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Abstract: This is a case study of a science professional development workshop in Nepal with
17 teacher participants from four public schools. These schools mainly served Indigenous students in
elementary, middle, and high school (Grades 9 and 10). The workshop focused on educating and
building science teacher leaders for culturally relevant teaching and antiracist pedagogy by valuing
and integrating Indigenous leadership practices and local knowledge. The teachers participated in a
2-day workshop co-organized by the local district education office and the local high school and led
by the high school principal and a U.S.-based university faculty. Data were collected during and after
the workshop through field notes, audio/video recordings of some sections of the workshop, and
focus group interviews with a select group of participating teachers. The analysis of the data showed
(a) struggles and opportunities to prioritize Indigenous science knowledge and Tharu sociocultural
connections, (b) teachers seeking affirmation from principals to be science teacher leaders modeled
on Indigenous leadership values, and (c) greater willingness for culturally relevant pedagogy among
female and Indigenous teachers. The hope is that this paper will contribute to the value of a science
teacher leadership professional development program (PD) in building awareness among science
teachers about the value of culturally appropriate antiracist pedagogy in science teacher leaders.
In addition, the PD also shows that science teacher leaders in Indigenous schools would benefit
from the Indigenous relational model of leadership in leading their peers and students in antiracist
and culturally relevant science teaching and learning. Finally, the study seems to indicate that a
successful science teacher leader always incorporates local Indigenous community values, knowledge,
and practices.

Keywords: science teacher leader; antiracist; indigenous; science education; culturally relevant

1. Introduction

In Nepal, schools, teachers, students, and parents traditionally view school science
teachers as leaders because science is prestigious in the community and among teachers.
Similarly, anyone with a degree in science is considered intelligent, hardworking, and a
potential natural leader. In Nepal, schools highly value a science teacher leader who teaches
to prioritize passing on the state, regional, and national tests [1]. Another vital teacher
leadership quality valued in Nepal, specifically in Indigenous communities, is the relational
quality [2]. For example, when the first author was growing up, he would add didi (“older
sister”) after a female teacher’s first name and guru (“teacher”) after a male teacher’s first
name. Thus, going to school and learning was about building relationships from an early
age because Nepalis and Tharu Indigenous communities believe that learning built on
relationships is enduring and socioculturally meaningful [3]. Despite the focus of many
science teachers and school leaders on external regional and national exams, relational
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connections in learning are the foundation of Indigenous communities. However, in the
current environment of test-based accountability culture borrowed from the Western style
of measuring learning [4], teaching science in Nepal has drifted away from a relational
model to a managerial model with lesser connections to the larger racial, sociocultural, and
historical discrimination faced by marginalized groups, specifically Indigenous students [5].
Yates et al. [6] have argued that the culture of audit-based education and accountability
promoted through international assessment systems such as the Program for International
Student Assessment (PISA) and the Trends in International Mathematics and Science Study
(TIMSS) have reduced the value of locally designed and indigenized curriculum and
leadership frameworks. Therefore, there is a need for schoolteachers, specifically science
teachers, in schools serving primarily Indigenous students in Nepal to take the role of
science teacher leaders.

Furthermore, these teacher leaders help build culturally relevant values and prac-
tices in science teaching and learning through relational leadership. Hence, they could
potentially aid in improving science teaching and learning in these schools. Additionally,
Blakeney [7], Lawrence and Tatum [8], Sleeter [9], and other scholars have constantly
demanded that teachers need professional development in antiracist and culturally rele-
vant pedagogy for an inclusive and culturally supportive classroom teaching in schools of
majority students from underrepresented groups. Similarly, Fortney et al. [10], Upadhyay
et al. [3], Ballard et al. [11], Jeong et al. [12], and other scholars of science education have
advocated for building science teachers’ antiracist and culturally relevant pedagogical
skills, thinking, and practices both in teacher education programs and professional devel-
opment workshops and initiatives. Thus, this paper seeks to show the value of professional
development (PD) that helped to build science teacher leadership capacity among teachers
who taught in a school in Nepal that mainly serves Indigenous students.

The authors are not surprised that Spillane and Hopkins [13] found that the content
area greatly influences teacher leadership because of the greater value placed on content-
specific contextual expertise. Similarly, a qualitative study of school principals and teachers
also showed that when school leaders are not content experts, the content teachers generally
devalue the feedback on content-specific instructional practices provided by the school
leaders [14]. Therefore, the focus of science teacher leaders on content mastery is common.
However, a disconnect between students’ life experiences and science content leaves many
marginalized students disengaged and disinterested in science, with poor performance
on science achievement measures [15–17]. For Indigenous students, the disconnect lies in
cultural differences between science and Indigenous cultures [18–21], ways of knowing
(epistemology) [22–26], interconnections between knowledge and life experiences and
values [27], and history of racial discrimination in schooling and schools [20,21,28]. Hence,
Indigenous epistemologies, ontologies, and axiology differ from science classroom epis-
temologies, ontologies, and axiology [29–31]. Thus, schools need science teachers and
teacher leaders who can bridge these differences [32] and teach pedagogically antiracist
and culturally relevant science. So we believe science teachers and science teacher leaders
could benefit from professional development (PD) to help build Indigenous leadership
capacity to infuse Indigenous social, cultural, epistemological, and historical issues into
science teaching and learning.

Additionally, science teacher leaders from Indigenous and non-Indigenous commu-
nities could further help bridge gaps between Indigenous knowledge, ways of knowing,
and culture and Western science practices that school science promotes. We conceptualize
cultural relevancy and sociocultural and historical connections in science teaching and
learning as the basic foundation of antiracist pedagogy. Therefore, building science teacher
leaders on the above notion of antiracist pedagogy with relational leadership at the core
could be one way to connect science to Indigenous culture, history, sociocultural discrimi-
nation, ways of knowing, and the personal experiences of Indigenous students. Thus, in
this paper, we explore the experiences of Indigenous and non-Indigenous teachers in a
two-day-long PD that focused on building science teachers’ leadership capacity. Specifically,
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we seek to understand how the teachers see their move towards antiracist pedagogy as a
part of their science teacher leadership, what potential challenges science teachers see in
leading an antiracist science pedagogy, and overall, how they see themselves as science
teacher leaders.

Three questions guided the study:
1. What pedagogical shifts did the PD help science teachers reflect on to become

science teacher leaders for antiracist pedagogy in their schools? Why?
2. What challenges do science teachers see in leading antiracist pedagogy in their

schools? Why?
3. How do they see themselves as science teacher leaders?

2. Research Framework and Literature Review

To answer these questions, we used a theoretical framework based on the ideas of
antiracist pedagogy [7,8,33], culturally relevant pedagogy [34,35], teacher leadership [36],
and Indigenous leadership [37]. These frameworks not only support us in understanding
why science teacher leadership experiences in Indigenous student-majority schools are
urgently needed but also help us in the literature review and the collection and analysis of
data from the PD workshop. We use qualitative case study methodology and methods [38]
to collect data and qualitative analytical processes to analyze the data [39]. We bounded
our case by the 2-day-long PD and teachers’ experiences in the PD and their reflections on
teaching that they shared during the PD. We present our themes as findings, a standard
method of presenting results and findings in a qualitative study, followed by discussions
and implications of the study.

3. Why Antiracist Pedagogy?

For the purposes of this paper, we conceptualized antiracist pedagogy [7,33,40] to
mean teaching science in a way that exposes historically and culturally embedded racial
discrimination in the school science curriculum, content, and practices, as well as sup-
ports students to understand discriminatory obstacles that allow for unequal distribu-
tion of resources [41]. Considerable research has shown that cultural relevancy [34,35],
cultural responsiveness [42], cultural sustainability [43], and cultural revitalizing [44]
improve teachers’ pedagogical effectiveness with marginalized students and provide cul-
turally meaningful [21–23,45,46] and antiracist learning experiences [35,42,47]. However,
there is a considerable concern among science education and Indigenous scholars that
many teachers from dominant groups utilize cultural relevancy in their science teaching
superficially—focusing on vocabulary, traditional food, and clothes but failing to engage
in critically examining the nature of knowledge and sociocultural and sociohistorical
discriminatory issues [6,23,48–51].

We agree with Galloway et al. [48] that antiracist pedagogy explicitly asserts the
prejudices, discrimination, and marginalization experienced by minoritized groups based
on their “race, gender, language” (p. 486), history, culture, and other forms of locally
experienced biases in science teaching and learning [46]. Antiracist pedagogy does not
dilute the value of culturally relevant pedagogy but enhances it by directly confronting
race and racism in science teaching, supporting students to examine how the science they
learn and engage in has excluded their local knowledge, culture, and ideas. Furthermore,
antiracist pedagogy explicitly questions and challenges standard classroom science and
extends it to explore historical and current sociocultural, sociohistorical, and sociopolitical
issues in the community.

In the case of the Tharu Indigenous community in Nepal, racism manifests in science
classrooms by promoting the dominant group’s values and ideas in science curriculum,
history, and classroom pedagogy [1,52]. For example, in the science curriculum and Grades
9 and 10 textbooks, sickle cell disease is mentioned and taught as a scientific fact. However,
it is not discussed in a way that dismantles the popular myth in dominant Nepali media and
groups that “sickle cell is a Tharu disease” ([3], p. 1131). This myth has become a stereotype
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because sickle cell is predominantly seen among the Tharu Indigenous groups in Nepal [53].
Similarly, when science teachers engaged students in science and environment science
textbooks and curriculum, Tharu knowledge about irrigation systems (described later in
the section on kulwak aguwa—leader of the irrigation canal system) is hardly connected
as legitimate knowledge when teaching environment and food sustainability subjects. As
standard science curricula and textbooks have preference over Indigenous knowledge,
many science teachers in Indigenous schools find connecting Indigenous knowledge chal-
lenging as a part of antiracist pedagogy that questions the power of established Western
science [29,54] and engages students in local social and environmental issues that value
Indigenous science knowledge, culture, and ways of knowing [29,55]. Therefore, an an-
tiracist pedagogy teacher would name and point out the places in science textbooks and
curriculum that negatively stereotype Indigenous and other underrepresented groups to
draw students into critical discourses of racial and other forms of discrimination [56–58]
that Tharu communities have experienced over generations.

Therefore, in this paper, we consciously argue for including Indigenous culture, knowl-
edge, and practices as integral parts of an antiracist pedagogy. In the context of antiracist
pedagogy, we consider cultural relevancy an essential part; without cultural and historical
relevancy, antiracist pedagogy fails to legitimize Indigenous knowledge in the science teach-
ing and learning experiences of Indigenous students. Thus, antiracist pedagogy helped us
understand science teacher leadership and the experiences of science teachers during the
PD as antiracist pedagogues.

4. Teacher Leadership in Nepali Context

Before we present a brief literature review related to teacher leadership in Nepal, a
brief description of school hierarchy might help readers understand how school leadership
works in Nepal. In all Nepali public schools, the principal or headmaster is appointed by the
local district education department [59]. Therefore, a principal in a school might be a senior
teacher from that school, or that person can be sent directly from another school. Since
the principal has the backing of the district education department, the principal wields
tremendous power and authority over all aspects of the school, specifically budgetary
and curricular matters. On the other hand, the principal generally decides who leads
each of the content areas and other school programs and activities. Therefore, becoming a
content area leader depends on the principal’s decision and support. Furthermore, without
the principal’s support, a science teacher leader can face numerous challenges when
implementing antiracist and culturally relevant pedagogy. Thus, inviting and engaging
school principals in a professional development workshop on antiracist and culturally
relevant pedagogy is essential and desirable [60]. So, in this study, we invited several
principals, and three of them attended the PD because science teacher leadership needed
the principal’s understanding of and buy-in to antiracist and culturally relevant pedagogy.

Success in school and life comes from mastering critical reflection and thinking, which
allows students to connect science content and practices with the local sociocultural val-
ues, beliefs, and systemic discrimination [61]. In Nepal, most teachers see little value in
teaching science for social and personal transformation [62] because of the test-centered
accountability system [63]. In schools with marginalized students, the dissonance between
science content and community sociocultural practices and histories of discrimination gets
magnified. Therefore, antiracist science teacher leaders can bring cultural relevancy to
their pedagogy through local sociocultural and historical practices for a connected science
learning environment. Science teacher leaders can harness their deep commitment to
science teaching for social change and empowerment. They can also engage students and
other teachers in critical reflections on local racial and systematic discrimination [59].

Science teacher leaders can engage students by drawing from antiracist pedagogy in
everyday instruction and engagement in promoting change [64]. Further, science teachers
can influence colleagues through collaboration, mentoring, and sharing the best ideas
transferable to other subjects [65,66] and informed by Indigenous knowledge and prac-
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tices [50]. Finally, to improve engagement and future science-related career choices by
marginalized groups, science teacher leaders cannot ignore cultural diversity, social justice,
history, and equity issues in school and in students’ lives. Therefore, PD supported by the
local education office, schools, Indigenous Tharu teachers, and principals was essential to
educate science teachers on the benefits, challenges, and value of culturally appropriate
antiracist pedagogy. The PD would help build science teacher leaders’ capacity to improve
their own and their peers’ pedagogy and curriculum into antiracist pedagogy that values
Tharu leadership practices, culture, knowledge, and history.

One avenue to educate, formulate, and encourage science teachers to take leadership
roles is to provide focused PD for culturally appropriate antiracist pedagogy relevant to
science teaching and learning in a predominantly Indigenous school. Transforming teacher-
centered content-focused pedagogy into antiracist pedagogy requires educating science
teachers on the benefits of engaging content learning with discriminatory sociocultural
issues and valuing Indigenous knowledge and cultures in science.

We first want to present the Tharu leadership model to demonstrate the culturally
appropriate leadership the school needs and the community values. The example below
illustrates a Tharu leadership model focusing on processes, skills, practices, cultural values,
and Indigenous knowledge.

5. Tharu Leadership: Kulwak Aguwa (Irrigation System Leader)

This section briefly describes the overall leadership selection process in the Tharu
community where this study took place. Then, we present the leadership characteristics
(skills and values) of a kulwak aguwa, an irrigation system leader. Only a Tharu man
can be kulwak aguwa because he has generations of knowledge, skills, and values for
the well-being of the community at large. The leaders in all Indigenous communities
focus on how the holistic well-being of a community can be attained and preserved [67],
and they continuously strive to find leaders who have those qualities [67]. Thus, Tharu
leaders are similar to any other Indigenous community when selecting a leader with
serious responsibilities.

In the Tharu language, kulwa means “a human-constructed small waterway primarily
used for irrigation and other purposes”, and aguwa means “leader”. The Tharu community
in Southwestern Nepal has its own leadership tradition. The leadership structure is based
on a governance model [68] where the community selects the most skilled, knowledgeable,
and fair-minded elder (who could be a Tharu person as young as 30) for critical leader-
ship positions. In the Tharu community, the four most important leadership positions
need the most knowledgeable and skilled leaders: badghad (leader of the community as
a whole, village chief), kulwak aguwa (leader of the entire irrigation system), chowkidar
(communication leader, village watchman and messenger), and deshbandhya guruwa (head
faith healer of the village and the region taking care of medical and shaman work of a
region). Except for the deshbandhya guruwa, the village community elects leaders through a
one-vote-per-household system. However, in most cases, the leadership positions are filled
with broad consensus among the elders. Critical needs are settled during the community
meeting before the election process begins for each leadership position.

Furthermore, each leader selects an assistant based on prior experiences, knowledge
of the task, accountability to the community, Tharu community values, and well-being.
Before choosing the leaders, the community, led by a village elder present in the gathering,
asks for guidance from the ancestors, spirits, and gods. Specifically, prayers are chanted for
the safety, life, and wise decisions of the kulwak aguwa. Prayers for goodwill and safety are
because kulwak aguwa leads people into situations where many life-and-death decisions
must be made. Other researchers have also argued that in Indigenous communities,
these leadership qualities and governance models are central to the community well-
being, the preservation of Indigenous knowledge, and the building of stronger communal
relationships for the greater good [69,70].
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6. Cultural Relevancy and Indigenous Science Knowledge

Scholars of science education and specifically scholars of Indigenous science education
have been advocating for and taking actions to make science culturally relevant, supporting
other ways of knowing, making sense of Western science based on local knowledge and
practices, and leveraging science for social change and justice [18,22,71–73]. In all of these
studies, one feature has been consistent: Indigenous knowledge and Indigenous science
knowledge originate from acute and dynamic observations of the local environment, where
humans are part of it. Ontology and epistemology are always about seeking relational
knowledge [50,74] and meaning that sustains the balance between the community and
the environment. In the first author’s work with the Indigenous Tharu community in
Nepal, the primary feature of knowledge generation is constantly observing the place in
relation to the land, plants, animals, and the Tharu people. In the kulwak aguwa example,
the knowledge about the dam building was based on the observations that valued the
relationship between the Tharu communities, the behavior of the Karnali River, the soil,
vegetation, and the care for the people under his leadership. Knowledge of the workings
of the irrigation system relied on respecting nature. The Tharu epistemology is guided
by the relationship built on the mutual understanding of the Tharu community and the
reverence for the Karnali River and the local place. Therefore, learning and generating
knowledge in the Indigenous community rely on building relationships with the place and
its inhabitants rather than individualistic profiteering without a sense of reciprocity. In
its pedagogy, epistemology, and ontology, Indigenous science education values relational
well-being, a nonnegotiable cultural marker.

Another feature of Indigenous knowledge that differs from modern Western science is
the acceptance that knowledge is local and could have multiple meanings and processes
depending on its usefulness [73,75,76]. Valuing Indigenous knowledge allows teachers
and students in science classrooms to interrogate both the processes of science and the
value of that knowledge for the local community. Students look for personal meaning in
anything they learn, allowing them to connect science to their sociocultural experiences,
local practices, and local environments [45,77,78]. Therefore, all science teacher leaders
in Indigenous schools must recognize, actively practice, and value Indigenous ways of
knowing, culture, relationships, and local places.

7. Examining Science Teacher Leadership

In this section, we present a broad overview of science teacher leadership in cur-
rent publications, followed by the Indigenous leadership model to describe the nature of
antiracist pedagogy that we seek in the PD workshop. A teacher leader can immensely
influence classroom practices and the curriculum, impacting colleagues and the school in
multiple ways [65,66,79]. As teacher leaders are asked to play multiple roles, the literature
on teacher leadership has yet to have an agreed-upon definition of a teacher leader. Here,
we present several definitions of teacher leadership (based on a Western framework) that
are both complementary and contrasting, showing a need for a definition that recognizes
the value of cultural relevancy in teacher leadership, specifically in science teacher leaders
who intend to serve Indigenous schools or Indigenous-majority schools.

Wasley [80] defined a teacher leader as having “the ability to encourage colleagues
to change, to do things they would not ordinarily consider without the influence of the
leader” (p. 23). Katzen-Meyer and Moller [81] suggested that teacher leaders “lead within
and beyond the classroom, identify with and contribute to a community of teacher learners
and leaders, and influence others towards improved educational practice” (p. 17). Boles
and Troen [82] defined teacher leaders as showing “collective leadership in which teachers
develop expertise by working collaboratively” (p. 11). Others have defined a teacher leader
as a peer collaborator, coach, and mentor [65,66]. All definitions of teacher leadership that
we found [64–66,79–81,83] did not explicitly mention equity and social justice. Scholars
have advocated for equity and social justice as more of an aspirational goal than an essential
part of being a teacher leader in increasingly diverse schools. As the diversity of students
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has increased in many communities and a desire to bring more Indigenous students into
the STEM fields has taken an urgency, scholarship in school leadership increasingly focuses
on the value of cultural relevancy, equity, and race in effective, inclusive, and antiracist
leadership [36,84–86].

Teacher leadership has been the focus of study in education for a while, but science
teacher leadership has received less attention [83,87–89]. However, in the United States,
the National Science Education Leadership Association has advocated for science teacher
leaders to bring positive and culturally relevant science teaching pedagogies through local,
state, and national policies [89]. Furthermore, science teacher leaders guide innovative
and culturally relevant science teaching and can influence local and national policies and
practices [89] and teachers of other content areas [88].

A study of academically successful urban elementary schools showed that students’
achievement in fifth-grade science was correlated to activities that science teacher leaders
promoted [83]. Furthermore, the science teacher leaders enjoyed a uniquely supportive
school culture that provided the teachers with curricular and scheduling freedom, many
science-content PD opportunities, parental support, and easy access to science resources.
Wenner did not explore cultural diversity and equity issues.

A common belief among science teachers is that science teacher leaders must have
knowledge and skills in content areas rather than leadership qualities such as mentor-
ing, professional organization participation, community outreach, and in-school PD for
peers [90]. A study of high school science teachers’ perceptions of teacher leader identity
formation showed that teachers tend to lead essential school and out-of-school activities
but consider these engagements irrelevant to being a science teacher leader [90]. Hanuscin
et al. [90] argued that to build science teacher leaders, a professional development program
needs to bring together identity issues, science practices, and views about leadership as core
aspects of leadership preparation. However, their study did not focus on equity, cultural
diversity, and social justice issues as essential aspects needed for science teacher leaders to
succeed in a school of underrepresented students.

Individual science teachers can be nurtured into becoming science teacher leaders
through engaged and directed PD [91]. Their study of three experienced middle school
science teachers showed that leadership skills such as positive interdependence between
science teachers and scientists, opportunities to lead in-school and out-of-school spaces,
and prospects for leading in challenging tasks helped build the confidence to be science
teacher leaders. Although modeled on the social aspect of engagement, the study did not
explore cultural relevancy as an essential aspect of science teacher leaders.

Luft et al. [87] found that not all science teachers want to be teacher leaders. The
study highlighted the difficulty characterizing science teacher leaders’ roles in building
leadership capacity. Luft et al. indicated that collaboration, an “individualized leadership
plan” (p. 8), and the understanding of new policy changes such as the Next Generation
Science Standards [92] are essential ways through which to build science teacher leader
skills. Hofstein et al. [93] also noted the importance of group cohesion and collaboration
as science teacher leaders. The limited empirical studies in the context of science teacher
leaders have lacked a focus on culture, equity, racism, and social justice issues as a part of
leadership development. The science teacher leader research synthesized above focused on
diversity and sociocultural aspects of leadership as ancillary rather than central.

Additionally, more work needs to be conducted on Indigenous science teacher leader-
ship. Most research has focused on science teacher leaders from dominant groups using
a Western leadership model as a universalist perspective. This study intends to broaden
discussions within science teacher education communities to explore Indigenous leadership
models to make science teacher leadership more culturally and racially inclusive. This study
focuses on how a PD workshop helped teachers consider Indigenous values and culture
for an antiracist and culturally relevant pedagogy in a science teacher leadership model.
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8. Indigenous Leadership Model: Inclusive, Communal, and Relational

The leadership literature reviewed above did not recognize non-Western practices of
leadership, specifically the Indigenous leadership framework. In an Indigenous school,
science teacher leaders must value and promote an Indigenous leadership culture that
supports better learning for Indigenous students. Most leadership frameworks utilized in
leadership development workshops and educational institutions are based on a Western
managerial framework where individual assertiveness, task orientation, and decisiveness
are valued over relationships [94–97]. In the Western models, a single person is responsible
for knowing and leading disparate fields despite not having expertise or knowledge in
many areas. From the Western leadership model, the leader exhibits power by “transmitting
intentions” ([37], p.6) and influencing outcomes that the leader wants with less attention to
the health of the larger community [98]. In the Western leadership model, the leader may
not be a community member but is tasked to lead people and organizations without much
connection to the community [37,99]. Therefore, the leader brings values, attitudes, beliefs,
and cultures without historical, social, cultural, or linguistic connections to the Indigenous
community. We have no illusions that leadership models are not the same in every Western
or First World country. They differ in many respects, but most have similar individualistic
ideas of leaders as “go-getters” [100]. The gulf between a Western-framed leader and
an Indigenous-framed leader is so vast that an Indigenous community hardly benefits
from the initiatives of the leader, thus jeopardizing and pushing back Indigenous people’s
well-being. To mitigate the detrimental effects of the Western leadership framework, we
need to incorporate the Indigenous leadership framework in science teacher leader PD to
be better stewards of Indigenous students’ science learning and engagement.

Contrary to the Western leadership model, Indigenous leadership is founded on a
relational view of leading [94,97]. Indigenous communities do not follow a universally
generalizable Western leadership framework because each Indigenous tribe or community
is either sovereign or has different sociocultural and sociohistorical values, thus differing in
the nature of leadership. In a study of community management and administration among
Indigenous groups in Australia, Stewart and Warn [37] found that the Indigenous leaders
valued relationships based on the cultural values and identities of an Indigenous group
rather than a task-oriented distal framework. Similarly, Coyhis [101], Wheatley [102], Wilke
and Speer [103], and many others have stated that Indigenous people view leadership
as valuing cultural beliefs and see a top-down model of leadership as less aligned with
Indigenous ways. In Assiniboine (also known as Hohe or Nakota) Indigenous groups in
Canada, leadership is based on community well-being [104]. Shanley and Kenneth [104]
gave an example of an Assiniboine leader hunting for food for someone in the community.
The food is handed over to the community member, who later dispenses food to the leader
if the person chooses to do so. Like this leadership model, Tharus in Southwestern Nepal
shares animal protein with all family members equally, irrespective of age or status. Thus,
an Indigenous leader for the community or the household is inclusive and values the health
of the entire group rather than just their own successes.

Indigenous leadership relies on skills and knowledge that benefit the community
because Indigenous people believe in interconnectedness among humans, places, plants,
animals, and their spiritual beliefs and values [104,105]. Thus, culturally guided leadership
is an essential aspect of Indigenous leadership because the Indigenous community believes
in holistic thinking in a leader. For example, Maori leadership is highly culturally contextu-
alized [106], and the responsibility of the Maori leader is to preserve and sustain the Maori
way of seeing the world.

The brief review of Indigenous leadership in educational and other contexts shows
that the leadership framework is guided by a holistic and relational view of the community,
which values the well-being of the community rather than expediency. Indigenous leader-
ship values contradict the Western top-down framework, which valorizes the individual
leader rather than the community at large. Thus, to change the existing top-down and
individualistic leadership model in predominantly Indigenous schools, culturally relevant
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antiracist pedagogy could provide the groundwork for developing science teacher leaders
based on the Indigenous leadership model.

Antiracist pedagogy in Indigenous schools builds on the idea that science teacher
leaders need to engage students to question, reflect on, and disrupt systems of oppression
to provide opportunities and voice for personal and social change through science [7].
We agree with [33]: “Antiracist pedagogy is not simply incorporating racial content into
courses, curriculum, and discipline. It is also about how one teaches, even in courses [and
school activities] where race is not the subject matter” (p. 540).

Generally, science teachers’ focus on science content hinders their ability to connect
content to more significant sociocultural and sociopolitical issues [55,107,108]. Science
teachers and their students should find space to ask unsettling questions that link science
to larger sociocultural and historical issues of the Indigenous community [109]. We believe
that science teacher leaders and principals are critical to the success of antiracist peda-
gogy that explicitly works to support Indigenous leadership values. Teacher leaders and
principals can take action to eliminate structural inequalities in classrooms and school sys-
tems [36]. Students often experience a cultural collision through curriculum and pedagogy
that devalues their individual or collective cultures [110]. Therefore, antiracist pedagogy is
culturally relevant and responsive to the local cultures and histories of the students and the
Indigenous community.

In this paper, we present findings from a 2-day science PD workshop focused on
antiracist pedagogy to help teachers consider science teacher leadership that supports
science learning and engagement among Indigenous students by infusing sociocultural
and historical discrimination and Indigenous leadership values into science teaching and
learning. The PD aims to build the capacities of science teachers to become science teacher
leaders so they can work toward changing the biased system to benefit Indigenous students
and teachers. This professional development (PD) workshop will at least build awareness
among the teachers that science teacher leadership will be successful in Indigenous student-
serving schools when Indigenous culture, issues, and knowledge are connected to science.
Furthermore, the PD will add greater realization and a sense of importance that antiracist
and culturally relevant pedagogy plays an essential role in successful science teacher
leadership in a school that serves Indigenous students.

9. Methods

We used a case study design and methodology to answer these questions because
it allowed us to capture in-depth, contextual, and real-world [38,111,112] experiences of
the teachers during the professional development (PD) workshop and provided teachers
with the opportunity to reflect and connect their teaching experiences with the learning
from the PD. According to Merriam, a case is “a thing, a single entity, a unit around which
there are boundaries” (p. 27), and it can be an individual, a classroom, a program like
the PD, a group, a specific policy, and many other entities. The 2-day long PD bounded
our case study design, recordings of the PD, post-PD interviews, and teachers’ reflections
about their teaching in relation to what they learned during the PD. We specifically used
Merriam’s idea of the case study [38] because it allowed us to explore how and why
teachers’ actions, reflections, thinking, participation in the PD, reflections on/in PD and
their teaching choices, connections to antiracist pedagogy, and cultural relevance in science
teaching. The antiracist science teacher workshop gave insights into how and why teachers
were supportive of or reluctant about antiracist pedagogy (see Creswell [113]). Therefore,
we believe the case study allowed us to understand teachers’ experiences in the PD better,
their intentions to be antiracist science teacher leaders, and how they saw themselves as
science teacher leaders in their schools. Finally, we recognize that the findings of this study
are not generalizable because of the sample size, purposive sampling method, and the
context of the study.
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10. School and Participant Selection

The school where the PD was conducted is in the Southwestern part of Nepal. The
first author has collaborated with the school to build science and non-science teachers’
pedagogical capacities for the last ten years. This is the fifth workshop the first author
conducted in the school. Therefore, the researcher has a trusting relationship with the
teachers, students, and the community.

The first author selected five participants (Bikash, Maya, Bimal, Mangal, and Mukhiya)
for the post-workshop interviews. The names of the participants are pseudonyms to mask
their identities.

The participants were selected purposefully from those who participated in the work-
shop because this allowed us to capture in-depth and nuanced experiences relevant to
answering the questions [38,39,112]. Furthermore, we selected the participants representing
geographic variations, Indigenous and non-Indigenous communities, and the grade level
they taught (elementary, middle, and high school). These variations allowed us to capture
differences in perspectives and experiences as well as improve the trustworthiness and
validity of the findings [39].

11. Methods of Data Collection

We followed Merriam’s [38] suggestion that a case study must collect data from
numerous sources to ensure that the findings are trustworthy and valid. We collected
data utilizing several methods: video recordings of the PD, post-workshop participant
interviews, field notes during the workshop, retro-reflective notes of the first author, and
participant-generated artifacts.

PD Recording: We recorded videos of the 2-day PD to document workshop partici-
pants’ interactions in group activities, discussions, questions and answers, and responses
of the participants and the PD facilitators (first author and a principal). Furthermore, the
PD recordings helped us understand the participants’ voices and later became a basis for
several interview questions and reflections. For example, we used “irrigation system”,
“malaria”, “sustainable farming”, and “female issues” as critical activities to engage teach-
ers in the PD in exploring antiracist and culturally relevant pedagogy. Table 1 shows some
of the ideas of the participants and the activities.

Field Notes: The researcher (first author) kept observational and reflective field
notes in which many one-to-one and group conversations were documented. Some of the
conversations that could not be captured in the PD video recordings were documented
in the field notes, specifically, among those participants who were farther away from the
video recording devices.

Retro-Reflective Field Notes: In the retro-reflective field notes [114], the first author
documented not only overall impressions of the PD and teacher interactions but also added
reflective perspectives on goal attainment and the memo on how the teacher participants
took up the PD. Retro-reflective field notes also helped add details on individual and group
interactions on questions about cultural relevancy, antiracist pedagogy, and Indigenous
leadership in the context of science teaching and learning. The first author also used this
to document his retro-reflective thinking, views, challenges, opportunities, and potential
next steps about the workshop and individual teachers. The retro-reflective field notes also
included potential clarifying questions and future directions for teacher PD focused on
antiracist and culturally relevant pedagogy.

Post-PD Interviews: The first author conducted post-PD interviews with five par-
ticipants (Bikash, Maya, Bimal, Mangal, and Mukhiya) and audio-recorded them. We
later transcribed the interview for analysis. The goal of the interviews was to capture
teachers’ experiences in the PD, connections to their lived experiences as teachers, and how
Indigenous leadership, culture, knowledge, history, and values connected with science
teacher leadership. The first author held 2 h of focus group interviews right after the
workshop. He conducted the interviews in Nepali, Tharu, or other local and regional
languages in which the participants and the first author were fluent. Most teachers chose to
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respond to interview questions bilingually or multilingually. Teachers mostly spoke Nepali
and Indigenous Tharu languages, but some sometimes used short phrases in Maithili,
Awadhi, Dailaykhi, and regional dialects and languages. The research questions, literature
review, and authors’ experiences and scholarship in this area informed the semi-structured
interview questions. Some of the semi-structured interview questions were the following:

• What were the possible benefits of race [jati]-conscious pedagogy for you as a leader?
• How would students learn differently in your science class after this workshop?
• How do you see challenges of science teachers (leaders) in your school connecting

culture and other social problems?
• As a science teacher leader, how are you thinking about changing from a teacher to

a leader?

Table 1. Brief Summary of Teachers and their Thinking about science teacher leadership.

Teacher Gender Level Ethnicity/Caste Thinking about Science Teacher
Leadership

Bikash M Elementary
Indigenous (Tharu)

Comes from the local community
that the school serves

Tharu language, knowing when and how
to plant, malaria, kamaiya (bonded labor),
principal support, not caring about Tharu
students, engineering and doctor, role of
Tharu community in school leadership

Maya F Elementary
Indigenous (Tharu)

Comes from the local community
that the school serves

Tharu language, malaria, bukrahi (female
bonded labor), caring for family, doctor,
failing science and math, Tharu teachers

take lead role

Bimal M Middle
Maithali (Upper cast) Comes from

Eastern Nepal, not from the
Indigenous community

Like Maithali, Tharu language gets ignored,
we cannot do that, we need more teachers,

science and math teachers can be good
leaders, and passing exams is essential

Mangal M Principal—High
Upper caste;

comes from the local community
that the school serves

Need Tharu teachers to take the lead role,
principals have national test and Tharu

culture to compete, and bonded labor puts
pressure on family and the culture of

working in the farm

Mukhiya M Principal—Middle
Upper caste;

comes from the local community
that the school serves

Not many Tharu teachers in secondary,
bonded labor is detrimental, more support

is needed for students from Tharu
community, leadership is hard to bring

to Thaurs

12. Brief Description of Participant Teachers

There were 17 participants from four schools who participated in the PD. Of the 17,
3 were principals, and the rest (14) were schoolteachers. Furthermore, four high school
teachers and one middle school principal were from outside the community. They were
transferred to the Indigenous community schools by the district education office. All eight
elementary teachers grew up in the Indigenous communities and were highly familiar
with the Tharu culture, language, values, knowledge, and sociocultural issues. Of the
three middle school teachers, two were from the Indigenous community (Sashi and Ruk).
However, they did not belong to the Tharu Indigenous group, and the third teacher (Bimal)
was from Southeastern Nepal and spoke the Maithili language, which is very different from
the Tharu and Nepali languages. After arriving at his current school, Bimal had to learn
the Tharu culture and language. The average teaching experience of elementary teachers
was 6 years, that of middle school teachers was 8 years, and that of high school teachers
was 12 years. Below, we briefly describe five teachers we interviewed to provide greater
context and depth. The names of the participants are pseudonyms to mask their identities.

Bikash: He is a Tharu who has taught at the school for five years. He taught all subject
areas but was more engaged in teaching science and mathematics. He was attending
college for an undergraduate degree in general science education. His father was a bonded
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laborer, so he was keen to take the lead in making science culturally relevant by drawing
knowledge and social issues from the Tharu community.

Maya: She is a Tharu and the first in the family to be a schoolteacher. She had been
teaching for four years in the school. She wanted to take the science teacher leadership
role if an opportunity arose. She wanted to bring Tharu culture, specifically female-related
Tharu issues, into her science teaching. Her mother used to be a bonded female worker.
Maya was attending morning college classes run in the same school to obtain her grade
12 degree in general education. She taught science but mainly relied on the textbook and her
Tharu knowledge to provide connections to students. She grew up in the same community
where the school is located.

Bimal: He is a middle school science and mathematics teacher. He was transferred
to this school two years ago but had been a teacher for eight years in another school. The
Tharu community, culture, language, and values differed for him. He was learning the
Tharu culture and receiving help from his colleagues. He has an undergraduate science
and mathematics education degree.

Mangal: He is the high school principal who helped carry out this PD. He has an
undergraduate biology degree and provided leadership in high school science. He had
been in this school for more than 20 years. Even though he is not Indigenous, he knows the
culture, language, knowledge, and elders extremely well. Tharus considered him one of
the elders, a highly respectable acknowledgment of his commitment to their well-being.

Mukhiya: He is the middle school principal whom the district education office trans-
ferred from the nearby district, but with a very different culture than that of the Tharus.
He is not a Tharu but has been learning the culture and language. He had been the prin-
cipal of the nearby middle school for the last three years. He has a general education
undergraduate degree.

13. Data Analysis

The overall framework of data analysis was based on thematic analysis because it
allowed us to capture “meaning and identity to a recurrent experience and its variant
manifestations. As such, a theme captures and unifies the nature or basis of the experience
into a meaningful whole” [115] p. 362. The first author analyzed the data utilizing both the
inductive and deductive methods informed by prior works on antiracist and culturally rele-
vant pedagogy by Blakeney [7], Lawrence and Tatum [8], and Upadhyay et al. [3]. Some key
ideas that informed the coding were based on the above scholars’ research. They included
guiding ideas or codes such as the idea that science teacher leaders need to be aware of the
demographic makeup of the class, cultural experiences of the students, cultural stereotypes
about Indigenous or marginalized groups, mismatch between students’ culture and school
science culture, negative view of Indigenous groups, ignoring Indigenous and local knowl-
edge, failing to connect science to local issues, and lower status of Indigenous knowledge
compared to science knowledge. According to Miles, Huberman, and Saldaña [39] and
Merriam [38], in a qualitative interpretive case study, the analysis of the data is based on
multiple readings and viewings of the interview transcripts, observations, fieldnotes of all
kinds, video and audio recordings of the activities, and artifacts. They also recognize that
qualitative data analysis is based on inductive and deductive processes because prior works
of researchers inform the generation of codes and themes. Thus, when the data for this case
study were analyzed, we took guidance from these scholars’ works [3,7,8] and based our
analysis on Miles, Huberman, and Saldaña [39] and Merriam [38]. Based on their works, we
initially came up with the following open codes: negative image of Indigenous people, poor
learners, cultural mismatch -Indigenous culture and teachers, science and student culture
disconnect, integration of community/student culture in curriculum, students’ experiences
discounted in science teaching, and missing community issues as part of science.

We, in consultation with the Tharu elders and supported by the second author, gener-
ated 26 open codes informed by the above scholars’ work as well as inductively through
multiple readings and viewings of the interviews followed by videos of the PD and the
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retro-reflective field notes and field notes, respectively [38,39]. These initial open codes
followed Merriam’s inductive and deductive initial code generation guidelines. The ini-
tial codes included, for example, “Tharu culture”, “relationship and holistic”, “mismatch
between Tharu culture and school teaching”, “Tharus can’t learn science”, “science con-
tent not local culture”, “fishing sustainably”, “female teachers leading”, “kulawak aguwa”,
“Tharu language”, “female student challenges”, “fishing net types”, “kamaiya–bonded
men”, “kamalari–bonded women”, “shaman–guruwa”, “antiracist teaching challenges”,
“food sustainability”, “principal support”, “local science curriculum versus national”, “na-
tional exam”, “remuneration for leadership roles”, “reluctance to identify as a science
teacher leader”, and “teacher leader challenges”. We specifically focused on aligning initial
codes generated from the analysis of the interviews with PD videos and the retro-reflective
field notes. The alignment of codes allowed us to focus more on nuanced and in-depth
analysis rather than quantity of codes.

Once the researchers agreed on the 26 open codes, we used axial coding [39] to generate
nine larger codes such as “Social and cultural connections”, “Science teacher or science
leader”, “Principals and barriers to remuneration”, “Female teachers showing antiracist
enthusiasm”, “Being a teacher and science teacher leader”, “Challenges of female science
teacher leader”, “Indigenous knowledge in science”, “Elder leaders as guides to teachers”,
and “Tharu knowledge and language in teaching”. These nine codes formed the basis for
generating three themes (findings) that capture participating science teachers’ thinking,
dispositions, and challenges of becoming antiracist science teacher leaders and teachers
(see Table 1). The three themes (findings) are (i) prioritizing Indigenous science content:
social and cultural connections; (ii) seeking affirmation from principals on becoming a
science teacher leader: managing a dual universe; and (iii) greater willingness to embrace
antiracist pedagogy for female participation and Indigenous knowledge. We will present
these in detail later in the findings section.

To increase trustworthiness, validity, and reliability, the authors utilized multiple
methods of data collection that helped increase the triangulation of the data and analysis,
included voices from multiple participants, and checked for the accuracy of the analysis by
sharing results with the elders and participants. In addition, to improve the trustworthiness
and validity of the codes, the authors came to an agreement on most of the codes, but
when there were disagreements, they came to a consensus on those codes to either keep,
modify, or discard them. We also shared a summary of the analysis with the Tharu teachers,
Tharu elders, and a participating principal to ensure accurate representation and meaning-
making. Table 1 below summarizes five teachers’ thinking about science leadership and
other demographic information. These teachers participated in the focus group interviews.

14. Professional Development (PD)

This 2-day PD focused on science teacher leader development by critically examining
sociocultural and historical issues in science teaching and learning in the contexts of Nepali
schools. The first author has been partnering and working with the school for the last ten
years, providing several professional development workshops for the teachers, and this
is one of them. Since effective science, technology, engineering, and mathematics (STEM)
teaching entails drawing from local problems, we aligned the PD problems with the goals
of understanding science and its relationships to other STEM fields and sociocultural issues.
In the context of the schools in the district and the challenges Indigenous Tharu students
face in science, a critical-theory-oriented and culturally relevant workshop can enhance
pedagogy and help science teacher leaders provide change for their schools and peers. As
the lead PD person (first author), he guided antiracist science teacher leadership PD based
on the Tharu leadership framework. In the Tharu culture, a leader has a strong relational
bond with the community and the environment, where knowledge is distributed among
many people. For example, kulwak aguwa seeks help from experts in making ropes out of
tree bark and tying wood logs together during dam building in the Karnali River.
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Similarly, the PD drew heavily on the local Tharu knowledge about the land, plants,
harvesting, irrigation, and cultural values. The workshop also utilized literature and
newspaper clips on bonded labor practices in the area, sickle cell disease in Tharus, food
(in)security, distrust between the national park and Tharus, the globalization of unhealthy
food, gender discrimination, and the cost of climate change on the Tharu cultural practices
and well-being. In the PD, we borrowed all the materials for antiracist pedagogy from
the Tharu community (Tharu teachers and elders), Nepali print media, TV, and online
sources. With the help of the first author, one of the schoolteachers translated some
resource materials from English into Nepali during the PD. The PD was made more
dialogic through uncomfortable discussions surrounding Indigenous science knowledge
(we used kulwak aguwa as a critical example for the Indigenous science knowledge and
leadership framework), school science curriculum, access, sociocultural and historical
issues of the Tharus, assessments, and teacher resources. Tharu student voices, culture,
history, leadership models, health and wellness, and systematic biases in schools were
lively discussion topics.

15. Positionality of the Researchers

According to Merriam [38], researcher positionality is one of the ways to attain re-
liability in the findings. In this manuscript, the first author intimately knows the Tharu
elders and the community because he grew up with other Tharu youths and adults. He
speaks fluent Tharu and knows the evolution of the language over his lifetime. Even
though he is not Indigenous, he has a strong and humble relationship with the land, water,
the jungle, and the people of this community. He considers himself an outsider with
the knowledge of many insider perspectives. Constructivist and critical epistemological
paradigms guide his research and worldview. Therefore, he values Indigenous ways of
knowing, culture, and history and views the PD on antiracist and culturally relevant peda-
gogy as a place for meaning-making by the participants through their lived personal and
professional experiences.

The second author, a native scholar from Kazakhstan, brings a wealth of knowledge in
foreign languages and culture, as well as in Kazakhstan’s Indigenous culture, language, and
heritage. Her education in the former Soviet Union, Kazakhstan, and the United States has
equipped her with a deep understanding of the value of culture, cultural practices, and the
cultural and social value of languages in generating and preserving Indigenous knowledge.
She has provided invaluable insights into the role of language in sustaining and passing
knowledge from one generation to the next. Her interpretive epistemological view of the
world, which places linguistic differences at the center of understanding sociocultural and
sociohistorical experiences, guides her work. She focuses on how meaning-making is cul-
turally guided and linguistically varied, and her feedback has been instrumental in refining
codes and aligning Indigenous leadership values from a broader Indigenous perspective.

Thus, the data-collection methods were guided by capturing how and what meanings
the participants made during and after the PD. Since antiracist and culturally relevant
pedagogies were new to the teachers, the researchers specifically focused on how the
participants made sense of the engagements and learning during the PD, which were
informed by their lived experiences.

16. Findings

Three main findings emerged from the analysis of data collected during and after the
PD. The findings indicated the desired characteristics and values of science teacher leaders
in the Tharu school, which were as follows: (i) prioritizing Indigenous science content:
social and cultural connections; (ii) seeking affirmation from principals on becoming a
science teacher leader: managing a dual universe; and (iii) greater willingness to embrace
antiracist pedagogy for female participation and Indigenous knowledge.
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1. Prioritizing Indigenous Science Content: Social and Cultural Connections

One of the goals of antiracist pedagogy is to highlight the issues of social, cultural, and
knowledge discrimination in school curricula, textbooks, policies, and pedagogy. We began
the first day of the PD by asking the participants to write down factors that hindered science
learning among Indigenous students. Most of the responses were “student motivation”,
“poor standard Nepali language skills”, “prioritizing home chores rather than schoolwork”,
“lack of science resources”, “no hands-on labs”, and “not understanding science content or
thinking that science is hard”. All the responses focused on content mastery and supported
dominant cultural preferences, such as the dominance of the Nepali language in textbooks.
When asked to consider Indigenous culture, knowledge, history, and the system of bonded
labor in their science curriculum and pedagogy, Bimal, a middle school teacher, expressed,
“Science is more about ‘hard evidence’ and is true everywhere. I don’t think anything
you mentioned is about science”. Akash, a high school teacher, wondered, “I can see
how climate change and health and some health practices like home births of children
in the Tharu [community] could be linked to science . . . but I don’t know about ‘bonded
labor thing.’”

The principals, Mukhiya and Mangal, sought a balance between the science content in
the textbooks and Indigenous science knowledge, where social and cultural issues could be
infused while teaching science. The goal was to support student learning and better test
results. The following quotes captured their balanced views:

Mukhiya: Tharu knowledge in areas like kulo making, repairing, River dam
building, and recognizing hard and soft wood and their age without cutting
down can be part of science texts from Grades 4–10. . . without affecting the
national test results. A Tharu student can lead all teachers in this [integrating
Tharu knowledge in science].

Mangal: Connect science content like subtropical diseases (sickle, water-borne
diseases) and food scarcity (malnutrition from lack of protein) that Tharu students
in the village encounter. . . . Grade 9 and 10 science books have to state [that]
sickle cell disease is not “Tharu disease”, it is a genetic disease.

Similarly, Maya (a female Tharu teacher) and Bikash (a male Tharu teacher) saw Tharu
knowledge missing from elementary and middle school textbooks as unfair. They shared
examples of Tharu knowledge that could be part of science textbooks across the grades.

Maya: We store grains (rice and wheat) for seed, and daily consumption in a
sizeable Tharu-made container [called bhakari and dehari in Tharu]. A bhakari is
built mostly outside the house that is south facing [longer hours of the direct sun]
and raised [less chance of flooding] so it gets the most sun and the least moisture.
Similarly, a dehari is built by women inside the house at a location that is drier to
stop the grains from rotting or sprouting. Tharu women and men build bhakari
and dehari from locally available materials such as clay, reed, and straw.

Bikash: Also, when we build bhakari and dehari, we pray to the spirit to keep it
safe till next year. Tharus always thanks the land through spirits of the place and
environment such as the jungle, water, air, rain, and ancestors. These are about
respecting the climate and uncertain change[s] in weather patterns. . . . All these
can be part of life science and environment science in the textbooks.

Maya and Jamuni (other elementary teachers) suggested that teachers could draw
from local knowledge of storing water in underground clay pots to keep it cool in the
summer in elementary school. In another instance, while discussing how Tharu culture
and knowledge could be integrated in elementary and middle school science, Maya, who is
a Tharu, and Ruk, a male non-Tharu, supported the value of Tharu culture in science.

Maya: We [Tharu] grow bottle gourds in all homes for the good spirit because
bottle gourds represent the spirit of our homes, and they are also used for multiple
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purposes like a vegetable, symbol of spirit when we [perform] certain rituals, and
use for carrying water when it’s dry.

Ruk: I didn’t know [one] used it as a symbol of spirit. . . .I can use this idea when
I teach science and local cultural connections.

During the PD and interview, teachers stated that the value of Tharu’s knowledge
and culture could be an effective and trustworthy for science teacher leaders. The science
teacher leader not only considers Tharu culture and knowledge in classroom instructions
but also invests in curriculum that includes the local culture and knowledge.

Bimal: Tharu teachers [science teacher leaders] could lead their school’s science
teachers to rewrite their curriculum to include local cultures, such as bottle gourds,
kulo water supply, and the tradition of using bottle gourds for the spirit.

Rakesh: Tharu culture revolves around farming and harmony with their land. So,
there is a lot in environmental science, like climate change and how Tharus have
changed irrigation habits based on their knowledge of the land.

However, an elementary teacher, Siddhi, expressed his worry about teaching Tharu science:

Tharus have a different idea of science and are less interested in it. Tharus
find science hard because they think that knowing the textbooks or science we
teach is less important. I think everything about kulwak work and harvesting
grass to make ropes is less about school science. . . . This will not help them
succeed [passing the test and postsecondary education]. . . . We need Tharu
science teachers who can lead [and teach] mostly school science.

Another middle school teacher, Ruk, expressed similar concerns about Tharu culture,
science, and leading the science department. Ruk believed that Indigenous knowledge is
not science because that knowledge was not produced through experiments. He further
believed that science teacher leaders need not have to focus on Tharu knowledge:

Middle school students need more science knowledge than is in the book because
that is what makes Tharu students successful [passing the test and postsecondary
education]. They already have local knowledge, like when to plant rice and how
much water to irrigate, but that is not what school science is for. Science teachers
should help Tharu students do more science experiments and the [science teacher]
leaders need to give more training to peers to teach more with experiments. I
think I use Tharu knowledge less in science but be a leader in science teaching.

Siddhi and Ruk shared a common concern among Nepali teachers who taught in
Indigenous and marginalized student schools. They believed in Western science and its
ways of producing knowledge because that was what was assessed in local and national
external exams, and high scores in these assessments were the path to postsecondary
degrees and potentially good professions.

Overall, most teachers and the principals were supportive of science teacher leaders
valuing and knowing the value of Indigenous and Tharu science knowledge.

Bikash: A Tharu teacher leader can bring Tharu science [Indigenous science
knowledge], like how we make water carriers from bottle gourds or which tree
bark is suitable for making ropes during dam construction. . . . We lead by
consensus and nata [relationship].

Maya: A science teacher leader needs to know Tharu culture for aguwa [male
leader] and aginia [female leader] based on collective agreement. . . . We listen
to the Tharu spirit and the land to tell us when to do what. . . . Our fathers and
mothers passed on to us.

Bimal: Tharus have a lot of cultural and local knowledge about the environment.
I think a science teacher leader need that here.
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Mukhiya: I think kulwak aguwa could be a good knowledge source for us and a
model. . . . I’m a principal, but I need to work on building relationships. . . . I find
it hard to ignore Tharu knowledge of environmental science, and I tell teachers to
lead with that in science.

Mangal: Tharu culture is full of rich knowledge, and I have been telling my
science teachers to lead with that in class. . . . We need more workshops to do this,
and maybe bring Tharu elders, like you did for this workshop.

Most teachers and the principals agreed that local cultural examples would be highly
valuable for understanding science and are “equal to science in a textbook”, as Navin stated.
Also, for all the teachers in this PD, sustainability practices and local land and environment
knowledge “could easily replace some of the science textbook illustrations and activities
to match the local farming practices and fishing practices and irrigation knowledge”, as
Mangal said. Bikash and Maya pointed out that Tharus have more than 30 names for types
of fishing nets based on river water conditions and the size and type of the person using
the net. In some ways, the PD pushed science teachers intentionally to reflect on how
local social and cultural connections could be leveraged in science teaching and learning.
Mukhiya concluded, “Maybe being a teacher leader of my school means detailing [and
dealing with] Tharu culture and the knowledge of the environment and place with science
textbooks and tak[ing] the risk. So why not try to bring more Tharu culture and knowledge
in science”.

2. Seeking Affirmation from Principals on Becoming a Science Teacher Leader:
Managing a Dual Universe

Principals hold both the administrative and pedagogical power in schools in a top-
down leadership model. This model is contrary to the Tharu model of leadership, which is
built on relational virtues and local community needs. Since high school teachers in the PD
were apprehensive about student performance on the national exam, they felt pulled in
two directions: top-down leadership that controls science pedagogy and content versus a
relational model where Indigenous student needs are more central.

Akash: I think a science leader needs to lead the content in the textbook for the
test, but then Tharu students can find that science [is] useful. We bring Tharu
elders in our school management meetings, and they always say the Tharu way
of doing requires aguwa to be a consensus person, so we can relate, and I can [call]
him dadu [father], bhainay [brother-in-law], or dada [older brother]” [indicating a
relationship]. The district chooses our principals, so it’s not Tharu way of doing
it. . . . We need support from principals to be science [teacher] leaders.

Mangal: In [a] Tharu school, we need to respect that [relational model]. As
a principal, I want a science teacher leader who can build the Tharu way of
connecting and Tharu culture in science and teach science in [the] textbooks.

Despite understanding the Tharu leadership model and values, teachers wondered
if they could lead science departments in their schools with the Tharu way of leading.
The teachers in the PD seemed to understand that a science teacher leader who supports
antiracist pedagogy in a school needs to incorporate Tharu values and needs strong support
from the principal to carry them out successfully.

Maya: Tharus values [are to] choose a leader by all [consensus], but the principal
is our leader chosen by the district, which has more power. So at least we can
choose a science teacher leader by all. This [science teacher] leader sees us from a
relational [point of view]. Hope our principal agrees.

Akash: My principal doesn’t think most of the Tharu students are good at science.
So, I don’t know if my principal would be supporting me. But I know a science
teacher leader in my school has to be selected by all and also finds value in
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the Tharu way of doing and their knowledge of lots of science-relevant ideas
[Indigenous science knowledge].

Navin: Because this [antiracist with cultural value] method of teaching and
thinking is new to us, and we have never thought about culture and history in
science, this will be a big task. . . .But as a science teacher leader agreed that all
could bring Tharu culture, knowledge of so many local environments, and acute
skills to see things in nature . . . Tharus recognize weather and directions through
dense jungle.

Mukhiya: This [antiracist with cultural value] will demand a lot of change in the
thinking of our science teachers. . . . I need to give lots of support to local culture.

Maya: Science leaders [need] to help new teachers, who are appointed here, from
other parts of Nepal to learn both Tharu culture and practices.

The discussions among the teachers and principals at the PD indicated that without
principal support, there was very little chance for a science teacher leader to value the Tharu
way of leading. They also mentioned that in order to build an antiracist science classroom
and curriculum successfully, the principal’s support would be essential. Some teachers
remarked that principals might struggle to change teachers’ top-down leadership model,
which was less aligned with Tharu values and culture in the current model of leadership
practice. The tension between learning Western science from textbooks and Indigenous
science and values was present in all the conversations and interviews. Additionally,
the teachers felt an ambivalence about how science teacher leaders should encourage
peers to be more responsive to local Indigenous knowledge, as well as the science from
the textbooks.

3. Greater Willingness to Embrace Antiracist Pedagogy for Female Participation and
Indigenous Knowledge

During the PD, all female teachers and Indigenous teachers had positive views about
antiracist pedagogy. They felt that the method of teaching science that encouraged Tharu
students to have a voice and for teachers to draw from Tharu history, culture, and In-
digenous science knowledge aided in learning science that supported the “Tharu way of
knowing and doing”. During PD discussions and focus group interviews, both groups
saw benefits of teaching science that questioned “discrimination present in the textbooks
and school system”, as Navin stated. The value of antiracist pedagogy focused on science
teaching seemed to encourage female teachers. In a small-group discussion, female teachers
talked about how the school’s start time during summer months did not support girls,
specifically Tharu girls:

Balkumari: There could be a [robust] discussion of gender issues, like morning
school in the summer to escape from 40-degree [Celsius] heat during the after-
noon. Many girls miss early classes because they are helping moms at home. . ..
The science teacher leader and principal must consider this and do something.

Maya: Tharu girls are [mainly] busy because they have to take care of siblings and
clean the house. A lot of times, they have to run home to bring food to the farm
for their parents and anyone working in the field. . .the science teacher leader
must think, and maybe science class [period] is later in the [school day].

Jamuni: Tharu girls are also responsible for substituting their sick or busy moth-
ers if they work as kamalari [bonded women laborers] in someone else’s home.
. . . Most Tharu girls and other girls have [disadvantage] because of morning
school. . .how might a science teacher leader help girls in this case?

The teachers believed that social challenges were pulling the Tharu girls back from
science learning. They also raised the health and discriminatory social issue of bonded
labor that the larger society and the school needed to consider for Tharu girls. The teachers
clearly envisioned a science teacher leader who would find ways to accommodate the needs
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of Tharu girls and the social issues connected to attending school. This raised a systemic
school system issue, as the principals in the PD reflected on the early class start time and its
challenge to Tharu girls’ attendance.

Navin: [This is a] system-wide problem [based on] a discriminatory history of
the bonded labor system. . .but we can’t teach students in such a heat without
fans in the classes.

Mangal: We can’t change it, because there is no [cooling] system, and [the]
electricity supply is intermittent. The heat is too much for students to be in class.

Navin: This [school start time] is a historical government decision that school
management follows . . . the bonded labor system, which [continues] as [an]
informal and [exploitative] economic activity, primarily disadvantaged girls, who
had to help parents at home. [Even though the] government has declared bonded
labor practice illegal, a majority of Tharu families still live with its [legacy] in
health care, schooling, and food insecurity. Therefore, the [antiracist] teaching
approach could help discuss these issues in all science classes [in science] topics
like sustainability, heredity, environmental change, and water and land pollution.

The teachers agreed that a science teacher leader needed to focus on local social
challenges and the lack of school infrastructure to support girls’ school attendance. They
also recognized that girls’ missing classes were larger than just the school system. It was
also about generations of social discrimination. Thus, science teacher leaders could focus
on not only teaching science but also historically persistent social issues.

Furthermore, the Tharu teachers and non-Tharu teachers agreed that the Tharu lan-
guage had to be part of instruction for student success in science. The Tharu teachers
acknowledged how valuable Tharu language and place-based knowledge could be for
science teachers and, specifically, science teacher leaders when they must lead their peers.

Bikash: Greater cultural and historical connections in science [through] all classes
held in bilingual [Tharu and Nepali]. . . . You can connect the bonded labor history
with the Tharu irrigation and aguwa systems.

Jamuni: Tharu women have [mastered] skills to make dehair and bhakari to store
grain for food and seeds. Isn’t this baigyanki [scientific]? Women have the knowl-
edge to recognize plant roots used for fermenting grains for our Tharu rituals.

Maya: Look at our skills to make fishing nets for all ages because we believe all
Tharu people can help find food from an early age. We can bring this knowledge
to many science topics. [Doesn’t] this make Tharu knowledge baigyanik [scientific]?

Prakash: If the principals encourage teachers to be more Tharu aware, including
Tharu knowledge, especially in climate issues, it would be very beneficial. It’s
[Tharu knowledge] like baigyanki gyan [scientific knowledge] because they can
predict and [anticipate] so many things naturally. Also, Tharus can [make] valu-
able contributions in a science leadership role with their knowledge and values.

The discussions indicated the recognition of the value of Tharu knowledge and girls’
participation in science, and science teacher leaders needed to promote them. The Tharu
community’s knowledge, as shared by the teachers, was clearly focused on community
survival and well-being. However, some teachers expressed concern that Indigenous
science knowledge and discussions on sociocultural and discriminatory issues in science
would distract from science teaching and learning and, for some, be challenging.

Bimal: I’m Maithali, another linguistically marginalized group in Nepal, so we
also have many cultural things and ideas that can be called scientific. How-
ever, Maithali students will fail the national Grade 10 test if they write Maithali
practices and knowledge in the test. . . . So I’m concerned about using Tharu
knowledge, which is local because science is all over [universal knowledge]. Also,
I’m not from Tharu culture, so it’s another burden. But learning new things is
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good, but in science, it is different. Science [teacher] leaders need to know science,
and culture can be a secondary part but relatable. I have daughters, and I agree
the PD, all female teachers and Indigenous teachers had positive views about
antiracist pedagogy.

Janak: Maybe more science teaching and experiment ideas [will] help become
[science] leaders. We can include some Tharu knowledge as an example but
not replace textbook science. Science teacher leaders should be chosen by all,
but except [advocating] and doing something to bring more girls; science con-
tent shouldn’t be replaced by Tharu knowledge of things. . . . Science is global
[universal], but Tharu is a local knowledge that I can’t use in the hills of Nepal.

Bimal and Janak were worried that the material that might be replaced in the science
textbooks would negatively affect student success. They agreed that science teacher leaders
had to support girls in science, but they disagreed with making Tharu knowledge a part of
science instruction. Similarly, some principals expressed that their biggest challenge and
anxiety was how science teacher leaders with hardly any Tharu community experience
could teach and lead peers with their own cultural sensitivities in science.

Overall, the teachers seemed to agree that sociocultural issues such as the kamalari
were an essential part of girls’ participation in science. They also agreed that school
infrastructure and the system failed to support girl participation, but the female teachers
felt that that should be a central part of becoming a science teacher leader. Furthermore,
teachers and principals also recognized that there were barriers to overcoming sociocultural
and linguistic challenges. Thus, a science teacher leader must recognize and figure out
sociocultural, linguistic, and systemic issues if science teaching and learning is to support
girls and other marginalized groups that attend the school.

17. Discussions and Implications

A principal or science teacher leader has influential authority on the instruction and
curriculum at a school. These leaders can influence significant changes in classroom
practices, curricula, and policy [116]. This case study sheds light on how a PD built
awareness among school science teachers and principals and encouraged them to be
mindful of cultural differences and Indigenous science knowledge. The goal of the PD
was to build interest among science teachers to be science teacher leaders and build a
capacity to bring awareness among participants about the sociocultural discrimination
experienced by the Tharus and the value of Indigenous science knowledge in an antiracist
and culturally relevant science class. Research has shown that without deep awareness and
appreciation of the contributions of many cultures in knowledge production among school
leaders, teachers and principals tend to continue to support discriminatory teaching and
leadership practices [117–119]. A lack of awareness among teachers and principals is found
in Indigenous schools where Indigenous knowledge, culture, practices, and values hardly
receive space in science textbooks and assessments [21,120].

In this study, we found that many teachers and principals, such as Bikash, Maya,
and Mukhiya, agree that Tharu science—Indigenous science knowledge—is valid in many
instances, such as the irrigation system, grain storage and seed preservation, and the
building of dams in large rivers. Furthermore, the principals and teachers agreed that for
a science teacher leader, valuing, acknowledging, and actively drawing from the “Tharu
way of knowing” is essential for antiracist pedagogy to support learning. However, some
teachers, such as Siddhi and Ruk, suggested that valuing Indigenous science knowledge as
much as Western science was concerning because success in assessments was measured
based on Western science content. Bimal and Janak raised a similar concern because
bringing in the Tharu culture and way of knowing in a science class would deviate from
what students needed to learn in science. They reasoned that controlled experiments and
the universal nature of Western science were not part of Indigenous science knowledge.
This finding is similar to other findings in Indigenous science studies, where Western
science takes precedence over Indigenous science knowledge and adversely affects student
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learning [121–123]. Therefore, the PD seemed to indicate that supporting a science teacher’s
leadership model that is focused on Indigenous epistemological practices and ontological
values seems to produce science teacher leaders who are more attuned to the relational
nature of leadership.

The PD was a starting point for a new generation of science teachers and potential
school leaders to consider antiracist pedagogy based on Tharu culture, knowledge, and
social experiences in science teaching and learning. The teachers in this case were home-
grown, and research has shown that homegrown science teacher leaders are more effective
than outsiders in leading culturally sensitive and sustaining science learning environ-
ments [35,60,124,125]. Research on school leadership has constantly shown that science
teacher leaders who are also advocates for antiracist, culturally relevant, critically conscious
teaching and curriculum are most likely to succeed in making science learning meaningful,
socially just, and equitable to marginalized students [45,126–128]. Science teacher leaders
are needed in science education to encourage teachers to support marginalized students’
culture and life experiences and disrupt dominant cultural habits and practices.

The leadership frameworks that Tharu and non-Tharu participants in the PD ref-
erenced were based on the “Tharu way of doing”, “nata” (relationship/relational), and
consensus-oriented. Teachers mentioned that the process of selecting an irrigation leader
(kulwak aguwa) in the community could be an important model for selecting a science
teacher leader in the school. Teachers also recognized a disconnect between the top-down
principal-selection model used by the far-away district office and the Tharu model of
relation-based leadership. We also found that the teachers felt that relationship-based
science teacher leadership could be more fruitful in antiracist pedagogy by including cul-
ture and Indigenous science knowledge. The relational and broad community well-being
values [11,67] of the Tharu leaders seemed to encourage many teachers, Tharu teachers in
particular, to see connections between social issues and science. For example, the Tharu
teachers mentioned bonded labor issues, girls’ issues, and women’s knowledge about
making fishing nets and building grain containers as pathways for antiracist science teach-
ing and leadership. This study shows similar findings to prior studies on Indigenous
leadership, where the relationship is the core basis rather than a top-down Western model
of individualism [23,129,130].

This study supports Eisenhart’s [131] assertion that science teacher leaders need to
provide space for both the critique of science and broader engagement with how curricula
and textbooks silence marginalized experiences, histories, and cultures. This PD seemed to
show that teachers recognized the Tharu culture’s marginalization by excluding language
and cultural practices from science textbooks and classroom instruction. Additionally,
the PD allowed teachers and principals to reflect on the systematic discrimination [132]
against Tharu girls because of the early-morning school start time in the hot and dry
summer months. Therefore, the PD seemed to show that the teachers who were thinking of
taking the science teacher leadership roles were more aware of social, cultural, linguistic,
gender, and other forms of discrimination. Furthermore, the Indigenous Tharu teachers and
female teachers seemed to be much more critical about the nature of discrimination. They
seemed to find antiracist and culturally appropriate pedagogies and thinking to be essential
qualities of science teacher leaders. However, studies on U.S. teacher leadership have
explored cultural relevancy and historical discrimination as an ancillary aspect of science
teacher leadership rather than a central part of being a teacher leader [87,90]. The PD
seemed to show that the Western leadership model is culturally inappropriate for teachers
in Tharu schools. In the context of science teacher leaders, Hodson and Dennick [133]
explored antiracist engagement in science through the history of science, but another PD
for science teacher leaders [87,90] lacked a focus on antiracist pedagogy. Therefore, this
study adds to the literature on the value of antiracist science teacher leaders based on
an Indigenous leadership model. Furthermore, this study supports Lewthwaite’s [134]
argument that personal and local contexts influence a teacher leader’s potential success in
an Indigenous school [70] based on an Indigenous leadership framework.
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This study showed that principals, despite being selected in a top-down model, could
be valuable partners in building an Indigenous model of science teacher leadership. As
science teacher leaders in Indigenous schools want to promote antiracist pedagogy in
science classrooms, Indigenous values of relationship building, community well-being, and
local contextual knowledge [135,136] would be necessary qualities in an antiracist science
teacher leader in Indigenous schools. The focus on antiracist pedagogy in the PD seemed
to encourage potential science teacher leaders to reflect on, reevaluate, and challenge
their assumptions about Indigenous science knowledge, as well as recognize Indigenous
values, history, and culture in science teaching and learning. Therefore, in the context of an
Indigenous-majority school, the Indigenous leadership framework of valuing relationships
and community wellness could be the basis for antiracist and culturally relevant pedagogy
that equips science teachers to hold leadership positions and improve their pedagogy for
critical science teaching. This study indicated that more focused PD programs are essential
to build science teacher leadership capacities geared towards antiracist and culturally
relevant science pedagogies built on a relational leadership model.
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126. Cashman, A.K. Aloha Kumu, Aloha ‘Āina: A graduate program to prepare teacher leaders for the health, well-being, and
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