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Abstract

Increased globalization of the world economy, growth in human migration, and rapid devel-
opments in science and technology have required people to develop intercultural commu-
nication skills. Teachers play a crucial role in developing intercultural competence among
students in our globalized, multilingual classrooms. The need for fostering collaborative
discourse among students with diverse cultural and linguistic repertoires and building
intercultural competence among students is a common blind spot in Science, Technology,
Engineering, and Mathematics teacher praxis. This can inhibit efforts to cultivate safe and
supportive learning environments for all students and can ultimately threaten multilingual
student success. As part of a larger study, this narrative inquiry explores the phenomenon
of intercultural competence development through the lived experiences of a Midwestern
secondary science teacher. Time series data were collected from the participant (11 semi-
structured, in-depth, online interviews over 8 months). Field notes and artifacts served as
secondary data. Informed by Michael Byram’s Multidimensional Model of Intercultural
Competence, interviews were designed, conducted, transcribed, and member checked.
Then, transcripts, field notes, and artifacts were coded and analyzed using Jean Clandinin
and Michael Connelly’s three-dimensional narrative inquiry framework to arrive at synthe-
sized stories of experience around coalescing themes. The findings revealed the participant
utilized several strategies aimed at developing intercultural communicative competence,
particularly in support of multilingual students. This paper focuses on the four themes that
relate most directly to intercultural communicative competence development. The findings
and implications are discussed within the context of Byram’s model and conclusions are
drawn to inform current and future work in this area.

Keywords Intercultural communicative competence - English language learners - Teacher’s
culturally responsive and sustaining pedagogies - Stories of experience - Restorying
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Identification of the research problem

Living in the twenty-first century means living in a globalizing world where borders con-
tinuously shift, blur, and/or tighten; cultures merge; and international relations become the
basis for a well-functioning tomorrow. Living in this era of globalization requires all indi-
viduals to have more diverse competencies and requires the educational system to focus
on teaching students the skills necessary for successfully mastering the demands of this
new and ever-changing world (Schenker 2012). Equity literacy (Gorski 2016) and the abil-
ity to communicate across differences (LeBaron 2003) have become increasingly impor-
tant as we all work to navigate current sociocultural complexities and the enduring edu-
cational and economic impacts of a global pandemic. Such skills serve as tools to help
us overcome prejudice, discrimination, and misunderstandings between people of differ-
ent cultural backgrounds (Reid 2015). Additionally, increased globalization of the world
economy, growth in human migration in the twenty-first century, and rapid developments
in science and technology have required people across disciplines to develop their compe-
tence in intercultural communication as well as their appreciation for and understanding of
diverse cultures and languages (Huang 2014). Teachers play a crucial role in developing
these competencies and dispositions among students in our increasingly globalized, mul-
tilingual classrooms (Gibbons 2003). One way to equip students with the linguistic and
cultural skills to understand and communicate successfully with people from a wide range
of backgrounds is to foster their development of intercultural competence (Schenker 2012).

Michael Byram (1997) defines intercultural competence as the ability to function effi-
ciently within one’s own as well as other cultures and having the skill to engage in mean-
ingful and successful interactions with individuals from diverse cultural backgrounds.
From the point of view of educators, intercultural competence is an educators’ ability to
relate to and communicate effectively and appropriately with students who represent a
wide range of cultural and plurilinguistic identities. Teachers must continually develop
this important skill in themselves and their students if they want to genuinely create a
classroom ecology that supports and affirms the identities and experiences of all students.
Research on intercultural competence development confirms and underscores the impor-
tance of preparing students to engage and collaborate across differences by discovering
appropriate ways to interact with people with diverse cultural repertoires (Sinicrope, Norris
and Watanabe 2007).

Science education for diverse learners in the twenty-first century

This study explores a Midwestern high school teacher’s lived experiences within a
multilingual science classroom. Therefore, it is important for us to provide some con-
text of science education in the USA and how the field intersects with issues of ethnic-
racial and linguistic diversity. Science educators and educational institutions have long
been concerned about the status and quality of science content being taught in K-12
schools and the delivery of the content (McWright 2017). Educational reformers in the
USA continue to strive to solve the problem of how to best teach science for optimal
learning for all students, and US students’ science and math literacy scores on inter-
national comparative assessments show little evidence of progress toward this goal
(Cadle 2020). With mandatory testing nationwide, along with increased demands in
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science, technology, engineering, and mathematics (STEM) jobs and a limited skilled
workforce to fulfill these needs, the question of what to teach and how to teach science
remains a concern among educators and stakeholders (McWright 2017).

The creation and implementation of the Next Generation Science Standards (NGSS)
and the Common Core Standards in K-12 education have taken center stage in school
improvement (NRC 2010). The purpose of NGSS is to better prepare students for the
workforce and college by developing critical-thinking skills and scientific literacy
as well as building interest in science, technology, engineering, and mathematics
(McWright 2017). Many skills required in today’s job market (both inside and outside
STEM fields) can be developed in inquiry science classrooms (Bybee 2013).

Rodger Bybee (2010) emphasizes that in STEM programs, student investigations
and projects present the time and opportunity for teachers to help students develop
21st-century skills, such as adaptability, complex communication skills, the ability to
solve non-routine problems, self-management/self-development, and systems think-
ing (NRC 2010). According to a study by the National Research Council (2010), in
classroom settings where teachers engage students with inquiry-based science teaching
(E.g., using Bybee’s 5E instructional model), there are greater increases in scientific
reasoning ability among all students when compared to those in settings where more
typical forms of science instruction are used.

Significance of the study

Some of the most widely used teaching models for effective instruction (such as
Bybee’s 5SE Model, the Center for Research in Education, Diversity, and Excellence
(CREDE) Model, and Krashen’s Acquisition-Learning Hypothesis Model) utilize Lev
Vygotsky’s (1986) sociocultural theory of cognitive development and human learning
as a foundation. Sociocultural theory argues that learning is a fundamentally social
process where social interactions and language function as essential tools for scaffold-
ing children’s understanding. However, few instructional models give specific exam-
ples or strategies that foster the development of intercultural competence among stu-
dents (Huang 2014). Furthermore, despite the fact that student populations in the USA
continue to increase in cultural and linguistic diversity, these models do not attend to
the role that ethno-racial-linguistic diversity (Herrera 2010) plays in shaping the social
ecology of classrooms or the ramifications of not attending its salience (Morales and
Raible 2021).

The need for fostering collaborative student discourse and building intercultural
competence among students is a common blind spot in STEM teacher praxis (Lan
and de Oliveira 2019). This can inhibit efforts to cultivate safe and supportive STEM
learning environments for all students and can ultimately threaten multilingual student
success (Sinicrope, Norris and Watanabe 2007). As part of a larger study (Ganesan
and Morales 2022), this narrative inquiry explores the phenomenon of intercultural
competence development through the lived experiences of a Midwestern high school
science teacher. More specifically, it considers the ways in which one teacher fosters
and facilitates the development of intercultural competence in her multilingual science
classroom.
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Research questions

The central research questions guiding this study were as follows: (1) What instructional
strategies can foster, shape, and facilitate the development of intercultural competence
among students in plurilinguistic and ethno-racially diverse science classrooms? and (2)
What are the benefits of integrating science content and language instruction in support of
English language learners (ELLs) specifically?

Philosophical assumptions

Our ontological and epistemological stance is that reality is ever emergent and fluid and
knowledge is socially constructed and co-created between communicators. Jeong-Hee Kim
describes traditional narrative inquiry as ‘a storytelling methodology that enquires into
narratives and stories of people’s life experiences’ (2016, p. 304). Rooted in philosophies
of constructivism and symbolic interactionism, researchers engaged in narrative inquiry to
collect data in the field, which Amos Hatch (2002) calls “extended firsthand engagement,”
in order to understand the problem or phenomenon of interest from the participants’ points
of view (Merriam and Tisdell 2016); which is also called the “emic” perspective (Bogdan
and Biklen 2007).

This narrative study embraces the worldview of social constructivism or interpretivism
as the paradigmatic framework (Creswell and Poth 2018) because as researchers, our goal
is to interpret the participant’s (science teacher’s) constructions of the meaning of teach-
ing science in her unique context and to understand how she builds students’ intercultural
competence. We chose to use the term ELL to describe emergent multilingual learners of
English given that this is the term used by the teacher participant in the study.

Theoretical frameworks for intercultural competence

Based on the chronological and collective work of scholars and linguists such as Noam
Chomsky (1957, 1965), Dell Hymes (1967, 1972), Michael Canale and Merrill Swain
(1980), Michael Canale (1983), and Marianne Celce-Murcia, Zoltan Dornyei and Sarah
Thurrell (1995), Byram’s (1997) Multidimensional Model of Intercultural Competence
offers a comprehensive framework that encompasses diverse skills of intercultural com-
petence, and it is widely accepted in the field (Moeller and Nugent 2014). Byram (1997)
proposed a famous, five-factor model of intercultural competence in his book, Teaching
and assessing intercultural communicative competence. According to Michael Byram,
Bella Gribkova and Hugh Starkey (2002), intercultural competence consists of three com-
ponents—knowledge, skills, and attitudes—and is supplemented by five values: (1) inter-
cultural attitudes (curiosity and openness), (2) knowledge, (3) skills of interpreting and
relating, (4) skills of discovery and interaction, and (5) critical cultural awareness. These
five major intercultural competencies are strongly interrelated (Waliiski 2012). Byram
argues that the basis of intercultural competence is in the attitudes of the person interacting
with people of another culture. Without this basic competence, the other four cannot truly
develop (Waliriski 2012).

Given that we consider intercultural competence (as described above) as important
for science learners and highly relevant in inquiry-based science classrooms, we consid-
ered Byram’s model as the central theoretical framework for our study. However, we also
acknowledge the role of social constructivism. As stated by Weinburgh et al. “Science
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educators have used social constructivism as a theoretical framework for research and prac-
tice for several decades. The constructivist learning theory suggests new knowledge is built
by learners by integrating new ideas into what they had previously learned” (2014, p. 521).
Similarly, Lev Vygotsky’s (1978, 1986) sociocultural theory also shapes the philosophical
and methodological orientations of this study. Vygotsky (1978, 1986) describes the con-
cept of the Zone of Proximal Development (ZPD) as generating and leading development
which is the result of social learning through the internalization of culture and interper-
sonal relationships, so the development of intercultural competence among students and
between the teacher and the students taps into the profound potential of peers’ supporting
one another’s growth within their zone of proximal development.

Literature review

In the extant literature relevant to this study, researchers reference different strategies that
could help in fostering, shaping, and developing the intercultural competence of their stu-
dents. Below we identify and synthesize salient points from the literature that explain, (a)
the urgent need for instructional strategies, intercultural, content-specific classroom dis-
course strategies, and professional development for teachers to improve science literacy in
STEM education, (b) the benefits of integrating science content and language instruction,
and (c) the strategies for building intercultural competence of multilingual students.

Urgent need for instructional strategies, intercultural, content-specific classroom dis-
course strategies, and professional development for teachers to improve science literacy.

As indicated, as the school student population in the USA is becoming more linguisti-
cally and culturally diverse, it is essential to create learning environments that center on
issues of equity and to provide learning opportunities that enhance academic achievement
for all students (Lee 2003). With increasing demands in STEM fields and the need for
students to enroll and succeed in STEM subjects, it is imperative that science education
researchers focus on the strategies to improve the scientific literacy of linguistically diverse
students who are the fastest-growing K-12 student population (Turkan and Liu 2012).

A study by Madhavi Tandon, Kara Mitchell Viesca, Colin Hueston, and Tamara Mil-
bourn (2017) examined data from 36 teacher candidates and novice teachers of multi-
language learners (MLLs) to explore their perceptions and understandings of linguistic
responsiveness. The findings illustrate that there are challenges faced by teachers in dem-
onstrating linguistically responsive teaching practices in the early and initial stages of
entering the teaching profession and that more research is necessary to understand how to
support teachers in this complex mission.

Multilingual learners frequently confront the demands of academic learning through a
yet unmastered language without the instructional support they need. As a result, ELLs
often fall behind their English-speaking peers in content area learning, such as science
(Lee and Buxton 2013). According to Shu Wen Lan and Luciana de Oliveira (2019),
classroom discourse strongly influences the ability of all students to shift back and forth
between the two linguistic registers represented by scientific language and everyday lan-
guage; however, minimal scholarly attention has been paid to the content-specific language
demands and challenges faced by upper elementary multilingual students learning science
by participating (or failing to participate) in the discourses of multilingual science class-
rooms in US public schools. Because the concept of using home culture as a resource for
teaching science is new to many teachers, they need extensive professional development
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to understand how their students make sense of both home experiences and school science
and how teachers play a role in helping their students bridge and articulate the two areas
in ways that promote science learning (Lee and Buxton 2013). Schoolwide professional
development opportunities should be provided for content (science) teachers. Content area
teachers are often tasked with helping students develop language skills (English in the US
school context) in addition to discipline-specific language (scientific language). Though
content area (science) teachers are proficient in the academic language of their disciplines,
few receive adequate training on how to teach students this discipline-specific language
(Schleppegrell and O’Hallaron 2011).

Benefits of integrating heritage languages into the instruction of science content

In their study of science classrooms in Swaziland, Marissa Rollnick and Margaret Ruther-
ford (1996) found the use of learners’ heritage languages (e.g., SiSwati) to be a powerful
means for learners to explore their ideas in science. Data analysis revealed that the use
of SiSwati along with English served several important functions for students, including
articulation and elimination of inaccurate conceptions, clarifying scientific concepts, and
formulating ideas during group work.

In a study by Gibbons (2003), through their interactions with ELL students, two teachers
mediated between the students’ current linguistic levels in English and their commonsense
understanding of science. Data revealed ways in which teachers build linguistic bridges to
span the two types of discourse by showing how the interactions provide sites for L2 learn-
ing and promote specialist understandings of science. Iliana Reyes’ (2009) study focused
on the characteristics of discourse between Latino immigrant children and their teachers
during science instruction. Peer interaction was analyzed to identify the use and impor-
tance of the native language (L1) for the development of content knowledge during group
collaboration. In addition, the interaction between the teacher and fourth-grade students
was analyzed to determine the importance of the adult’s use of the L1 in providing instruc-
tional support to make science and literacy meaningful for linguistically and culturally
diverse students. The findings indicated that students employed different discourse strate-
gies to accomplish their communicative goals during the science activities. While Span-
ish was the main language of instruction during the science activity, children also used
English and code-switches to challenge each other, reinforce major science concepts, and
develop literacy skills. Reyes (2009) emphasized that discourse strategies in literacy and
linguistic scaffolding can promote academic achievement among ELLs through the use of
their native language. In another research study, Mary Hermes (2007) provided evidence of
similar benefits associated with an Indigenous Language (Ojibwe) Immersion School she
founded. In the school, all subjects were taught in Ojibwe, including science. Her findings
revealed that Indigenous language immersion could be a key to producing both language
fluency and academic success in culture-based (Hermes 2007) schools. Additionally, the
study claimed that a powerful, culture-based curriculum could motivate and create cultural
pride among Indigenous students, as Indigenous culture and traditions serve as assets to
student success.

According to Oihana Leonet, Jasone Cenoz and Durk Gorter, “activities that promote
language awareness are excellent scenarios for working with sociolinguistic concepts with
students and for promoting the use of the minority language” (2017, p. 225). Findings from
their study reveal that pedagogical translanguaging (an approach that allows and incorpo-
rates written and oral usage of different languages in the classroom) can be compatible
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with the maintenance and development of minoritized and/or home languages. Student
engagement increased when doing activities that promote language awareness. Similarly,
connecting the sociolinguistic concepts by way of engaging in hands-on activities, plays,
skits, and other arts-based work enthused and motivated students to connect more with
the minoritized language. This evidence suggests that these approaches can both help in
revitalization/maintenance of the minoritized language and can help in concept learning in
content-based subjects like science and mathematics (Moschkovich 2002).

Teaching strategies for building science knowledge and intercultural competence
of multilingual students

The topic of science teaching for multilingual learners has produced an immense array of
research and teaching recommendations (Janzen 2008). One of the effective instructional
strategies is inquiry-based science learning. The concept of inquiry learning is based on
the National Science Education Standards (NSES). According to NSES standards, stu-
dents should develop scientific behaviors such as asking questions, gathering data, and
considering evidence through hands-on activities (Hampton and Rodriguez 2001). In their
study titled “Inquiry Science in bilingual classrooms,” Elaine Hampton and Rosaisela
Rodriguez (2001) noted that when at least some instruction was provided to elementary
school students in English as well as Spanish, there was evidence of increasing academic
success over time. In addition, teachers in the study indicated that inquiry-based instruc-
tion increased students’ language skills in both languages as well as their science content
knowledge (Hampton and Rodriguez 2001).

Eva Reid (2015) and other scholars suggest many strategies and techniques to develop
intercultural, sociolinguistic, sociocultural, and pragmatic competencies. Her techniques
are as follows: (a) comparison method where two cultures are compared by showing short
videos; (b) cultural assimilation where examples of critical incidents which could be mis-
understood are given, for example, non-verbal greetings such as cheek-kissing; (c) cultural
capsule where customs that are different in different cultures are shown, such as main meal
of the day and eating habits; (d) cultural island technique where posters and pictures of
actors, singers, films, writers, and authors can be put up on the walls to attract learners’
attention, evoke comments, and maintain a cultural atmosphere; (e) reformulation where a
student can retell a story to a partner in his/her own words, while noticing or paying atten-
tion to particular features; (f) Total Physical Response (TPR), which is a method used to
teach language or vocabulary concepts by using physical movement to react to verbal input,
for example, students act out songs, stories, skits, and even use non-verbal modes of com-
munication, such as thumbs-up signs, handshake, and shaking of the head (Jackson 2014);
(g) prediction where students engage actively by finishing (predicting) a half-told story or
predicting the contents of a topic based on a few pieces of information, evoking students’
curiosity and interest to talk; (h) dance, role play, and drama where students get opportuni-
ties to practice real life situations and get chances to “act out” their parts and “move” their
bodies (Catalano and Leonard 2016); and (i) research where students get to research any
topic of their interest and present their projects in various ways, such as posters, art, photo-
graphs, and computer graphics.

Intertextual analysis (when the teacher connects and draws meaning from across stu-
dents’ work (written, oral, visual, media-based, etc.) is another powerful tool in the mul-
tilingual classroom (Lan and de Oliveira 2019). When teachers engage more deeply with
students’ ideas and then design lessons around them, scientific-language expectations can
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be made explicit (Sarroub 2007). This, in turn, can considerably benefit students’ science-
learning outcomes in the short and long term. Teachers working in multilingual educational
contexts can and should be encouraged to make abundant, rich, and varied use of meaning-
making resources in their instruction and assessment, including intertextual analysis (Lan
and de Oliveira 2019). Loukia Sarroub (2007) remarks that in the case of ELL students, the
enactment of intertextuality as a literacy event is a highly effective way to inform teachers
of students’ prior experiences with formal schooling and literacy; thus, creating some com-
mon understanding of the relevance of reading and writing instruction.

Similarly, Mary McGinnis (2007) states that students’ social worlds are multilingual
and multimodal; hence, inquiry-based projects (used widely in science instruction) are one
type of pedagogical practice that can support students’ literacy and language practices, cre-
ate supportive classroom environments, and provide an avenue for teachers to learn more
about the social worlds of their students. Two examples that the author gives in this arti-
cle are combining visual and linguistic designs to create texts (story of Dragonball Z) and
the use of hip-hop or rap in project presentations (Khmer rap boys). Science teachers can
encourage multilingual students to use multimodal elements (such as those mentioned
above) to demonstrate their understanding of science content.

Code-meshing offers another instructional framework that incorporates multiple lan-
guages into classroom discourse, curriculum, and assessment (Lee and Handsfield 2018).
This framework blurs lines and challenges notions of which languages are “correct” or
“appropriate” within those spaces and broadens how to approach writing instruction for
linguistically diverse students. Alice Lee and Lara Handsfield (2018) have used the term
Dominant American English in place of Standard English to reflect how dominant sociopo-
litical factors influence what is considered “standard”. They provide strategies that include
the use of mentor texts and the remixing of monolingual texts using code-meshing. They
also provide principles for assessing students’ code-meshed writing. These strategies could
be used in science classrooms so that multilingual learners could benefit.

Okhee Lee and Cory Buxton (2013) state that effective science teachers model and
support the use of a variety of academic language functions in the context of scientific
inquiry, as students generate questions, formulate hypotheses, design investigations, collect
and interpret data, draw conclusions, and communicate results (similar to discourse com-
petence in Byram’s model). Effective teachers use various graphic organizers (e.g., concept
maps, word walls, Venn diagrams) to reinforce science concepts and literacy skills in a
reciprocal process. For example, a Venn diagram is effective for comparing and contrast-
ing science terms and concepts. Breaking down difficult scientific vocabulary into compo-
nent root words and prefixes or suffixes is quite useful in enhancing multilingual students’
understanding of scientific concepts, which is similar to linguistic competence in Byram’s
model (Lee and Buxton 2013).

Effective teachers communicate just slightly above students’ level of communicative
competence, thus pushing their language skills ahead a bit at a time (Jackson 2014). For
example, during a lesson that involves the concepts of increase and decrease, a teacher in a
class with many emergent speakers of English can help students understand by also using
the terms go up and go down, as well as hand gestures or drawings (Reid 2015).

As stated, focusing on specific aspects of home language support is essential. Something
as simple as introducing key science vocabulary in learners’ home languages can exponen-
tially increase students’ understanding of new concepts. Spanish and other Romance lan-
guages are filled with words having their roots in Latin, the primary language of science,
so teachers can use this connection to elicit and activate the students’ prior knowledge (Lee
and Buxton 2013). To further establish home culture connections in science classrooms,
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effective teachers can ask questions that elicit students’ funds of knowledge related to the
science topics being explored (Lee and Buxton 2013).

The importance of inquiry-based and hands-on activities for science students was
already highlighted by Hampton and Rodriguez (2001), as was discussed at the begin-
ning of the literature review. To corroborate their work, Lee and Buxton (2013) highlight
that effective science teachers emphasize hands-on, inquiry-based activities. Although this
approach provides opportunities for all students to develop scientific understanding and
engage in inquiry practices, it is especially effective for ELLs for several reasons.

First, hands-on activities are less dependent on formal mastery of the language of
instruction, so reduce the linguistic burden on ELLs. Second, hands-on activities foster lan-
guage acquisition in the context of authentic communication about scientific knowledge
and practice (similar to sociolinguistic competence in Byram’s model). Third, inquiry-
based science promotes ELL students’ communication of their understanding in a variety
of formats, including gestural, oral, pictorial, graphic, and textual [similar to McGinnis’s
(2007) multimodal elements and Reid’s (2015) research strategy]. Finally, inquiry-based
science and process skills foster the acquisition of academic language functions. Therefore,
we believe that the inquiry-based activities embody all three components and five values of
Byram’s (1997) model of intercultural competence.

Thus, the overall findings of the literature reveal the capability of multilingual learners
to demonstrate high levels of intercultural competence and attain academic achievement in
science if teachers foster, shape, and develop this important skill.

Qualitative research design: narrative inquiry approach

We have adopted Jean Clandinin and Michael Connelly’s (2000) three-dimensional nar-
rative inquiry framework of temporality, sociality, and place for this study to describe the
life of the research participant through her stories of experience and our written narratives.
Clandinin and Connelly state that “This set of terms creates a metaphorical three-dimen-
sional narrative inquiry space, with temporality along one dimension, the personal and the
social along the second dimension, and place along a third” (2000, p. 50). In addition to
Clandinin and Connelly’s (2000) 3D narrative inquiry approach, we also closely associ-
ate our narrative inquiry with John Dewey’s theory of experience. More specifically our
inquiry focused, as described by Clandinin and Connelly, on Dewey’s notions of “situa-
tion, continuity, and interaction...personal and social (interaction); past, present, and future
(continuity); [all] combined with the notion of place (situation)” (2000, p. 50).

Details of the participant and context

We utilized John Creswell and Cheryl Poth’s “purposeful sampling” and “criterion sam-
pling” (2018, p. 159) for identifying our participant for this study. To purposefully inform
an understanding of the research problem in the study, selection criteria (Merriam 2009)
with which we would identify and recruit the participant were established. The criteria
integral to our research purpose and for the recruitment of the research participant were as
follows:
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1. The research participant should be a high school science teacher who has taught in at
least one public high school in a large Midwestern city in the USA.

2. He/she/they should be accessible and willing to provide information when interviewed
online for a period of at least ten weeks.

3. He/she/they should have teaching experience in diverse school environments with mul-
tilingual students in order to provide distinctive stories of experience.

At the time of the study, the research participant, Kristina Smith (pseudonym), had
12 years of teaching experience, working in two different schools in the same large Mid-
western city where she was born and raised. She identifies as a white female and has only
ever taught science at the high school level. In an effort to describe the context of the study
in relation to Clandinin and Connelly’s (2000) spatial dimension (schools as places), the
authors give attention to the locale of her teaching experiences. She started her teaching
career as a science teacher at a public school (Romney High, pseudonym) in an urban dis-
trict serving predominantly low-income and ethno-racially diverse neighborhoods. She
worked in Romney High for five years. However, major problems in Romney High, such
as budget cuts that the school experienced (which led to lower salaries and zero funding for
science lab materials—forcing her to buy materials out of her own pocket) and lack of sup-
port from school administration when dealing with classroom issues prompted Kristina to
search for another job. In contrast, she is now working in a high-performing public school
(Parkway High, pseudonym) in the same city, which serves predominantly high- to middle-
income white neighborhoods. She has been working at Parkway High for 7 years now, fully
satisfied with the classroom resources she is given, and the support provided by the admin-
istration in comparison to what she experienced at Romney High.

Methods
Data collection, data analysis, and validation strategies

While this is a co-authored project, the lead author led the design and implementation of
the study. She engaged in a time series data collection process over an 8-month period.
She collected data from the research participant using individual in-depth, semi-structured,
online interviews via Zoom. There were eleven interviews in total, each lasting approxi-
mately 45 min. Informed loosely by Vygotsky’s sociocultural theory, and more formally
by Byram’s (1997) Multidimensional Model of Intercultural Competence as a theoretical
framework, the interviews were designed, conducted, transcribed, and member checked.
Field notes from class observations and interview transcripts from Zoom recordings served
as data.

Transcripts, field notes, and artifacts were coded and analyzed using Clandinin and
Connelly’s (2000) three-dimensional narrative inquiry framework of femporality, sociality,
and place to arrive at synthesized stories of experience around coalescing themes. Finally,
restorying and interpretation of the larger meaning of the story were done by representing
and visualizing the data. The validation strategies used in our study are based on validation
perspectives proposed by Creswell and Poth (2018) and Loh (2013). They are as follows:
(a) multiple interviews (triangulation of data to ensure internal validity and credibility),
(b) reliability (verifying whether the findings are consistent with the data collected), (c)
rich, thick descriptions of the participant’s lived experiences to allow the reader to make
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decisions about transferability and external validity, and (d) member checking with the par-
ticipant. A final phase of the study involved in-depth peer debriefing among the co-authors
prior to data smoothing and writing up of the findings.

Research findings

The findings revealed the participant utilized several strategies aimed at developing inter-
cultural communicative competence among her students—in particular in support of her
multilingual students. The participant’s narratives illustrated the utility of the following
pedagogical and curricular considerations: (1) employing content-specific, linguistically
responsive teaching resources; (2) using an inquiry-based instructional model for teaching
science; (3) scaffolding scientific vocabulary by integrating word walls, concept maps, and
intertextual elements; (4) encouraging multimodal projects; (5) facilitating group work;
(6) promoting code-meshing and translanguaging in classrooms; and (7) employing non-
verbal communication during instruction. Though all the above considerations are impor-
tant within a rigorous and highly engaging science classroom of multilingual students, this
paper focuses on the latter four themes as they relate most directly to intercultural commu-
nicative competence development.

While exploring and interpreting Kristina’s teaching experiences within the three-
dimensional narrative inquiry framework (in the temporal, spatial, and social-personal
dimensions), we will briefly summarize our interactions with Kristina and then present her
“stories of experience” (excerpts are included below from interviews and field notes) to
arrive at dominant themes among the data. The dominant themes are listed as subheadings
as given below.

Challenges in teaching science to linguistically diverse students

Initially, Kristina indicated that she had a tough time teaching science to all students early
in her career. Romney High had a large population of native Spanish-speaking students
(location of learning) and Kristina lacked prior access to training or experience working
in multilingual contexts. When asked if she remembered any specific incidents where she
encountered challenges while teaching ELL students at that school Kristina shared an
account of one such challenge and how she managed it:

I did not know how to teach ELL kids, like, teaching scientific terms and stuff like
that. I did not know how to do that. But I did get help from a lady that taught at Rom-
ney High, and her specialty was just teaching English language learners to help them
graduate out of the [English as a Second Language (ESL) program]. So, some kids
were with her all day, just learning basic English, just to get some language develop-
ment. Some kids were with her during parts of the day. And so, she kind of helped
me a little bit. She gave me some tips on breaking down vocabulary and pieces of
advice and stuff like that. So that helped (Kristina talking about her teaching practice
at Romney High, Field notes, September 19, 2020).

Analyzing this excerpt with Clandinin and Connelly’s (2000) temporal dimension,
she might have perceived her problems to be overwhelming because she was new to the
teaching profession, and she did not receive much support from her colleagues in the
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department, nor was she provided support or professional development on current and
effective ESL instruction from her district.

As admitted in the above narrative, she did not know how to teach science to ELL stu-
dents effectively. To cope with this problem, she reached out to an ELL teacher at Romney
High and gained permission to observe in that teacher’s ELL classroom. Here she learned
some methods that would help her overcome the difficulties she was experiencing. She
learned that when ELL students are struggling to form even simple sentences, they will
have many more difficulties learning complicated scientific terminologies without robust
scaffolded support (linguistic competence).

Kristina learned that breaking down vocabulary is an essential initial step for supporting
all students’ understanding of scientific terms (in English particularly) and data indicate
that Kristina continues to use scaffolding such as breaking down difficult scientific vocabu-
lary with the use of scaffolded activity sheets with Latin/Greek-root words that include
prefixes and suffixes, computer aided-pronunciation tools, and digital images/posters in her
inquiry-based instruction. This served as evidence of her linguistic responsiveness and use
of multimodality in teaching science.

Strategies for building intercultural competence in science classrooms

As an experienced and successful teacher, Kristina stated that she teaches five classes: two
biology and three physical science classes for 9"- and 10M-grade students. Below are some
excerpts from her interviews where Kristina talks about her preferred multimodal, multi-
lingual, dialogic, and hands-on instructional strategies that build intercultural competence.
The first example describes her use of dance, rap, and skits to engage students in embodied
practices:

I have done the “molecule dance” in class. It is when you show the kids that the mol-
ecules are shaking in their place, but then the nucleus has the electrons going around
them and they are also spinning, going in circles. I will do, like, a duck flapping my
arms. I will have kids stand up and do things. I have had kids do projects on cell divi-
sion and cell cycle where they could create their own rap or a skit, and the kids love
it. They can even make a 3D model of it too. I have had kids pretend to be solids,
liquids, and gases to explain shape, rigidity, and volume — by just staying in a place
like solids, shaking their bodies, or just flowing like liquids, then they kind of move
by each other fast like gases (Kristina talking about her teaching practices at Parkway
High, Field Notes, April 6, 2021).

Within activities such as the molecule dance, rap, and skits, students are invited to
use their full linguistic repertoires as they relate to one another. This theme and in vivo
codes (e.g., molecule dance) is an illustration of Theresa Catalano and Alison Leonard’s
(2016) use of dance to foster intercultural communication and McGinnis’s (2007) use of
the inquiry projects, such as rap and skits where students add multimodal and multilingual
elements to their work.

The second excerpt illustrates Kristina’s use of group work and partner work to develop
intercultural competence. Kristina uses differentiated grouping strategies for all her stu-
dents. Her homogenous grouping involved students with similar linguistic and cultural
repertoires where students used their linguistic strengths to the maximum by collaborat-
ing with their peers in their heritage language. Her heterogeneous grouping involved stu-
dents with different linguistic and cultural repertoires where students collaborated on group
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projects and learned from one another about their own and other languages and cultures.
These types of classroom interactions fostered the development of embodied sociolinguis-
tic and discourse-related competencies as they “played with concepts” using their heritage
and emerging languages and their bodies. Their communication with each other was scaf-
folded using class posters, word walls, and culture walls. Culture-specific videos were also
used in class to increase overall awareness of the various cultures and languages within the
class and to address gaps in knowledge.

I'm a big fan of cooperative learning. Collaboration and stuff like that. They work
with partners and groups. So, I would try to make groups and try to spread out their
strengths and weaknesses (Kristina talking about her teaching practices at Parkway
High, Field Notes, October 10, 2020).

The in vivo codes (cooperative learning; collaboration; work with partners and groups)
connect well with McGinnis’ (2007) strategy of peer bonding through collaboration and
Vygotsky’s (1978, 1986) sociocultural constructivist learning theory. Classroom observa-
tions also served as evidence that Kristina’s use of differentiated grouping allowed for scaf-
folded language support for her multilingual students that simultaneously stretched them
within their zone of proximal development and played to their strengths.

A third important strategy she has used for building intercultural competence among
her students is centering students’ cultures and valuing and normalizing the incorporation
of students’ home languages in the classroom through targeted supports, and the incorpo-
ration of code-meshing, and translanguaging. Below are three illustrative excerpts of this
strategy:

I would try to do a lot more culturally responsive education and just incorporate the
stories of kids, having kids share their stories throughout their life experiences. We
even did a culture wall as something cool to see who’s in our classes (Kristina talk-
ing about her teaching practices at Parkway High, Field Notes, September 26, 2020).

At Romney, I would have kids in the classroom speaking their native language.
There, I had more of a variety of languages. I never cared if they spoke Spanish; I
kind of always thought it was cool because I appreciated that they had someone that
they could talk to in their native language and maintain that cultural part of their cur-
rent lives in existence (Kristina talking about her teaching practices at Romney High,
Field Notes, March 30, 2021).

I’'m totally fine with having multiple languages present, as long as they [the students]
get the job done. I'd probably think it’s cool if I got that. I'd be totally fine with it,
and if it’s something that I could still assess and know that they’ve learned and mas-
tered the content, then by all means, like if there’s a system that works, then let’s
use the system (Kristina talking about her teaching practices at Parkway High, Field
Notes, April 8, 2021).

Kristina’s statements (e.g., culturally responsive education; culture wall; having
kids share their stories; their life experiences; kids in the classroom speaking their
native language; I never cared if they spoke Spanish; totally fine with having multiple
languages; let’s use the system) connect well with the home language and home culture
support strategies mentioned by Lee and Buxton (2013), the comparison method of
Reid (2015), the language immersion strategies of Hermes (2007), the translanguaging
methods by Leonet, Cenoz and Gorter (2017), and the code-meshing strategy described
by Lee and Handsfield (2018). As already discussed above in the heterogenous
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grouping strategy, students proficient in a heritage language served as the more knowl-
edgeable other (MKO) and worked with their peers and the teacher within their ZPD
so that learning was multi-directional: peer-to-peer learning and learning happening
for the teacher and/or other students as a result of students having L1/L2 or heritage
language proficiencies. In this way, students and the teacher are learning and practicing
intercultural competence as the key constructs of Vygotsky’s sociocultural theory are
employed (MKO, ZPD, and scaffolding).

A fourth example of a strategy she reflected on was her use of non-verbal communi-
cation. She said:

I point to words as I say them, or I will point at pictures as I explain it. I’'m kind
of a natural hand-talker. So, I'll point to the parts of the PowerPoint as I refer
to it, just to keep the kids with me and where I’'m going. It works for emerg-
ing bilinguals and for kids in special education, which can equate to a lot of the
population. I use gestures, in general, as I talk or use creative pictures, or even
like visual [video] demonstrations of how things work to anything I can, if I can
find a way to make it visually concrete, whether it be with a movement or some
sort of imagery, I’'ll try to do that (Kristina talking about her teaching practices at
Parkway High, Field Notes, April 6, 2021).

The in vivo codes (point at pictures; point to words; natural hand-talker; use crea-
tive pictures; visual demonstrations; I use gestures) are in line with Jackson’s (2014)
non-verbal communication strategies to help in intercultural communication. The
codes (make it visually concrete; with a movement or some sort of imagery) align with
McGinnis’ (2007) multimodal strategies of moving across linguistic, visual, and phys-
ical modes to create meaning, and all serve as evidence that Kristina embraces the
value of non-verbal communication readily in her instruction.

Summary of findings

After a thorough analysis of all the field notes and interview transcripts, the findings of
our narrative inquiry have provided insights into our research questions. Our interpre-
tations and summary of findings revealed that science teachers could use several strate-
gies to develop the intercultural competence of multilingual students. The strategies
that emerged pertinent to this study are as follows:

1. Encouraging projects that incorporate multimodal elements to demonstrate learning,
such as multilingual texts, pictures, photos, and videos from home cultures and other
cultures, dance, skits, rap, and 3D models.

2. Facilitating partner or group work across both homogenous and heterogenous plurilin-
guistic and ethno-racially diverse groups.

3. Centering culture and integrating home languages in order to scaffold the development
of the language of science and English for emergent bilinguals (code-meshing and
translanguaging).

4. Employing non-verbal communication strategies for use in teacher-student and peer-to-
peer interactions.
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Discussion and implications for research and practice

The study findings align well with Byram’s model with implications for current and
future work in this area. Teaching with a focus on intercultural competence is cru-
cial within our increasingly mobile, multilingual, globalized classrooms. Teachers
should explore ways to foster and facilitate intercultural competence so that students
can develop this important skill and become better global citizens. Teaching that is
inclusive of a broad range of diversities is an important step in achieving intercultural
competence in our classrooms. When students are able to engage in experiences that
deepen their respect for and understanding of diversity, it enhances their openness and
acceptance of social differences, encourages curiosity and their hunger for new infor-
mation and perspectives, improves their decision-making and problem-solving skills,
and eventually these competencies will lead to innovation and discovery.

Developing intercultural competence involves systematically observing and criti-
cally reflecting on our own, our students’, and their families’ identities and ways of
knowing. This includes fostering respect for and appreciation of other cultures, world-
views, and communication styles; an understanding of other people’s behaviors and
customs (including the ability and willingness to acknowledge and accept different
behaviors and ideas in a nonjudgmental way); a curiosity, flexibility and the willing-
ness to adapt and be open to difference; and an awareness of our own biases and behav-
iors in order to respond in a culturally appropriate manner. The study offers several
strategies where science teachers can develop their own and their students’ intercul-
tural competence, such as rap, skits, multimodal elements in group projects, and oppor-
tunities for collaborative student discourse that center students’ heritage languages and
cultures. These strategies provide examples of how students can critically reflect on
their own and others’ cultures and languages in a science classroom.

As the demographics of the USA continue to diversify and as there is a growing
need for a larger scientifically trained workforce in the future, developing intercultural
competence among all students is key to creating environments where students with
diverse cultural and linguistic repertoires can thrive. This would lead to a more diverse
and inclusive STEM workforce and provide a pathway toward economic advancement
and social contribution for youth from historically marginalized communities. Fur-
thermore, as the number of multilingual students continues to increase in US public
schools (UN DESA 2015), it is ever more important for researchers to gain insights
into science teachers’ experiences working with students with diverse cultural and lin-
guistic repertoires, which could aid in promoting educational equity in STEM.

Narrative studies such as this one can prove quite beneficial for the field of educa-
tional research as they provide insights that might help educators, educational lead-
ers, policymakers, and researchers to better understand methods to improve science
outcomes of multilingual learners (Kirmaci, Allexsaht-Snider, and Buxton 2018). As
Clandinin and Connelly (1994) state, “it is in the research relationships among par-
ticipants and researchers, and among researchers and audiences, through research texts
that we see the possibility for individual and social change” (p. 425). Hence, explor-
ing the experiences and practices of science teachers in multilingual classrooms can
inform practices that better incorporate equity in science education and improve the
science learning outcomes for all students.
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Strengths and limitations of the study

The strengths identified in our study are that we have gained insights into a science teach-
er’s lived experiences of developing intercultural competence in two different (high-income
and low-income) schools, which is an underrepresented topic in the extant literature. The
minoritized student population has been historically the oppressed class; they also do not
have many opportunities to excel in STEM careers. Hence, our study could inform aca-
demia and policymakers about the ways to improve the academic outcomes of minoritized,
multilingual students and their interest in pursuing STEM careers. Interview data are a
great strength for this study, as they uphold the voice of the participant.

There are also some limitations to this study; the first one is the sample size, which is
one participant. Kristina’s interviews were done on Zoom because of the restrictive condi-
tions during the COVID-19 pandemic, and we collected only online documents and arti-
facts for the larger study. So, maybe triangulating with more data collection procedures,
such as site observations, teacher reflections, and lesson plans could be used in future stud-
ies. Another general limitation of narrative research is knowing how much information is
needed to re-story someone’s experience. The life story of an individual has multiple lay-
ers, and context is very important, which is what we attempted to do by using three dimen-
sions of temporality, sociality, and place. The final limitation is that this narrative provides
but only a small window into Kristina’s life; it provides us with only one perspective, a
midwestern female science teacher’s perspective. However, as with all qualitative research,
we argue that an individual’s stories matter. They provide insights that could be transfer-
able to others seeking understanding and who might share similar school/community vari-
ables and resources.

Suggestions for future research

As we have already stated, this topic is underrepresented in literature, and this study will
hopefully open the doors for more research in this area. As indicated by the participant,
studies based on culturally relevant strategies, dual language programs with accessible
online dual language textbook resources, websites that cater to multilingual learners, and
websites that help teachers find materials for multilingual learners in their classrooms are
fertile areas for future exploration.

Some researchers have examined how students’ perceptions of teachers’ support may
influence student engagement, motivation, and achievement (Kelly and Zhang 2016).
Future studies in this area could consider the interactions between science teachers and
minoritized students through researcher observations. Classroom observations could add
another dimension to the data and serve to provide a more comprehensive view of the way
science teachers operate within their classrooms to foster intercultural competence. Stud-
ies could be conducted about multilingual students’ perceptions of science instruction as
well. This could pave new ways to investigate the benefits of scaffolding, the use of inquiry
methods, and the use of culturally and linguistically responsive teaching methods to teach
science to multilingual learners.

Finally, an extension of this research could explore interactions between the teachers
and their co-workers, parents, school administration, educational policymakers, and the
wider community to develop intercultural competence. This could lead to better support
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systems for science teachers that mitigate teacher burnout related to the complex and high-
pressure environments they are navigating in both rural and urban settings.

Conclusion

In light of the rapidly changing demographics of the US student population, the urgent need
to improve the science achievement of all students, high-stakes assessment and account-
ability policies, and the underrepresentation of this topic in the research literature, more
research on science teachers’ experiences in multilingual classrooms is definitely war-
ranted, and this topic is a fertile area for future research. Future research on this topic could
provide many more strategies and concrete ways for teachers to foster the intercultural
competence of students. Multilingual learners represent a tremendous asset for the USA if
their full potential can be unlocked and harnessed. Science teachers can play an important
role in this process by helping to develop the intercultural competence of students when
they support, nurture, and guide them in knowledge construction and teach strategies to
effectively communicate with people of other cultures and languages successfully.

Author contributions U.G. and A.M. wrote the main manuscript text. U.G. designed and implemented data
collection and analysis. Both authors reviewed the manuscript.

Data availability The data that support the findings of this study are available on request from the corre-
sponding author/s [UG and AM]. The data are not publicly available due to them containing information
that could compromise research participant privacy/consent.

Declarations

Conflict of interest The authors declare no competing interests.

References

Bogdan, R. C., & Biklen, S. K. (2007). Qualitative research for education: an introduction to theories and
methods (5th ed.). Pearson Education Inc.

Bybee, B. (2010). Advancing STEM education: a 2020 vision. Technology and Engineering Teacher, 70(1),
30-35.

Bybee, R. W. (2013). The case for STEM education challenges and opportunities. NSTA.

Byram, M. (1997). Teaching and assessing intercultural communicative competence (multilingual matters).
Multilingual Matters.

Byram, M., Gribkova, B., & Starkey, H. (2002). Developing the intercultural dimension in language teach-
ing: a practical introduction for teachers. Retrieved from http://www.lIrc.cornell.edu/director/intercultu
ral.pdf

Cadle, J. (2020). STEM vs. STEAM: should education be creative? Retrieved June 23, 2020, from http://
portfolios.mica.edu/gallery/73342989/STEM-vs-STEAM-Should-Education-Be-Creative.

Canale, M., & Swain, M. (1980). Theoretical bases of communicative approaches to second language teach-
ing and testing. Applied Linguistics, 1(1), 1-47. https://doi.org/10.1093/applin/1.1.1

Canale, M. (1983). From communicative competence to communicative language pedagogy. In J. Richards
& R. Schmidt (Eds.), Language and communication (pp. 2-27). Longman.

Catalano, T., & Leonard, A. E. (2016). Moving people and minds: Dance as a vehicle of democratic edu-
cation. Education, Citizenship and Social Justice, 11(1), 63—-84. https://doi.org/10.1177/1746197915
626082

Celce-Murcia, M., Dornyei, Z., & Thurrell, S. (1995). A pedagogical framework for communicative com-
petence: a pedagogically motivated model with content specifications. Issues in Applied Linguistics,
6(2), 5-35.

@ Springer


http://www.lrc.cornell.edu/director/intercultural.pdf
http://www.lrc.cornell.edu/director/intercultural.pdf
http://portfolios.mica.edu/gallery/73342989/STEM-vs-STEAM-Should-Education-Be-Creative
http://portfolios.mica.edu/gallery/73342989/STEM-vs-STEAM-Should-Education-Be-Creative
https://doi.org/10.1093/applin/1.1.1
https://doi.org/10.1177/1746197915626082
https://doi.org/10.1177/1746197915626082

206 U. Ganesan, A. R. Morales

Chomsky, N. (1957). Syntactic structures Mouton. The Hague, 19573. https://doi.org/10.1515/9783112316
009.

Chomsky, N. (1965). Aspects of the theory of syntax. MIT Press. https://doi.org/10.21236/AD0616323
Clandinin, D. J., & Connelly, F. M. (1994). Personal experience methods. In N. K. Denzin & Y. S. Lincoln
(Eds.), Handbook of qualitative research in the social sciences (pp. 413—427). Sage Publications.
Clandinin, D. J., & Connelly, F. M. (2000). Narrative inquiry: experience and story in qualitative research.

Jossey-Bass Publishers.

Creswell, J. W., & Poth, C. N. (2018). Qualitative inquiry and research design: choosing among five
approaches (4th ed.). Sage.

Ganesan, U. & Morales, R. A. (2022, January 27-30). Developing intercultural competence in multilingual
science classrooms [Paper presentation]. In Eighth international conference on the development and
assessment of intercultural competence, January 2022. Decentering Mobility in Intercultural Education:
Engagement, Equity, and Access, Center for Educational Resources in Culture, Language and Literacy
(CERCLL), University of Arizona, AZ, United States. https://doi.org/10.21203/rs.3.rs-2022714/v1

Gibbons, P. (2003). Mediating language learning: teacher interactions with ESL students in a content-based
classroom. TESOL Quarterly, 37(2), 247-273. https://doi.org/10.2307/3588504

Gorski, P. (2016). Rethinking the role of “culture” in educational equity: from cultural competence to equity
literacy. Multicultural perspectives, 18(4), 221-226. https://doi.org/10.1080/15210960.2016.1228344

Hampton, E., & Rodriguez, R. (2001). Inquiry science in bilingual classrooms. Bilingual Research Journal,
25(4), 461-478. https://doi.org/10.1080/15235882.2001.11074463

Hatch, J. A. (2002). Doing qualitative research in educational settings. State University of New York Press.

Hermes, M. (2007). Moving toward the language: Reflections on teaching in an Indigenous-immersion
school. Journal of American Indian Education, 46(3), 54-71.

Herrera, S. (2010). Biography-driven culturally responsive teaching. Teachers College Press.

Huang, Y. (2014). Constructing intercultural communicative competence framework for English learners.
Cross-Cultural Communication, 10(1), 97-101.

Hymes, D. (1967). Models of the interaction of language and social setting. Journal of Social Issues, 23(2),
8-28. https://doi.org/10.1111/j.1540-4560.1967.tb00572.x

Hymes, D. (1972). On communicative competence. Sociolinguistics (pp. 269-293). Penguin.

Jackson, J. (2014). Introducing language and intercultural communication. Routledge. https://doi.org/10.
4324/9781315848938

Janzen, J. (2008). Teaching English language learners in the content areas. Review of Educational Research,
78(4), 1010-1038. https://doi.org/10.3102/0034654308325580

Kelly, S., & Zhang, Y. (2016). Teacher support and engagement in math and science: evidence from the high
school longitudinal study. High School Journal, 99(2), 141-165. https://doi.org/10.1353/hsj.2016.0005

Kim, J. H. (2016). Understanding narrative inquiry: the crafting and analysis of stories as research. Sage.
https://doi.org/10.4135/9781071802861

Kirmaci, M., Allexsaht-Snider, M., & Buxton, C. A. (2018). Teachers’ experiences with Spanish-speaking,
bilingual families in a science learning context: empowering teachers through home-school partner-
ships. Journal of Family Diversity in Education, 3(1), 23-47. https://doi.org/10.53956/jfde.2018.113

Lan, S. W., & de Oliveira, L. C. (2019). English language learners’ participation in the discourse of a multi-
lingual science classroom. International Journal of Science Education, 41(9), 1246-1270. https://doi.
org/10.1080/09500693.2019.1607618

LeBaron, M. (2003). Culture-based negotiation styles. In Guy & Heidi Burgess (Eds.), Beyond intractabil-
ity. Conflict Research Consortium. U. of Colorado.

Lee, O. (2003). Equity for linguistically and culturally diverse students in science education: a research
agenda. Teachers College Record, 105(3), 465-489. https://doi.org/10.1111/1467-9620.00247

Lee, O., & Buxton, C. A. (2013). Integrating science and English proficiency for English language learners.
Theory Into Practice, 52(1), 36—42. https://doi.org/10.1080/07351690.2013.743772

Lee, A. Y., & Handsfield, L. J. (2018). Code-meshing and writing instruction in multilingual classrooms.
The Reading Teacher, 72(2), 159-168. https://doi.org/10.1002/trtr. 1688

Leonet, O., Cenoz, J., & Gorter, D. (2017). Challenging minority language isolation: translanguaging in a
trilingual school in the Basque Country. Journal of Language, Identity & Education, 16(4), 216-227.
https://doi.org/10.1080/15348458.2017.1328281

Loh, J. (2013). Inquiry into issues of trustworthiness and quality in narrative studies: a perspective. The
Qualitative Report, 18, 1-15.

McGinnis, T. A. (2007). Khmer rap boys, X-Men, Asia’s fruits, and Dragonball Z: creating multilingual and
multimodal classroom contexts. Journal of Adolescent & Adult Literacy, 50(7), 570-579. https://doi.
org/10.1598/JAAL.50.7.6

@ Springer


https://doi.org/10.1515/9783112316009
https://doi.org/10.1515/9783112316009
https://doi.org/10.21236/AD0616323
https://doi.org/10.21203/rs.3.rs-2022714/v1
https://doi.org/10.2307/3588504
https://doi.org/10.1080/15210960.2016.1228344
https://doi.org/10.1080/15235882.2001.11074463
https://doi.org/10.1111/j.1540-4560.1967.tb00572.x
https://doi.org/10.4324/9781315848938
https://doi.org/10.4324/9781315848938
https://doi.org/10.3102/0034654308325580
https://doi.org/10.1353/hsj.2016.0005
https://doi.org/10.4135/9781071802861
https://doi.org/10.53956/jfde.2018.113
https://doi.org/10.1080/09500693.2019.1607618
https://doi.org/10.1080/09500693.2019.1607618
https://doi.org/10.1111/1467-9620.00247
https://doi.org/10.1080/07351690.2013.743772
https://doi.org/10.1002/trtr.1688
https://doi.org/10.1080/15348458.2017.1328281
https://doi.org/10.1598/JAAL.50.7.6
https://doi.org/10.1598/JAAL.50.7.6

A science teacher’s experiences when fostering intercultural... 207

McWright, C. N. (2017). A comparative study teaching chemistry using the 5E learning cycle and tradi-
tional teaching with a large English language population in a middle-school setting. Doctoral Disser-
tation, The University of Southern Mississippi.

Merriam, S. B. (2009). Qualitative research: a guide to design and implementation. Wiley.

Merriam, S. B., & Tisdell, E. J. (2016). Qualitative research: a guide to design and implementation.
Jossey-Bass.

Moeller, A. K., & Nugent, K. (2014). Building intercultural competence in the language classroom.
Retrieved on November 2, 2021, from https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=
1160&context=teachlearnfacpub

Morales, A. R., & Raible, J. (2021). To teach as we are known: the “heart and soul” labor of teacher educa-
tors of color working in PWIs. Designing culturally competent programming for PK-20 classrooms
(pp. 79-97). IGI Global. https://doi.org/10.4018/978-1-7998-3652-0.ch005

Moschkovich, J. (2002). A situated and sociocultural perspective on bilingual mathematics learners. Math-
ematical Thinking and Learning, 4(2&3), 189-212. https://doi.org/10.1207/S15327833MTL04023_5

National Research Council (NRC). (2010). Exploring the intersection of science education and 2lst century
skills: a workshop summary. National Academies Press.

Reid, E. (2015). Techniques developing intercultural communicative competences in English language les-
sons. Procedia-Social and Behavioral Sciences, 186, 939-943. https://doi.org/10.1016/j.sbspro.2015.
04.011

Reyes, 1. (2009). English language learners’ discourse strategies in science instruction. Bilingual Research
Journal, 31(1-2), 95-114.

Rollnick, M., & Rutherford, M. (1996). The use of mother tongue and English in the learning and expres-
sion of science concepts: a classroom-based study. International Journal of Science Education, 18(1),
91-103.

Sarroub, L. K. (2007). Seeking refuge in literacy from a scorpion bite. Ethnography and education, 2(3),
365-380. https://doi.org/10.1080/17457820701547427

Schenker, T. (2012). Intercultural competence and cultural learning through telecollaboration. Calico Jour-
nal, 29(3), 449-470. https://doi.org/10.11139/cj.29.3.449-470

Schleppegrell, M. J., & O’Hallaron, C. L. (2011). Teaching academic language in L2 secondary settings.
Annual Review of Applied Linguistics, 31, 3. https://doi.org/10.1017/S0267190511000067

Sinicrope, C., Norris, J., & Watanabe, Y. (2007). Understanding and assessing intercultural competence: a
summary of theory, research, and practice (technical report for the foreign language program evalua-
tion project). University of Hawai'i Second Language Studies Paper 26(1).

Tandon, M., Viesca, K. M., Hueston, C., & Milbourn, T. (2017). Perceptions of linguistically responsive
teaching in teacher candidates/novice teachers. Bilingual Research Journal, 40(2), 154—-168. https://
doi.org/10.1080/15235882.2017.1304464

Turkan, S., & Liu, O. L. (2012). Differential performance by English language learners on an inquiry-based
science assessment. International Journal of Science Education, 34(15), 2343-2369. https://doi.org/
10.1080/09500693.2012.705046

United Nations Department of Economic and Social Affairs (UN DESA). (2015). International migration
report 2015. Retrieved on November 2, 2021, from https://www.un.org/en/development/desa/popul
ation/migration/publications/index.asp,_https://doi.org/10.18356/82dd7ab9-en

Vygotsky, L. (1978). Mind in society: the development of higher psychological processes. Harvard Univer-
sity Press.

Vygotsky, L. (1986). Thought and language. MIT Press.

Walinski, J. (2012). Enhancing intercultural communicative competence in an online collaborative assessment
environment: CEFcult project. Retrieved from http://anglistyka.uni.lodz.pl/userfiles/Walinski, 202012.

Weinburgh, M., Silva, C., Smith, K. H., Groulx, J., & Nettles, J. (2014). The intersection of inquiry-based
science and language: preparing teachers for ELL classrooms. Journal of Science Teacher Education,
25(5), 519-541. https://doi.org/10.1007/s10972-014-9389-9

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

@ Springer


https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1160&context=teachlearnfacpub
https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1160&context=teachlearnfacpub
https://doi.org/10.4018/978-1-7998-3652-0.ch005
https://doi.org/10.1207/S15327833MTL04023_5
https://doi.org/10.1016/j.sbspro.2015.04.011
https://doi.org/10.1016/j.sbspro.2015.04.011
https://doi.org/10.1080/17457820701547427
https://doi.org/10.11139/cj.29.3.449-470
https://doi.org/10.1017/S0267190511000067
https://doi.org/10.1080/15235882.2017.1304464
https://doi.org/10.1080/15235882.2017.1304464
https://doi.org/10.1080/09500693.2012.705046
https://doi.org/10.1080/09500693.2012.705046
https://www.un.org/en/development/desa/population/migration/publications/index.asp
https://www.un.org/en/development/desa/population/migration/publications/index.asp
https://doi.org/10.18356/82dd7ab9-en
http://anglistyka.uni.lodz.pl/userfiles/Walinski
https://doi.org/10.1007/s10972-014-9389-9

208 U. Ganesan, A. R. Morales

Uma Ganesan is an Assistant Professor of STEM Education at the University of Texas Rio Grande Valley
(UTRGYV). She holds a Ph.D. in Educational Studies specializing in Teaching, Curriculum, and Learning
from the University of Nebraska-Lincoln (UNL). Her research focuses on culturally and linguistically rel-
evant STEM Education for minoritized student populations. She authored a book titled Human Anatomy and
Physiology (now in its 14th edition, Birla Publications, India) and published articles in top-tier scholarly
journals. She has a work experience of 28 years as a senior teacher, teacher-educator, and senior manage-
ment executive in India, the Democratic Republic of Congo, and the USA. She has taught high school sci-
ence and social studies (biology, chemistry, anatomy and physiology, and world history and geography),
undergraduate-level science methods and pharmacology courses, and graduate-level science and math edu-
cation research project courses at UNL and UTRGV. She won the 2023 Outstanding Graduate Teaching
Assistant Award from the College of Education and Human Sciences at UNL.

Amanda R. Morales is an Associate Professor of Multicultural Education and Critical Anti-Colonial Theo-
ries and Methodologies in Education at the University of Nebraska-Lincoln. Her current work focuses on
teacher preparation for working with multicultural & multilingual students, teacher diversification path-
ways, and documenting the experiences of pre-service and in-service teachers of Color in predominately
White institutions.

Authors and Affiliations

Uma Ganesan’ - Amanda R. Morales?

< Uma Ganesan
uma.ganesan @utrgv.edu

Amanda R. Morales

amanda.morales @unl.edu

Department of Teaching and Learning, University of Texas Rio Grande Valley, One West
University Blvd., BMAIN 1.314, Brownsville, TX 78520, USA

Department of Teaching, Learning, and Teacher Education, University of Nebraska-Lincoln, 230
Carolyn Pope Edwards Hall, 840 North 14th Street, Lincoln, NE 68588-0233, USA

@ Springer



	A science teacher’s experiences when fostering intercultural competence among students in multilingual classrooms: a narrative study
	Abstract
	Identification of the research problem
	Science education for diverse learners in the twenty-first century
	Significance of the study
	Research questions
	Philosophical assumptions
	Theoretical frameworks for intercultural competence

	Literature review
	Benefits of integrating heritage languages into the instruction of science content
	Teaching strategies for building science knowledge and intercultural competence of multilingual students

	Qualitative research design: narrative inquiry approach
	Details of the participant and context
	Methods
	Data collection, data analysis, and validation strategies

	Research findings
	Challenges in teaching science to linguistically diverse students
	Strategies for building intercultural competence in science classrooms
	Summary of findings

	Discussion and implications for research and practice
	Strengths and limitations of the study
	Suggestions for future research
	Conclusion
	References




