intellectual health.

The next lesson in the sequence of critical research learning shifted from having students
investigate four trains to focusing specifically on one high-speed train being proposed for
development in South Korea. Although either/or thinking is a trait of dominant white supremacy
culture (Jones and Okun, 2001), binary instruction and instructional practices, such as pro/cons
lists, continued to be employed by teachers. However, students resisted this simplistic mindset,
opting for more rigorous thinking and questioning if there could truly be pros with so much
harm to nature and communities. Students were attuned to settler colonial default thinking,
which considers increased tourism and economic growth as uncomplicated pros and collapses
cons into “impacts to nature,” invisibilizing LandAirWaterStars, multispecies animals and

plants and oppressed human community members.

The more teachers tried to “see both sides” (teacher quote during a post-observation
conversation), the more students engaged in acts of contestation and critical inquiry, which
ignited a culture of collective refusal and reclamation of the learning space. Evidence of this

shift arose in the way students began to take ownership of the online chat space to presence
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their onto epistemic refusals. Knowing that the teacher did not often monitor the online chat
space, students engaged in rogue side conversations pushing back on narratives about the train
being a technological innovation engineers had created for human progress. In several
instances, students even resisted releasing the chat space after class ended by continuing peer

discussions after class in a way that refuted the in-class conversation. (see Figure 2).

Figure 2. Example of chat contestations as acts of refusal

Student chat regarding the train
being developed in Incheon, South
Korea:

LHters Sosnoe

Mo incheont S1: “It takes up space and time.”
S2: “All just to make tourism go
up?” S3: “no in cheon yes nature”
S4: “Boo” and “No Incheon”

S5: “same”

Following the lessons that engaged students in learning and wrestling with
background research on the focal train, students engaged in a set of stakeholder lessons. The
design of stakeholder lessons call for the critical liberatory presencing (Sanchez, in press) of
beings and natural entities that all would otherwise be marginalized in normative science and
engineering education. The stakeholder lessons also intended to promote perspective-taking
to answer the unit Social Focus question, What and who should scientists and engineers
consider when developing technology and solutions? While stakeholder lessons were
intended to surface this question, the students were already far ahead of the designed
curriculum, considering perspectives and beings absent from the conversation from the very
beginning.

As learning unfolded, students' resistance and refusals and moves to (re)story the
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engineering storyline further flourished when classes began identifying stakeholders. The lesson
began with teachers attempting to scaffold the class discussion to create another binary list:
stakeholders that would benefit from a train and those that would not. Students pushed back on
the ‘either/or thinking’ list making by repositioning and reiterating relational epistemologies
(Cajete, 2000) as they named stakeholders. For instance, when one teacher asked, “Well, don’t
commuters benefit from the train?”’ a student responded, “People, commuters, can get to work, or
where they are going fast but their neighborhood is not happy, it will be littered and have less
trees.” In all three classes, students made consistent moves to trouble the colonial,
onto-epistemic stance of technological and economic progress, pushing back against naming
stakeholders such as tourists, banks, and businesses along the train route without caring for and
discussing complex relational entanglements each stakeholder posed. Eventually, this battle of
wills came to an impasse, with students leveraging their power and rights of disengagement to
counter the teachers’ power as the instructors. If we consider the learning space to be like a
property, students’ disengagement in discourse reflected silent, sit-in protests which commonly
occur in settler spaces as brave acts of resistance and refusal. Mirroring these acts, students,
once again, turned to the chat space to voice their ideas about stakeholders and their relational

reasoning for identifying stakeholders. (see Figure 3)

Figure 3. Student discussion in online chat space
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“Marine biologists will be sad if the
waters are polluted because they study
the life of marine animals and if the

water is polluted they won't be able to.”

Students’ commitment and determination to engage in relational epistemologies while
considering stakeholders in the train’s development resulted in teachers relinquishing the
structure of the lesson by allowing students to engage in relational reasoning as they identified
stakeholders. This rupture of classroom dynamics led to a profound (re)placing and (re)storying
of the standardized engineering education storyline with one that embraced complex relational
entanglements and socio-ecological realities, centering students’ onto-epistemic knowledges
and ways of knowing while also spurring teachers’ critical reflection and flexion.

As a result of students' resistance and determination and the critical reflection and flexion
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of the teachers in the study, the stakeholder lessons were expanded to include an activity to invite
stakeholders to an imagined design meeting stakeholders. The design meeting invitation lesson
was created to help students continue to speculate about who essential stakeholder decision
makers would be to determine the future of the train. The outcome of the stakeholder design
meeting invitation lesson expanded the engineering learning to illuminate the multispecies

LandAirWaterStars kindred relationality present in all engineering endeavors.

Analysis of all 64 student design meeting invitations resulted in 58% of the invitations
prioritizing Animals, Land, Water and Trees as essential stakeholders. Of the remaining
responses, 33% went to farmers, highlighting students' valuing of community and the
relationship between farmers, Land and nearby Waters, and 9% were addressed to citizens,
government officials, scientists or engineers, with invitations being framed as critiques or
challenges to their presumed stance of the train development. By integrating lessons designed to
value and center students’ constellar knowledges and ontological security, the classroom learning
space transformed. How this transformation unfolded provides insights into how students’
resistance and refusals call out and call into light dominant, settled, pedagogical practices and

epistemologies, which foreclose expansive and complex future-facing thought.

Further analysis of the design meeting invitations provide researchers, educators and the
field of engineering with students’ socio-ecological logics for radical caring in engineering.
Students’ socio-ecological logics posit a worlding (Haraway, 2015) agenda and approach to
engineering, shifting the purpose of design and development of human-doings and being to be
in right relationship multispecies and LandAirWaterStars kin for living reciprocally and

harmoniously.
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Discussion: Childrens’ Just Worlding Design Principles

Students’ socio-ecological logics for radical care in engineering for just worlding are
presented in the following section, organized by engineering principles that arose from

students’ stakeholder design meeting invitations.

Design Principle 1: Honoring kindred relationality as design priority

Analysis of students’ invitations illuminated their radical care for worlding technoscientific
design as being grounded in the worlding premise that humans and more-than-human species
and entities are intimately connected socio-ecologically, through time and space. For students,
knowing of these relational entanglements seemed to be a core ontological orientation of
rightful kinship, leagues away from settler processes of human supremacy. Radically caring for
kinship presenced the lifeways and affective and intellectual complexities of non-human actors
living alongside humans, and in consideration of humans. Naming commitments toof radically
caring kinship is evident in the following transcript of a student’s stakeholders design meeting

invitation:

[To: Landscape] 1 just received info that a certain train is being built around your
border. I wid like you & I to meet to state your concerns and your ideas to make this train
better for you and all your subjects. I will give you the intel for the ups & downs of this
train. I would also like you to bring 2 or 3 of your subjects to state their concerns for
other things you would like to change. Please tell us if you will be joining us, where and
when. We live around the train, we don't know what to think, so you are the decider. PS:
We are here for you. We are not against you, as others have been in the past.

This example of a stakeholder invitation uniquely models radically caring commitments of
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kinship, in that this invitation was co-authored by friends that were inspired to not only write

their own invitations, but also felt moved to express their solidarity of and for kinship. These
kinfolx also demonstrated their collective knowing of entangled and interdependent connections
while storying the complex life-ways and life-beings in a perspective-taking invitation response

co-create by 3 students who decided to meet over zoom to partner on an invitation response

their respective stakeholders- the Landscape, Professor Owl and Elky the “scientific mind.”

[Response from Landscape, Owl & Elk] I am pleased to say that your invitation was
received. I will bring my councilman, the Principal of Owlty, "if you send your kids here
they won't just get a great education but they will be treated like royalty." His name is
Professor(when you address him, always say professor) Owl; and my sister’'s.....Elky, the
scientific mind of my life. Elky will represent our concerns and the public eye. Professor
Owl will represent our ideas to improve and help, the world and I will represent the bond

between Earth and humans.

Students’ narration of Land, Owl and Elk situates nonhuman animals as embodied
individuals with a stake in the design (Houston, Hillier, MacCallum, Steele and Byrne, 2018)
and Land as a sentient being. This positions them not only alongside humans, but as radically

caring kin committed to the cooperative nurturing and educating of “kids.”

What broken-builtness of education, engineering and human centrism can be repaired,
restored and (re)imagined if our minds and proverbial hearts are learned up by the timeless
knowledge(s) of LandAirWaterStars and multispecies? Puig de la Bellacasa asserts, “We must
take care of things in order to remain responsible for their becomings™ (2017). How does this
apply to our youth? For what becomings of our youth do colonial ways of teaching and living

represent tragic un-becomings? In other words, which students’ invitations present themselves at
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the intersection of radical and holistic becoming and un-becoming in relation to the
indoctrination of colonial matrices and reconfiguring of human-LandAirWaterStars-Multispecies
relations? The radical caring of kinship elevated in students’ stakeholder invitations offer insight

into worlding processes that prioritize relationality, for collective continuance (Whyte, 2018)

This invitation (and the other invitations) from students is not only an invitation to the
Land, Owl and Elk. It is an invitation to for us as educators, as designers, as kin, to engage in
becoming worlds that (re)storying and (re)place radically caring for multispecies and
LandAirWaterStars kin at the heart of education, technoscientific design and development and

within ourselves.

Design Principle 2: Critical & liberatory presencing of multispecies, LandAirWaterStars &

rights of nature

It has been established that the influence of settler colonialism’s epistemologies of human
supremacy, which maintains nature/culture divisions, has resulted in a lack of empathy and care
among technoscientific designers in the field of engineering and the education of science and
engineering (Gunckel and Tolbert, 2018). If we ponder the question, A¢ what point on the
pathways of life and learning does empathy and care get replaced?, we may find ourselves
within the walls and spaces of “civilized” institutions such as school. The critical liberatory
presencing of multispecies and LandAirWaterStars by students in their invitations offer a rights
and justice-forward approach towards empathetic, radically caring design and development.

In the following example, the student situates Mr. Peckie, the Woodpecker within the
geography of the train, as an agentic being, reflective of place-thought, and not only capable of
providing guidance to inform technoscientific designs but also holding necessary placed and

relational experiential expertise. Additionally, this example, as was true in other examples, is
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evident of how the content learned during the engineering critical research lessons was

leveraged during the stakeholder design meeting invitations culminating lesson.

[To Mr. Peckie the Woodpecker] When we build this train we will have to cut down many
trees in your habitat. We will also have to pollute wildlife water supplies in order to build
the train. We have some questions for you too! First, how crucial are the trees that you
live in? Second, are mountains important to your ecosystem? Third, are you okay with
finding a new home? Fourth, where do you get your fresh water supply? Fifth, why did
you choose to live here? Lastly, are you okay with this natural habitat being destroyed

(maybe not) probably though forever?

The presencing of Mr. Peckie the Woodpecker as rights-full is evident in the fact that the
line of inquiry infers that the train will destroy the Woodpecker’s habitat impacting his (gender
implied by student) right to live and be in thriving relations with clean water, wildlife,
mountains and trees. By understanding and elevating the inter-intraconnectedness of Mr.
Peckie, multispecies, trees, mountains and waters, this student materializes the embodied
lifeways that will unjustly be harmed, reduced to collateral damage for colonial definitions of
progress and eco-logics of mobility. This student presences the rights of the would-be-erased,
displaced, unknown and never-to-become by radically caring about the survivance and thriving
of the Woodpecker’s web of life. This radical care situates the design of the maglev train within
the entanglement of multispecies and ecological justice and technoscientific development.
Additionally, this student counters humanism in engineering through a presencing of
multispecies justice and rights framing that values Mr. Peckie the Woodpecker’s experience and
input as central to deciding if and how the train should be developed. This student example is
representative of the 58 of the 64 stakeholder design meeting invitations, which all propose the

radical caring of multispecies and ecological justice by foregrounding the rights and critical
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liberatory presence of stakeholders for worlding just worlds. Of the six that did not directly
name a multispecies and/or LandAirWaterStars stakeholder, five directly named human roles
they believed to have power to make decisions about the train being developed, and one student

named a Martian as a stakeholder.

Design Principle 3: Transparency & humility as a valued design stance

Aligned with, and in support of the three other design principles, the call for engineering and
settler transparency and humility counters anthropocentrism, which enables the fallacy that
humans are the most significant entity on the planet resulting human domination-over all
multispecies and Land AirWaterStars sentient entities. The following two transcripts of
student design meeting invitations model engineering practices of transparency and humility
to set a trajectory for just design and development while inviting methodologies of resistance

and refusal.

[To: Oi River & fish] We are making a maglev train in Japan and we are building it
because it will be twice as fast as the old train. We are notifying you because it may
pollute the Oi river. We request that you help us create alternate tracks. We need you to
come bc nobody can better help us find safe paths then somebody that lives in the Oi
river and depends on it. You will give us a very new perspective because everybody else
is a human. Do you already have other ideas for paths? Do you think we should

cancel the whole idea? By the way, you may bring other animals and plants.

This student example models a practice of foregrounding transparency and humility in
technoscientific development with the statement, “We are building it because it will be twice as

fast as the old train,” followed by, “We are notifying you because it may pollute the Oi river.”

208



On the surface, this would seem a simple declaration of fact. However, the student provides a
model of transparency for engineering as well naming potential socioecological impacts. By
stating the motive for developing the train first, followed by informing the stakeholder how they
may be impacted, this student radically challenges the anthropocentric dynamic of settler
colonial methods of engineering. They do so first by elevating the river and fish as equal or
perhaps superior beings to humans. Second, communicating and radically caring about the
harm(s) caused by development is drastically counter to settler eco-logics of mobility
perpetuated in industrial engineering, which minimize environmental impacts and/or take a
hindsight mode that sees these impacts as an inevitable and worthy cost of progress. Kristin
Gunckel and Sara Tolbert call out the support for these settler eco-logics of mobility and
minimization of harm done to nature in the NGSS, engineering education standards and NRC
Framework. They state that “by suggesting that design can solve any problem that people want
to change, the Framework and NGSS perpetuate the technocratic myth that societies can
engineer themselves out of all complex and thorny situations without addressing the underlying

human dimensions that create the problems in the first place” (2018, p. 5).

The following student stakeholder invitation shows how engineering can counter
dominant and enabled stances of human exceptionalism, arrogance, and practices of deception.
Leveraging their original intuition, this student provides anti-settler eco-logics of transparency
and humility that are visceral and palpable, using affective prose to urge rural farmers to

attend the stakeholders design meeting.

[To: Farmers] We want to talk to you because we have a problem. I think you should
come because you are a stakeholder and we are making an impact in your environment.

The impact is that we are building a massive train. Of course before we release it we
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want to talk to all the stakeholders. So we really want to talk to you so we can make a
decision. Now why we want you is because we want others perspectives, not just ours. We
want some others’ perspectives bc if we don't have other perspectives, then a lot of
people will be against us. We have a few questions. That you should answer. We think we
have the answer to this one but will you be fine if your crops are ruined? Probably not.
Well another question is do you like noise right next to you because our train will have a
lot of noise and cost a lot. Anyway that is all we wanted to ask and I hope you will share

your ideas.

Humility counters westernized positivism in science and engineering which tout
technoscientific innovations as universally beneficial. Humility is not synonymous with
weakness, shame, or powerlessness. Rather, according to Tiokasin Ghosthorse, “We can be
humbled by addressing our grief. We can be humbled by addressing that maybe we've done a
little too much with technology. We made that our savior. Maybe we've done a lot of things that
we should have never done” (Young, 2021, 57:30). Students’ narratives of humility restructure
power by positioning community and ecological entities as resources of expert and necessary
knowledge. In the example of the Oi river and fish, when the student writes “We need you” and
to asks them to “bring other animals and plants,” the humility expressed is not to be diminished
as childish innocence, but rather a powerful knowing of missing relational epistemologies and
ontological intuitions (Young, 2021, 4:07) that are necessary to (re)member and (re)imagine

ways to (re)design structures and learning to be radically caring.

Design Principle 4: Resistance and refusal as valued design practice

Throughout this study, students fundamentally asserted the need to axiologically (re)story

sociotechnical design and development towards radical care for a futurity in peril, futurities
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denied and a futurity of becoming-with worlds (Haraway, 2015). As indicated, this means that
engineering and engineering education need to be desettled by prioritizing principles of
reciprocal kinship and establishing design criteria and practices that prioritizes the critical
liberatory presencing of multispecies communities and LandAirWaterStars for socioecological
justice. Such a (re)story would be revolutionary, as it materializes an ongoing design stance of
resistance and refusal if development is determined to be unjust. This runs contrary to one of
the teacher’s perceived ideological struggle during instruction, summarized in their positivist
comment, “I have to hold onto the belief that science, scientists and engineers are always trying
to do good.” Instead, students maintained that science and engineering endeavors must prove
they are just and are always at risk of being disrupted and/or denied. Clarity of this stance of
resistance and refusal is evident in the following two student design meeting invitations and

narrated responses.

[To: Environmentalist]/ You have been invited here to look at this train in your own
perspective. It is a long maglev train that runs along beaches & forests. This meeting is
important because we want to know a new view on helping the environment. I hope you
can tell us what would be good for the people and the Earth. These are some questions
for you to answer: What would this train do to hurt the environment and what can we

do to help it? What can we do to help stop noise pollution? Thank you

[Response from Environmentalist/ Destroying the forests and habitats for this train

is selfish and absurd.

[Response from Sacagawea, “a revered cultural leader”] I know a lot about the land so if
you want to hear my opinion come ask me! I am wise but I do not consider myself old, 1

am only 60. I would like to share my opinion to everyone to hear because I know alot
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about the train and land!!! Though I am not used to modern things. Also I know a lot
about the train from listening to train builders! I say No train! The land says to me that
the mountain is calling for help, the forest too and the people are literally calling for

help saying it will pollute the water, the mountain should not get hurt which is true.

In the first example above, the student sets up the environmentalist to provide
information to substantiate the resistance and refusal of the train's development by admitting
that a counter perspective is needed to determine “what would be good for the people and the
Earth” and “what can we do to help stop noise pollution?” The student then offers a
demonstrative resistance and refusal from the environmentalist, stating, “Destroying the forests
and habitats for this train is selfish and absurd.” In the second example, the student takes on
the perspective of a revered cultural leader as protector of and speaker for the land, mountain,
forest, water and people, refusing the development with the statement “/ say No train!” Such
powerful stances of refusal reflect antiracist and liberatory feminist approaches to engineering,
in which “a creative solution is sought to benefit all community members, with the participation
of all concerned, and proposed solutions are evaluated based on their contribution to the goal of
social justice, recognizing that sometimes the best solution may be not to engineer in the first
place” (Riley et.al., 2009, p. 33). Students’ ongoing resistance and refusals of unjust
development offer wise guidance to help ensure that technoscientific design agendas are

oriented towards justice through radically caring engineering practices.

The instructional design of the stakeholder design meeting served to scaffold solidarities,
as evident in above student examples, as well as scaffold opportunities for dissent to complexify
and open up multiple perspectives, desettling authority and engineering norms. In the following

invitations, students engage in a mode of questioning that asks figures of systemic authority to
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set up opportunities for other stakeholders to critique and challenge the authority figures’ value

stances and potential alignment with settler eco-logics.

[To: President of country] My question is do you think it will be worth the money and

all the cons? Do you really want to hurt nature?

[To: Scientists] Train will hurt the environment and animals, but it will be better than

cars, are you okay with this?

[To: Mayor] You are invited because we need to discuss why you are building the train.
[To: Engineer] Discuss train's cost, space & animal environments. They destroy plants &
damage electricity lines...can you make trains take less space and can you make it impact

less?

Students’ critical questions posed to humans in understood positions of power act to
level the playing field, so to speak, dismantling hierarchical, structural boundaries and barriers
that perpetuate injustice by advancing hidden agendas of colonial progress (e.g., through
development projects). Students' refusal to naively trust and respect those in roles of authority as
agents of ethical and just leadership maps ontological distances and locations between
pre-colonized and colonized mindsets. By centering engineering practices of resistance and
refusal, humility and critiquing of neoliberal, utilitarian and capitalistic agendas, students were
challenging and “delinking... from the colonial matrix of power” (Mignolo, 2009). Ontological
and pedagogical shifts that position students as co-constructors and co-designers of place and
technology, void of preconceived notions and constraints of engineering, resulted in students

manifesting revolutionary new ways to embark on engineering endeavors.

Table 1. Just worlding design principles with additional examples of student invitations
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Deslgn Principle 1:
Radical Care of Kindred
Relationallty as Deslgn

Priority

[Trees] |want 1o invite the rees
DeECAUSE treds Mg Frpachsd by
frains through forests.
Treas have 1o be cull down when
Trains go through Borests. A
perspective they might share is
that trees are imporant o the
EeosyElenm because they provice
harmes for anamals & clean the air
50 when trees gel cut down it
hurts ot onky the inee ol also
1he animals

[Sapuirrets] We think it may hurt
The emvanonment, we woukd like to
KN hiwd you think of it. PS the
birds will be there o discuss

importance of frees

Dear Luna & Midnaght, (Wohees)
Please attend this design
meeting for the train, It woukd
make this meeting 50 much
et i o Pard your & your
pack’s ideas. What do you Think
we should add, and what Should
W remowe

[Animals affected Dy rain & an animal
translator] They ane being invited because
their homes might be destroyed and could get
kil also the animal translator because how
are [we] going o be able 1o understand them
It's iImportant they come S0 we can talk about
clearing out their homes and stay cul of the
way. Animal IransLaor S0 they can understand
each olfer. | hope thiy ane so cute that they
change the rowte of the magley train so that i
will not Qo inko thedr homes. 2 questions | want
thern 1o answer are if they are okay with us
blowing up thelr homes and how does an
animal ransizor understand me animals?

[Reiwer] Yiou ane inviled 1o discuss problems of
e Magiey iram. one reason you should come
5 1o make il better and it afects your
problems. WWe want to talk about how you
think we should Tix your problems,

[Trees, Waterfalls. Rivers] You ae Being
Invited because the irain is going o impact
you guysiiYay, Wa-hoo you guys are going 1o
Pl s with Fvow 1o make the train betler, th
train i going o be culling through some
tarmiand and will be near some ppl and ppl
will have o biow up nalure. Please help 1o
COMme up with Some ideas o save youl

Design Principle 3:
Transparency 8 Humility
as Valued Deslgn Stance

T Mr, Wity the Mountam, you
are being invited i the annual
Maglev rewvision day. This
Maglev will be culting throwgh
pan of your Dody. We wil
Iterview you on Row you would
like ko revise this Magiey. We
Picipe ol Shafe your ideas with
us. Some 5 Wl might
ask you are: 1, Do you like this
Irain, if S0, wiy 0 you like it? 2
I you had to change this train,
how would you do it and why?

[Citizen] Sharne what you donl
like: About the train. Do you think
it is 10D expensive? We Think we
need your permission. You
shoulkd know it will help peopie
QEL b work Exs) Dut it i bad for
et &rnAronement

[Fanmers] W want 1o Lk to you
because we have a problem. |
think you should come b you
arg 3 stakeholder and we ane
rreaking an impact in your
emvironment. The impact is that
we are builkding a masshe rain
Of course, befone we release i
we want to tak to all the
slakeholders

Deslgn Principle 4:
Reslstance and Refusal as

Valued Deslgn Practice

[Trees] | have nvied you 1o help
us at the NS C(MEster Scienoe
0.} to make it [the train] bether
for you and your tamily. To fell
youl About this rain il runs at a
speed of 168mph. Flease come
because we nesd your help te
design i, and way mane, | hope
yioul will tell thiem not to break
Torests, You will have 1o answer
e QuesHions. 1. wiy you came
to the meeting™ 2. what do you
want to change for this tran?

[Fishy] iou will give us a very
nesw perspective because
everybody else s a human, Do
you already have ofher ideas for
paths? Do you think we shoukd
cancel the whole idea? By the
Wy Wil My bring ofhir animals
and plants.

| thin Mr. Anirmal Shoulkd join Df
he s rocting for the frees to stay
altve and he thinks that his home
with be destroyed because of the
mountain [being blown-up) e will
angwer the questions where his
hiome 5 in the Tonest and winy e
thinks that the tran idea should
be terminaled!

Implications: (Un)Learning and (Un)(Re)Becoming With and For Children

As we sink deeper into students’ invitations, a foreboding narrative arises of becomings that
never became or may never become. As educators, as adults, how and what have we
(un)become as actors of settler colonialism? What ghosts of ourselves and youth do we
unwittingly create when we perpetually require and standardize settler progress narratives and
epistemologies that sacrifice student’s ontological security and intellectual health? How can we
(un)(re)become with ourselves, with youth and with Land AirWaterStars and multispecies that

worlds a new otherwise.

By humbly sitting alongside students, as equals, and understanding the on-going, new
and yet-to-be challenges they are witnessing and facing, educators, curriculum designers and

writers of standards have much to (un)learn and take critical response-ability (Kayumova &
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Tippins, 2021) to address. Reflecting this understanding, this study leveraged the Critical
Speculative Design Pedagogies framework to create lessons to counter the false narrative of a
neutral curriculum and neutral instruction, understanding that “washing one's hands of the
conflict between the powerful and the powerless means to side with the powerful, not to be
neutral” (Freire et al., 1985, p. 122). Through this decision, but more so through the honest and
necessary strength and brilliance of the youth, those of us in engineering education have been
given a gift of insight into not only what can be but what should be. In truth, “The time for
arguing for a socio-politically engaged and transdisciplinary science education for multispecies
survival is effectively over” (Wallace et al., 2022, p. 4). The youth are waiting for us educators
to desettle our own onto-epistemic selves, engage in critical reflection for critical flexion and

step up to do so in science and engineering curricula in all learning spaces.

This study also illuminates, through the resilience, resistance and refusals of third grade
students, a new and urgent approach to science and engineering education that not only
embraces multispecies and LandAirWaterStars justice for collective continuance, but does so
while exceeding learning standards in complexity and praxis. Given the pace of
socio-ecological harm occurring due to settler eco-logics of progress, it is time for NGSS, the
NRC Framework and all engineering standards to be anti-colonial, generationally competent
and radically caring. Movement towards this belated need can and should be guided by the four

design principles of engineering that the students in this study provided.

The four design principles of, honoring kindred relationality as design priority, critical &
liberatory presencing of multispecies, LandAirWaterStars & rights of nature, transparency &
humility as valued design stance, resistance and refusal as valued design practice, provide

engineers, the field and education of engineering new and urgent design and development
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priorities and practices. As has been mentioned, engineering has for too long been a field that has
actualized and materialized colonial plans of socio-ecological consumption and dominance. The
design principles that the youth in this study offer provide the field a heart, a pulse within
cyborgs and cyborg-making practices, not only capable of empathy but also new, creative
Landscapes for dreaming and developing, “critical for developing climate-adaptive planning
tools and narratives for the creation of socially and environmentally just multispecies cities”

(Houston et al., 2018, p. 191).

Conclusion: Designing Beyond ‘Situation Critical’ Towards Kincentric Flourishing

What is the world beyond coloniality and human supremacy? What worlds can we (re)imagine
and (re)generate through the dissolution of the tendrils of settler eco-logics in our minds,
classrooms, and technoscientific innovations? Designing for worlds of multispecies flourishing
requires radical caring that foregrounds the socio-spatial histories and futures of
LandAirWaterStars and multispecies and positions humans as agentic beings for collective
flourishing, as best we can. This means that the planning, (re)designing and (re)development
of all spaces must prioritize the well-being of more-than humans, humans and
LandAirWaterStars through relational and reciprocal epistemologies. Youth ontologies and
logics of radical care asserted in this study offer alternative worlding and multispecies justice
frameworks for engaging in this urgent work within the fields and education of engineering
and planning theory. Planning and designing for socio-spatial justice means disrupting settler
conceptions of progress that betray and deceive us (Kayumova, McGuire & Cardello, 2019)
and illuminating the points of convergence of relational complexities between humans,
multispecies and LandAirWaterStars, not as points of divergence, but as points for expansive

radical care needed for (re)imagining an otherwise.
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To (re)make these endeavors requires centering educational experiences and research
outside the confines of reductive, dominant science and engineering lessons. Learning
opportunities can be created to expand and contribute pedagogies and methodologies that
reconfigure power and purpose to promote new imaginings of engineering for collective
continuance—the culturally-grounded, moral pursuit of rightful relations (Whyte, 2018).
Providing students with an authentic and consequential place-based context had the power
to disrupt the onset of colonial mindsets and illuminate the foolishness and

short-sightedness of settler colonial eco-logics.

Considering “discipline is empire” posits pedagogies and standards as epistemic
borders that close horizons of expansive learning and being (McKittrick, 2021, p.36). To move
beyond these boundaries and epistemic supremacy, this design-based research purposely
embedded learning engagements aligned to multiplicity, horizontality, and dialogicality—the
three dimensions of radical heterogeneity within the westernized classroom spaces and
curriculum (Warren et al., 2020). This unit situated the curricular phenomena of a maglev train
outside the enclosures of settled science and technocratic engineering design cycles and instead
moved it into global socio-ecological Landscapes and realities. As a result, westernized
knowledges and practices were no longer positioned as singular and supreme, opening space
for multiplicity by inviting multispecies, community, LandAirWaterStars knowledges. The
desettling of westernized disciplinary frames opened up space to provide dialogicality through
engagements of perspective-taking for meaning-making and created “a critical site of refusal,
delinking, and re-imagining the normative chains that structure disciplinary learning.” (Warren

et al., 2020, p. 285)

The recognition and respecting of students, marginalized community members,
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multispecies and ecological entities as critical actors in technoscientific decision-making
provided scaffolds for epistemic disobedience and the re-storying and repurposing of
engineering goals to be grounded in radical care for worlding common worlds (Nxumalo &
Pacini Ketchabaw, 2017). As educators and radical individuals, “We cannot continue to build a
world on the backs of children while denying their right to live in it” (author unknown).
Disrupting settler colonialism in science and engineering education means demanding standards

and practices that bring in multispecies justice frames for kincentric flourishing.
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Conclusion: Toward a District-Level Multiscalar Approach to Engaging Young People in

Critical Speculative Design

“The future is not some place we are going, but one we are creating. The paths are not to be
found, but made. And the activity of making them changes both the maker and the destination.’

’

— John Schaar

Change is inevitable, as the future unfolds as a global society we will all endure the changes we
are on track to experience. However, we still have time to intervene to choose more than a
colonial default future, we still have the opportunity to thread, weave and pattern a liberatory
future, a created future that we can all get behind that prioritizes the eco-relational matter and
mattering of all Earthly kin. We must first critically see what is unsustainable and then boldly
and bravely intervene, particularly considering as a collective we are already living and dying in
the chaos of climate change. In effort to provide a substantial understanding about how to
contribute to our collective continuance my dissertation research elevates liberatory design
principles that center teachers rogue pathways of (un)learning and action, and childrens’ critical
eco-relational mattering of Othered, essential earthly kin and the radical caring worlding of their

worlds already being compromised.

Liberatory and Thriving Futures are at Stake

Recently, the Smithsonian Science Education Center partnered with Gallup to conduct a survey

study with teachers, administrators and students across Brazil, Canada, France, India, and the
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United States regarding the inclusion of the United Nations' Sustainable Development Goals
(SDGs) (UN, 2015) into formal education, with an emphasis on science education. (2023)The 17
SDGs “recognize that ending poverty and other deprivations must go hand-in-hand with
strategies that improve health and education, reduce inequality, and spur economic growth — all
while tackling climate change and working to preserve our oceans and forests.” (UN, 2015) The
report indicated substantial variability between U.S. teachers compared to their counterparts in
Brazil, Canada, France, and India in terms of support, time, and expertise to incorporate
sustainable development into their teaching. Notably, U.S. teachers are three times less likely
than those in the other countries to report having the necessary support to integrate sustainable
development topics into various subjects. The report also highlights that socio-scientific topics
related to sustainability are among the least likely to be found in U.S. curricula, with a majority
of U.S. teachers indicating that sustainability does not align with the subjects they teach. Only
17% of U.S. teachers feel adequately supported to include sustainable development topics in
their teaching, citing challenges such as time constraints, lack of curricular materials, and limited
professional development opportunities. (p.6)

Upon initially reviewing the SDG survey report, my immediate response was a
resounding, "I am not surprised by the findings." This assertion draws upon a decade-long
immersion as a formal science educator, extensive involvement in the educational sector at
various scales and as a learning sciences researcher, and a diverse identity intertwining Chicana
heritage with Yaqui, Mayan, and Spanish lineage. Simultaneously, my role as a mother
navigating the uncertain future of my offspring positions me as someone with "skin in the game"
(Mckinney de Royston & Sengupta Irving, 2019, p. 279). In elevating this report within my

dissertation conclusion, it transcends mere academic formality; rather, it issues a clarion call to
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prioritize the integration of teacher professional development, science education, pedagogical
practices, and student learning within consequential eco-relational sustainability contexts and
considerations with the unwavering intent to advance antiracism and anticoloniality.

Furthermore, the Social Focus Initiative* guided by the Social Focus Framework
(Sanchez, 2024) and the report share a common purpose encapsulated in the disruption and
hopeful cessation of the enduring legacy of colonization and white supremacy that underlies all
seventeen SDGs. Analogously, they converge by emphasizing the transformative potential of
transdisciplinary instruction, advocating for the necessity of curriculum, teaching, and learning to
"emphasize the links among engineering, technology, science, and society" (p. 47) as approaches
that foster students to be "careful consumers of scientific and technological information related
to their everyday lives" (p. 46), two overlooked standards in NGSS proposed by the National
Research Council (Zucker & Noyce, 2020)—concepts pivotal to my dissertation's focal
objectives.

Deliberate connections are drawn between teachers' reasons for neglecting the SDGs and
sustainability topics in their instruction and the key focal objectives of my dissertation research,
as highlighted in the report (p. 6). The SDG survey study ultimately reveals a disconcerting
reality: education, particularly U.S. science education, not only lags but places future generations
in peril concerning the knowledge needed to foster sustainable global leadership. Implicitly,
achieving the seventeen SDGs necessitates dismantling and discontinuing colonialism and white

supremacy, a realization prompting a call for efforts to*“‘efforts to re-imagine the design,

4 The Social Focus Initiative, as an embodied and enacted initiative, has moved across educational spaces,
as [ have moved within those spaces, yet always remained a steady homeplace of my life’s heartwork
which this dissertation research is derived from, began in my classroom, alongside my teacher partner,
both profoundly disturbed by the disconnect of science content and instruction, the lives, realities of our
students and the local, racial, ecological and global consequential on-goings surrounding and impacting
them.
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enactment, and study of disciplinary learning that take seriously the ‘task of de-colonial thinking’
(Mignolo, 2009, p. 15) and the project of onto-epistemic heterogeneity (Bang & Vossoughi,
2016; Rosebery, Ogonowski, DiSchino, & Warren, 2010).” (Warren et.al., 2020, p. 278) Due to
the complex infrastructuring of white supremacy and colonialism within educational structures,
multiscalar efforts are imperative, spanning sustained time scales and various levels of analysis.

(Bell, 2004)

Elements of an Educational Transformation Framework to Engage Youth in

Critical Speculative Design

This study was focused on shifting the learning opportunities of elementary students across a
school district by building teacher capacity to adapt curriculum to support students’ anti-racist
and anti-colonial science and engineering learning. The lines of research I pursued has resulted

in the learning and design principles shown in Table 1 in Chapter 1.

Teacher (Un)Learning Pathways Towards Antiracist and Anticolonial Science Education

This dissertation explored the effects of a 15-month professional learning initiative among a
cohort of teachers. As reported in Paper 1, an analysis of teacher learning pathways resulted in a
typology representing variable patterns of engagement—summarized in these two design

principles.

Principle: Dimensions of Whiteness Create Multiple Teacher Learning Pathways

Teachers variably engaged in professional learning focused on antiracist and anticolonial

science education. These variations resulted in a variety of more and less desirable pathways of
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teacher learning and action. Less desirable pathways of engagement were driven by white
innocence, ignorance, saviorism, and arrogance. Nevertheless, many teachers engaged in
significant professional learning through the effort—highlighting the developmental nature of

critical teacher learning.

In colonial modes of thought, the adult is perceived as a more complete human than the child, a
logic grossly ingrained in white supremacy culture that equates humanity with whiteness,
especially white, cisgendered maleness, therefore valuing white adult maleness over Others. This
ideology is deeply embedded in the fabric of our society, extending to our educational system
considering schools mirror society, in turn schools reproduce dominant social thought. Thus the
work of promoting antiracism and anticoloniality amongst teachers and their curriculum
becomes a design project of unraveling the completed adult human, to reveal the highly capable
learner—capable of the rigorous critical un-doing of westernized ways of being and knowing,
capable of disrupting their participation in racist educational injustice, capable of healing
personal and inflicted colonial trauma, capable of (re)(co)becoming kinfolx, or a closer
approximate. This radically caring, albeit ambitious, premise, or high-level conjecture in the
world of DBIR (DBIR, Fishman et.al., 2013) is necessarily rooted in critical theory, in particular
the critical realism (Bell, 1991) which understands though white supremacy, settler colonialism,
and coloniality yield tangible, often deleterious consequences, their status as transient objects’

implies they are not absolute truths and need not be inevitable (Whelan, 2019; Bhaskar, 2008).

5 In critical realism, a "transient object" refers to temporary concepts, theories, and models used to navigate and
understand the world. The term "transient" emphasizes the dynamic and malleable nature of our knowledge,
allowing for evolution, challenge and even rejection.Societal issues like white supremacy, settler colonialism, and
coloniality are viewed as transient objects in critical realism, acknowledging their real-world impact but recognizing
that they are not absolute truths and can be subject to re-evaluation and change. Critical realism posits that social
structures, though not always directly observable, have deep causal powers that can be studied to understand,
challenge, and ultimately change phenomena in the social world, offering emancipatory potential.
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Therefore, these untruths within the teacher and within teaching are not inevitable but require
diligent efforts to de-link, deprogram and desettle. Such liberatory considerations thus situate the
teacher adult as the (un)learner and learner.

From this perspective, as learning scientists, as educators of educators, with aims of
antiracist and anticolonial emancipatory change, teacher (un)learning and learning design
considerations take into account varying onto-axio-epistemological developmental levels of
socio-ecological relationality, critical consciousness, racism/antiracism, and
coloniality/anticoloniality, and socio-emotional well-being. Thereby, necessitating a responsible
and responsive arc of (un)learning, sustained over time with these developmental areas being
both design commitments as well as units of analysis for iterative redesign.

Understanding critical learning from this (un)learning developmental perspective
challenges and counters popularized methods of teacher learning, particularly in the realm of
justice, race and equity, opening up potentialities to move beyond methods of dissemination of
content for short-term cognitive sensemaking, shifting towards recognizing (un)learning
dynamically developmental with learners naturally following variable pathways, with each
pathway needing unique supports and scaffolds, engagements and experiences, and timelines.

While my doctoral research endeavored to do just that, however, as is often the case with
initiatives seeking liberation within contexts closely tied to, and funded by, the very institutions
and individuals requiring antiracist and anticolonial developmental evolution, the support that
can be extended is conditional. These conditions hinge upon preserving systems and the comfort
and power of those in authoritative positions creating the need for strategic design considerations

and interventions in anticipation of foreclosure.
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Moreover, having gained a deeper comprehension of how white teachers employ
distinctive and subversive strategies rooted in white ignorance, saviorism, innocence, and
arrogance, functioning as both embodiments and enactments of resistance, I recognize the need
to incorporate this insight into the professional development content. It is evident that these
tendencies act as formidable barriers impeding progress along the trajectories of (un)learning. In
future work, I recommend seamlessly integrating discussions on these specific barriers, treating
them not only as subjects, and units of analysis but also as focal points for intervention within the

arc of antiracist and anticolonial (un)learning.

Principle: The Rogue Settler Diligence Teacher Learning Pathway

Teachers who routinely engaged in critical reflection as they made sense of social justice
phenomena and issues related to science and engineering were prepared to then engage in
situated actions in their teaching which were anti-racist and anti-colonial. These teachers
engaged in rogue settler diligence engaged in coordinations of settler malleability, settler

responsibility, and settler rigor.

The preceding principle is deeply grounded in Donna Haraway's assertion that "it matters what
matters we use to think other matters with" (2016, p. 12)—so does it matter, how matter comes
to matter, particularly when engaged in rogue method-making (McKittrick, 2021). As previously
discussed, merely accepting evidence of sensemaking is insufficient to demonstrate (un)learning,
let alone transformation. This holds especially true when designing (un)learning environments
that center critical content with the explicit goal of fostering rogue outcomes, such as antiracist

and anticolonial science education in formal elementary school classrooms. Designing for critical
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learning, calls for sensemaking that extends beyond epistemic engagement; it necessitates
onto-axio-epistemic transformation to more effectively ensure the evolution of curricular and
instructional methodologies and personal growth.

Such a premise reshapes the parameters of research and (un)learning, intensifying the
criteria, particularly for white settler participants. It demands more than correct answers; it
requires an exploration of the meaning of those answers in relation to one's positionality, the
socio-ecological realities of society, implications within the educational context, science,
teaching, and future implications, coupled with the practical application of (un)learning.
Therefore, to achieve this, one must delve into deep sensemaking, critical meaning, and situated
actions that demand "ganas," as my mother would say—an unwavering desire or willpower to
effect change. For settler teachers, it entails being change-makers even when change is not
obligatory, inviting attention in ways not commonly experienced by white individuals but
familiar to Black, Brown, and Indigenous people as intrinsic to their acts of existence and
survival, or in actively engaging in efforts to desettle and dismantle systems of oppression. What
this entails for settler learners is not merely progressing towards becoming and practicing
antiracist and anticolonial principles but remaining steadfastly involved in critical
meaning-making and situated actions that necessitate the coordination and flexibility of settler
responsibility, settler malleability, and settler rigor. And for critical learning design and designers

it is both the objective and desired outcome.

Student Learning and Engagement in Just Worlding

This dissertation documents the socio-ecological and scientific brilliance of elementary school
students as they learn about justice issues and engage in the creation of a more just world

through science and engineering instruction. In Paper 2, Chapter 3, the research focuses on the
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liberatory pedagogical commitments necessary to transform science teaching and learning. This
transformation not only aims to exceed standard acquisition but also to open expansive student
learning pathways grounded in consequential matters (Sanchez, 2023; Arada et al., 2023;
Morales-Doyel, 2019) and transdisciplinary boundary crossing. The effectiveness of this
approach is illustrated through a second-grade case study, which centers on an exemplary
student’s end-of-unit presentation. This case study highlights both the students' brilliance and the
need for the cultivation and nurturing of students' relational epistemologies (Bang et al., 2018) to
support their speculative (re)worlding in socio-ecologically precarious times. The focus on
students’ efforts to disrupt colonial logics and socio-ecological degradation within the classroom,
curriculum, and science and engineering practices is expanded in Paper 3, Chapter 4. This paper
follows third-grade students who prioritize multispecies justice, anti-racism, and anti-coloniality
throughout a science unit. By honoring their speculative prowess, these students develop just
worlding engineering design principles, offering renewed pathways towards critical relationality
and radically caring futurities. This dissertation ultimately underscores the genius of young
learners as visionaries for a more equitable and sustainable world through innovative educational

practices.

Principle: Honoring kindred relationality as design priority

Relationality matters, and for children, having yet to become fully indoctrinated into
nature/culture logics of division and competition with one another, relationality is both lens and
language for onto-epistemological knowing and understanding. By honoring the sacredness of

relationality, prioritizing it as a design priority for learning and instruction, science and
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engineering become endeavors for radically caring ways forward towards collective well-being,
as guided by children.

This principle of "Honoring kindred relationality as a design priority" underscores the
significance of recognizing and prioritizing the inherent interconnectedness that exists within the
learning environment, particularly for children who have not yet been deeply steeped in the
divisive and competitive nature/culture logics of colonialism and capitalism. Relationality,
understood as both a kincentric lens and life language, serves as a foundational for
onto-epistemological knowing and understanding, often piecemealed as payment for entry to
adulthood in dominant culture. This principle acknowledges that, for children, the
interconnectedness of relationships is fundamental to their perception of the world and their
place within it as Earth guardians of LandAirWaterStars and multispecies stakeholders as kin. By
valuing and prioritizing the sacredness of relationality in the design of curriculum and
instruction, the fields of science and engineering cease to be mere academic pursuits of reckless
invention and transform into pathways for cultivating radically caring approaches of advocacy
and restoration. This transformative perspective is guided by the intuitive and cultivated

understanding of children, emphasizing collective well-being as a central goal.

By prioritizing relationality, science education becomes a shared journey, allowing
students to explore and understand scientific concepts through collective engagement in
eco-relational matters of consequence (Bang & Marin, 2015). This principle implies a shift
towards pedagogical approaches that align with the inherent, complex caring nature of children,
fostering a sense of responsibility towards providing a more holistic understanding of science
and engineering within the consequential geographies across local and global relevant contexts.

Science instruction becomes an avenue for cultivating not only cognitive understanding but also
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emotional and ethical connections with the matter and mattering of those deserving to be
remembered and re-membered into the contextualized learning. Teachers are encouraged to
design learning experiences that evolve beyond individual achievement, position students to
engage in collaboration as a process of learning how to be and become a responsible person
within close networks within social, temporal and spatial networks (Elliot & Mexi, in press).
Moreover, by honoring kindred relationality, science education becomes a dynamic process that
actively involves students in shaping the learning journey, fostering a sense of agency and
ownership (Arada, et.al., 2023). This principle encourages a departure from traditional or
renovated banking information for Master-y teaching models, inviting educators to co-create
learning environments that resonate with the relational competencies of children and provide a

foundation for a more harmonious and interconnected society, none too soon.

Principle: Critical liberatory presencing of multispecies, LandAirWaterStars and rights of
nature

Young people bring perspectives and ethical commitments for ecological and multispecies justice
that should be leveraged in design activities in order to disrupt white human supremacy and to
promote interdependent thriving of the living world. This requires critical and liberatory
presencing of all living things in learning experiences.

Embracing the critical and liberatory presencing of multispecies and LandAirWaterStars entities,
encourages educators to cultivate a curriculum that not only reflects diverse ecological
perspectives but actively disrupts normative binary narratives of living and non-living and
hierarchical paradigms of human supremacy. Through critical perspective-honoring pedagogies

such as stakeholder and speculative visioning and design activities teachers counter systems of
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dominance to foster an inclusive and just understanding of the interconnectedness of all Earthly
beings. Furthermore by designing teaching, instruction and curriculum that prioritizes the critical
and liberatory presence of LandAirWaterStars and multispecies kin that have been erased or
marginalized through neoliberal, zero-point epistemological, consequentially neutral approaches
and content, education moves towards authentic approaches of centering Indigenous science

expertise, rather than tokenized tales abstractly connected to learning.

Principle: Transparency and humility as a valued design stance

Core embodiments and enactments of colonialism, coloniality and white supremacy are white
arrogance in how it perceives knowledge and LandAirWaterStars as white property to do with as
colonial and capitalism agendas demand, leveraging white innocence and ignorance to avoid
accountability or awareness of impact. In contrast, childrens’ eco-relational moral compasses
lean towards honesty, disclosure, and inclusion derived from ethically curious humility,
wondering and caring about what other beings' experiences and ideas are to best inform designs,
actions and ways of thinking.

This principle introduces a fundamental shift in how science is both conducted and taught. This
principle challenges the deeply ingrained colonial, coloniality, and white supremacist
perspectives that have historically characterized the embodiment of knowledge and the treatment
of the environment (LandAirWaterStars) as objectified possessions subjected to colonial and
capitalist extractivist agendas. White arrogance, as a manifestation of these ideologies, perceives
knowledge and the natural world as white property, leading to exploitative practices and a lack of

moral accountability.
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Moreover, this principle challenges the traditional power dynamics in scientific
endeavors by urging scientists and engineers to approach their work, and for the fields to be
considered as needing humility, acknowledging that other perspectives, values, priorities and
thriving over colonial eco-logics of progress—such as high-speed trains, levies, extraction of
Sand and Salmon and manipulation of storms through the exacerbation of climate change.This
shift calls for a reevaluation of the power dynamics inherent in scientific research and pursuits,
pushing against the arrogance that has historically perceived the natural world as a resource to be
exploited without accountability.

For educators, rather than perpetuating a top-down dissemination of socio-ecologically
inconsequential knowledge, for standards-assessment sake, educators would be encouraged to
adopt a stance of transparency, openly sharing the process and purpose of scientific inquiry
within real-world contexts and acknowledging the complexities and uncertainties inherent within
the entanglements of society, Nature, science and engineering. From a stance of transparency and
humility, scientists and engineers adopt orientations of empathetic obligation and educators can
improve instruction by valuing the ethical curiosity and moral compasses of children. Teaching
science through the lens of humility and transparency advocates for more than hands-on, settled
experiments, calling for honest critical investigations designed to support childrens’ grappling
and navigation of on-going and escalating socio-ecological challenges, involves fostering a
genuine interest in the experiences and ideas of other beings, incorporating diverse perspectives
into the scientific discourse. This approach promotes a more inclusive and collaborative
scientific community in service to the care of past, present and futures of Earthly beings and

entities as essential kin.
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Principle: Resistance and refusal as valued design practice

Far to often, due to racism, settler colonialism and coloniality, STEM endeavors have been
perceived as worthy and inherently beneficial advancements without consideration of past and
on-going atrocities, long-term implications, and paid costs of innovation with the lives, cultural
ways of knowing and being, and sacredness of LandAirWaterStars and multispecies kin. Children
guided and galvanized by their pre-colonial minds and critical awareness of the precarity of
their world within worlds, move swiftly, and rightfully so, towards stances of resistance and
refusal as they take up their eco-relational protector identities (Bell & Price, 2023) and lenses
when considering engineering designs, scientific data and proposals for innovation. In other
words, children better understanding the vulnerability of the Earth and Othered-kin are
Justifiable quick to say, how about no, to actions that cause harm, regardless of capitalistic
gains. Educators honoring the resistance and refusals of children to ongoing oppressive
formations help cultivate liberatory learning environments that can design more thriving futures.
This principle fosters a paradigmatic shift not only in STEM education but also within the
broader domain of science, technology, and engineering. It advocates for a critical and reflective
approach that acknowledges the historical and ongoing impacts of STEM endeavors, which have
often been complicit in perpetuating social injustices and environmental degradation. By
foregrounding the ethical and cultural dimensions of innovation, the principle disrupts the
prevailing narrative that prioritizes technological advancement at the expense of human lives,
cultural integrity, and ecological well-being. Children, by design of socially focused science
learning are intently positioned to engage their pre-colonial perspectives and a keen awareness of
their world's fragility, emerge as key actors in this transformation, swiftly embracing roles as

eco-relational protectors. Their principled resistance and refusal to endorse actions causing harm,
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irrespective of potential economic gains, exemplify a newfound consciousness that challenges
the traditionally narrow focus of STEM education. This paradigm shift necessitates a
reevaluation of pedagogical approaches, curriculum design, and institutional practices to align
with ethical, cultural, and eco-relational considerations. In essence, the principle engenders a
more responsible, ethical, and culturally inclusive foundation for STEM education and the
broader realms of science, technology, and engineering, cultivating a generation of practitioners

who prioritize societal and ecological well-being over unchecked technological progress.

Final Thoughts

The prospect of sustainability and, more ambitiously, thriving, is contingent upon more than the
mere continuation of current educational trajectories, especially within the realms of science,
engineering, and teacher education. As interconnected beings sharing the Earth as global kin, the
planet must not be taken for granted or subjected to abuse. Acknowledging that generations of
youth are presently and will continue to occupy classrooms underscores a fundamental reality
that carries profound possibilities and responsibilities. This dissertation research not only
illuminates the intricate eco-relational brilliance and radical care exhibited by some of our
youngest geologists, engineers, scientists, and critically conscious citizens but also unveils novel
trajectories for teacher (un)learning and pedagogical commitments. Drawing from the insights of
the research participants, this work serves as an offering and an encouragement to embrace
boldness, bravery, and a committed rogue approach against racism and coloniality in education.
The work directly informs how district-level initiatives can be designed and implemented in
ways to help shift educational practice and infrastructures focused on critical speculative design

that supports more liberatory and thriving futures (Arada et.al. 2023; Bell, 2019). In echoing the
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voices of the children, this dissertation affirms our profound capability and underscores the

matter-of-fact reality that the future of our world depends profoundly on our collective actions.
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Appendix A:

Figure Al: The Anti-racist and Anti-colonial Social Focus Framework
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—

Critical Consciousness
Dimension: Awareness of Self

Science learning provides opportunities for engaging in self-reflection & developing self-awareness about one's identity in society to promote personal
obligation, agency & activism by positioning learners as essential contributors of science for problem solving, and co-creators of change.

Dimension: Awareness of Others

Develops a sense of interconnectedness by providing learning opportunities that position learners to value the experiences, stories, truths, and historicity of
others in relation to their own through critical reflection, radical caring and science.

D A of Society

Science learning fosters the dava'lopmem of critical and complex views of society through science learning that explicitly promotes awareness of and caring of
racial justice and multispecies/ecological well-being.

Consequential Concern
Dimension: Matters of Justice & Cultural Significance
\ \ \\I \ | | f ; / y Science learning is designed to investigate contextualized issues of consequence that threaten non-white communities’ rights, cultural
AY /
\\ #

v ways of knowing by addressing systemic oppression and white supremacy which limits access to resources, power, and physical &
- ecological security & well-being.

Dimension: of | & Collective Wellbeing

Disrupts Westernized dominant paradigms, narratives & practices of science that depoliticize science learning and promote human
supremacy. Content moves beyond reductive “science for science's sake” furthering white progress narratives & traits and calls for
N critical r ibility and reciprocity. Teaching centers Anti-racist and Anti-colonial counter narratives & methodologies of science

Social Focus
Framework

fpey

/

- > that are relational, interconnected, for collective thriving.
- N

/// x},f \\\ \:\ Dimension: Matters of Futurity & Ecological Caring
i | \ Topics have social gravity as they position students to make connections between science content and the conditions and
consequential concerns facing society. Aims to be generationally rel t and future | ing by investigating topics that have

significant impacts on the future well-being of society, and marginalized communities & cultures.

Figure A2: The Spectrum of Representation
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Figure A3: Critical Liberatory Presencing dimensions framework visual

Figure A4: The Social Focus Iterative Unit Design Process
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Depending on your approach you will develop a unit SF question that
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Social Focus Iterative Unit Design Process
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3. Designing for Critical Liberatory Presencing
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framework identify & research ways to presence
unrepresented communities throughout the unit as
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past-future facing time & space, & intersectionality
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Figure A5: Social Focus Pedagogical Commitments
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Geographies
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deeper understanding of

ial concerns.
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alignad to unit content that
engages studenls in
investigating topics of
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learning and student agency.
Question guides unit learning
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Nurtures students intellectual

health.

Critical
Stakeholders

ﬂeﬂen to further situate
science learning in the
real-world, these lessons
provide students with an
expansive understanding
of how and where the
science they are studying
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Appendix B:

Figure Bl: Stakeholders Final Assignment

Final Assignment: Stakeholders Design Meeting Invitation
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Figure B2: Example of digital format for students stakeholder invitations

To all animals who live near the tracks (yes all of you who wish to come), the reason [ am inviting
you to this meeting is I would like to hear your insight, and input about the maglev train about to be
made in your area, it is important that you come so we can get your insight on the train, here are
some questions

1 want you guys to answer: what do you want to do about it & how does it benefit us all? See you
soon have a good time

send to: all shanghai animals

from:
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