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CULTURALLY RELEVANT SCIENCE: A MULTIPLE CASE-STUDY ON THE 

BELIEFS, EXPERIENCES AND PRACTICES OF PRE-SERVICE TEACHERS IN 

RACIALLY AND ETHNICALLY DIVERSE CLASSROOMS 

by 

SUZANNA ROMAN 

Under the Direction of Renee S. Schwartz 

ABSTRACT 

          The latest report from the National Center for Education Statistics, indicates that the 

number of students from diverse racial and ethnical backgrounds continues to increase in United 

States' classrooms. These demographic changes have propelled revisions to current teacher 

education programs, in an effort to address the needs of all students. Students from 

underrepresented minorities do not perform as well as their counterparts in standardized 

assessments. This gap is observed across different grade levels and in all subjects, particularly 

science. Additionally, minority students are less likely to pursue careers in the STEM fields. The 

purpose of this multiple case-study was to investigate the beliefs, experiences and practices of 

seven pre-service science teachers in racially and ethnically diverse classrooms. The participants 

were part of a cohort from two national fellowships aimed at preparing science teachers to teach 

in high-needs' school districts. This study explored pre-service teachers' beliefs as related to 

racially and ethnically diverse learners in the science classroom. Additionally, this study 

investigated how these pre-service teachers conceptualized the tenets of Culturally Relevant 

Pedagogy and implemented these during their practice. Data was collected in the form of semi-

structured pre and post interviews, artifacts and field observations. An analysis of the pre-

interview data suggests that most of the participants believe that there is no difference in the way 



 

students from different racial/ethnical backgrounds learn science. The participants, however, 

agree that these students will require different levels of support for language and other skills. 

Conversely, a deficit view is still portrayed in some of their responses, specifically when they 

indicate that students’ background knowledge may be limited due to previous schooling 

experiences. An analysis of the data from artifacts and field observations indicates that most of 

the strategies used by the participants resemble efforts towards promoting academic success. 

Additionally, a significant number of activities used by the participants aimed at connecting the 

cultural aspect of students’ lives with the science content. However, the frequency of the 

indicators within the last tenet, critical consciousness, suggests that limited approaches were 

implemented by the participants within this area.  
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1. THE PROBLEM 

Background 

Recent demographic changes in classrooms across the United States have propelled 

research interest in the areas of race and ethnicity in education. Since 2005, the number of White 

students in public schools has considerably decreased. Although, the population of Black 

students has not experienced significant changes, the number of Hispanic students has increased 

“from 9.3 million to 12.8 million” alongside Asian/Pacific Islander students (2.2 million to 2.6 

million) according to The National Center for Education Statistics (NCES, 2015). The NCES 

also reported a significant increase (from 4.3 to 4.6 million) in the number of English Language 

Learners (ELLs) enrolled in the public-school systems across the United States, when compared 

to data from 2004-2005. In some states, the number of ELLs is more than twenty percent. 

Although a larger number of these students are enrolled in urban areas and in elementary 

schools, a steady increase has been observed in the last few decades in most states and at 

different grade levels (NCES, 2015). With the continuous rise in the number of students from 

different racial/ethnic backgrounds, the need to prepare teachers for such a heterogeneous 

population is justified (Ladson-Billings, 1995).  

Despite the demographic changes in U.S. public schools, students from underrepresented 

groups remain underserved. Particularly in science, students in these groups continue to have 

lower scores in end of the course standardized tests compared to their counterparts (Settlage, 

Southerland, Smith, & Ceglie, 2009). For instance, Morgan, Farkas, Hillemeier and Maczuga 

(2016) cited that “national estimates indicate that the 50th-percentile science scores of eighth 

graders who are Black approximate the 10th-percentile scores of eighth graders who are White” 

according to the 2015 report from the U.S. Department of Education. Furthermore, “the 50th-



 

 

2 

percentile score of those who are English language learners (ELL) are lower than the 10th-

percentile score of those who are non-ELL” (USDEA, 2015). Not only is this achievement gap 

evident throughout the last few decades, but the number of students from minority groups that 

pursue a career in a science related field is significantly smaller. According to a recent report 

from the US Commission on Civil Rights, “Black and Hispanic high school seniors exhibit about 

the same degree of interest in pursuing STEM careers as white students…but “are less likely to 

major in or obtain a doctoral degree in STEM disciplines than are whites and Asians” (Heriot, 

2010).  

Banks states that the goal of multicultural education is to “reform the school and other 

educational institutions so that students from diverse racial, ethnic, and social-class groups will 

experience educational equality” (1993, p. 3). Different approaches and models have been 

developed by researchers to describe what this should look like in practice. One of these 

approaches is Ladson-Billings’ theory of culturally relevant pedagogy (CRP), which represents 

the theoretical framework for this study.  In an effort to understand how teachers can be better 

prepared to address the needs of racially and ethnically diverse students, particularly in science, I 

propose an examination of three areas: 1) pre-service teachers’ beliefs about racially/ethnically 

diverse students, as related to learning science; 2) pre-service teachers’ conceptualizations 

related to CRP during the preparation program and; 3) teacher’ implementation of CRP in 

racially/ethnically diverse settings.  

Within the science education literature, a significant number of studies suggest the need 

to address teachers’ beliefs before they enter a preparation program and, eventually, the 

classroom (Cone, 2012; Johnson & Atwater, 2014; Johnson & Bolshakova, 2015; Kelly-Jackson 

& Jackson, 2011). Teachers’ beliefs represent a comprehensive field of study in education (Luft 
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& Roehrig, 2007; Mansour, 2013; Pajares, 1992). Pajares defines beliefs as ideas “based on 

evaluation and judgement” (1992, p. 309-310). As opposed to knowledge, a belief is thought to 

be more experiential, personal and subjective. Pre-service teachers entering a preparation 

program hold many different beliefs about themselves, students, learning and teaching in 

general. These beliefs have been, and continue to be, shaped by their experiences inside and 

outside the school context. Pajares argues that in the case of pre-service teachers, some of these 

beliefs may be unrealistic and highly optimistic, based on their ideals of how they will perform 

and their expectations of how students will respond to their teaching (p. 323). Science presents a 

wide array of areas in which teachers’ beliefs can become even more complex.  

Science education literature in this area has explored teachers’ beliefs related to the 

nature of science (Mansour, 2009; Trumbull et al., 2006; Waters-Adams, 2006), self-efficacy 

(Jones & Leagon, 2014), research-based practices (Boz & Uzuntiryakiwas, 2007; Fletcher and 

Luft; 2011; Glackin, 2016; Kang and Wallace, 2005; Mansour, 2013; Marshall et al., 2009) and 

students (Ballone & Czerniak, 2001; Cone, 2012). Additionally, several studies have investigated 

how teachers’ beliefs change with time or after interventions (Jones & Leagon, 2014; Lee et al., 

2007; Seung et al., 2010).   

When exploring teacher’s beliefs, it is also relevant to consider self-efficacy. Albert 

Bandura’s concept of self-efficacy refers to “people’s beliefs about their capabilities to produce 

designated levels of performance that exercise influence over events that affect their lives” 

(1994, p. 2). The area of self-efficacy has been the focus of interest of recent research studies in 

science education, particularly as it relates to teacher preparation (Jones and Leagon, 2014). The 

findings from many of these studies indicate that teachers with high self-efficacy had students 
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who overall performed better. Additionally, these teachers tend to be more knowledgeable in 

science and use more student-centered initiatives in the classroom. 

In the area of beliefs versus implementation of research-based strategies, researchers have 

explored teachers’ practices within different science disciplines (Boz & Uzuntiryakiwas, 2007; 

Glackin, 2016; Kang & Wallace, 2005). Again, teachers’ beliefs seemed to be important in 

deciding what activities to plan and conduct in the classroom, specifically with regards to 

scientific practices (i.e. demonstrations vs. inquiry laboratories; discussion vs. argumentation; 

controversial issues). Interestingly, teacher’s beliefs affected pedagogical decisions significantly 

more than other factors such as the school’s environment or students’ success.  

Beliefs about teaching are also influenced by beliefs about how students learn. The 

literature in this area suggests that teachers hold beliefs regarding students’ learning, abilities, 

motivation and behavior (Jones & Leagon, 2014) and that these do not necessarily acknowledge 

students’ individual differences in the science classroom (Ballone & Czerniak, 2001; Cone, 

2012). Furthermore, some teachers hold a “deficit model” view about students based on their 

socio-economic status or ethnicity. This “deficit model” is defined as a “person-centered 

explanation of school failure among individuals as linked to group membership (typically, the 

combination of racial/ethnic minority status and economic disadvantage)” (Valencia, 1997). One 

manifestation of this deficit perspective of student abilities may be observed in teachers avoiding 

topics or tasks that they perceive to be too difficult for certain students based on their 

characteristics. These views influence how teachers approach their students, support them 

throughout the learning process and design or implement different teaching strategies (Jones & 

Leagon, 2014).  
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Finally, the body of literature in this area suggests that it is difficult for an individual’s 

beliefs to change. This can also be said about teachers’ beliefs, a finding that has been suggested 

by several studies on teacher preparation and professional development (Jones & Leagon, 2014). 

For instance, in a study conducted with pre-service teachers, the findings indicate only a slight 

decrease in most traditional beliefs about science teaching. It was concluded that, “many 

participants tended to keep their traditional views even as they tried to accept constructivist 

views” (Seung et al., 2010, p. 712). This has even been observed in longitudinal interventions 

where strongly-held beliefs about students’ abilities remained unchanged (Lee et al., 2007).  In 

general, research suggests that changes in beliefs seldom occur or need long-term interventions 

which are uncommon in teacher preparation programs and even professional development (Jones 

& Leagon, 2014; Kagan, 1992; Lee, Luykx, Buxton, & Shaver, 2007). Additionally, even when 

changes are evident during the time that the research is being conducted, these are rarely 

translated into future practice. 

Purpose 

Every year, pre-service teachers are placed in schools where they are responsible for 

preparing students from different racial/ethnic backgrounds for academic success in all content 

areas. Many teacher preparation programs include courses that address social and cultural issues 

in education. However, research suggests that teachers continue to struggle when they find 

themselves teaching in these contexts (Johnson & Atwater, 2014; Moore, 2006). Several studies 

have explored pre-service teachers’ use of culturally relevant teaching in the science classroom. 

Among these, some researchers have focused on the idea of science as a culture using different 

curricular approaches to strengthen the connection between the home, community and the school 

(Lanier and Gasson, 2014; Laughter and Adams, 2012; Mensah, 2011; Nam et al., 2013). Within 
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these studies, we observe pre-service teachers making an effort to teach students about how the 

content is linked to social and economic issues in their neighborhood and how their actions could 

contribute to it. The results of these studies indicate that most teachers experienced difficulties 

incorporating the principles of CRP, even when they understood, were able to articulate and 

justify the need for these. The teachers that were successful at embedding CRP in their lessons, 

reported academic gains in their students. A common theme across these studies is that most 

teachers believe that CRP can empower students academically and socially, bridge the home and 

school culture and promote critical awareness about social inequities. Unfortunately, it appears 

that its implementation faces many challenges. For example, many of the participants in the 

studies agree that implementing the ideas of CRP demand additional time and effort compared to 

other teaching practices. The studies presented here are limited in terms of the context (e.g. grade 

level) Additionally, several of these were conducted with specific groups of students, such as 

those from American Indian reservations or African American students. The literature could 

benefit from exploring how CRP can be implemented with students from other cultures (e.g. 

Hispanic or Asian). Finally, more longitudinal studies are needed to evaluate the long-term 

effects of teacher preparation programs or professional development in helping teachers 

implement the ideas of CRP. 

This study explored pre-service science teachers’ beliefs in order to investigate how these 

were shaped during a teacher preparation program and reflected in their teaching practices. The 

participants chosen were pre-service science teachers in a non-traditional Master of Arts in 

Teaching (MAT) program. They are part of two different fellowships that require, among other 

things, that they teach in a high-needs school district for the first three years after graduation. 

High-need schools are defined as having “documented high rates of teacher attrition, student 
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poverty, teachers teaching out of their primary field of certification or low percentage of students 

meeting standards on high-stakes assessments in science or mathematics” (NSF, 2018). In 

addition, many of these schools have a high percentage of minority students.  

Research Questions 

The following questions guided this study: 

1.   What beliefs do pre-service science teachers have about students from diverse racial and 

      ethnical backgrounds and how they learn science? How do these beliefs change, if at all,  

      during the teacher preparation program? 

 

2.   How do pre-service science teachers conceptualize culturally relevant pedagogy within their  

      practice? 

 

3.   How do pre-service science teachers' implement culturally relevant pedagogy throughout  

      their student-teaching experience? 

 

Significance of the Study 

 This research study explored pre-service science teachers’ beliefs about 

racially/ethnically diverse students, their learning experiences when exposed to culturally 

responsive/relevant theories during their teacher preparation program and their implementation 

of these practices during their field experience. The findings from this research could contribute 

to the preparation of teachers for the racial/ethnic diversity currently exhibited in classrooms 

across the United States.  

Considering the influence that beliefs have on teachers’ dispositions and practices, an 

examination of this area, provides insights on their views about student diversity. Classroom 

observations and artifacts were used to analyze if these beliefs were aligned with their practices 

when teaching in classrooms with these unique characteristics. Through the exploration of how 

pre-service teachers respond to culturally responsive/relevant content in their teacher preparation 

programs, the science education literature may gain a better understanding of the development of 
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skills that address the needs of racially/ethnically diverse students. The findings of this research 

may identify program components that prove to be beneficial in preparing culturally 

responsive/relevant science teachers. Successful practices can guide other colleges and 

universities when designing curriculum towards this end goal.  

This research contributes to the literature on culturally relevant pedagogy, particularly in 

science. As indicated previously, this is an area that lacks clarity and has not been researched in 

depth. Of particular interest, is how PSTs ideas about racially/ethnically diverse students develop 

throughout their learning experiences in the classroom and how these influence their practice. 

Ultimately, the long-term goal of this study was to contribute to the enhancement of the learning 

experiences of students from racially and ethnically diverse backgrounds in the science 

classroom. The hope is that more students from minority groups will discover their potential to 

“do” science and possibly pursue a career in a science field, while embracing their culture and 

becoming active agents in the process. 

Assumptions, Delimitations and Limitations 

 

 The assumptions within the study are common in qualitative research as they relate to the 

behavior and responses of the participants during the observations and interviews. It is assumed 

that the participants answered the pre and post-interview questions honestly and to the best of 

their knowledge. It is also assumed that their actions during the field observations were 

motivated by intrinsic factors and that the presence of the observer did not influence their 

decisions to implement different teaching strategies. In addressing these assumptions, the 

participants were reminded that their responses were confidential and that their names were not 

to appear in the final dissertation, or any publications related to this research. Additionally, the 

participants were aware of their voluntary involvement in the study and the fact that withdrawal 
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from it, during any of the stages, did not have any consequences. Another assumption has to do 

with the idea that the sample is representative of science teacher candidates in MAT programs 

throughout the nation. The sample, however, included more than half of the science teacher 

candidates in the 2017-2018 cohort.  

 The delimitations in this study are related to the parameters set deliberately during the 

planning stages (i.e. sample selection, data collection instruments and data analysis procedures). 

The sample selection was limited to majors in the MAT program due to the nature of the 

fellowships. Both the NOYCE and WWF fellowships included course requirements/expectations 

and provided additional experiences that aligned with the theoretical framework of the study. 

Additionally, these programs prepare teachers for secondary schools, which was the targeted 

grade level when designing the study. The convenience sampling of science teacher candidates 

limited the number of participants to those enrolled in the MAT program.  

 In terms of the research methodology, the delimitations were related to the use of pre and 

post interviews as the preferred method of data collection. Interviews were used so that the 

participants could thoroughly answer open-ended questions about beliefs and conceptualizations 

related to racially/ethnically diverse students in the science classroom. Semi-structured 

interviews allow for the researcher to ask questions that are not within the protocol but emerge 

during the conversation and may provide greater insight on the participants’ experiences and 

beliefs. Interviews in general have the potential to contribute to richer narratives, compared to 

surveys.  

 The limitations regarding the methodology of this study are mainly related to the 

procedures for data collection, specifically for the field experience observations. The initial plan 

was to start observations during the first month of the field experience. However, for some 
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participants, this was delayed due to the timeline in which the IRB permissions where obtained 

from each school system. Additionally, observations were initially set to occur every other week. 

Due to scheduling conflicts with the participants and the researcher, in some instances, 

observations occurred only once a month. These observations were arranged between the 

participants and the researcher based on time availability, not on activities planned for the classes 

observed. Additionally, the school placements of the participants differed significantly from each 

other. Although all students were placed in high-needs’ systems, several were not in high-needs’ 

schools specifically. In many cases, the racial and ethnic demographics within these schools was 

not representative of the diversity observed in those schools identified as high-needs. As a 

consequence, the experiences of these participants, related to working with students from 

different backgrounds, were considerably different when compared to those who completed their 

field experience in highly diverse settings.  

Theoretical Framework 

Ladson-Billings introduced the term “culturally relevant pedagogy” in her article “But 

that's just good teaching! The case for culturally relevant pedagogy” (1995). In the last 20 years, 

the term has received significant attention within the educational research area. Its origin is a 

study conducted with teachers of African-American students at an urban middle school. Ladson-

Billings conducted observations to investigate their teaching practices. She described these 

practices as being highly effective in promoting student engagement, as well as academic gains. 

According to Ladson-Billings, culturally relevant pedagogy (CRP) promotes collective 

empowerment through opposition and:  

rests on three criteria or propositions: (a) Students must experience academic success; (b) 

students must develop and/or maintain cultural competence; and (c) students must 
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develop a critical consciousness through which they challenge the status quo of the 

current social order. (p. 160) 

Academic success refers to student competency and the development of skills needed to be 

active citizens. Most importantly, a goal of CRP is that students “choose academic excellence” 

(p. 160). In this sense, they need to understand the social benefits that academic success entails. 

Teaching strategies that promote social power and leadership skills are ideal. Although these 

objectives are important, Ladson-Billings recognizes that most school systems and states 

determine success through performance in standardized tests (1995b). To address this, the 

researcher discussed how students were able to demonstrate proficiency in this area as well, in 

addition to improving their ability to “read, write, speak, compute, pose and solve problems” (p. 

475).  

Cultural competence goes beyond showing appreciation and respect for cultural 

differences. In this sense, the school environment should help students “maintain their cultural 

integrity” by allowing them to “be themselves” and embrace the different ‘Discourses’ (Gee, 

2002) that are part of their identity (i.e. language, dressing, music, behaviors) (p. 160-161). Most 

importantly, culture is used as a “vehicle” or “bridge” for learning in different subjects. Cultural 

knowledge can be brought into the classroom through the use of community resources (e.g. 

parents, relatives and businesses). In her study, Ladson-Billings (1995b) described how one of 

the teachers used the students’ cultural resources (i.e. rap lyrics) to teach poetry.  

Critical consciousness is characterized by the ability to “critique the cultural norms, 

values, mores, and institutions that produce and maintain social inequities” (p. 162). The school 

system is part of these institutions, and these inequities are many times evident in the placement 

structures (i.e. tracking) and the curricula that is used by teachers. Issues in their community can 
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initiate social action in students, promoting this aspect of CRP. An example of this tenet was 

observed when students in one class problematized the presence of liquor stores around the 

school (Ladson-Billings, 1995b). They recognized this as not being the case in areas serving 

“White, upper middle-class students” and planned ways to “expose this inequity” (p. 477). 

In her article “Culturally Relevant Pedagogy 2.0: a.k.a. the Remix”, Ladson-Billings 

(2014) acknowledges the recent changes in educational research related to culture. She discusses 

how these changes essentially resemble the fluidity of culture itself. Citing work from Paris 

(2012), she argues for a movement towards a culturally sustaining pedagogy, in which students 

are subjects rather than objects of the learning process. The author claims that these changes are 

necessary as many teachers that now embrace CRP are not necessarily pushing “students to 

consider critical perspectives on policies and practices that may have direct impact on their lives 

and communities” (p. 78). In this sense, the third tenet of CRP is being overlooked. Culturally 

sustaining pedagogy embraces global identities in different forms of expression, an area that is 

continuously changing as represented in classroom dynamics (Paris, 2012). 

Other scholars have used Ladson-Billings theory of CRP to develop different theoretical 

and conceptual frameworks. For instance, Osborne’s ethnology (1996) makes several assertions 

about culturally relevant teaching and uses the existent literature to confirm or disconfirm them. 

The first two assertions are related to the teacher using culturally relevant pedagogy (CRP). 

Osborne asserts that teachers do not need to represent the same minority group as their students 

but need to be aware of the “socio-historico-political realities” that may affect the classroom (p. 

289-291). The latter assertion is critical when considering how these contextual factors may 

perpetuate inequalities. The second assertion is related to the curriculum and states that students’ 

previous experiences and cultural identity should be considered in selecting the content to be 
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taught (p. 292). The author suggests that teachers become cognizant of their own subjectivities in 

order to be able to recognize and expose subjectivities within their students.  The next assertion 

is the benefit of involving the community, which requires for teachers to redefine authority in 

their classrooms (p. 295). The last assertion regarding the fundamentals of culturally relevant 

teaching, focuses on the inclusion of students’ first language in the classroom. The literature 

suggests that it is necessary to promote the native language of students in order to help them 

understand the content and maintain their cultural pride. Osborne also describes examples of how 

culturally relevant teaching operates in the classroom. Among these, the author refers to teachers 

as being “warm and respectful”, yet “academically demanding” and clear about the classroom 

and school’s cultural assumptions (p. 299).  

 In discussing the outcomes of CRP, Milner (2010) expanded on the idea of 

empowerment. This empowerment is evidenced in students being able to examine more intently 

what they are learning, to create and to construct meaning, to contribute to the multiple 

conversations in a classroom with agency, to succeed academically and socially, and to gauge 

contradictions and inequities both in school and outside of school. (p. 70). Additionally, CRP 

enables students to evaluate the curriculum through a cultural lens, acknowledging important 

contributions of their culture to education and society. Milner explores how the tenets of cultural 

competence apply to teachers and their classroom practices. He concludes that teachers that 

successfully develop cultural competency “build and sustain meaningful and authentic 

relationships” with their students, challenge students regarding socio-political issues and 

promote a “culture of collaboration” within their schools (p. 76). These characteristics are 

especially important in urban settings, where many teachers belong to different ethnic groups as 

their students. 
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 Brown-Jeffy and Cooper (2011) used Ladson-Billings’ ideas to develop a conceptual 

framework of CRP that includes the major themes represented in the literature in this area. The 

five themes are “Identity and Achievement”, “Equity and Excellence”, “Developmental 

Appropriateness”, “Teaching Whole Child” and “Student Teacher Relationships” (p. 72). The 

first theme entails the development of an identity that affirms students’ diverse cultures as well 

as their community. The second theme focuses on curricular decisions that promote academic 

achievement in students, while embedding cultural aspects. The third theme refers to the 

consideration of learning and teaching styles that promote engagement and motivation, which are 

different in each culture. The fourth theme focuses on the development of skills that go beyond 

academics, by including social and community goals. Finally, the last theme stresses the 

importance of creating a positive and welcoming classroom atmosphere and promoting an 

environment of care and respect.  

 Although there are different conceptual frameworks related to CRP, the goals with 

regards to teachers’ dispositions and students’ academic, cultural and critical competencies are 

consistent with Ladson-Billings’ vision. Other authors have developed similar theoretical 

frameworks with objectives that draw upon similar tenets (Gay’s, 2002; McCarty & Lee, 2014; 

Paris, 2012). However, many of these frameworks have been developed targeting specific groups 

and populations of students. The principles of CRP are meant to be incorporated in all 

classrooms, regardless of demographic or contextual differences (Ladson-Billings, 2014). 

 Culturally relevant pedagogy was used as a theoretical framework for this study, guiding 

the data collection, its analysis and interpretation. One of the main reasons for using this 

framework is that the participants are enrolled in a program that aims at preparing science 

teachers for high-needs schools. These schools are commonly found in urban settings and 
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typically have diverse demographics. The program, therefore, includes several courses that focus 

on teaching the specific content areas to students from racially and ethnically diverse 

backgrounds. 

Pre-service teachers’ beliefs were examined using the CRP tenets as a lens. In this sense, 

the data obtained was analyzed to identify patterns related to how the participants view students’ 

academic abilities, cultural assets and their potential to challenge the “status quo”. Additionally, 

as the participants were exposed to the principles of CRP, and other related frameworks, data 

was obtained to understand how these experiences helped them develop into culturally relevant 

science teachers. Finally, they were observed during their practice in the classrooms for evidence 

of implementation of the tenets embedded in the framework.  
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2. REVIEW OF THE LITERATURE 

This literature review addresses the beliefs and experiences of teachers when preparing to 

teach students from racially/ethnically diverse backgrounds using culturally relevant pedagogy. 

Published research in this area is often conducted with pre-service teachers taking science 

methods courses towards a certification in elementary grade levels. The grade level varies from 

elementary to high school and the teachers participating had different ranges of experience. 

While most of the studies are qualitative and use similar data collection procedures, a few 

include quantitative data in the form of surveys or observation protocols. Due to the fact that 

teacher preparation was the scope of this literature review, the data regarding student impact was 

not included.  

Statement of Purpose 

This literature review synthesizes the findings of different research studies addressing 

teacher preparation for culturally relevant pedagogy. This review will address the rationale, 

methodology, selection of participants, findings and future implications of these research studies 

to evaluate the effectiveness of the different interventions. Although it was initially intended to 

include only studies in science education, the number of articles in this area was limited; 

therefore, literature from other related subject matters was included as well. The content of this 

review is divided into three sections: 1) Teachers’ beliefs about racially/ethnically diverse 

students in science; 2) Pre-service teachers’ CRP learning experiences with teacher preparation 

courses and; 3) Pre-service teachers’ implementation of CRP practices during their practicum. 

This review is intended to build upon previous literature and develop questions that can guide 

future research in the area of science education. 
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Criteria for Inclusion and Exclusion 

 The criteria used for the inclusion of research studies for this review relies on publication 

date and relevance. For this review, only research studies conducted after 1995 (the publication 

date for Ladson-Billings’ article) are used. In other words, even when the concept of 

multicultural education has existed for decades before “But that’s just good teaching” (1995), 

Ladson-Billings introduces a new perspective, and theoretical framework, that goes beyond just 

addressing cultural and ethnic differences in the classroom. Therefore, any research study 

published before 1995 was not included in this review. Articles that refer to other theories 

emphasizing the use of culture (i.e. culturally responsive) in the classroom were used if they 

addressed teachers’ beliefs or changes after an intervention. The articles included in this review 

are based on empirical studies conducted with elementary, middle or high school teachers. 

Research studies that focus on student outcomes, without a consideration of teachers’ 

development, were not included in this review.  

Terminology  

Culturally responsive pedagogy-Refers to “using the cultural characteristics, experiences, and 

perspectives of ethnically diverse students as conduits for teaching them more effectively. It is 

based on the assumption that when academic knowledge and skills are situated within the lived 

experiences and frames of reference of students, they are more personally meaningful, have 

higher interest appeal, and are learned more easily and thoroughly” (Gay, 2002, p. 106). 

Culturally relevant pedagogy-Framework proposed by Gloria Ladson-Billings (1997) to describe 

effective practices of teachers of African American students. It includes the following three 

tenets: “a) students must experience academic success; (b) students must develop and/or 
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maintain cultural competence; and (c) students must develop a critical consciousness through 

which they challenge the status quo of the current social order” (p. 160). 

Culturally sustaining pedagogy-Term proposed by Django Paris (2012) as an alternative to 

culturally relevant pedagogy. The term refers to pedagogies that “support young people in 

sustaining the cultural and linguistic competence of their communities while simultaneously 

offering access to dominant cultural competence.” In this sense, the goal of culturally sustaining 

pedagogy is to sustain “linguistic, literate, and cultural pluralism as part of the democratic 

project of schooling” (p. 95). 

Section 1: Teachers Beliefs About Racially/Ethnically Diverse Students Learning Science 

 This first section of the literature review consists of research studies that have explored 

teachers’ beliefs and perceptions related to students’ racial and ethnical diversity. The articles 

included in this area portray studies that used a combination of quantitative and qualitative 

methods. In addition, many of the studies described used data collection instruments (i.e surveys 

or interviews) that have been validated in previous research.  

The Deficit Model 

 

 A review of the existing research exploring teachers’ beliefs related to racially/ethnically 

diverse students learning science, reveals the presence of what many scholars identify as 

“deficit” views (Katsh-Singer et al., 2016; Prime & Miranda, 2006). Valencia (1997) defines the 

“deficit model”, or “deficit thinking”, as follows: 

Deficit thinking is a person-centered explanation of school failure among individuals as 

linked to group membership (typically, the combination of racial/ethnic minority status 

and economic disadvantage). The deficit thinking framework holds that poor schooling 

performance is rooted in students' alleged cognitive and motivational deficits, while 
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institutional structures and inequitable schooling arrangements that exclude students from 

learning are held exculpatory. (p. 9) 

This deficit view was evident in the findings from several studies conducted with pre-service and 

in-service science teachers. In a qualitative study conducted with urban high schools with a large 

number of African American students, the participants viewed science as a difficult subject that 

required students to have special skills (Prime & Miranda, 2006). Additionally, they believed 

that their students lacked the prior knowledge and motivation necessary to engage in meaningful 

science learning.  

 This deficit view is also observed in the way teachers incorporate different practices into 

their teaching. Katsh-Singer et al. (2016) conducted a study to explore the beliefs of teachers 

from schools with different socio-economic status (SES). The participants identified several 

challenges with engaging students into discussions and promoting the use of argumentation 

vocabulary. Furthermore, they referred to certain populations of students, including English 

Language Learners, as being “less capable” to participate in argumentation. Most of the 

participants also agreed that students in these groups require additional support and scaffolding 

during discussions, which may involve obtaining outside resources and can be time consuming. 

 Another area in which these deficit views are evident is related to the degree of parental 

involvement. This was observed in the way teachers referred to their students’ parents and their 

ability (or lack of) to influence their children (Prime & Miranda, 2006). Additionally, the 

literature suggests that teachers hold perceptions regarding parental involvement and may 

identify some cultures as having values related to education that conflict with theirs (Atwater et 

al., 2010). 
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Colorblindness 

A second major theme drawn from this literature review relates to the idea of 

“colorblindness”. Russell and Russell (2014) examined 35 pre-service science teachers’ cultural 

awareness before and after participating in their third year of a teacher education program. The 

authors observed that the participants did not identify themselves as being from a different 

culture than their students. This, they believe, is related to the idea of colorblindness. They 

explain that “when [teachers] from the majority do not consider they are different or describe 

differences in their students, this perpetuates the hidden curriculum and denies how culture or 

race/ethnicity impact perceptions” (p. 11). Furthermore, this “lack of acknowledgment of student 

culture, background, gender, etc. can inadvertently promote negative stereotypes for certain 

students” (p. 11).   

Atwater et al. (2010) also investigated the experiences of pre-service science teachers in 

this area. However, the researchers used the lens of “otherness” to analyze student-teacher 

relationships. “Otherness” refers to the ideology that people in groups different than the majority 

have views that are inherently wrong. The authors point that “Whites and people of color… are 

viewed as the dominant and the non-dominant. The dominant group ideologies are seen as right, 

proper and privileged and thus to be used to subjugate the members of the non-dominant groups 

to be the same” (p. 289). The notion of “colorblindness” was revealed by how teachers were not 

troubled by the fact that the low-level courses were predominantly Black compared with the 

higher-level courses, in which most students were White. The authors also found that the 

participants’ ideas about oppression and discrimination were linked to social status rather than 

race. 
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Impact of Race, Ethnicity and Science Learning 

 Several of the research studies reviewed reflect a lack of acknowledgement or 

understanding of the impact of culture, race and ethnicity in science learning (Atwater et al. 

2010; Russell & Russell, 2014). In many instances, teachers did not see race as a determinant 

factor in science learning but did agree with the notion that culture and ethnicity may influence 

science learning. Additionally, some teachers do not acknowledge, neither do they understand, 

that there are relationships among and within race, class, and quality science teaching as 

discussed within the section above (Atwater et al., 2010). This lack of understanding is also 

observed in the area of assessment, as it is not clear for teachers how culture and language affect 

the evaluation of students (Russell & Russell, 2014). 

Effective Practices 

 

 The last theme within this section relates to how pre-service and in-service teachers have 

different beliefs regarding the teaching practices that are most effective and least effective for 

students from diverse racial and ethnic backgrounds. Cone (2012) explored the beliefs of pre-

service science teachers in their last year of an undergraduate program that was part of a 

Community-Based Service Learning (CBSL) initiative. Regarding teaching practices, the 

participants identified inquiry and hands-on activities as the most effective strategies when 

working with diverse students. However, the findings from a different study (Katsh-Singer et al., 

2016) suggest that some teaching strategies may in turn be ineffective when working with this 

population of students. For instance, the benefits from argumentation, as perceived by teachers, 

vary depending on the students’ characteristics (i.e. ELL, SES). 

 In addition to teaching strategies, the participants in most of these studies identified  

several characteristics needed in teachers and the classroom environment to promote learning in  
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science. In Russell and Russell’s study, the participants reflected on the importance of  

acknowledging language diversity and making efforts to accommodate ELLs to promote their  

success (2014). The participants acknowledged that they did not have a preference for working  

with students from their same culture or background. However, most participants were “neutral”  

with regards to how the teachers’ cultural awareness has an impact on their expectations.  

 Another study considering pre-service teachers’ perspectives regarding diversity in 

science education was conducted by Moore (2006). The multiple case study explored its 

participants’ views about diversity in the science classroom. Among the findings, the author 

discusses how the teachers were able to understand the importance and feel responsible for 

building “language, home and community connections” (p. 122). In general, the pre-service 

teachers envisioned student diversity “as an asset for teaching and learning science” as students’ 

cultural knowledge can be used to build science content. In a study conducted with elementary 

teachers (Lee et al., 2007) after a professional development experience, the findings suggest that 

the teachers recognized the importance of utilizing cultural resources (such as language and 

culture). However, after the 2-year intervention, their beliefs about how to incorporate students’ 

resources in the science class, remained unchanged.  

Summary 

 Some key factors in the studies presented here are important to discuss when establishing 

directions for future research. Although many of the studies explore PSTs’ beliefs before their 

teacher preparation courses, none of these examine how their views and ideas change throughout 

or after the program. A common pattern within the results of these studies is how teaching 

students from diverse cultural and ethnic groups may prove to be challenging to some teachers, 

especially if they do not have experience or have not been exposed to such diversity (Katsh-
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Singer et al., 2016). Additionally, many pre-service science teachers hold views that align with a 

“deficit model”, evidenced through their planning, teaching, assessing and interactions with 

diverse students and their families (Katsh-Singer et al., 2016; Prime and Miranda, 2006; 

Valencia, 1997). Furthermore, the intersection of race and social status in science education 

seems unclear to most of the participants (Atwater et al., 2010; Russell and Russell, 2014). 

Although most of them recognized the importance of acknowledging students’ background and 

culture in the science classroom, they feel unprepared and therefore require support during 

implementation (Lee et al., 2007; Mensah, 2006). Exposure to student diversity and their 

community are essential aspects that the literature suggests should be included in PSTs 

preparation (Cone, 2012).  

 In summary, pre-service science teachers may hold beliefs that do not necessarily 

acknowledge students’ individual differences in the science classroom. These beliefs can 

influence how teachers approach their students, support them throughout the learning process 

and design or implement different teaching strategies. An exploration of the teachers’ beliefs and 

their learning experiences along the process can provide us with important insights that may aid 

curriculum developers and administrators in the design of preparation programs with the goal of 

implementing culturally relevant practices.  

Section 2: Pre-service Science Teachers’ Experiences in Teacher Preparation Programs 

 An examination of the literature related to pre-service science teachers’ experiences 

during their preparation program, reveals that many of these share similar components that align 

with CRP. The following section will discuss the findings and implications of research studies 

that explored the experiences of pre-service science teachers during their programs and field 
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experience. However, a discussion of the implementation of CRP in practice will be the focus of 

the last section in this review of literature. 

Community-Based Experiences 

 Community-Based experiences were an important part of several of the teacher 

preparation programs described in the studies within this section. Different modalities of 

community-based approaches have been embedded in teacher preparation programs (Cone, 

2012; George, 2013; McCollough and Ramirez, 2012). One example, Community Based Service 

Learning (CBSL) “is a type of field experience that combines academic learning with 

community service. It allows preservice teachers an opportunity to apply the knowledge and 

skills learned in previous teacher education courses, while addressing the real-life needs of their 

community” (p. 893). Cone argues that “CBSL might be a conduit for challenging and 

transforming preservice teachers’ beliefs, thus assisting them in developing the characteristics 

that are needed to effectively teach diverse students” (p. 890).  

McCollough and Ramirez (2012), explored the experiences of pre-service science 

teachers when participating in Family Science Learning Events (FSLE). Considering the 

different strategies aimed at preparing teachers to serve the needs of diverse students, the authors 

identify community-based experiences aligned with coursework as most promising, as it has 

proved to be beneficial for the students and pre-service teachers. When pre-services teachers 

participated in these experiences, they developed more confidence, learned to value parental 

engagement and where more enthusiastic about interacting with parents. They concluded that it 

is possible to embed community experiences with science learning within teacher preparation 

programs. They argue that the “disconnection between…cultural knowledge and science 
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disciplines, as well as connections between the home and community, can be minimized by 

implementing overt and explicit programs such as FSLE” (p. 449-450). 

 Community-Based experiences may be informal and unstructured, but still prove to be 

beneficial in helping pre-service teachers build relationships with their students, as well as 

parents and the community. George (2013) examined the experiences of Caribbean science 

teachers in preparing for culturally relevant science teaching. All participants were part-time 

students in the Master of Education program in Science Education and full-time teachers at rural 

schools. One of the main themes within the findings section, “Incomplete packing: bringing in 

and going out”, discussed teachers’ concerns about some students bringing “partial information 

about their traditional practices and beliefs”, due to their age mainly (p. 2124). Because of this, 

teachers had to go out in the community and get this knowledge from older people (e.g. parents 

and villagers). In addition, some teachers came from different communities and had to seek for 

help to “fill the gaps”. The author notes that some of the teachers continued their links with the 

community after the completion of the program. 

Culturally Diverse Field Experience 

 A few of the studies discuss the importance of embedding a field experience that allows 

pre-service teachers the opportunity to implement their learning related culturally responsive and 

relevant practices. In a research study by Culp et al. (2009), a group of pre-service teachers were 

provided with a multicultural practicum experience in order to prepare them for culturally 

responsive teaching. The preparation program itself included coaching teachers in the 

development of lessons, identification of challenges or issues that might occur based on students’ 

background as well as new methods for culturally responsive teaching. The authors believe that 

the findings from this study demonstrate that practicum experiences where pre-service teachers 
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are exposed to multicultural settings are important as part of the effort to prepare teachers for 

diverse learners. In addition, the findings suggest that the participants demonstrated an awareness 

of White privilege and learned to appreciate student differences throughout their practicum. 

 Settlage et al. (2009) also conducted a mixed-methods study to document the experiences 

of pre-service elementary teachers that were assigned to diverse settings. Although this study 

focuses on pre-service teachers’ self-efficacy, the findings suggest that their ratings in this area, 

as related to teaching science to English language learners, increased after their participation in 

the preparation program (p. 115). 

Collaboration and Support 

 One of the most prevalent themes within this section of the literature review is related to 

the collaborative experiences among the participants. Mensah (2011) discusses the importance of 

collaboration in a qualitative research study exploring how pre-service teachers in an urban 

school planned, designed and assessed culturally relevant lessons for a unit on Pollution. The 

findings in this study suggest that the pre-service teachers valued the opportunity to collaborate 

with one another and support each other during the planning process. They also showed 

appreciation for being in a group that was diverse and had different ideas and background 

experiences. Mensah argues that support and collaboration is necessary in order for teachers to 

develop the skills required to implement CRP. Culp et al. (2009) also highlights the value of 

allowing for participants to interact with one another and discuss their experiences through the 

practicum. 

 This collaboration does not need to be limited to pre-service teachers within a cohort or 

program. Collaboration between the pre-service teachers and their cooperating teacher during the 

practicum experience also has the potential to influence implementation of teaching strategies 
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within CRP. Bravo et al. (2014) explored the development of pre-service teachers’ beliefs and 

practices with regards to teaching science to students from different cultural and linguistic 

backgrounds. This study presents an intervention aligned with the Center for Research on 

Education Diversity and Excellence (CREDE) model, utilizing pre/post surveys to compare the 

beliefs and practices of pre-service teachers in two different groups. The intervention group 

incorporated the CREDE model while the other one addressed cultural and linguistic issues in a 

non-integrated format. The authors argue that teacher educators and cooperating teachers should 

work together to support pre-service teachers in implementing culturally responsive practices in 

the science classroom. They discuss the importance of the experiences during teacher preparation 

programs as a significant factor in developing the right attitudes for future practice.  

Modeling Culturally Responsive and Relevant Pedagogy 

 Many of the teacher preparation programs, described in the research studies in this 

section, included courses that focused on the impact of culture and racial/ethnic backgrounds in 

students learning science. However, not all of them were explicitly aligned to the Culturally 

Responsive or Culturally Relevant approaches. Nevertheless, some of the elements that are 

common to both approaches were part of the experiences of the pre-service teachers during their 

respective programs. 

 Mensah (2011) discussed how in her study, pre-service teachers designed lessons to 

“develop a critical consciousness through which they challenge the status quo of the current 

social order” (p. 297). Under this assertion, the author explain that teachers made an effort to 

teach students about how the content was linked to social and economic issues in their 

neighborhood and how their actions could contribute to it. The students were able to engage into 

the topic as it related to their personal experiences as well. The author also describes the cultural 
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competence developed by teachers when using language that empowered students’ roles as 

participants in the learning community in addition to making connections between their 

experiences outside the school and science content. This assertion is supported by how the 

teachers used students’ knowledge of real-world experiences in the classroom. For instance, 

when students were given agency for their participation in laboratory activities, they had the 

opportunity to see themselves as scientists. Students were also given different opportunities and 

formats to demonstrate their learning and understanding, an important element within cultural 

competence. The author argues that teachers need to be taught using the same principles of CRP 

that are used with students. Similarly, Laughter and Adams (2012) suggest that pre-service 

teachers should be educated in science “through a culturally relevant framework” (p. 1129).  

Summary 

 Several implications can be drawn from the research studies with pre-service teachers 

presented here. The literature suggests that a greater emphasis on cultural diversity should be 

placed in teacher preparation programs. Many of the authors cited agree that teachers need to be 

educated through a culturally relevant framework, using the same principles of culturally 

relevant pedagogy (Laughter & Adams, 2012; Mensah, 2011). If teachers are taught using these 

principles, this may facilitate the implementation of CRP during lesson planning and practice. 

Most teacher preparation programs include discussions of theoretical frameworks that embed 

culture and learning, but, without support and mentoring, it becomes difficult for teachers to 

apply these to their practice (Bravo et al., 2014; Culp, 2009; Mensah, 2011). One way in which 

teachers can be exposed to ideas on how to implement culturally relevant practices is through the 

use of community resources during their undergraduate or graduate education programs (Cone, 

2012; George, 2013; McCollough and Ramirez, 2012). Exposure to diverse contexts during the 
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clinical experience may be important in developing cultural awareness as well (Settlage et al., 

2009).  

 Teaching science using CRP principles may require a shift in PST’s own views of 

science. The studies cited in this section suggest that science should be viewed using a cultural 

lens and that teachers need to develop an awareness of the cultural differences that are exhibited 

in their classrooms in order to use these as a resource for planning and teaching (Laughter and 

Adams, 2012). This goes beyond finding connections between the content and the cultural funds 

of knowledge. Using culture as a starting point entails a holistic approach to science education, 

where skills, values and social norms are acknowledged. Furthermore, CRP is in action when 

promoting a scientific identity in students through agency and a welcoming classroom 

environment. Different factors may affect how well PSTs develop the necessary skills to teach 

racially and ethnically diverse students. While some research studies suggest that the 

characteristics of the preparation programs are significant, others believe that support from the 

peers, teacher educators and cooperating teachers have the greatest potential in changing the 

practices of future science teachers (Bravo et al., 2014; Cone, 2012; Culp, 2009; George, 2013; 

McCollough and Ramirez, 2012; Mensah, 2011; Settlage et al., 2009).  

Section 3: Experiences of science teachers implementing CRP in the classroom 

The following section focuses on pre-service and in-service teachers’ experiences during 

the implementation of CRP. While many of the studies included were conducted with elementary 

teachers, they addressed science education as many of them were enrolled in science methods 

courses. The findings from these studies can be used to understand the experiences, as well as 

challenges, of teachers when planning and implementing teaching strategies using CRP.  
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Beliefs about implementing CRP 

 The review of literature focused on pre-service science teachers’ implementation of CRP 

reveals the impact that their beliefs may have during the practicum experience. Nam et al. (2013) 

conducted a mixed-methods study with middle and high school teachers in American-Indian 

classrooms to explore their perceptions in relation to the implementation of culturally relevant 

pedagogy. While the findings indicated that the participants did not incorporate CRP in their 

lessons, it was concluded that the teachers’ views and beliefs about CRP were dependent on their 

perceptions of this pedagogy. In essence, some teachers were able to clearly articulate the goals 

of CRP and use it in the classroom, while others expressed the need to use it but lacked the 

necessary knowledge. On the other hand, some participants did not see CRP as necessary for 

their students. Although most teachers acknowledged the importance of CRP, the majority had 

difficulties identifying examples of these in their classroom. Focusing as well on initial beliefs, 

Johnson (2011) conducted a study using a Transformative Professional Development model 

(TPD) to help science teachers embed the principles of CRP with their students. Their findings 

suggest that there were changes in the teachers’ perceptions about themselves as teachers and 

their students’ ability to learn throughout their participation in the professional development. 

Implementation of Culturally Relevant Pedagogy 

 In order to discuss the themes drawn from the analysis of pre-service teachers 

implementing the principles of CRP, this section will be divided into the three different tenets: 

academic success, cultural competence and critical consciousness. 

 Academic Success. The literature suggests that the implementation of this tenet by the 

pre-service teachers focused on having high expectations for all students and challenging them 

academically. Milner (2011) explored the experiences of a White teacher at an urban school. One 
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of the main themes within the findings was related to building relationships with the students. 

This, according to the author, demonstrated a genuine care for students and reflected in the 

participants’ teaching practices, including curriculum decisions and expectations. Lanier and 

Gasson (2014) conducted a case study to understand how an African American teacher used CRP 

to promote cultural awareness and academic achievement in the science classroom. The findings 

suggest that teachers’ beliefs about their students’ abilities is linked to their academic gains. The 

teacher in the study made sure to include students in all parts of the learning process and owned 

their success. Additionally, he used varied teaching strategies (e.g. hands-on activities, 

laboratories, discussions, story-telling and collaboration) to promote student engagement which, 

in turn, improved the learning of science content. Another study was conducted by Kea and 

Trent (2013) to explore the experiences pre-service teachers when planning and implementing 

culturally relevant lessons. The researchers used three different instruments to assess teachers’ 

use of culturally responsive practices: a template, a rubric and a checklist (to evaluate the 

lesson). Although the findings suggest that the teachers lacked the necessary skills to design and 

implement CRP successfully in their classrooms, the lesson plans were effective in promoting 

academic success in students. 

 Cultural Competence. In an attempt to implement CRP, many of the teachers in the 

following studies aimed at building relationships, developing cultural awareness and utilizing 

students’ background when designing activities. In Johnson’s study (2011) the participants 

worked in developing community programs such as tutoring or after-school classes. In doing 

this, the teachers also developed their knowledge about students’ cultures. The participants in the 

study continuously attempted to find real-life scenarios to bring into their teaching practice that 

related to students’ experiences.  
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 A phenomenological study conducted by Esposito et al. (2012) explored the perceptions 

and experiences of African-American teachers using culturally relevant pedagogy in the midst of 

school reforms. The findings suggest that teachers viewed CRP as a means to empower their 

students “emotionally and academically” (p. 252). The participants in the study continuously 

attempted to find real-life scenarios to bring into their teaching practice that related to students’ 

experiences. In addition, their goal was to encourage students to become critical about power 

structures and how these were reflected in their lives and communities. The latter, however, 

aligns more closely to the tenet of critical consciousness within CRP. 

 Milner’s study (2011), describes how the participant was able to build relationships in an 

effort to develop cultural competence. This was evident in how he managed discipline issues and 

lack of engagement. Identity was an important component of the participants’ development of 

cultural competence as well. Student narratives were used to construct a picture of the different 

identities in the teacher, including those that he shared with his students about his own 

background and experiences growing up. Within the findings, the author describes how the 

teacher assumed the role of a “father” for his students, because he was stern but cared for their 

academic and personal success.  

 In Lanier and Gasson (2014) study, the participant used examples from the home 

environment to introduce science content and to allow students to share their cultural knowledge. 

The author concluded that parent involvement was particularly important during this process. 

Additionally, the use of varied teaching strategies (e.g. hands-on activities, laboratories, 

discussions, story-telling and collaboration) was successful at promoting student engagement. 

 Critical Consciousness. Only one of the studies reviewed discusses how the participants 

engaged students in activities to develop critical consciousness. Esposito’s study discusses how 
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the participants’ goal was to encourage students to become critical about power structures and 

how these were reflected in their lives and communities. However, it does not mention if this 

goal was met within the duration of the study. In a different study (Kea et al., 2013) it was found 

that, although the participants were somewhat successful at promoting academic success and 

cultural competence, the lesson plan designs did not address issues of social action. It is 

important to note that, even when the participants in many of these studies were not successful at 

implementing the tenet of critical consciousness in their practice, several of these discuss how 

the classroom experience enabled teachers to experience a shift in the power relations, seeing 

themselves as learners during the process, as well as empowering their students emotionally and 

academically (Esposito et al., 2012; Johnson, 2011). 

Challenges Implementing CRP 

 

 This review of literature reveals that science teachers faced different challenges when 

attempting to implement CRP. For some teachers, school reform mandates were widening the 

academic gap instead of closing it, because of their inherent views about students from minority 

groups (Esposito, 2012). In one study, the participants believed that reform models were 

“enabling oppression”, while “interrupting real learning” (Esposito et al., 2012, p. 254). 

Furthermore, they believed that reform mandates promoted the White students’ ways of learning, 

and discouraged critical thinking, cooperative-learning and discussion, which are effective 

learning strategies for under-represented students. In many of the studies, however, the teachers 

managed to maximize the time and resources to implement culturally relevant pedagogy, in spite 

of the barriers presented by school mandated reforms. In Nam et al.’s study (2013), most of the 

participants admitted using reform-based practices, such as inquiry and cooperative learning. 
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However, they reported a lack of connection between the community and the school, which 

could have promoted the use of cultural knowledge in the classroom. 

Summary 

 

The studies presented here reveal that most teachers believe that CRP can empower 

students academically and socially, bridge the home and school culture and promote critical 

awareness about social inequities (Johnson, 2011; Nam et al., 2013). Unfortunately, it seems that 

its implementation is not supported by the school and district structures in place (Esposito et al., 

2012). Furthermore, many of the participants in the studies agree that implementing the ideas of 

CRP demands additional time and effort compared to other teaching practices. Ideally the 

principles of CRP would be integrated in all curricula, not just in courses for diverse students. It 

is important for teachers to understand these principles in order to utilize it effectively in the 

classroom. In addition, teachers should strive to build relationships with their students, parents 

and the community as a first step in developing cultural competence (Milner, 2011).  

Another factor to consider is that many of these studies seem to be limited in terms of the 

context and data collection instruments (mostly qualitative). The latter has hindered the 

generalizability of the studies to other populations and settings. Many of these were conducted in 

American Indian reservations or with teachers of African American students (Esposito et al., 

2012; Lanier and Gasson, 2014; Nam et al., 2013). It is important to ask how multicultural 

approaches, such as CRP, can be promoted in teachers of students from other cultural 

backgrounds (e.g. Hispanic or Asian). Finally, more longitudinal studies are needed to evaluate 

the long-term effects of teacher preparation programs in helping teachers implement the ideas of 

CRP. 
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Future Directions of Research 

The implications discussed for each of the areas included in this review provide future 

directions for research in teacher preparation for culturally relevant pedagogy. With regards to 

teacher education courses, the studies reviewed analyzed the experiences of teachers at the 

elementary or middle school level. More research needs to be done to investigate how high 

school PST’s experiences change through their participation in undergraduate or graduate 

courses that focus on cultural relevancy. In terms of curriculum development for teacher 

preparation, it is important to ask how education courses can be modified to include more 

explicitly the tenets of culturally relevant pedagogy. Due to their first experience teaching being 

during their practicum, it would be interesting to find out how pre-service science teachers 

promote culturally relevant pedagogy when working with their collaborative teachers. An 

investigation of how this structure may aid or present challenges could help understand PST’s 

initial experiences teaching. Finally, an exploration of how courses focused on culturally relevant 

pedagogy influence teachers’ beliefs about this theoretical framework would be an important 

addition to the science education literature. 
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3. METHODOLOGY 

The following chapter discusses and justifies the methodology selected for the study. It 

includes the main research questions that were investigated as well as the context of the study 

(i.e. setting, teacher preparation program, researcher’s role). Furthermore, this chapter describes 

the research activities that took place and the data collection instruments that were utilized to 

answer the research questions. Finally, the procedures and software that were used to analyze the 

data from the different sources is described, while addressing the areas of reliability and validity. 

In order to explore the development of the participants during the teacher preparation program, 

the following questions guided this research:  

1.   What beliefs do pre-service science teachers have about students from diverse racial and 

      ethnical backgrounds and how they learn science? How do these beliefs change, if at all, 

      during the teacher preparation program? 

 

2.   How do pre-service science teachers conceptualize culturally relevant pedagogy within their  

      practice? 

 

3.   How do pre-service science teachers' implement culturally relevant pedagogy throughout  

      their student-teaching experience? 

 

 A multiple-case study methodology was followed to investigate the beliefs of PSTs 

before, during and after being exposed to the ideas of CRP. This multiple-case study had an 

exploratory nature, as its purpose was to unveil the participants’ beliefs and their development 

during and after this teacher preparation program (Yin, 2014). A holistic multiple-case study was 

used, in which each participant represented an independent case without embedded units within 

(p. 55). A case study methodology was selected because it produces a rich and “in-depth 

description…of a bounded system”; which, in this case, are the students in the program 

(Merriam, 2014, p. 40). Therefore, the units of analysis within this bounded system are the 

individual PSTs in the science education program (Yin, 2014). As opposed to a single case study, 
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a multiple case study contributes to the “external validity or generalizability” of the findings 

(Merriam, 2014, p. 50). This is because the narratives from the different cases can be compared 

and contrasted, allowing for cross-case analysis of data. As it is common in case studies, the 

responsibility for data collection and analysis relies on the researcher. Therefore, an 

acknowledgement of bias and subjectivities precedes the presentation and analysis of findings. 

Participants 

 The purpose of this study was to explore the PSTs’ experiences when preparing to teach 

science in racially and ethnically diverse settings. A convenience sample of seven teachers 

enrolled in the Master of Arts in Teaching (M.A.T) program at a university in the southeast was 

used. Five of the participants were pursuing initial certification in Biology and the other two 

were in the Chemistry MAT program. The participants represented a unique group as they all 

had an undergraduate science degree and were part of one of two fellowship programs for 

teacher preparation in high-needs areas (science and/or math). Table 1 presents information 

about each participant. 

Table 1 

Participants’ Demographic Information 

Participant: Age: Race/Ethnicity: MAT Major: Fellowship (s): 

Jackelyn 32 White Biology Noyce (TelBio) 

Janet 24 White Biology WWF and Noyce 

(TelBio) 

Luther 24 White Biology WWF and Noyce 

(TelBio) 

Karen 26 White Biology WWF and Noyce 

(TelBio) 

Rose 26 African 

American 

Chemistry Noyce 

Cindy 26 White Chemistry Noyce 

Mohna 43 South Asian Chemistry Noyce 
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The Robert Noyce Fellowship 

 The Noyce Fellowship, sponsored by the National Science Foundation (NSF), aimed at 

helping “to meet a growing need for highly qualified middle and high school science teachers 

locally and nationally” (NSF, 2018). Two of the participants were fellows in this program and 

would receive a maximum of $20,000 after its completion (NSF, 2018). As a requirement, these 

teaching candidates had to commit to work in a high-needs school district for a minimum of two 

years after graduation.  

 As part of the fellowship, the biology education majors participated in “TELBio”. The 

TELBio or “Teaching English Learners Biology” Robert Noyce Scholarship had the focus of 

“recruiting strong biology students into [the university’s] Master of Arts in Teaching (MAT) 

program, adding an endorsement in teaching English to Speakers of Other Languages (ESOL)” 

(American Association for Advancement of Science, 2018). The goal of the project was, 

therefore, to develop biology teachers with strong content knowledge and who were prepared to 

teach English learners. Towards this goal, the participants enrolled in nine credit hours of ESOL 

courses, which were offered online. The Noyce program for Chemistry and Physics, however, 

had different components.  

 Noyce fellows participated in monthly workshops and a yearly conference. The 

participants were also part of a regional dialogue which included “key leaders from elementary, 

middle, and high schools, district and state education agencies, college and universities, and 

others who recruit, prepare, license and evaluate teachers” as well as “current and former Noyce 

Scholars and Fellows” (NSF, 2018). Finally, they were invited to a national summit (i.e. 

Stimulating Research and Innovation for Pre-Service Education of STEM Teachers in High-

Need Schools) which included panels and sessions for teacher candidates and faculty. 



 

 

39 

The Woodrow Wilson Fellowship 

 Five of the participants were part of a national fellowship focused on recruiting and 

preparing “recent graduates and career changers with STEM backgrounds to teach in middle and 

high school science and math classrooms” (Woodrow Wilson National Fellowship Foundation, 

2018). The Woodrow Wilson Fellowship (WWF) was highly selective in terms of eligibility 

criteria, awarding only 12 fellowships per institution. Students had to provide letters of 

recommendations and demonstrate academic excellence and a “commitment to the program and 

its goals” (WWF, 2018). Additionally, candidates were required to pass the basic skills teaching 

exams for their respective states and complete an admission interview. The following excerpt 

from the partnership proposal provides further details about the admission process: 

Successful Fellowship candidates have excellent academic records, a bachelor’s degree 

with a major in a STEM field, strong references, STEM experience, a history working 

with young people, and commitment to becoming a teacher in a high-need school. The 

Foundation invites applicants with the strongest records to participate in a day-long 

selection process that includes presenting a sample STEM-teaching lesson, a one-on-one 

interview with a Foundation selector who has a background as a STEM educator and 

expertise in the same STEM discipline as the candidate, an exercise that tests an 

applicant’s judgment in reacting to common classroom situations, and a critique of a 

previously viewed video that shows two experienced teachers presenting the same 

material in different ways. Based on the interview day and candidate application 

materials, selectors then rate each candidate on six key competencies: knowledge in field 

of specialty, communication skills, planning and organization skills, problem 

solving/critical thinking skills, commitment to teaching in high-need schools, and self-
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concept/personal responsibility. The Foundation makes final selection decisions to 

accept, reject, or wait list candidates. The files of selected candidates are sent to partner 

universities for review and approval. They are then granted a Fellowship and admission 

to a participating university. (WWF, 2018) 

The participants received a stipend of $30,000 to complete the teacher preparation program. 

Upon selection, and after completion of the program, the WW fellows became and remained 

members of a statewide and national network of teaching fellows. As part of this network, the 

Woodrow Wilson Foundation provides different types of mentoring and support, including 

resources to facilitate teachers’ pursuit of National Board (WWF, 2018).  

 The WWF fellowship included a yearlong clinical experience following a co-teaching 

model and included mentoring and support from the faculty in the areas of assessment, impact on 

student learning and technology, among other areas. The WW fellows met with the fellowship 

coordinator at least once a month to discuss their experiences in the classroom. In addition, the 

participants were required to complete observation and teaching hours in an ELL classroom. The 

participant institution would also provide a double mentoring experience during the first three 

years of teaching. The double mentoring refers to having a mentor teacher from the school of 

placement and a mentor from the institution/university. During the field experience, the mentor 

teachers working with the participants had received co-teaching training during the summer 

before the practicum started. 

The MAT programs 

 In both programs, students completed 36 hours of coursework over three semesters. 

During the second and third semester in the program, the students completed their field 

experience, in which they spent four days a week at local public schools within high-needs 
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districts. This M.A.T. program is designed to provide initial teacher certification for students 

who have a Bachelor’s degree in a science area (i.e. biology, chemistry or physics).  

The participants in this study were prepared to become science teachers at the secondary 

school level and were exposed to courses or units of study that addressed the ideas of culturally 

responsive and/or relevant pedagogy. Two initial courses were particularly relevant for the 

purpose of this study: “Linguistically Diverse Students as Learners” and “Cultural Issues for 

ESOL Teachers”. In addition, the following courses were included as they are part of the second 

and third semesters of the program and expand on the ideas presented in the two initial (summer) 

courses: “Instruction for Linguistically Diverse Learners”/“Assessing Linguistically Diverse 

Learners” and “Applied Linguistics for ESOL Teacher”/“Methods and Materials for Teaching 

ESOL”. A description of each course is found on Appendix D. These courses exposed students 

to the ideas of culturally responsive/relevant pedagogy and its tenets during different stages of 

the program.  

Rationale for Selection of Participants 

The students in this program were selected as participants for this study because they 

represent a unique group of pre-service teachers. First, these students’ educational background 

and experience is in the science field. Therefore, their previous education did not include courses 

in pedagogy or teaching. This is important as most studies in the area of teacher preparation for 

racially and ethnically diverse students have been conducted with undergraduate or graduate 

education majors. Secondly, the participants in this study were teaching at the high school level, 

due to their science content background. This is an area that needs further research as most 

studies in teacher preparation for culturally responsive/relevant pedagogy have been conducted 

with pre-service elementary teachers. Finally, the pre-service teachers in the program were 
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teaching in “high-need urban or rural secondary school [s]”, where there is significant 

racial/ethnic diversity when compared to other school systems (GADOE, 2015).   

 It is important to note that, although students were required to complete their yearlong 

clinical experience in a high-needs’ school district, this status did not necessarily apply to their 

specific school assignment. The following table displays the information about each participant 

with regards to their district of placement and school of placement classification (i.e. either high-

needs or not). Even within school districts that are classified as “high-needs”, the racial and 

ethnic demographic composition varies significantly. Therefore, data regarding student 

demographic has been included as well (GADOE, 2017). 

Table 2 

Participants’ Field Placement Information 

Participant: High-Needs District? High-Needs School? Demographic Data: 

Janet Yes Yes African American: 31.0% 

American Indian: 0% 

Asian: 5.0% 

Hispanic: 21.0% 

Multi: 4.0% 

White: 38.0% 

Jackeline Yes No African American: 23.0% 

American Indian: 0.0% 

Asian: 1% 

Hispanic: 9.0% 

Multi: 5.0% 

White: 63.0% 

Rose Yes Yes African American: 39.0% 

American Indian: 0.0% 

Asian: 2.0% 

Hispanic: 36.0% 

Multi: 3.0% 

White: 19.0% 

Luther Yes Yes African American: 39.0% 

American Indian: 0.0% 

Asian: 2.0% 

Hispanic: 36.0% 

Multi: 3.0% 

White: 19.0% 
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Mohna Yes Yes African American: 23.0% 

American Indian: 0.0% 

Asian: 1% 

Hispanic: 9.0% 

Multi: 5.0% 

White: 63.0% 

Karen Yes Yes African American: 31.0% 

American Indian: 0% 

Asian: 5.0% 

Hispanic: 21.0% 

Multi: 4.0% 

White: 38.0% 

Cindy Yes No African American: 7.0% 

American Indian: 0.0% 

Asian: 2.0% 

Hispanic: 17.0% 

Multi: 4.0% 

White: 70.0% 

 

Researcher’s Role 

 

 An important aspect of qualitative research involves the acknowledgment of the 

researcher’s role during the study. During the first semester of the teacher preparation program, 

the participants were enrolled in a 3-credit hour course for which I was the instructor. The course 

titled “Pedagogical Content Knowledge for Biology/Chemistry/Physics I”, introduced students to 

different strategies for teaching introductory Biology, Chemistry and Physics, particularly 

focused on the learners. During the four weeks of the summer course, the participants engaged in 

activities aimed at lesson planning and assessment development, inquiry-based learning, and 

analysis of data/research. A total of 13 students were enrolled in the course that was a 

requirement for the NOYCE and WWF fellowships within the MAT program. Their enrollment 

facilitated the recruitment (i.e. personal invitation during a class meeting) of the participants as 

well as several follow-up procedures. The field experience, which initiated during the fall 

semester of 2017, required a field supervisor with a background in the same science discipline as 

the participants. Since four out of the seven participants were Biology majors, these were 
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assigned to my supervising load during the fall and spring semesters. Therefore, the field 

observations conducted during the yearlong clinical experience were also used as part of the 

qualitative data for this study.          

 Due to the nature of the study, the science students in the NOYCE and WWF cohorts 

were targeted as potential participants. Following this decision, the participants in the study were 

recruited by personal contact. The invitation to participate took place during one of the class 

meeting in their summer course (i.e. PCK in science). A recruitment script was read out loud at 

the end of the class meeting and students were provided with consent forms. During this time, 

students had the opportunity to ask questions if needed. A total of seven out of the 13 students 

enrolled in the course agreed to participate in the study and returned a signed consent form.  

Instruments and Procedures 

 

Data were collected throughout the three semesters of the MAT program. Due to the two-

staged nature of the study, different forms of data collection were utilized (See Appendix A). 

During the first stage, individual semi-structured interviews were conducted with each 

participant to explore their beliefs about diversity in general, and about racially/ethnically 

diverse science learners (See Appendix B). Semi-structured interviews allow for greater 

flexibility and are guided by a few selected target questions (Merriam, 2014). Additionally, they 

provide the opportunity to ask follow-up questions based on the participants’ responses. These 

interviews were conducted in person and lasted approximately an hour. An interview protocol 

was developed before approval for the study was obtained. Additionally, the interviews were 

audio-recorded and transcribed verbatim.  

At the second stage of the study, selected artifacts were collected. These artifacts selected 

consisted of commentaries written by the students for certification purposes. These 
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commentaries provided data on how the participants planned and incorporated teaching 

strategies that addressed the needs of racially and ethnically diverse students, including ELL. 

Additionally, the pre-service teachers were observed during both semesters of their student-

teaching (i.e. Fall 2017 and Spring 2018). Permission was obtained from the school districts to 

visit the classrooms. Field notes were collected during the observations to address the last 

research question and an observation protocol was used to identify elements of CRP observed 

(see Appendix D). The observation protocol used was an adaptation of the Culturally Responsive 

Instruction Observation Protocol or CRIOP (Powell et al., 2011).  

Observations were conducted a minimum of once a month. The days and times of the 

classroom observations were arranged beforehand with the participants to ensure that their 

students were not testing or engaged in other non-academic activities during these visits. During 

the first semester of their student-teaching or yearlong clinical experience (YCE), PSTs were 

becoming adjusted to the classroom and mostly followed the collaborating teacher’s lesson plan. 

Therefore, classroom observations were less intentional with regards to lesson planning and 

focused more on general dispositions and behaviors of teacher candidates, as well as their 

interactions with students. During the second semester of their YCE, teacher candidates took a 

more proactive role in lesson planning. Therefore, they were asked to submit weekly lesson plan 

templates describing briefly the daily activities. These lesson plans were taken into consideration 

when scheduling observations.  

Finally, the participants were interviewed individually at the end of the program and 

student-teaching experience. These interviews were also audio-recorded and transcribed 

verbatim. Individual interviews allowed for further exploration of the experiences of each 

participant during the teacher preparation program (Merriam, 2014). Additionally, pre and post 



 

 

46 

interviews were compared to identify changes or development of new attitudes and ideas 

regarding racially and ethnically diverse students learning science and CRP. The last post-

interview question asked students to watch a short clip of a lesson and identify any elements of 

CRP observed. The video used was of a lesson in which the teacher presented his students with 

an oil spill scenario and challenged them to design a plug for an oil well. The participants were 

asked to share their impressions of the lesson, the teacher and the students. The following 

sections describe the main themes identified from their responses. 

Data Analysis 

 

  The data collected from the different sources was analyzed in two stages: an analysis of 

individual cases (i.e. “within-case” analysis) and a cross-case analysis (Merriam, 2009). The 

within-case analysis initiated with a review of the data from each individual participant (e.g. 

interviews, observations and artifacts). Open-coding was used while reviewing each piece of data 

to ensure that segments that were particularly relevant and useful to answer the research 

questions were identified or interpreted. This process also facilitates the development of case 

narratives that portray each PST’s beliefs during the program, as well as his or her experiences 

with CRP during the courses and field experience. During the within-case analysis, the data helps 

the researcher “learn as much about the contextual variables as possible that might have a 

bearing on the case” (Merriam, 2009, p. 204). In other words, different sources of data were used 

to develop the participants’ narratives, taking into consideration their background in science and 

education, their exposure to racial and ethnical diversity and their experiences within the field 

experience as well as in other areas within the program. 

 A cross-case synthesis of the data was also used to strengthen the findings of the study 

(Yin, 2014). The identification of major themes was guided by the ideas within the CRP tenets. 
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In this sense, the data was analyzed in terms of the PST’s beliefs that aligned with the ideas of 

CRP and their conceptualizations and development of skills towards promoting academic 

success, cultural competence and critical consciousness in their students (Ladson-Billings, 1995). 

The cross-case analysis facilitated comparison and contrasting of the findings from the individual 

cases and the development of broader generalizations. This step helps the investigator address 

each research question respectively, by categorizing the data obtained. Additionally, it facilitates 

the drawing of conclusions from the analysis of the categories within the data sets or profiles. 

The goal was to utilize the data to explore and describe in detail how each individual teachers’ 

beliefs about diversity in the science classroom developed and transformed throughout their 

participation and experiences in the teacher preparation program.  

Qualitative data analysis from the pre and post interviews, as well as the field 

observations, was conducted. This process allowed for data from different sources to be entered 

into separate folders for further coding and analysis. The participants in this study represented 

the “cases” or units of analysis within the folder. The pre-interviews were uploaded into separate 

folders, followed by the creation of nodes. Each node represented a topic or area of interest from 

the interview protocols. For instance, in order to answer the first part of the first research 

question in the pre-interview, “What beliefs do pre-service science teachers have about students 

from diverse racial and ethnical backgrounds and how they learn science?”, nodes were assigned 

to the key ideas elicited by the questions. The nodes in this case were labeled: “beliefs about 

qualities needed for success in science”, “beliefs about racially and ethnically diverse students 

learning science”, “beliefs about racially and ethnically diverse students attaining scientific 

literacy” and “beliefs about racially and ethnically diverse students in STEM careers”. Following 

the creation of nodes, each interview transcript was read thoroughly to identify the main ideas 
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shared by each participant in response to the protocol and follow up questions. These ideas were 

highlighted and coded to the respective nodes identified previously. When all the interviews 

were coded, the next step was to review the responses under each node and identify common 

patterns and themes revealed by the data. The goal was to identify the thematic units across the 

seven participants with respect to each question. This same process of data analysis was used for 

the post-interviews and the artifacts collected. However, the nodes for the artifacts were 

reflective of the second question “How do pre-service science teachers conceptualize the ideas of 

culturally relevant pedagogy during their teacher preparation program?” 

Partial quantitative data analysis of field observations data was conducted in this study. 

The adapted observation protocol used to analyze the field observation data included many of the 

indicators within the CRIOP instrument. The indicators obtained from the CRIOP instrument 

were aligned to the tenets within CRP that were representative of each. This was accomplished 

by comparing the indicators with the examples presented in Ladson-Billings’ research studies 

(1995). It is important to note that some of the CRIOP indicators were not possible to be 

observed or evaluated during a class visit. This is because some of these were out of the PSTs 

control (i.e. cultural displays in the classroom or parent communications). These indicators were, 

therefore, not included.  

For data-analysis purposes, data tables were created indicating the presence or absence of 

evidence of CRP indicators, as described by the observation protocol. The data for each 

participant was tallied for each tenet of CRP (i.e. academic success, cultural competence, critical 

consciousness). The number of incidences of each observation was analyzed across the seven 

participants to identify major themes revealed by their practice. This cross-case analysis 

facilitated the answering of the third research question (i.e. “How do pre-service science 
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teachers' conceptualizations of CRP manifest throughout their student-teaching experience?”). 

Table 3 indicates the number of observations conducted for each participant and the length of 

these. 

Table 3 

Length of Field Experience Observations per Participant 

 

Participant: Number of 

Observations: 

Length of Each 

Observation 

(minutes): 

Total Instructional 

Time (minutes): 

Jackelyn 9 90 810 

Janet 9 90 810 

Luther 9 90 810 

Karen 8 100 800 

Rose 9 90 810 

Cindy 8 55 4401 

Mohna 9 90 810 

 

Validity and Reliability 

Internal validity was addressed through triangulation of methods and sources of data. 

Validity refers to the credibility of the findings or “how [these] match reality” (Merriam, 2014, p. 

213). Triangulation was accomplished through the use of different sources of data (i.e. 

interviews, course artifacts and field notes from observations). This process helped establish if 

similar results were obtained from data analysis of different sources. External validity was 

enhanced through the use of thick and rich descriptions of the context, participants and findings 

(p. 227). The responses to the first two research questions include excerpts from the pre and post 

interviews.  

                                                 
1 Although the total instructional time for this participant was significantly less (due to the length of the class 

periods), lesson plans were used for data collection purposes, in-lieu of field experience observations. 
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In addition to addressing the internal and external validity of the study, reliability, or the 

consistency of findings, was also taken into consideration. Triangulation was also a tool used to 

address the reliability of the study. In this case, inter-rater agreement was used for the qualitative 

data, which included the interview transcripts and field notes obtained during classroom 

observations. An individual with expertise in science education participated in the inter-rater 

reliability process. For the data from the field observations, the external rater was provided with 

the raw field notes, as well as the observation protocol. The rater used the field notes to 

independently mark the indicators that were evident within each lesson. After this, the rater and 

researcher met to discuss and resolve any discrepancies. It is important to acknowledge that the 

field observations were only conducted by the researcher. Therefore, some differences in the 

ratings were attributed to recall triggered by the field notes. Inter-rater reliability for the 

observation protocols analyzed was 92%. Inter-rater reliability was used to increase the 

trustworthiness of the interpretations drawn from the raw field notes using the observation 

protocol. In other words, an external rater classified the observations as representative or not of 

the descriptors within the tenets of CRP, to determine the similarities with the interpretations of 

the researcher. Member-checking was also an important step during the analysis of interviews 

and field observation data. For this purpose, the PSTs reviewed and provided feedback regarding 

the interview transcript excerpts to be included in the dissertation manuscript before submission. 

Although a modified version of the CRIOP instrument was used, its reliability has been 

measured in previous research studies (Cantrell et al., 2014). The CRIOP was developed by 

several researchers after examining literature from different areas related to culture and ethnicity 

in education. Their analysis led to the identification of eight main areas within culturally 

responsive pedagogy that would eventually become the categories for the CRIOP instruments. 
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After several years of refinement, field testing, and external reviews, the instrument was used as 

part of a research study within the “Read to Achieve” initiative (Malo-Juvera et al., 2013). The 

inventory, used now as an instrument of professional development and to evaluate the 

implementation of culturally relevant instruction, has been found to have “Cronbach’s alpha 

values of .88 and .94” (Cantrell et al., 2014, p. 7). Interrater reliability was calculated using 

percent agreement from field observations and Cohen’s Kappa. These calculations were obtained 

from a research study conducted with “economically and ethnically diverse student populations” 

For all rater pairs, the overall interrater reliability calculated was Cohen’s Kappa = 0.82 (Malo-

Juvera et al., 2013). Although the observation protocol used for the current study was modified, 

the indicators within each tenet of CRP were obtained directly from the CRIOP instrument. The 

reliability coefficients for the CRIOP instrument are, therefore, reported within this study. 

With a sample a size of less than 10 participants and only one observer, the Cronbach's 

alpha could not be calculated for the observation data in this research study. However, the 

Cohen’s Kappa coefficient was calculated for the participants' data sets that were completed by 

two separate raters. Cohen’s Kappa is an additional measure of interrater reliability that accounts 

“for the possibility that raters actually guess on at least some variables due to uncertainty” 

(McHugh, 2012). The average Cohen’s Kappa was for all nine observations was 0.81. Individual 

Kappa was calculated for each observation as well and ranged from 0.62-0.92. It is important to 

reiterate that the data used for these calculations was obtained from only two out of the seven 

participants. While the index of reliability calculated using Cohen’s Kappa varied from one 

observation to another, the triangulation of data used during this research strengthens the 

findings related to the field experience component. 
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Positionality 

 

 Several of my identities need to be acknowledged before presenting the interpretation of 

the findings for this study. These identities have continuously intersected and ultimately ignited 

my interest in pursuing this research area within science education. I was born in New York to 

Puerto Rican parents. I was raised in Puerto Rico from the age of 7, therefore most of my K-12 

education and all my undergraduate studies were completed here. Growing up and still now, I am 

proud to say I am Puerto Rican and to acknowledge this as my ethnic identity. Therefore, I 

understand the importance that the racial and ethnic background of an individual has in the 

formation of their identity. The transition from an English school, while growing in a Spanish-

speaking family, into a Spanish school involved several challenges and, therefore, required 

significant adjustments. I was not used to “learning” in Spanish, but I was expected to do this 

now in all subject areas. This experience made me understand first-hand the challenges that non-

English speakers face when arriving to US schools. However, while I grew up hearing and even 

speaking some Spanish, many of the students that arrive at our schools do not have the advantage 

of previous exposure to the English language. 

 The second area of my identity is related to my experiences as a teacher. I moved back to 

the United States after working as a middle-school science teacher for almost a year in Puerto 

Rico. During my first three years here, I worked in a high school in the North East area, teaching 

science to students from Latinx backgrounds (i.e. Colombian, Argentinian, Dominicans, 

Brazilians, etc.). Although these students were enrolled in courses to learn English as a second 

language, the main content subjects (i.e. Math, History, Science) were taught in Spanish. This 

meant that classes were taught in Spanish, but all their textbooks, resources and worksheets were 

in English. It was evident soon enough that my undergraduate teacher education had not 
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prepared me with the skills needed to teach science to students who were also learning a new 

language. I struggled with getting across abstract concepts and connecting with them, even when 

I spoke their first language. In addition to the academic challenges I encountered during this 

teaching experience, many cultural differences surfaced during these three years.  

 After relocating to the southeast, I started working as an LEP (Limited English 

Proficiency) science teacher. This time my students did not only speak Spanish (although the 

majority did). Many of them came from all over the world (i.e. China, Bangladesh, Pakistan, 

India, Haiti, Africa & Iran). Just as in my previous experience, these students also took ESOL 

(English for Speakers of Other Languages) courses. However, this time all the content was 

taught in English. This complicated things significantly, mainly because I was not fluent in each 

of my students’ first language. While I was able to individually help some of my Spanish-

speaking students using their native language, I felt overly frustrated for not being able to do the 

same with the other students. A few of them even openly voiced their disappointment regarding 

this situation. The communication barriers were extreme in some cases, with students having no 

English due to their recent arrival to the United States. During the next eight years, I attempted to 

find out more about their cultures and their interests. I engaged in conversations with them 

outside of the classroom (e.g. tutoring, pep-rallies, etc.) and designed lessons that would 

encourage them to share their backgrounds and heritage. However, I was still held accountable to 

the same curricular expectations and standardized tests. Unfortunately, I never felt that my 

students’ performance was comparable to the other students.   

 Finally, the last two years, I have worked as a Clinical Assistant Professor at a university 

in the southeast, mainly preparing future teachers. A significant part of my job requires that I 

teach introductory and science education courses, as well as supervise the student-teaching 



 

 

54 

experience. During my few years as a teacher preparator, I have had the opportunity to teach a 

few ideas about the importance of students' culture and background in the classroom. However, 

these have not been specific to science or secondary schools. Unfortunately, most of the 

strategies and resources that are available in this area are for the elementary level. Additionally, 

research studies in the area of culturally responsive/relevant pedagogy are limited for science 

education. There is a need to conduct more research in the area of culturally relevant pedagogy 

in science education and develop resources for science teachers at all grade levels.  

 All the areas described in this section have shaped my development as a teacher and now 

as a teacher educator. My cultural background, undergraduate science degree and teaching 

experience have been influential in choosing to research how teachers learn and implement 

culturally responsive/relevant practices with the goal of promoting the overall success of racially 

and ethnically diverse students across the nation.  
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4. RESULTS 

 

Participants’ Narratives 

 

Thank You for Staying Black”-Rose’s Story 

Rose fell in love with Chemistry during her high school years. As an African-American, 

she explains that her high school teacher was a role model and a source of inspiration. Her goal 

is to become the same for her future students. Rose explains: “I just feel like, I owe it to other 

people and other kids to basically give what my chemistry teacher gave to me” (Pre-Interview 

Transcript, 2017). After completing an undergraduate degree and pursuing a PhD degree in 

Chemistry, Rose felt that the science field was just not the “right fit” for her. During her third 

year in the PhD program, she decided to pursue teaching as a career, enrolling in the MAT 

program at the age of 26. Even though her experience working with K-12 students before the 

program was limited, mostly consisting of tutoring and participation in extra-curricular activities, 

she felt teaching was her call. She added:   

Me wanting to be that representation for other kids or push that Hispanic, push that 

Black, push that, anybody that’s underrepresented, to do the same as everybody else. At 

the end of the day, how I feel about it, you’re taught that things can be however you 

dream that it can be. (Pre-Interview Transcript, 2017)  

Diversity and science learning. Rose believes that for students to be able to succeed in 

science, they need to be open-minded and willing to learn about the subject. In her opinion, if 

students lack these traits, there is little we can do to help them academically. Rose’s views about 

diversity are complex, including background, cultural, environmental, sexual and racial 

differences. Additionally, within these, Rose stresses that we need to consider another layer 

of diversity: learners’ differences. Attending a fine arts school, opened her eyes to different types 
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of diversity in students. In her own words, “art is really what connects a lot of people” (Pre-

Interview Transcript, 2017). Rose believes that all students come to the science classroom with 

different levels of understanding and content knowledge, influenced by their unique background 

and contexts. Due to this, teachers need to find out where the students are, in order to plan 

effectively. The following transcript excerpt reflects these views:  

Very often, I found myself, when it came to making lessons, trying to figure out ways 

that I made sure every student would appreciate it and learn from it. So, when I started it, 

I would ask ‘what do they all have in common?’ and if I could get first what they all had 

in common, I could break it down to what they individually or a select group appreciates. 

So, over the semester, I realized very quickly, they always wanted to do, their whole 

thing first day was ‘do we get to blow something up?’ So, I realized from that day, it’s all 

about what they can get their hands on.  (Post-Interview Transcript, 2018)  

Rose shared her passion for special education students when asked about the goal of scientific 

literacy. This interest developed as part of a clinical experience in an elementary special 

education classroom during her high school years. The following excerpt from her pre-

interview, reveals the impact of this experience:  

That experience for me was really life-changing, because they are some of the smartest 

people you’ll ever meet, but people don’t give them the opportunity… It may just be that 

they can’t communicate the same way that somebody else does and people think 

automatically that kids with special needs are bad, kids with special needs just can’t 

function. People learn differently, people don’t have the access that everybody else does 

but you have to give people a chance. You have to provide people with the resources, if 

you have them, and even if you don’t have [them], you can figure it out. Just sometimes it 
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takes more work and you have to be willing to do that work. And I feel like a lot of 

people aren’t willing to get, to do that extra stuff. (Pre-Interview Transcript, 2017)  

Rose discussed her views related to the lack of representation of racially and ethnically diverse 

students in STEM fields. She stressed the prevalence of the “White-Male” mindset in science as 

a whole. To her, having a Black female science teacher in her high school Chemistry and later in 

her college Chemistry courses, was a determinant factor in guiding the decision to become a 

teacher. Furthermore, these educators were an inspiration for her to become the same role model 

for students in underrepresented groups. Her goal as a teacher is to ensure that all students 

understand that they are “capable of creating and building things”, just as the scientists that they 

see in their books (Pre-Interview Transcript, 2017).   

Two teaching agendas. Rose explains that as a future teacher, she aims to pursue two 

agendas: cultural and gender inclusivity. Her goal is to create a classroom environment that goes 

beyond learning and represents a “safe zone” for students from different backgrounds 

and students within the LGBTQ community. The following excerpt demonstrates some of her 

efforts towards this goal:  

 I made a sign that said, “Safe Zone-Everyone is Welcome Here” and that wasn’t just for 

cultural or race, that was for everyone, including sexual orientation and identification. So 

that is only one step to it, because, you know, yeah you have different cultures but within 

those cultures you also have different orientations… The only way to me that you can 

really prepare yourself is basically looking at who you are. You have to be a person that 

loves people, like that loves everyone. You can’t pick and choose who you teach, because 

when you teach, you teach everyone. (Pre-Interview Transcript, 2017)  
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Rose’s response to this last question reveals the importance of being open-minded and aware 

of all types of students’ differences when teaching.   

Lessons from the field experience. Rose’s field experience occurred at a suburban high 

school, teaching Chemistry to sophomores and juniors mainly. The high school was very diverse, 

racially and ethnically, with a 39 % of African American students and 36% Hispanic students. 

This diversity was represented in the classes observed. The class size was typically 20-25 

students and often about half of it were racially/ethnically diverse. A few of the sections were for 

students in the honors’ program.   

Rose’s conceptualizations and implementations of culturally relevant pedagogy were 

observed in her lessons and responses to the post-interview questions. During her teaching, Rose 

was successful at promoting a few areas within the academic success tenet, as observed in Table 

4. 

Table 4 

Field Experience Observations Data Table-Rose 

Indicator: Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 Obs. 9 

Criteria/Standards X         

Feedback   X       

Higher-Order 

Thinking 
X   X X X X  X 

Responsiveness to 

Needs 
X  X X  X X  X 

Multiple Ways of 

Demonstrating 

Knowledge 

 X        

Real-Life 

Connections 
         

Multicultural 

Displays 
         

Promotes 

Collaboration 
   X      

Youth Culture 

Connections 
       X  
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Feedback on 

Effectiveness of 

Learning 

         

Multiple 

Views/Perspectives 
   X      

Investigating 

Community Issues 
         

Social Justice 

Actions 
         

 

More specifically, Rose included higher-order questions frequently during her lessons and 

promoted critical thinking through hands-on activities and laboratories. Her post-interview 

responses related to instructional practices suggest that she made an effort to provide 

encouraging and insightful feedback to students during assignments and assessments. She also 

indicated that she incorporated rubrics during some of these (i.e. laboratories or projects).  

However, these indicators were not observed during the field experience. 

In addition to including strategies that promoted academic success in science, Rose 

displayed a strong rapport with her students during the observations. As a teacher, she was 

approachable and was responsive to students’ needs during work sessions. In many occasions, 

students would call her for help, instead of the collaborating teacher. She explains: “My CT was 

White, but you could see that the African American, students of color, would naturally just 

gravitate towards me. And they were proud of that, they were like ‘I identify with you’…” (Post-

Interview Transcript, 2018). Rose talked about how during one class, one of her students thanked 

her for “staying Black”. She believed that this was a humorous incident, but it helped her 

understand how her students viewed her in the classroom. In many of her post-interview  

responses, Rose demonstrated a genuine care for her students’ as a whole, not just academically.  

She explained that it was also important to her that when students were in groups, they 

understood the importance of working with different people, with different backgrounds and 
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views, as this helped prepared them for the future. Finally, during the field experience 

observations, Rose including references from youth culture, such as rap/pop artists and 

TV shows, that she knew students were familiar with. Rose’s views in this area align with the 

ideas of cultural competence.  

Rose felt that the opportunities to promote critical consciousness were limited within the 

content taught. She explains:   

So, for me honestly, I’m happy for next semester ‘cause I have my free range to just be 

who I am. I just wanna know, in a high school setting, am I limited in some way? 

Because there are days in which, I would like to teach Monday through Thursday and 

have my Friday where we take a break from science and we talk about other things, we 

talk about stuff that people don’t talk about. (Post-Interview Transcript, 2018)  

One area of critical consciousness that was observed was seeking and acknowledging students’ 

multiple views and perspectives. One of Rose’s goals after completing the program included 

setting aside time with the students to explore complex social realities and issues. She states: 

I wanna be able to have those discussions. I wanna be able to, on Fridays, let’s talk 

about [athletes] and taking a knee. Let’s talk about, just different things, like how do you 

feel about this wall being built, you know, immigration. And let’s take a break from 

that [science], because at the end of the day I’m supposed to be preparing them for 

life outside of the classroom. I’m not just their chemistry teacher, I’m someone who is 

responsible for them for however long they are in my classroom. So, I’m nurturing their 

minds and not just in science but in everything. So, if I play a video, ‘how does this make 

you feel’, if I take a break one day and say, ‘I want you to write on a piece of paper how 

do you feel right now’. Not only am I talking about, just science, I’m talking about 
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mentally because kids nowadays compared to me growing up, compared to my elders 

growing up, they’re more subjected to stuff, resources we didn’t have… I don’t want you 

writing on a sticky note and putting it on the wall. Tell me how you feel, like ‘is school 

hard?, ‘is life hard?’ I don’t care if we’re crying in a Friday. I wanna make those 

environments for them, because to me is more than just about science. (Post-Interview 

Transcript. 2018).  

As the previous excerpt suggests, Rose believed the field experience context was somewhat 

limiting, as she felt constrained to focus solely on science content.   

And even with, like for example honors kids, my CT would say ‘you have to differentiate 

up because the honor’s kids are advanced’ or ‘you shouldn’t work with them so hard on 

this’. And I was like ‘nooo’, because for me, I could still see the honor’s kids struggling. 

So, you can’t just expect them to catch it and move, kids nowadays don’t do homework at 

home, so it’s like you have to slow down for everybody. So, for me, I just, you know, I 

really prided myself on creating that environment, for embracing themselves, for. I just 

feel like it’s a lot of, like once I get into my full first year, I’ll be better at it because I feel 

like I won’t be limited by somebody else’s class rules. (Post-Interview Transcript, 2018).  

In her opinion, the pressure to challenge the Honor’s students academically left very little room 

to address real-world issues that were, evidently, impacting her students. Nevertheless, her post-

interview responses suggest that this is a priority for her future teaching and that she plans to 

make an effort to include these social issues in her practice.   

“I thought that it would be a bigger difference”-Janet’s Story 

Janet comes from a family of teachers but admits that she never considered teaching as a 

career path. She became interested in teaching as a result of her experience working in a science 
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after-school program for elementary students. She recalls being skeptical about having to teach 

human anatomy to students in this grade level. To her surprise, the elementary students she 

taught were able to grasp the content and even describe body processes to her. This experience 

motivated Janet to give teaching a try once she learned about the Woodrow Wilson Fellowship.  

She recalls reading the description for the fellowship and how it made an impact on her decision 

to apply:  

I think I would really rather teach kids who… don’t have good teachers and they need 

those teachers to kind of step in and help. So that was always kind of… more intriguing 

to me… I don’t think I would have actually applied for the program if that hadn’t been 

the case. (Pre-Interview Transcript, 2017)  

Janet’s experience working with K-12 students was varied. As an undergraduate, she taught 

dance lessons to students of different ages after school. She recalls that during this time, while 

working with different grade levels, she felt more comfortable with high school students. Janet 

also worked as a camp counselor in an animal shelter. This experience gave her the opportunity 

to practice creating lessons while teaching students about animal care. Also, during this time,  

Discovering her passion. Janet recalled a critical incident that made her realize that she 

could teach in more formal settings:  

I was teaching kids and, they’re all like younger kids, like 1st to 8th grade or something 

like that. But we were talking to them and, I don’t even remember what we were talking 

about, but other camp counselors afterwards they were like ‘you guys just spend 45 

minutes on this discussion and all the kids were involved in it and they weren’t bored 

or anything’. They were like, ‘you did a really good job’, I was like, ‘oh thanks’. I didn’t 

think much about it until my other camp counselor taught the same thing the next week 
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and it only lasted 15 minutes. And I was like, ‘oh, maybe there’s something to this’. (Pre-

Interview Transcript, 2017)   

Color-blindness. Janet believes that several qualities are important for students to do 

well in science. Initial interest, in her opinion, is important. However, she also believes that a 

strong foundation of basic skills in reading and math are necessary as well. She explained that 

developing these basic skills may be a struggle in high-needs schools. Finally, Janet feels that 

connecting with students and making science relevant is the main factor in promoting academic 

success. She sees science as a subject area that can be connected to real-life much easier than 

others.   

In terms of what diversity represents, Janet’s views seem limited to differences in 

appearance, related to race, ethnicity, as well as language diversity. Her very limited exposure to 

this racial and ethnic diversity as a K-12 student, she believes, contributed to what she described 

as a “color-blind” view of diversity:  

We didn’t have ELL programs and that was not something that I think any of the teachers 

had to consider at all. Because of that I think partly, I kind of got like the colorblind view 

of diversity. And it was like, kind of good, kind of bad because, you know, the kids that I 

grew up with that were of different backgrounds, we were just told, well they’re all the 

same as us, that type of thing. Which is good, cause I don’t feel like I have, biases. But at 

the same time, a lot of the times they were put on the spot, which I had to see a lot. (Pre-

Interview Transcript, 2017)  

Her experiences as an undergraduate college student were not much different in this area. She 

admits that her first exposure to racial/ethnic diversity was working in the after-school science 

program. Followed by this, she encountered more of this diversity in her current MAT cohort.  
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Deficit views. When asked to talk about her views in terms of how racially and ethnically 

diverse students learn science, Janet’s response focused on English Language Learners, as 

evidenced by the following excerpt:  

I think ELL probably need the most support in science. And they’re gonna be the ones 

that need probably, like even different materials. Like if you give a worksheet to the rest 

of the class, you might give them a different worksheet. Just because it’s not really fair to 

ask students to be able to communicate to you, like, what photosynthesis is using 

scientific language if they don’t speak the English language… ELL are gonna need the 

most support from us and the most kind of intensive resources to [make] sure that things 

that you give to them they can go home and translate into whatever language they need or 

they have like read-aloud functions. (Pre-Interview Transcript, 2017)  

Janet’s response suggests that she perceives language to be a significant barrier for racially and 

ethnically diverse students. Although she does not believe that students inherently learn in a 

different way because of their racial/ethnic background, she insists that teachers need to make a 

greater effort to connect with these students and make the content relevant. Furthermore, she 

discusses how the students’ home environment may be a limitation to their academic success:  

A lot of times, it just depends on the area. Students in science class in high school a lot of 

times they can’t go home to their parents and ask them for help because their parents may 

not have graduated high school. They probably may not have studied science in high 

school, you know, they may not have gone to college. Whereas in other areas, 

students can go home, and parents can dredge up some information about photosynthesis. 

At the same time, the jobs that their families have and the jobs that they have themselves 

in high school, they often don’t relate to like higher-thinking and don’t get into why this 
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experiment should matter to them… A lot of times it’s the cultural relevance stuff that I 

think can be the farthest of like what matters to those kids. (Pre-Interview Transcript, 

2017)  

Janet concludes her response discussing how, in some geographic areas, students may be more 

academically motivated to get a good grade even when they are not interested in the subject.   

When presented with the goal of scientific literacy for all students, Janet believes that our 

current school system does not have the necessary resources to accomplish it. She, however,  

acknowledges the importance of this goal and believes that all students should be pushed to 

reach it, using the appropriate methods and strategies. Although she does not identify what these 

strategies are, she believes there are courses within the preparation program that focus on these. 

Janet argues that the lack of representation from racially and ethnically diverse students in 

science, as well as other careers that require college education, may be linked, among other 

things, to a lack in motivation:  

I think something’s missing in high school education and college education and it’s, you 

know I kind of said earlier it’s like a lot of the diverse students, they may not be as 

academically, engaged, not engaged but like motivated, I guess. And I think, again a lot 

of it is just if they look around their family and they don’t, none of their family has ever 

been to college. For some students that’s like a reason to go to college, but for a lot of 

others, that’s like, well why bother, you know. And especially, like in certain 

communities too, like especially in the Hispanic community, if they’re family owners of 

a business, a lot of times they expect their children to take over their business and that’s a 

big cultural value that is not necessarily going to be trumped by the rest of society saying, 

‘no, they need to go to college and, you know, become an engineer’. So, I think there’s a 
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lot of things that come from the way the school system is set up, also messages that they 

may be getting from their families. (Pre-Interview Transcript, 2017)  

This excerpt suggests that Janet may hold some deficit views related to students’ 

backgrounds and motivation in school. It is important to note that, out of the seven participants, 

Janet was the only one to complete part of her field experience in an ELL sheltered classroom. In 

other words, she worked directly with students in the English for Speakers of Other Languages 

(ESOL) program at her school. These classes were typically smaller and included 

accommodations for different English language skills. Additionally, the teacher of record held an 

ESOL endorsement.  

Putting CRP in practice. Janet’s school site was a suburban high school with racially 

and ethnically diverse demographics. African Americans comprised 31% of the student 

population, and a 21% of it were Hispanic students. A 38% of the students were White. The ELL 

sheltered classroom had a majority of students from Brazil and a few students from other 

countries in Central and South America. During the two semesters of the field experience, Janet 

taught Biology (including ELL Biology) and Environmental Science courses.  

Table 5 

Field Experience Observations Data Table-Janet 

Indicator: Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 Obs. 9 

Criteria/Standards X     X    

Feedback X         

Higher-Order 

Thinking 
X X  X X X X X X 

Responsiveness to 

Needs 
X X X  X  X X X 

Multiple Ways of 

Demonstrating 

Knowledge 

     X    

Real-Life 

Connections 
X X X  X X X X  
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Multicultural 

Displays 
         

Promotes 

Collaboration 
X X      X X 

Youth Culture 

Connections 
         

Feedback on 

Effectiveness of 

Learning 

         

Multiple 

Views/Perspectives 
X   X X     

Investigating 

Community Issues 
X         

Social Justice 

Actions 
         

 

Janet’s use of CRP in the classroom was observed mostly in the area of academic 

success. As illustrated in Table 5, she frequently promoted the use of higher-order thinking 

skills. For instance, she would engage students in inquiry activities that required them to collect 

and analyze data to make claims and predict scientific phenomena. During one of the 

observations, students were asked to design a water filter choosing from different materials that 

were commonly found at home. Students worked collaboratively to draw a diagram of their 

design and justify their selection of materials. After filtering a sample of water, students analyzed 

the results and were given the opportunity to revise their designs. Another example was observed 

when students used different types of beans to represent beetles in a population. The students 

gathered data related to changes in its size, as a way to represent variations in allele frequency. 

She used this activity to model natural selection through time. In her post-interview, she talked 

about the importance of having high expectations for all students, because “when people that 

they respect think more of them, they’re more likely to do well and care about it” (Post-Interview 

Transcript, 2018).  
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In terms of cultural competence, during the observations, Janet consistently included real-

life examples in her lessons to facilitate the connection with science content. For example, in the 

water filter design challenge, she presented examples of water treatment plants in the community 

using videos. Janet engaged students in a discussion about the processes involved in water 

reclamation and treatment. In another example observed, Janet facilitated a laboratory experience 

in which students used gel-electrophoresis to identify a culprit in a murder case. Janet 

also incorporated flexible grouping strategies during collaborative tasks. She placed students in 

groups according to academic abilities, learning styles or English language skills. During the 

post-interview, she discussed how it was important to her that students learned to work together, 

and not just with their friends. She recalled how, most of the times, students would pair up or 

form groups with others that spoke the same native language. However, she decided to change 

this several times and have the students group with others that did not speak the same home 

language. She recalls how her collaborating teacher responded to this strategy: 

I’ll put them in a group, and she’ll come to me like ‘look how well these two are working 

together. I honestly didn’t think that, you know, I was skeptical about it’. But we saw 

how well they were able to work with somebody that they didn’t usually work 

with. (Post-Interview Transcript, 2018)  

The only practice related to critical consciousness observed during the field experience 

was seeking and validating multiple perspectives. The CRIOP instrument from which the 

observation protocol was derived, indicates that socio-political consciousness is promoted when 

“teachers encourage students to question the hegemonic social structure (the way things are)” or 

request evidence and multiple points of view from students (Powell et al., 2011). This was 

observed mainly through whole-class discussions about socio-scientific issues such as stem-cell 
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research and water pollution. Janet admitted having difficulty connecting the science content 

with social issues. However, during the post-interview, Janet recalled an activity that she 

believed promoted this tenet. The activity included a video and a whole-class discussion about 

the environmental and social impact of an incident characterized by massive pollution from 

chemical wastes in an area near the Niagara Falls (i.e. The Love Canal).  

About cultural relevance. To Janet, the field experience was an eye opener in terms of 

her beliefs about racially and ethnically diverse students. She explained: “I thought that it would 

be a bigger difference and they would be more disconnected with things like that, but really… I 

think they’re more similar than a lot of the kids than I expected them to be” (Post-Interview 

Transcript, 2018). She reiterated the importance of making connections, through real-life 

scenarios and phenomena to increase relevance. One example she presented is finding out about 

the climate or organisms in the students’ native country:   

I know with our ELL kids, the majority of them are from Brazil, so they know a lot about 

like tropical rainforest and they were used to seeing like tons of animals all the time, so 

we were able to use that. That’s a specific connection which I think kids are always going 

to appreciate, a more specific connection, more than just like something that’s generally 

interesting. And I think that’s still useful, but I think, when kids think ‘oh, this has 

something to do specifically with me’, that’s gonna make them feel more important and 

more like they have an active role in science and not just like ‘oh this is just an example 

they found off the textbook’. (Post-Interview Transcript, 2018)  

Janet’s views align with the idea of funds of knowledge and promoting student agency in the 

classroom. During the post-interview, Janet discussed how the challenges experienced by ELL 

stem from language barriers, because of the inherent nature of scientific vocabulary, its ways of 
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communication and its formality. In other words, ELLs, “lack the skills to be able to talk about 

science in a formal way” (Post-Interview Transcript, 2018). 

 In reflecting about her skills related to teaching racially and ethnically diverse students, 

Janet discussed how her open-mindedness was an asset during her interactions in the classroom. 

In the same way as Jackelyn, Janet also appreciated being exposed to language acquisition 

theories. In her own words, the strategies learned can apply to all students. Janet still believes 

that, developing these skills will require more hands-on experience in the classroom. She 

regretted that a lot of the resources used in the secondary education courses were tailored to 

elementary school teachers. However, the technology courses proved to be extremely beneficial 

as they were able to practice using different forms of technology, including those that assist 

students with special needs or ELLs. Janet also valued the content specific courses as they 

provided with sample lessons that she could later implement in the classroom. The faculty’s 

expertise in these courses helped the content become more practical as opposed to other courses 

were the faculty did not have the content-specific background. In her words, these were more 

theoretical in nature and it became more difficult to find the real applications in the classroom. 

“I Try to Stay Hip”-Jackelyn’s Story. Jackelyn, a 32-year-old wife and a Christian, has an 

enthusiasm and passion for science that she hopes to transmit to her students as future teacher. 

As a teacher candidate, she recognizes the gaps in students’ academic performance and the need 

to promote critical thinking skills. She believes her background in science is an invaluable asset 

towards these goals. Although Jackelyn came to the program with no previous experience 

working with K-12 students, she firmly believes that in order for students to do well in science, 

they need to be curious and be able to think critically. She also believes that science is a 
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difficult subject and students need to have enough motivation to succeed. Jackelyn stresses that 

these characteristics can be ‘honed’ in students, as most are naturally curious about science.   

Views about diversity. Jackelyn’s views about diversity are related to race, background 

and culture. She believes traditions are an important part of the cultural diversity that students 

bring into the classroom. Her views may be influenced by her experiences as a K-12 student. As 

a White individual, she compares her schooling years in predominantly White/middle-class 

areas to her experience in the teacher preparation program. The university setting, she describes, 

was a lot more diverse, ethnically and racially speaking. She admits that one of the aspects 

within the teacher preparation program that was attractive was the idea of teaching racially and 

ethnically diverse students.   

When asked about racially and ethnically diverse students learning science, she discussed 

the challenges that English Language Learners (ELL) encounter in terms of vocabulary. She 

talked about strategies that teachers can use to help students learn scientific vocabulary within 

the context of its skills and practices. In her opinion, research-based practices, such as inquiry,  

may be the key to accomplishing this goal. Jackelyn recognizes that even within each racial and 

ethnic group, there are differences at the individual level, because each student learns differently. 

Additionally, cultural differences related to religious beliefs may be a challenge to students 

learning science. She specifically discussed how students may have difficulty accepting or 

participating in discussions about the theory of evolution due to strong religious convictions that 

are intrinsically linked to their culture. 

About scientific literacy. Jackelyn believes that all students should be given the 

opportunity to achieve scientific literacy. However, she views this goal as unfeasible due to the 

current status of schools. The following transcript excerpt describes her views about this:  
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Is it feasible? No, I don’t think so. I’d like for it to be, like we should work towards it, but 

if we’re right there, no way. Especially, for instance… how much money the turnover 

from teachers is costing schools, school systems. And if we’re having to divert resources 

to hire teachers, we end up taking that money away from the kids… And then 

also, there’s just so much, with the current administration, you just don’t know which 

direction it’s gonna take with the schools. We also don’t know which direction, 

concerning types, different types of ethnic backgrounds and immigration, we don’t know 

where it’s gonna go right? Now they’re people threatening to sue the administration over 

DACA and there’s roll back. And there’s a lot of students who are just floating there 

“what do I do?” you know. We can’t, there’s barriers to learning if this cloud is hanging 

over our students and our teachers. So, I think that, no we’re not there. (Pre-Interview 

Transcript, 2017)  

Jackelyn argues that the lack of opportunities has contributed to a low representation of 

underrepresented groups in the STEM fields. She adds that minority groups also lack sufficient 

representation in scientific literature and in the classroom itself. In other words, there are not 

enough role models for students from these groups. She believes that teacher preparation 

programs that help develop an awareness of the social structures that may be favoring some 

groups over others are essential in propelling the change needed in today’s schools.   

A homogeneous field experience site. Jackelyn’s field experience site was a rural high 

school with little racial and ethnical diversity compared to the other school sites observed as part 

of this study. The percentage of White students in the school was 63%, while African American  

students comprised 23% and Hispanic students only 9%. Although the school district was 

considered ‘high-needs’, her school of placement did not fall under this category. Jackelyn 
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taught Biology and Biology Honors in a block schedule, which allowed her to teach the same 

content during the second semester of her student-teaching practice.    

After her participation in the program, Jackelyn described how she perceived that her 

non-White students seemed to approach science in a more open-minded way. Although she 

did not believe that racially and ethnically diverse students necessarily learn science in a 

different way, there may be differences in their motivation. Additionally, she believes teachers 

need to be able to identify if the content and examples presented are relevant to students, as 

relevancy is influenced by students’ culture and background. This relevancy, she believes, helps 

students gain better access to the science content. She explains that, the methodology and 

strategies used when teaching science may be the same for racially and ethnically diverse 

students, with the exception of ELL. However, she admits that even the strategies used with ELL 

can be beneficial for all other students:  

Overall, honestly, having done the SIOP method (Sheltered Instruction Observation 

Protocol), it seems like a lot of what I did in those classes actually would help all of my 

students. Such as really breaking things down, scaffolding the questions, having pictures, 

color coding, that sort of thing. Speaking slowly, having a lot of examples, giving them a 

lot of guided practice and then practice on their own. It seems that things that work for 

them, worked well for all of my students. (Post-Interview Transcript, 2018)  

During her field experience, Jackelyn used different strategies to facilitate higher-order 

thinking skills in her students. She was concerned with students’ abilities to transfer and apply 

knowledge, not just comprehend it. As evidenced by the field experience observations, her 

teaching strategies promoted academic success through the use of rubrics and by explicitly 

stating in each lesson how it aligned to the state standards. She especially enjoyed being able to 
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assist students individually during work sessions, as this provided an opportunity for academic 

differentiation.  Table 6 illustrates Jackelyn’s practices observed during the field experience. 

Table 6 

Field Experience Observations Data Table-Jackelyn 

Indicator: Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 Obs. 9 

Criteria/Standards  X    X   X 

Feedback X     X    

Higher-Order 

Thinking 
  X X X   X X 

Responsiveness to 

Needs 
X   X  X X  X 

Multiple Ways of 

Demonstrating 

Knowledge 

X         

Real-Life 

Connections 
 X X   X    

Multicultural 

Displays 
      X   

Promotes 

Collaboration 
      X   

Youth Culture 

Connections 
 X    X  X  

Feedback on 

Effectiveness of 

Learning 

         

Multiple 

Views/Perspectives 
  X     X  

Investigating 

Community Issues 
       X  

Social Justice 

Actions 
         

 

With regards to promoting cultural competence, Jackelyn discussed how she attempted to 

include students’ popular culture knowledge, interests and experiences in her lessons, as well as 

connect real-life scenarios to the content.  

For the United Cells of America, they had to pick organelles and say why they were the 

best to run the cells of America and I just had to tie something into that. I had them create 



 

 

75 

an Instagram account for their organelle and, they, you know, they giggled, and they 

knew it was goofy, but like they get it and they had fun with it. Some of the stuff that 

they did was so funny. And they had, they had all these, like catch phrase for a while. 

One did the mitochondria and one of the hashtags was like ‘do you even lift bro?’. So, it 

gave them space to like, I don’t know, just to show their youth culture, cause that is just 

what they do. They’re really big into memes, they’re really big into the hash tags and into 

these little catch phrases and it was fantastic, it’s funny. And, they were allowed to do 

videos, one of the groups did a video and they brought in like all this, they just, they 

incorporated like, it was really interesting to see, they’re doing like throwbacks, like older 

stuff, like stuff from the 80’s, like when I was born, so they’re bringing in like music or 

like scenes from movies and it was really interesting to see that manifest in the classroom 

as well, cause I know, I see that a lot online and I try to, I started, to try to stay hip, so I 

have something that I can talk to them about, like meme culture especially, like some of 

these memes and stuff. And it just gave them space to do that. (Post-Interview Transcript, 

2018).  

This excerpt suggests that, not only did Jackelyn try to integrate students’ youth culture into the 

class, she also provided different venues for students to demonstrate their knowledge. In addition 

to this, she explains that she considered students’ abilities when grouping them. Jackelyn talked 

about how she used the rationale behind Krashen’s theory of language acquisition to group 

students based on their academic proficiency.   

I did it based on personality, as well… aptitude, on ability to work with others, on 

the fact that I knew that ‘hey this student is gonna do all the work’ if I put them in 

a group with these people and I would be like ‘oh this person would benefit from 
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being with this person’…I wouldn’t put like, so if we’re placing them in numbers 

from like 1-4, I wouldn’t put a 1 with a 4. I would put the 2s and 4s together and 

my 1s and my 3s together and that was like going back to…the whole Krashen like, 

what is it the input, the I + 1. If I go too far above them, they’re not gonna learn 

anything. So, you wanna keep it like a couple of levels above their current 

comprehensible input, that’s what it was, comprehensible input… like if the input 

that the students receive is too far above their current level of input, they don’t learn 

as well. (Post-Interview Transcript, 2018).   

Jackelyn discussed the tenet of critical consciousness in terms of religious beliefs in students.   

It was during the argumentation lesson, some of the students were talking about religion, 

and we actually, I went back the next day that I taught, and we hit on that again… I didn’t 

want my students to feel that they were being shut down… We talked about that, again, 

the next day that I taught them. You know there’s three ways that we can express 

ourselves and we come to know the world, and this is something that [my professor] gave 

us. It’s like religion, art and science and I was like, and each one of us, each one of those, 

you know, gives us a different perspective. And, you know, the great thing about religion 

is that is faith-based and the great thing about science is that it’s fact-based and there’s 

room for all of it and, but, sometimes it’s hard to quantify faith so that’s why we should 

stick to the science. My students were really receptive to that, I told them, you know, 

their beliefs are important and then, I feel like it’s also, really important to let them know, 

you know, you don’t have to, drop your faith just to participate in science, you don’t have 

to let it go of your religion to be a scientist and that in fact most scientists would say, 

most scientists that they, you know, when they did studies, most people in science or who 
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work in science would say that they’re religious and identify themselves as being 

religious. So, I felt that, that, I feel like sometimes students, they think they have to pick 

one or the other, that they have to believe in evolution or they have to believe… 

[Interviewer: That they are always in conflict, yeah] Yeah, yeah, and I just, I wanted 

them to understand that in, at least in my classroom, that it’s not the case, that you know, 

they can have their opinions and that’s ok. (Post-Interview Transcript, 2018)  

Finally, when referring to one of the indicators of critical consciousness, Jackelyn expressed that 

she sought feedback from her students about her teaching. Specifically, she asked them if the 

lesson was effective and engaging. This, she explains, was particularly important when working 

with students with accommodations. Jackelyn described how she promoted in her students’ 

multiple perspectives by asking questions such as “does anybody have any other ideas?” When a 

science topic had a controversial nature, she promoted students’ discussion and argumentation 

through activities that required them to identify and justify claims and evidence for each point of 

view. She explains:  

The whole point of that was to make sure that, you know, hey you’re capable of thinking 

and you can be heard in the classroom and your thoughts are important… They should, 

and I think [to be] productive members of society who are aware and who are educated 

on current events and current issues. I feel like that’s part of scientific literacy… being a 

critical consumer of information and going out and, spreading your learning to others, 

what you know about science. So, that was really, really important to me. (Post-Interview 

Transcript, 2018)  

Experiences in the program. Within the teacher preparation program, Jackelyn 

described the field experience as invaluable. She also identified the special education courses and 
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the ESOL courses as very helpful. In particular, she valued the exposure to different perspectives 

from educators, being able to analyze scenarios and practice the writing of lesson plans with 

accommodations for the needs of these students, not just academically, but also behaviorally. She 

believes that these experiences helped her become empathetic about students’ individual 

situations. With regards to the ESOL classes, she appreciated the opportunity to be exposed to 

ideas that helped her look at ELL “from less of a deficit-view to more of an asset-view” (Post-

Interview Transcript, 2018). The linguistics’ course allowed her to gain a better understanding of 

how language develops and how to help students that may be learning English in her future 

classes. One area that she believed could have been promoted more was related to critical 

consciousness: 

The whole, like being advocates and the power structures and stuff, we talked about in 

those classes. Cause I do wanna figure out how to approach those issues in the classroom, 

how to bring those in. I feel like with the current, you know, political climate, it’s 

become, I feel like it’s becoming more touchy to approach in the classroom cause people 

are so polarized right now that, you know, of course I don’t want to be silent. I want my 

students to know that they’re gonna have support, especially if somebody needs an 

advocate or needs the support. But it’s like, you kind of have to walk on eggshells with it 

and I just, I feel like it would be great to know, more ways to bring that into the 

classroom and how to handle it in. (Post-Interview, 2018) 

“The language doesn’t affect how the frog’s organs are!”-Luther’s Story. Luther, 24, is a 

recent graduate in the MAT program. He sees teaching as a way to accomplish two agendas: 

share his passion for science and coach football. His desire to become a teacher was motivated 

by his goal of impacting lives in the way his was impacted by past teachers and coaches. He 
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talked about how his past teachers always encouraged him to try his best and instilled in him the 

value of hard work that he hopes to promote in his future students. He always loved science and 

attributes his academic success in the subject to this. After high school, he pursued an 

undergraduate degree in Biology and ultimately enrolled in the MAT program to become a 

teacher. Just as in Janet’s case, both of Luther’s parents were former teachers and even held 

leadership positions at their schools. As a high school student, Luther assisted his coaches during 

footballs camps, an experience that, according to him, helped him learned how to “handle” 

students from different age groups.  

 Curiosity and student diversity. Luther believes that in order for students to do well in 

science, they need to be curious. He adds that students’ natural curiosity, including their ability 

to observe phenomena, question it and make connections, can be the catalyst to develop a ‘love’ 

for science. Luther’s ideas about diversity, as it relates to schools and classrooms, relate to 

cultural and racial backgrounds mainly. He refers to schools nowadays as a “melting pot”, which 

he claims is drastically different from his schooling experience, as a White boy growing up in “a 

little country town”. He admits that not many of his classmates looked much different than him, 

except for a few African American or Hispanic students. The following excerpt from his pre-

interview suggests that his perceptions about diversity may have been aligned to “colorblind” 

views as well: 

Growing up, I really didn’t see a difference. They, it wasn’t that they were different from 

me, they were just like classmates. You know, as you grow up and you start to see, you 

like start to understand the word as it is. It’s, you see a difference, and I just kinda chose 

to ignore the difference, I would say, at least with my classmates… I was aware that there 

was a difference, I just, I didn’t think of that. I didn’t think of them as, that’s a Mexican 
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and that’s a Black kid, those are my classmates, those are my teammates. (Pre-Interview 

Transcript, 2017) 

Luther explains how his experience in K-12 in this area contrasted with his undergraduate years, 

indicating that for the first time in his life, he “was a minority” in his college football team.  

 Luther talks about the challenges that students from other countries may experience when 

arriving to the United States. He explains that teachers may need to be more patient in working 

with these students and that adaptations will need to be made to lessons in order to meet their 

needs. He believes that in this scenario, hands-on activities, such as labs, will benefit the students 

more, as it makes the learning experience more concrete. When asked the following question: 

“So you feel like you would still be able to do well in science regardless of the fact that you 

don’t speak the language?, Luther replied: “I think, because the language doesn’t affect how the 

frog’s organs are!” (Pre-Interview Transcript). 

 When asked about the goal of scientific literacy for all students, Luther agreed that this is 

something to strive for as a society. However, he believes that it is unrealistic given students’ 

interests in science. After clarifying the question (i.e. the “regardless of their interest or 

motivation” portion), he discussed how, with that in mind, the responsibility falls on the educator 

and the school system. He talks about how some schools may not have the resources or teachers 

to provide those experiences for students. In other words, these schools would be at a 

predisposition to fail towards this goal. 

 With regards to the underrepresentation of minorities in science-related fields, Luther 

recalled the impact that his high school experiences had in his decision to pursue science. He 

adds that students in minority groups that do not experience high quality science education are 

deprived of the opportunity to pursue a degree in this area. Additionally, their experience in the 
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science classroom may limit how relevant or useful they perceive this discipline to be in their 

lives. As a follow up question, I asked Luther if perhaps we were not creating experiences that 

would allow these students to see themselves as scientists. His response suggests that he may 

perceive the science field to be a type of social strata. He adds, “I’m thinking maybe that has 

something to do with it, maybe students from that kind of background can’t see themselves in 

that kind of society, cause maybe they don’t think they belong in that kind of area” (Pre-

Interview Transcript, 2017). 

 A heterogeneous field experience site. Luther completed his field experience at a 

suburban high school, teaching Biology classes to 10th grade students. The high school was one 

of the most racially and ethnically diverse in this study, with a 39 % of students identified as 

African American and 36% as Hispanic. In this context, White students were a minority (i.e. 

19.0% of students).  His collaborative teacher was the chair of the science department and also 

taught Anatomy courses to juniors and seniors.  

 During his field experience observations, Luther was observed promoting academic 

success mostly by fostering higher-order thinking skills, as observed in Table 7. He did this 

frequently through CER tasks, open questions and laboratory activities.  

Table 7 

Field Experience Observations Data Table-Luther 

Indicator: Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 Obs. 9 

Criteria/Standards  X  X   X   

Feedback          

Higher-Order 

Thinking 
X  X  X X X X  

Responsiveness to 

Needs 
X X X X X X X X X 

Multiple Ways of 

Demonstrating 

Knowledge 
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Real-Life 

Connections 
     X  X X 

Multicultural 

Displays 
         

Promotes 

Collaboration 
         

Youth Culture 

Connections 
X        X 

Feedback on 

Effectiveness of 

Learning 

         

Multiple 

Views/Perspectives 
      X  X 

Investigating 

Community Issues 
         

Social Justice 

Actions 
         

 

When asked about his questioning strategies, Luther explained that his goal was for students to 

figure things out on their own. In many of the observations, Luther would discuss the goals for 

the lesson and how they aligned to the standards. Additionally, for writing tasks, projects and 

laboratory activities, Luther would provide students with rubrics to facilitate completion. During 

the field experience observations, Luther also promoted cultural competence, mostly by making 

the exploration of real-life phenomena the center of his lessons. In addition to this, students 

discussed case studies about diseases and solved problems that resembled real scientific practices 

during laboratories. Finally, Luther attempted a few times to point out references from youth 

culture that he believed would help the students connect to the topic more easily. He deems his 

age as an important asset as it was easier for him to identify examples that students, a few years 

younger than him, could relate to.  

During the CER activities and other class discussions, Luther continuously invited 

students to share their views and ideas related to the phenomena or problem being investigated. 
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In this sense, he promoted critical consciousness by encouraging students to listen, evaluate and 

discuss multiple perspectives (Powell et al., 2011). He elaborates on the rationale for this: 

If one student said ‘it works like this’ trying to get them to see how there are multiple 

different ways or how we can arrive at this one answer or how there are multiple ways to 

arrive at various different answers. (Post-Interview Transcript; 2017) 

In addition to seeking multiple perspectives, Luther adds that another way in which he addressed 

critical consciousness was through informally asking students for feedback on his instructional 

strategies during class. 

 During the post-interview, Luther was asked about how his beliefs regarding racially and 

ethnically diverse students learning science had changed, if at all. In this response, Luther 

stressed the importance of making connections to their daily life, in other words, making things 

matter to them. During the interview, he recalled one of his students that exhibited behavioral 

problems all year long. Any time Luther brought up the topic of Sickle Cell Anemia, the student 

immediately became engaged. This is because the student had been diagnosed with this condition 

and was interested in sharing his knowledge and also learning more about the condition. Luther’s 

views regarding racially and ethnically diverse students attaining scientific literacy mostly 

aligned with his initial beliefs. He talked about how these students may require a greater effort 

from their teachers, perhaps even scaffolding, especially if they are still learning the English 

language. Luther recalls incorporating more visual aids, simplifying the readings to help his 

ELLs and special education students. Additionally, he provided all students with comprehensive 

guided notes to organize the content being studied in each unit. This was an area in which many 

of his students struggled.  
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 The impact of context. In discussing how the preparation program made an impact on 

his development as a teacher, Luther talked about his experience observing an ELL classroom. 

He talked about how more exposure to similar contexts would be beneficial to develop CRP 

skills in the future. He elaborates on how being in a high-needs school was very significant in his 

development: 

In my opinion, being in a general ed classroom, was the biggest struggle, but at the same 

time it prepared me best. Cause a lot of the other people in my cohort and other people in 

the same program as me, they all ended up in AP and all honors classes and that is a 

whole other animal. That, I’m not saying that’s easy, but I’m saying is nothing compared 

to being in a behavior, problem-ridden, general classroom… And if I can deal with that… 

(Post-Interview Transcript, 2017) 

Luther admits that he did not provide many opportunities for students to engage in issues in their 

community. However, he argues that some real-life scenarios used in science classrooms can 

potentially lead to discussions in this area. For instance, the oil spill scenario presented in the 

teaching video, could have been used to promote this tenet as the accident triggered backlash 

from the community. Additionally, the economic impact in the fisheries and environmental 

impact on the coast had the potential to engage students in activities aimed at problem-solving 

and social action. 

“Teaching Pursued Me”-Karen's Story. Karen is a 26-year-old student from a White rural 

town. She acknowledges that her experience with science during high school was not ideal and 

differed drastically from her undergraduate and graduate school experiences. She attended a 

private school and describes most of her classes as lecture-based and teacher-centered. She adds 

that there was not much inquiry and most of the times they were taught ‘by the book’. She 
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pursued an undergraduate degree in science because "that's what all [her] friends were doing" 

with the goal of going into medical school. During her second semester in the program, she 

struggled with the laboratory component of her classes. In one particular class, her professor 

approached her to ask why her test grades did not align with her laboratory grades. She recalls 

sharing with her professor that she was not familiar with the type of laboratory activities 

completed in class, except for some dissection laboratories she recalled in AP Biology. His 

concern for her performance motivated Karen to become a teacher assistant (TA). Karen 

describes how he "took [her] under his wings" and "gave [her] the confidence to... do really well 

in his class" (Pre-Interview Transcript, 2017). She became more comfortable with the science 

content with him as a mentor. Karen became interested in the idea of teaching when considering 

how, as a graduate TA, many of her students were motivated to pursue science, but lacked the 

background preparation from their high school education. This made her realize that perhaps she 

could start making an impact on these kids sooner. In a way, she explains that rather than her 

pursuing teaching, teaching pursued her. Karen also expressed her dissatisfaction with working 

in the medical field.  

 Working in urban settings. During her undergraduate studies, Karen worked with a 

center for urban excellence in education. The center held an early college program for junior and 

senior high school students. During this time, Karen had decided to finish a master’s in public 

health but knew that she wanted to pursue teaching. Her role in the center was as a mentor to 

students in the dual enrollment program in a partnership with the city's public-school district. 

Dual enrollment refers to high-achieving students completing their first two years in an 

undergraduate program while finishing the last two years of high school. Karen talked about how 

most of the time, her job was to ensure that they completed their homework. She explains that 
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this experience helped her understand better the students’ backgrounds. This experience also 

exposed her to the Woodrow Wilson Fellowship.  

Just as Luther, Karen also believes that in order for students to do well in science, they 

must be curious. She admits that it is easier to peak students' curiosity in the elementary year 

when compared to the secondary years. Karen talked about how some students can be exposed to 

exciting scientific content and not be interested. However, she believes this curiosity and 

excitement is a part of her personality as well. For students that are not as excited about science, 

she believes that finding areas or topics that they are interested in, may just do the trick. She 

explains that if students are open to be motivated, it will be easier for teachers to "mold" them 

into liking science. 

 Karen's views about diversity as a K-12 student were aligned to racial and ethnical 

differences mainly. As a child, she admits that most of her classmates were White and of high 

affluence. However, her views about diversity have evolved during her undergraduate and 

graduate education to encompass demographics, socio-economic status, parental education, as 

well as other backgrounds or life experiences. She adds that her experiences as a graduate 

student contributed to this new view of diversity. In other words, his college experience exposed 

her to a greater diversity. She recalls being particularly surprised by finding out that many of her 

classmates had to work full-time to pay for college. This realization made her understand how 

lucky she was to not need to do this. She explains how her parents wanted her to focus on school 

during her undergraduate education.  

Noticing inequities. Although Karen did not believe that racially and ethnically diverse 

students learned science differently, the following excerpt suggests that, in her opinion, the 

opportunities for these students are not comparable to other groups: 
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Karen: I don’t really think there is much difference. Honestly, once you get, just from 

what I have seen, and then it’s hard not to bring the experience but, I just don’t think 

there is much of a difference at all because I think what’s great about science is that, at 

the root of it, a lot of it, that inquiry, is just is cross-cutting. If you can find the right way 

to, I guess, level, I hate saying level, but it’s kind of true, level the playing field, you’re 

not gonna see, well you’ll see a difference in performance, but I think you’ll, by leveling 

that playing field, the true abilities come to light… 

Interviewer: So why do you think we need to level the playing field?  

Karen: See that’s where I don’t like, that’s where I don’t really agree with even saying 

that myself. So, it’s like, we don’t really necessarily need to… I don’t know, I had this, 

conversation with my dad the other day. It’s just like the whole agreeing with bilingual 

education initiatives and all that kind of stuff because, it’s like there is a difference 

between the method you use to get to the goal and then, not everyone’s methods are 

gonna be the same and I think that, people from, students’ from diverse backgrounds, or 

different cultures, different languages, they have their own methods, that they can access 

to get to that end goal…[After being asked to clarify what “leveling the field”] I think is 

more like breaking down a system that was built… 

Interviewer: For the majority? 

Karen: Right. So, it’s more like when you look at it like, why is it more like this, it’s like 

you feel you’re questioning something that has been around, you know you’re 

questioning your own thing, really what should be questioned is the whole way it was 

constructed… 
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This excerpt from the pre-interview suggests that Karen may have some preliminary conceptions 

related to the idea of “funds of knowledge”. This is observed when she discusses how students 

from other cultures may follow different methods to access content. Additionally, Karen’s 

responses to the follow-up questions regarding “leveling the field” suggest that she may view the 

current education system as one that does not promote the success of racially and ethnically 

diverse students. 

 Karen agrees that racially and ethnically diverse students should be achieving scientific 

literacy, just as any other group. She draws on her past experiences and background related to 

environmental science to discuss how scientific literacy relates to using what we know and being 

able to access what we do not know, while using the appropriate resources. In other words, being 

skeptical about the resources and evaluating them before making an informed decision, are skills 

that students should develop within the science class. However, she adds that in order for 

students to actually want to pursue research in a science topic, they need to be interested, which 

is not always the case. Karen believes that scientific literacy can be addressed in every single 

class, through the use of science journals for example or discussing scientific breakthroughs and 

studies in the class.  

 When asked about the underrepresentation of racially and ethnically diverse students in 

science related fields, Karen shared that in her experience, this is not the case in higher ed. She 

attributes this to there being a great number of international students traveling to the United 

States to complete their degrees or to professionals entering the science and health fields to begin 

their practice. She believes that this may reflect the individual’s education during primary 

school, which may be much more effective than “what we’re doing here”. Karen views this issue 

as one we have to address when students are at the high school level, which is when these 
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decisions are mainly made. These decisions, as she explains, may be influenced by peer pressure 

on the student as well as their background or environment. She shared an example from a 

podcast about a school that was segregated and underperforming. After the school was closed, 

students were forced to attend a different school. Following this, many of the students thrived 

and were more successful academically in the new environment. Karen adds that the school itself 

may play a critical role in the students’ decision to pursue science as a career. She explains that, 

ideally, schools should not “have any kind of majority racial ethnicity”, even when it could be a 

minority-majority scenario (i.e. Hispanic majority). In other words, the ways school systems 

operate should and the decisions made should not be driven by its demographic data. Therefore, 

the opportunities afforded to students should be equal, regardless of the geographic area to which 

the school belongs.  

 When minoritized groups become a majority. Karen completed her field experience at 

one of the most racially and ethnically diverse high schools within this study. The school 

demographics consisted of almost 60% Hispanic students and 32% African American students. 

During her field experience, Karen taught Biology and Honors Biology courses. Although most 

of her students identified as Hispanic, not many of them were ELLs. However, as a part of 

TELBio initiative, she completed an observation experience in an ELL sheltered classroom in 

order to receive the ESOL endorsement.  

During her practice, Karen aimed to consistently provide individual help to students 

during work sessions and laboratory activities. At these times, she promoted higher-order 

thinking through thought-provoking and probing questions, as evidenced by the observations 

conducted. Table 8 illustrates the presence or absence of the different indicators during the field 

experience. 
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Table 8 

 

Field Experience Observations Data Table-Karen 

 

 

Karen discussed how, when students asked her questions about a scientific process, she would 

ask them to share their understanding and followed-up with questions that led students to answer 

their own questions, rather than her answering them. Karen also took these instances as an 

opportunity to provide individual verbal feedback to students. During the post-interview, Karen 

identified inquiry activities as ideal representations of CRP, especially if they allowed students 

the opportunity to come up with the procedure when given materials. In this sense, students were 

Indicator: Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 

Criteria/Standards   X X     

Feedback         

Higher-Order 

Thinking 
   X X  X X 

Responsiveness to 

Needs 
X X X  X X   

Multiple Ways of 

Demonstrating 

Knowledge 

   X     

Real-Life 

Connections 
X  X  X    

Multicultural 

Displays 
        

Promotes 

Collaboration 
        

Youth Culture 

Connections 
 X  X X X X X 

Feedback on 

Effectiveness of 

Learning 

        

Multiple 

Views/Perspectives 
       X 

Investigating 

Community Issues 
        

Social Justice 

Actions 
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given ownership within the learning process and were allowed to demonstrate learning in 

different ways, an important aspect of cultural competence (Powell et al., 2011). Additionally, 

she believed that allowing the students to embrace their mistakes and revise their work, promotes 

skills that are important for them as future employees.  

The field observations revealed that Karen made an effort to provide examples within the 

science content that were relevant to students. Many of these connections, however, were with 

students’ youth culture, as opposed to their ethnicity or cultural background. One example that 

was different related to how she connected the Latin prefixes and vocabulary during the 

classification unit with Spanish words. She also made an attempt to find out what her students 

were interested in. During one of the post-interview questions, Karen talked about how starting 

the lesson by asking students questions about what they know, related to current events, can be a 

“confidence builder” for them. Karen recalls her attempts to promote heterogenous groups in her 

classrooms. She admits that, although her preference was for students to work with classmates 

that they were comfortable with, she ensured that they understood the benefits of working with 

people that you may not know or would not want to work with.  

When asked about the last tenet, critical consciousness, Karen recalled some activities 

that aligned with several of the indicators in the observation protocol. One example was related 

to engaging students in conversations about social issues. The lesson in this case was related to 

population growth and included a video that represented how the human population has grown 

exponentially in the last centuries. After the video, she discussed with the students how this 

population growth rate may have an impact on our way of living and the environment as well as 

identified possible solutions to avoid reaching the earth’s carrying capacity. These and other 

examples of social issues were also an opportunity to invite students to share their multiple views 
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and perspectives, another indicator within this tenet. Karen believes that some social issues may 

not necessarily relate to the science content, but they can still be used to promote important 

critical-thinking skills in students.  

During the post-interview, Karen discussed how her perceptions about racially and 

ethnically diverse students learning science was impacted by the field experience. She reiterated 

the importance of building upon students’ previous experiences during each lesson. She added 

that the experiences for each of these students are vastly different based on their ethnic and 

cultural background and that, combined with their experiences in school, create unique 

individualities within the learning environment. Also, she explained that many times, the high 

school years expose students to ideas that are different than their family’s views: 

I did notice a lot, some students, 9th and 10th graders, this is their first exposure to 

thoughts that are different from what their parents might believe. So, if we’re talking 

about religion, when it comes to evolution, I remember one student that…was like, ‘I 

don’t believe in evolution… this is what my parents taught me, this is what…’… But she 

was very respectful and said, ‘but I don’t think anything is gonna change my mind’. I 

think I remember just being ‘well that’s fine, we just want you to learn about it and you 

can take this in and you just…’ That’s what’s cool about science, you can just take in 

facts and it doesn’t have to be one or another. It doesn’t have to go against your beliefs… 

I personally think faith and science are very intrinsically intertwined because we have 

faith in things in science that we can’t see… [Interviewer: Like atoms…] Right, so I just 

kind of like that, and I thought that was a very interesting experience, cause it was a little 

different. (Karen, Post-Interview Transcript, May, 2018) 
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Although Karen still believes that racially and ethnically diverse students can achieve scientific 

literacy, the ways they get there may be different, and teachers may need to modify their lessons 

to accommodate to the students’ needs. She admits that the ESOL observation experience made 

her realize how significant the language barrier can be for these students, not in terms of their 

learning, but because of the opportunities they are denied of within the school system (i.e. 

Advanced or Honors’ courses). She became a supporter of bilingual education through her 

participation in this part of the field experience, as evidenced by the following excerpt: 

I’m like “give them everything in their language if they want it”,  because there’s no 

reason why that means that they’re not gonna learn English. I don’t know, one doesn’t 

negate the other, I’m against that idea.  (Post-Interview Transcript, 2018) 

Karen’s ideas also suggest that language may not be the only barrier to students’ success in 

science: 

Interviewer: So, you do think they can attain… [scientific literacy]. 

Karen: Oh yeah, yeah, I think I was just tripping up on like “the same way”. I’m like, 

hold on, technically not, because they do need those language assists for, if you’re talking 

about ELL, but like racial-ethnic background, I think it’s the same way except now 

you’re not talking about a language barrier but you’re talking about a cultural barrier that 

can sometimes be, oh, you know equally difficult to navigate sometimes. We’re talking 

about anything from home life to what do your peers think to what, you know, like what 

are your personal beliefs or like motivations.  

Interviewer: So, do you think there’s kind of like a clash between, well not a clash, but 

there’s discrepancies between the culture they’re bringing and the culture of science or 

something? 
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Karen: Possibly, and also, I mean I think they’ve done a lot better of having, presenting 

new ideas of what a scientist is…  

Interviewer: Yeah, nature of science… 

Karen: …and what a scientist looks like, even compared to what I saw… when I was a 

kid other than like Jane Goodall… and that was still a White female. So, I think we’re 

getting better for sure, but, I, yeah, I didn’t realize much, until getting into this how 

important it was to like see yourself in the roles that are being reflected back at you. 

Karen’s views suggest that students from different racial and ethnic background may not 

necessarily “see themselves” as scientists.  

 Shifting perspectives. Karen talked about how her desire to learn about other cultures 

and openness made a positive impact in her practice. She recalls an instance in which a student 

that was not really engaging in class, responded in a non-typical way to her questions about his 

work. This experience made her realize that she had to counteract her own “rescuer” narrative. In 

other words, her first thought when observing students act this way was to think that they did not 

get the attention they needed at home and that they would require additional support and effort 

from the teacher. However, her conversation with this student shifted her perspectives in terms of 

what these students need from teachers. She admits that more experience would be ideal, 

particularly in these areas, to develop the skills required to address these students’ needs. 

Additionally, first year teachers need continued support from the preparation program and the 

school in order to continue developing these skills. Karen shared the value of the field 

experience, including the ESOL observations, towards her development as a science teacher. She 

elaborated on how just observing how her collaborating teachers planned and implemented 

lessons and reflecting on these were significant learning experiences. 
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“I Never Got to Practice These”-Cindy’s Story 

 

 Cindy is a 26-year-old cheerful newly-wed. She completed an undergraduate degree in 

chemistry and started a PhD program the following year. She admitted that she hated working in 

laboratories every day. However, being a graduate student afforded her with the opportunity to 

be a teacher assistant (TA). She found herself enjoying this experience, as well as the ability to 

help others learn. During this time, she started exploring other career options. Her former high 

school chemistry teacher, now a professor at her university, introduced Cindy to the MAT 

program and the NOYCE fellowship. Cindy’s previous experience working with K-12 students 

was mostly babysitting and tutoring kids after-school and during the weekends. She worked with 

children from 6 to 11 years old, mainly making sure they completed their homework and studied 

for any tests they had.  

Learning science and diversity. Cindy believes that in order for students to be 

successful in science, they need to “understand the basics”. In other words, there are skills that 

are the foundation for every science discipline (e.g. molarity in chemistry) and therefore are 

necessary to understand more complex topics. She also views a work ethic or the willingness to 

work as an important trait for success in science, especially because some concepts may require 

more practice than others. Cindy’s views about diversity are contextual. In other words, she 

believes that “diverse” students are those that are slightly different from the majority within each 

individual school or context. In this sense, she explains, diversity could be related to students’ 

race or ethnicity, as well as the language spoken or socio-economic status of the family. She also 

included in this area those students that may have a learning disability or simply a different way 

of learning things. As a White individual, Cindy admits that as a K-12 student, there was no 

racial and ethnic diversity in the Christian private school she attended. However, during her 
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sophomore year of high school, Cindy was transferred to a public high school and experienced a 

slight shift in this area. Although her new school was more racially and ethnically diverse than 

her previous one, she admits that it was not until she started college that she became part of a 

more diverse student body. 

Cindy believes that learning science as a native English speaker is hard and that this 

difficulty is intensified by the language barrier for students with a different home language. She 

believes that the teacher’s role in this situation is critical, as they must be “willing to work really 

hard” with these students (Pre-Interview Transcript, 2017). In other words, teachers need to 

devote additional time and effort to design activities and implement strategies that include 

accommodations for students who do not speak English as their first language. She also talked 

about cultural differences in terms of body language: 

I imagine cultural differences would be a big role too. You have certain groups of 

students that won’t make eye contact with you because they think it is disrespectful. So 

here they are, I don’t know like zoning out, I don’t know what are they doing. So, I guess 

it is important, you know, as a teacher you have to know different things about different 

cultures in your classroom. (Pre-Interview Transcript; 2017) 

In terms of becoming scientifically literate, Cindy believes it is important for all students to reach 

this goal. She elaborates on this idea using the example of global warming. It is important for all 

students to be able to be skeptical and “filter” or evaluate the facts, especially considering how 

accessible technology has made this information. She adds that, while it is not the aim that all 

students will be able to solve complex scientific calculations or problems, the critical-thinking 

and problem-solving skills that are used during this time, can be helpful to them as adults. Cindy 

also sees culture, and language, as influencing how diverse students may reach scientific literacy: 
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With regards to students from different ethnicities, I think they have an even harder time. 

I guess it depends on the cultures, cause some cultures are like, whatever an authority 

figure says, that’s the law. But we don’t necessarily have that mentality all the time… I 

mean like if you got some kid from Korea, I’m pretty sure that if the president says 

something, he’ll say “that’s true”, “there’s no way that’s not true, we have to believe 

that.” But you can teach them to kind of look at things through a more logical lens and 

they’ll say “well, there are aspects of it that are true, but I’m not sure if I believe this.” 

They’re allowed to form their own thoughts and opinions on things, which is something 

that from other cultures don’t necessarily promote or engrain. And then, if you already 

really don’t understand the language, and people are throwing things out there at you and 

you’re trying to also balance between figuring out what that says. You’re not even 

worried about if it’s true, you’re just trying to figure out what it means. (Pre-Interview 

Transcript, 2017) 

Cindy agrees that there is underrepresentation of certain groups in science-related fields, 

including females. She believes this to be due to the historical and traditional views of the 

discipline, but realizes that this has changed significantly: 

For a long time, people didn’t think that an African American could become a doctor or 

something. Cause that just wasn’t the kind of culture that we had here. That and every 

famous scientist that we study is pretty much always a white man… as a general whole, 

they’re all white male. Actually, I see a lot of it changing, like when I was in the PhD 

program, I was the only White person that got accepted that year. Like I was the only 

American that was accepted in the chemistry program. So, I think we are promoting it 

more and I don’t know if that’s for whatever reason, but I do feel like it is getting more 
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and more as society changes and we start to push equality for everything and think it will 

hopefully work towards that. (Pre-Interview Transcript, 2017) 

Cindy sees the science classroom as an important venue to continue these changing practices. 

She suggests that teachers could have posters in their rooms displaying successful scientists from 

different genders and races. She believes that students need to see those role models to help them 

understand that they are capable of succeeding in this field as well. She also views STEM 

programs and clubs as a great initiative towards this goal. However, these experiences should be 

combined with the areas of interest that students have: 

Cause a lot of times kids are like, ‘no I don’t like science’ or ‘I hate Math’, a universally 

known phrase for children. But when you take something that they do like, like run club, 

that was a big deal at that school. It fills up in like 15 minutes for sign ups, it’s crazy. So, 

you take something that they all love and then you can relate it back to science, like “oh, I 

do kind of like that’ or ‘that is math, I do kind of like that’. They can see that is 

something that is applicable, cause some of those kids are just like, ‘I’m not trying that, 

it’s hard’. (Pre-Interview Transcript, 2017). 

 Perceived limitations of the field experience context. Cindy completed her field 

experience at a rural high school with very little racial and ethnic diversity. Less than 10% of the 

student body was Black, Hispanic, Asian or Multiracial, as 88% of it was White. The school site 

did not fall under the “high-needs” category, although the district was classified this way. 

Additionally, Cindy taught Chemistry classes for students in the Honors’ program. Even when 

her classes had only a few students from diverse racial and ethnic backgrounds, Cindy included 

some practices that aligned with the CRP tenets, as observed in Table 9.  
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Table 9 

Field Experience Observations Data Table-Cindy 

Indicator: Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 

Criteria/Standards    X X    

Feedback       X  

Higher-Order 

Thinking 
   X X X X  

Responsiveness to 

Needs 
X X  X X X X X 

Multiple Ways of 

Demonstrating 

Knowledge 

       X 

Real-Life 

Connections 
        

Multicultural 

Displays 
        

Promotes 

Collaboration 
     X   

Youth Culture 

Connections 
    X    

Feedback on 

Effectiveness of 

Learning 

    X   X 

Multiple 

Views/Perspectives 
  X      

Investigating 

Community Issues 
        

Social Justice 

Actions 
        

 

Within the area of academic success, the observations indicate that she promoted higher-order 

thinking through whole class discussion questions and while helping students individually during 

work sessions and laboratories. She also included critical-thinking questions within practice 

tasks, as well as individual and collaborative projects.  

Although the observations did not reflect many efforts to connect to students’ cultural 

backgrounds, she used real-life examples during lectures and laboratory activities. Her 

perception of practices that promoted critical consciousness included the use of a reflective task 
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at the end of the class to gather feedback on students’ understanding of the topic. Students were 

asked to rate from 1-5 certain areas of the content, they could ask a question about it or identify a 

concept that was not taught effectively. Other times she would ask them to explain what they did 

not understand from the lesson or what did the teacher had to go over again. She used this as a 

self-assessment, but also to evaluate her teaching practice. When asked about seeking multiple 

perspectives in her students, Cindy explained that in Chemistry there was not much room for 

that: 

Cindy: Like, in theory, you can ask kids, is there another way to do that? But in science 

we don’t look at other ways to do things, because the way in which you combine two 

things or the ways you name some things are pretty concrete. We don’t have a lot of, at 

least in Chemistry we don’t have a lot of abstract things.  

Interviewer: Right, I would say that, when using CER, for instance, if you ask them to 

talk about their claims, and their reasoning and all that and have another student, maybe, 

agree basically with that and say why or give another argument… 

Cindy: Ok, so we did stuff kind of like that, where they had to explain like you had the 

right answer but that’s not all of the answer.  

Interviewer: That’s why I said it because, I think I remember seeing that…  

Cindy: So, like, with Nature of Science, we did that. That was all Nature of Science was. 

And some of the questions were really cool like what came first, technology or science? 

And then you had one kid say, ‘well technology came first, how are you gonna have 

science without technology?’. And then the other kids will be like ‘no, science developed 

technology’. And then having to have them supported and having somebody else either 

support or refute what he thought, stuff like that. Or, one of the more interesting ones 
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was, it was, ‘is all science true?’ So, a lot of them know, you know like ‘no, not all 

science is true’ right… So, I’m like, ‘well what’s something that people claim to be true 

that doesn’t necessarily is?’ Some things will bring things like global warming and some 

kids were like, well that’s something that’s not true at all, but like it’s not anything we’re 

doing, it’s just happening. And then some kids fully believe that it’s all human made. So, 

having them actually kind of discuss amongst themselves, there’s no real right answer 

that you’re looking for. It’s just having them think like scientists for a little while and 

trying to say, ‘well that’s a good idea, who agrees with Bobby’s idea? or ‘who thinks 

Bobby’s crazy?’. I think of it that way. 

This excerpt from the post-interview suggests that Cindy views the Chemistry course as one that 

does not invite or promote alternative perspectives. Additionally, her nature of science views, as 

related to scientific processes and facts, may be limited.  

Cultural barriers. Even when Cindy’s context did not provide enough racial and ethnic 

diversity, she talked about her experience in other settings that helped her understand the impact 

of culture in students’ learning. She discussed how other cultures place a greater value in 

education. She elaborated on this idea by explaining that in some countries, education is seen as 

a privilege rather than a right. She added that parental involvement may also be higher in some 

groups compared to others. This idea can also be linked to the deficit-views observed in the other 

participants. Cindy still viewed language as a barrier that needed to be “overcome” in order for 

ELLs to succeed in science. In this sense, an ELL, for instance, should not be placed in a higher-

level science class, as it is not required to graduate and may make things even more difficult for 

them. When asked about these cultural influences in terms of education, she gave the following 

example from another teacher at her school: 
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Cindy: The classroom across the hall from us, had a boy, he was adopted also, but he was 

from, I wanna say Saudi Arabia or one of those areas. But the idea of having a women 

teacher for him was foreign and they had a lot of issues with that, because he never had a, 

wherever he was… 

Interviewer: So, females don’t teach in that area? 

Cindy: I don’t know, wherever he was from it was just a male teacher, so they had a lot 

of issues with her being the authority figure. That was more of an issue, but there are also 

things like that that you have to take into consideration. So [here] is a girl profession. Oh, 

and it didn’t help that the teacher graduated from here two years ago so she’s very young, 

so I don’t think that that was helpful, a young woman.  

Cindy still believes that students from different racial and ethnic backgrounds are able to attain 

scientific literacy. However, she reiterates that teachers need to invest more time an effort to get 

them there, mainly because of the language barrier. She talked about how, even with words that 

students may know the common meaning for, the scientific context in which it is used may be a 

source of confusion (i.e. academic language). She gave the example of the word ‘table’ as used 

to represent a laboratory table (i.e. object) but also a period table (i.e. diagram or chart). Cindy 

believes that using visuals can help these students as it makes the content more accessible, 

regardless of the language spoken. Nevertheless, to Cindy, the discipline of Chemistry is in itself 

a new language, as the amount of vocabulary surpasses that of any other class. 

When asked about how she felt she implemented CRP in her classes, she talked about the 

high levels of internal motivation in her students. She shared how some of them watched Khan 

Academy videos and took notes on these before coming into class. This forced her to come up 

with different ways to keep them engaged, as they had already been exposed to the concept. 
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Some of the students also strived for perfectionism, which also presented some challenges when 

it came to grades. Another area she believes was promoted was the use of multiple approaches 

for students to demonstrate their learning of the content. She shared that some students were 

really smart but were not “scientifically inclined”. Therefore, she allowed them to incorporate 

their interests and skills in some projects. One example was when some students used drawings, 

comics or experiments to demonstrate Le Chatelier’s principle. Cindy talked about integrating 

technology and how students became more engaged when they were able to use their devices in 

the learning process. She expressed a desire to include more of these activities in the future, 

giving the example of how, during her teacher preparation program, she was exposed to creative 

ways of using social media (i.e. Twitter) in the classroom. 

Cindy’s school did not have many ELLs for her to work with during the ESOL 

observation component of her field experience. During her courses, however, she was exposed to 

different strategies to teach these students, although she never had a chance to practice these. 

Some of these courses presented ways to work with different levels of ELLs (i.e. language and 

academic). Cindy believes that more exposure to these different types of strategies and 

knowledge about other cultural groups would be helpful if she had to teach racially and 

ethnically diverse students in the future. Learning to address cultural conflicts in the classroom 

(e.g. power differentials) may also be necessary for these teachers. Finally, Cindy shared how 

critical the thoughtful and insightful feedback from her professors was to help her develop as a 

teacher. 

Experiences in the program. When asked about how useful the different components of 

the program were, Cindy shared her experiences participating in workshops and conferences that 

were part of the NOYCE fellowship. One of these included a seminar about how to involve 
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parents in high-needs schools. She also talked about how the program promoted Phenomenon-

Based Learning (PBL) as a teaching strategy to engage all students. She compared PBL to ‘story-

lining’ in terms of how teachers present a phenomenon to students and build up from their ideas 

and discussion. Cindy believes she benefitted more from face to face courses during the teacher 

preparation program as it provided an opportunity for her to discuss with classmates the 

strategies they used with their students, given that she did not get to put these in practice. 

Additionally, the PCK courses, she stated, were more relatable because they focused specifically 

on science, as opposed to the other courses required. She believes that the time of completion of 

the program may have constricted their ability to retain a lot of what was covered in the courses. 

When asked about the possibility of needing to teach Chemistry to racially and ethnically diverse 

students in the future, Cindy explained: 

A lot of it is, if you’re not going to college, you are not going to take Chemistry. Why 

would you put yourself through that? The only kids who take Chemistry are those that are 

college-bound, on college-prep track, cause it’s not required to graduate, but it is required 

to get to college… Like kids who are very low income, who don’t even think college is 

even an option for them, they’re not gonna subject themselves to Chemistry. I think 

Chemistry is fun and awesome but that’s not the idea that most kids have of it. They 

come in with this really defeated attitude, even the kids at my school. They come in with 

that defeated attitude, ‘well Chemistry is gonna be really hard’, ‘I’m not science-brained’, 

‘I don’t like Math’. (Post-Interview Transcript, 2018) 

During the last part of the interview, Cindy was asked to identify the components of CRP in a 

video of a lesson. She was able to describe the activity as student-led and as open-inquiry. She 

explained that the problem given to the students was relevant as it had occurred within their 
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state. Additionally, she identified higher-order thinking skills being promoted by the teacher 

when students were asked to evaluate the success or failure of their design. Finally, she identified 

real-life skills practiced by the students within the activity, such as having to work under 

pressure and the idea that not we are not always given second chances. 

“Where do you see this in real life?”-Mohna’s Story 

 

 Mohna is a 43-year-old wife and the mother of two girls of 14 and 7 years old 

respectively. She has a strong science background that includes a bachelor’s degree in Biology, 

with a minor in Chemistry, and a Masters in Organic Chemistry. After working in the industry 

for several years, she decided to switch careers. She became interested in teaching after 

volunteering at her daughter’s middle school. She admits that during this time, she realized that 

there were certain groups of students that were not getting “a fair share.” Soon after, she started 

teaching at the college where she was completing her MAT. She enjoyed teaching nursing labs 

and organic chemistry, because it gave her the opportunity to help the students. She shared that 

some of her lab students expressed how they would have liked to have her as the lecture 

instructor as well. She admits that after being in the field for so long (approximately 15 years), 

she had to consistently review the content in order to prepare for her lessons. Mohna wanted to 

ensure that her students were getting accurate content.  

  Learning science across cultures. According to Mohna, all students have a potential to 

do well in school, but it requires someone to believe in them. Especially in science, she believes 

that so many concepts are very abstract and that it becomes difficult for students to understand. 

She talked about how the students here (in the US) experience different realities compared to 

those in her native country (India). In this sense, she believes that there is a bigger focus on 
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academics in her country. Mohna elaborated on the different challenges that students deal with 

here, including peer-pressure, jobs and sometimes home situations that are not ideal.   

 Mohna’s ideas about diversity are related to race, primarily, and language. However, she 

acknowledges the influence of the upbringing, the family culture, and traditions. As she explains, 

even families that may come from the same country or region may have different cultures. For 

example, the variety of dialects in different areas of the United States are part of that family 

culture (i.e. southerners versus northerners). Although she moved to the United States as a high 

school student, her new context did not expose her to much racial and ethnic diversity. The 

following excerpt suggest that the assimilation process was difficult for her: 

Moving in high school was hard. Especially, twelfth grade. I mean these people are, kids 

had their own group and I was miserable. I used to cry all the time. But I ended up 

making, nobody was hard to me right… I ended up being friends with the Asian kids. 

They weren’t Indians, there was one from Vietnam, one from China and one from Laos. 

And then me, all four of us. (Pre-Interview Transcript, 2017) 

Mohna also shared a recent similar experience with her daughter: 

She would say then to me… “mom all these girls I’m with, the way they look at me is 

like I have some disease”. I still remember that, those words. I said, “what?”, “why are 

you saying that?” And my husband and I went and talked to the principal because of the 

fact that she missed by two points to get into Geometry AP in her final class or the first 

test, whatever. And we tried to reason with the principal that, you know, look at her 

grades before. But she didn’t bother. She said, “how is she adjusting?” So, we told her 

that she was having a tough time. They still didn’t do anything. She just listened to the 

stuff and… I mean I would have liked for that principal to take a step and, we are, and I 
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think this is our culture. My culture comes in here with, where we tell our kids, “honey 

it’s ok, you’re gonna be ok.” But not the American, like the White American people, they 

come and fight in the school for their kids. You know what I mean? (Pre-Interview 

Transcript, 2017) 

Mohna believes that the way students learn science depends on the background education they 

have had in the content. However, she views student-centered strategies and inquiry as ways to 

reach students that may not have a strong background knowledge: 

With diverse students, I don’t know if they have learned science the same in their 

country. I don’t know if they have learned it in their language or in English. If it’s in their 

language, then they might have trouble, understanding the terminology and the 

vocabulary in English. So, they would probably need some help or some online tools to 

get them those words translated in Spanish or translated to, I don’t know, Arabic, and I 

don’t know if there are such tools of translators available of course. Spanish, yes sure. 

You know what I mean, so there’s an issue there. But that is where the labs are gonna 

help these students. (Pre-Interview Transcript) 

Bringing it home. When presented with the idea of scientific literacy for all, Mohna 

talked about how it is important to teach students to be responsible citizens. She elaborated on 

this using the example of recycling. Teachers may spend time talking about this concept with a 

goal of promoting scientific literacy, but unless the students bring that home, it is not helping 

them become better citizens. In other words, the science background may help promote scientific 

literacy, but it does not necessarily mean that someone with a degree in science will show care 

for the environment wherever they go. Mohna explains that it is critical that students see the 

relevance of what they are doing in the science laboratories: 
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I’ll be honest with you. Not every kid is designed to be a doctor or a scientist, all right… 

I personally believe, when we do like a redox reaction in the lab, I’m gonna try to find 

examples of things, like, “when do you see this in real life guys?” Seriously, but 

whenever we do a redox reaction, I still don’t connect it. Where do I see it? I have to 

google and search and stuff. And I want to see where do I see this in real life, so that my 

students can connect, right, that’s one thing. The other thing is, I want my students to see 

why is this important, you know. And then the third aspect is… think about kids in our 

typical school, you know not in magnet, who need that focus, who wants that person that 

can motivate them, right. So, my goal is to actually show these students, yes, you’re 

taking a chemistry class but guess what this is gonna get you, right. Chemistry is 

everywhere that you see, even the water, bring the water sample. That is the kind of 

things that I want to see. Bring your water from home, let’s see how different the water is 

in your homes, right, let’s look at the pH of the water. Let’s, I don’t know, what are the 

tests, maybe the alkalinity, right, you can get flame alkalinity. So that’s just, it’s just 

bringing it home. When we connect the dots, that’s how they’re gonna get scientific 

literacy. If I tell them, hey guys you should recycle, it’s good for the environment, they’re 

not gonna connect with that. It has to be something that they see in their everyday life. 

That’s how it’s gonna, that’s gonna bring the scientific literacy.  

In reference to the underrepresentation of racially and ethnically diverse minorities in science-

related fields, Mohna, shared how none of her professors during college were Black or Hispanic. 

Therefore, her undergraduate and graduate education lacked role models that were representative 

of diverse racial and ethnic backgrounds. She believes that the decision to pursue a science 

career may be influenced by the students’ background, family and culture: 
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We have to talk about students’ background, we have to talk about the family 

background, the culture, where they’re coming from, you know. I mean, you could be 

talking about a student whose family can only afford one meal a day. How are they gonna 

put those values in their student, in their child to dream big like this? They can’t even 

manage to get one meal at home. So, there’s that type of student you have to deal with. 

And then there’s the biases coming from the teacher too… Teachers don’t believe, and 

teachers are biased, oh yeah, I see it all the time. I just close my eyes and tell my kids to 

work harder, right, but teachers are biased… African-American girls, as looked at by the 

teacher versus a white girl. White teacher will find very cute when they do certain things, 

and the same thing when an African American girl does, it’s not found cute. And then the 

way we talk, it’s like, this was interesting, when there’s a white student and somebody 

meets them, they’ll ask, oh so what college are you going to? But if it’s a black, they ask, 

are you going to college? So yeah, I mean, the teachers need to change, to be honest with 

you. (Pre-Interview Transcript, 2017) 

Mohna’s views in this area suggest that teachers may align to narratives that perpetuate biased 

actions and behaviors towards racially and ethnically diverse students.   

 An eye-opening field experience. Mohna completed her field experience with a 

chemistry teacher at a rural high school with a fairly diverse demographic student enrollment. 

Although the majority of the students were White (63%), 23% were African American and 9% 

Hispanic. The remaining 6% were comprised of Asians and multi-racial students. During her 

practice, she implemented several elements of CRP, as observed in Table 10. 
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Table 10 

Field Experience Observations Data Table-Mohna 

Indicator: Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 Indicator: 

Criteria/Standards        X  

Feedback X         

Higher-Order 

Thinking 
X    X X X X X 

Responsiveness to 

Needs 
X X   X X X X X 

Multiple Ways of 

Demonstrating 

Knowledge 

     X    

Real-Life 

Connections 
   X   X X  

Multicultural 

Displays 
         

Promotes 

Collaboration 
     X  X  

Youth Culture 

Connections 
       X  

Feedback on 

Effectiveness of 

Learning 

         

Multiple 

Views/Perspectives 
         

Investigating 

Community Issues 
         

Social Justice 

Actions 
         

 

Mohna recalled promoting academic success through the use of higher-order questions, 

during class discussions and written tasks. A few examples of tasks that required higher-order 

thinking included data analysis using graphs during laboratories, analyzing relationships between 

properties of elements as observed in the periodic table and multi-step calculations related to 

chemical formulas and conservation of matter. Mohna talked about using rubrics and exemplars 

when assigning writing tasks to students in her class. In terms of promoting cultural competence, 

she discussed the use of case studies and real-life examples in class to enhance the content being 
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taught. One example of a case-study she used was titled: “The Strange Case of Mole Airlines”. 

During this activity, students worked collaboratively to use percent composition data in order to 

identify the chemical compounds found in the site of a plane crash. In other words, they used 

problem-solving and data analysis to solve a mystery. An example of using real-life scenarios 

was observed also during the unit of chemical reactions. Mohna used the topic of fireworks, 

focusing on light and heat production during the chemical reaction, and connected this with the 

different types of reactions.  

Mohna: I incorporated way too many different things for them to understand, to visualize 

that the electrons do move, right? But then, when I gave them the post-test, there were 

some who didn’t understand the concept or were confused about where, when is the light 

coming off, is it when the electrons are coming up or jumping down? And those that were 

mostly confused were the minority students. I noticed that and I don’t know why that 

was. I went back to, I thought about like in my demos did I include, did I exclude them? 

or I don’t know… 

Interviewer: Like with the examples you used? 

Mohna: Yeah, I mean, I tried to use fireworks, which every kid raised their hands and 

said yes, they had seen it. And then in [school county name] they have like a bus that 

takes them to the local park, where they do the fireworks and some said that they had 

done that, with their family. (Post-Interview Transcript, 2018) 

In addition to connecting students’ everyday lives with the content, Mohna also attempted to 

connect students’ interest with the chemistry content as well: 

This was one of the things I kept insisting when the students would say, ‘when am I 

gonna use chemistry? I’m going to college to do something in photography, because my 
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parents have a business in photography’. And I said, well, one, this is teaching you to be, 

the idea is for you to be a responsible consumer as well. Okay, when you are going to the 

grocery store, I don’t know, what cleaner are you gonna buy? So that you can see if, hey, 

if it has hydrochloric acid, this is an aggressive stuff, because, guess what? I did this lab 

in the class where when I took aluminum and hydrochloric acid it dissolved the 

aluminum, so this must be aggressive. You know, I said, this is one example, but you 

know, you see in photography, they use a lot of chemicals in photography, so it doesn’t 

hurt to know this, and everywhere, chemistry is everywhere around you, you know, 

plastics and, you know, polymers, it’s everywhere. (Post-Interview Transcript, 2018) 

Additionally, Mohna used students’ academic performance in previous assessments to group 

them during laboratories and collaborative activities. Finally, Mohna incorporated an aspect of 

the students’ youth culture when teaching about the scientific method. In this instance, students 

worked in groups to complete a “Bubble Gum Lab” and gather quantitative and qualitative data 

to answer questions related to the size of the bubbles.  

 Differences in motivation. After her field experience, Mohna shared some insights about 

how racially and ethnically diverse students learn science. She talked about how sometimes these 

students do not have the “drive” or the desire to go to college. She believes that the fact that 

many of her students were working, some even full-time, affected significantly their 

performance. Another difficulty she encountered was with designing and implementing 

laboratories in a classroom without the necessary resources (i.e. gas line). This limited the 

number of laboratories and inquiry experiences that the students had in the chemistry class. 

Mohna believes that racially and ethnically diverse students benefit more and strive in student-

centered environments and when teachers are willing to make an extra effort to motivate them. 
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 Mohna’s experience in the teacher preparation program made her realize that teaching 

can sometimes resemble a restaurant buffet. In this sense, she explains that the activities we plan 

should be catered to the students’ individual needs. She adds that, although practice worksheets 

may help provide structure and allow for students to develop important chemistry skills, she aims 

to create an environment where students can get genuine hands-on experiences, in the form of 

laboratories. Towards this goal, Mohna believed that the methods courses within the program, as 

well as the fellowship retreats, were valuable in terms of how they exposed the pre-service 

teachers to student-centered teaching strategies in science. She especially benefitted from being 

exposed to different scaffolding strategies for introducing new topics to students.  

 Mohna aspires to be the kind of teacher that connects and bonds with students. She wants 

to make sure they know that she genuinely cares for their academic and personal success. 

Throughout her field experience, she ensured that this was the case. Her interactions with 

students encouraged and motivated them to complete their assignments, question the content and 

reflect on the overall learning experience. Mohna believes that with the appropriate resources 

and through the incorporation of effective teaching strategies, all students, regardless of their 

racial or ethnical background should succeed in science.  

Alignment of Beliefs, Conceptualizations and Implementation 

 The following table summarizes the beliefs, conceptualizations and implementation of 

CRP for each participant. These areas are aligned to the three tenets within CRP: academic 

success, cultural competence and critical consciousness. The data from the pre-interviews was 

used to align the participants’ beliefs with each tenet. Analysis of the post-interviews and 

artifacts was used to identify the participants’ conceptualizations as related to each of these 

tenets. Finally, the data from the observation protocols was used to identify the indicators that 
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were observed with the highest frequency during the student-teaching experience, along with 

examples of how these were implemented. 

Table 11 

Alignment of Beliefs, Conceptualizations and Implementation 

Participant: CRP Tenets: Beliefs: Conceptualizations: Implementation: 

 

 

 

 

 

 

 

 

 

Jackelyn 

 

Academic 

Success 

-Curiosity, critical 

thinking and 

motivation are 

necessary.  

-ELLs need different 

accommodations and 

support 

-Academic 

motivation may be 

different in certain 

groups 

-Use of rubrics during 

major assignments (i.e. 

essays, projects) and 

reference to state 

standards and lesson 

objectives 

-Higher-order 

thinking skills 

promoted through 

C-E-R 

-Displayed 

responsiveness to 

students’ needs, 

especially those 

with 

accommodations 

Cultural 

competence 

-Traditions and 

religion are 

important aspects of 

students’ culture. 

Lack of role models 

may contribute to 

lack of 

representation in 

STEM  

-Content should be 

relevant to students’ 

lives and they should 

learn to apply it to new 

situations 

-Use of youth culture 

references and apps are 

helpful 

-Used real-world 

examples  

-Connected content 

to students’ lives 

and youth culture 

(i.e. memes, social 

media) 

Critical 

consciousness 

-Allocation of 

resources, teacher 

attrition and 

immigration are 

affecting students in 

minoritized groups  

-Differences in religious 

beliefs need to be 

expressed by students 

and acknowledged 

-Feedback from students 

about the effectiveness 

and engagement of the 

learning experiences 

should be obtained 

-It is important to 

promote students’ voice 

through discussions and 

guided argumentation 

-Promoted multiple 

views and 

perspectives 

through CER and 

whole-class 

discussions. 

-Promoted 

argumentation. 

 

 

 

 

 

 

 

 

 

 

 

Academic 

Success 

 

 

-A foundation of 

basic skills (i.e. 

math/reading) is 

necessary 

-ELLs need intensive 

support  

-Students from 

minoritized groups 

-Use of inquiry activities 

-High expectations for 

all students 

-Problem-solving tasks  

-Higher-order 

thinking skills 

promoted through 

questioning, case 

studies and 

laboratories 

-Displayed 

responsiveness to 



 

 

115 

Janet 

 

may be less 

academically 

motivated 

students’ needs 

during 

collaborative work. 

-Opportunities for 

students to 

demonstrate 

knowledge in 

different ways.  

 

 

Cultural 

competence 

 

-Acknowledgement 

of “colorblindness” 

-Deficit views 

related to home 

environment (i.e. 

cultural values) and 

parents’ education 

-Content needs to be 

relevant (i.e. real-life 

examples) 

-Real-life 

examples/community 

connections and 

students’ native country 

(i.e. Brazil) 

-Heterogeneous 

(racially/ethnically) 

groups during 

collaborative tasks 

-Use of real-world 

examples in the 

community 

-Use of real-world 

applications of 

science (i.e. 

genetics, 

sustainability) 

 

 

Critical 

consciousness 

-Minoritized groups 

of students do not 

have “good teachers” 

-Whole-class discussions 

about scientific issues 

with social impact 

-Promoted multiple 

views and 

perspectives 

through whole-

class discussions  

-Held high 

expectations of all 

students 

 

 

 

 

 

 

 

Luther 

 

 

 

Academic 

Success 

 

 

-Curiosity is 

necessary 

-Teachers need to be 

more patient with 

ELLs 

-Hands-on activities 

and laboratories are 

needed 

-Promote higher-order 

thinking through probing 

questions (i.e. 

application, analysis, 

evaluation) 

-Use of rubrics during 

major assignments (i.e. 

essays, projects) and 

reference to state 

standards and lesson 

objectives 

-Higher-order 

thinking skills 

promoted through 

questioning, C-E-

R, laboratories and 

case studies 

-Displayed 

responsiveness to 

students’ needs and 

sensitivity to 

language 

difficulties with 

ELLs 

 

 

Cultural 

competence 

 

-“Colorblind” views 

-Students from 

minoritized groups 

may not “see 

themselves as 

scientists” 

-Real-life scenarios (i.e. 

phenomena-based 

learning), case studies 

and problem-solving 

tasks 

-Youth culture 

references (i.e. 

music, movies, 

conversational) and 

flexible grouping 

(collaborative 

strategies) were 

used 

Critical 

consciousness 

-Allocation of 

resources and 

teacher quality are 

-Promote multiple views 

and perspectives 

-Promoted multiple 

views and 

perspectives 
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affecting students in 

high-needs areas 

-Seek feedback from 

students about 

instruction 

through whole-

class discussions of 

phenomenon-

based-learning and 

C-E-R 

 

 

 

 

 

 

 

 

 

 

Karen 

 

 

Academic 

Success 

 

-Curiosity is 

necessary 

-All students should 

be provided with 

equal opportunities 

to reach academic 

success (including 

placement in 

advanced classes 

regardless of native 

language) 

-Inquiry activities can 

promote students’ 

ownership in learning 

-Probing questioning are 

important when helping 

students individually 

-Higher-order 

thinking skills 

promoted through 

questioning and 

whole-class 

discussion or real-

life scenarios 

-Displayed 

responsiveness to 

students’ needs 

during 

collaborative work 

 

Cultural 

competence 

 

-Students draw on 

their background and 

“funds of 

knowledge” to 

access and 

understand science. 

-Science content 

may contradict 

students’ 

religious/cultural 

views 

-Connections to youth 

culture and current 

events can promote 

confidence in students  

-Youth culture 

references (i.e. 

comic strips, slang, 

music) and flexible 

grouping 

(collaborative 

strategies) were 

used 

-Used real-world 

examples (i.e. 

videos, case 

studies) 

Critical 

consciousness 

-Acknowledges the 

need to “level the 

playing field” for 

minoritized groups 

(i.e. based on how 

the education system 

is built for the 

majority) 

-Students should be 

skeptical about 

scientific 

information in order 

to make informed 

decisions 

-Discussions about 

social issues and 

promotion of multiple 

views and perspectives 

are important 

-Promoted multiple 

views and 

perspectives 

through whole-

class discussions 

on certain topics 

 

 

 

 

 

 

 

 

Academic 

Success 

 

-Open-mindedness 

and willingness to 

learn are necessary 

-Students’ 

background 

influences their 

-Inquiry, hands-on 

activities and 

laboratories 

-Higher-order questions 

-Providing constructive 

and encouraging 

feedback to students 

-Higher-order 

thinking skills 

promoted through 

questions within 

laboratories or 

handouts and 
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Rose 

 

previous knowledge 

of science content 

-Use of rubrics whole-class 

discussions 

-Displayed 

responsiveness to 

students’ needs 

during individual 

and collaborative 

work 

 

Cultural 

competence 

 

-Acknowledges lack 

of racially and 

ethnically diverse 

role models; 

prevalence of White-

Male scientist 

stereotype 

-African-American 

students sought her 

instead of the CT 

-Promote collaboration 

between students from 

different groups 

-References to 

youth culture were 

used (i.e. music, 

slang, TV shows) 

-Grouping based 

on abilities 

 

Critical 

consciousness 

-Resources should be 

used to provide all 

students with equal 

opportunities to be 

heard and 

demonstrate their 

learning 

-Issues that affect 

students should be 

discussed in class, even 

if they are not related to 

science 

-Sought students’ 

feedback on 

learning 

experiences (i.e. 

formal and 

informal) 

 

 

 

 

 

 

 

 

 

Cindy 

 

 

Academic 

Success 

 

-Knowledge of the 

“basics” and work 

ethic are necessary 

-Teachers need to 

put extra effort when 

working with ELLs 

-Teachers could 

bring science into 

extracurricular 

activities that are of 

interest for students 

-Higher-order thinking 

skills 

 

-Higher-order 

thinking skills 

promoted through 

questions within 

handouts and 

whole-class 

discussions 

-Displayed 

responsiveness to 

students’ needs 

during individual 

work 

 

Cultural 

competence 

 

-Native language as 

a barrier  

-Cultural differences 

may affect 

verbal/non-verbal 

interactions between 

teachers and students 

and views of 

scientific issues 

-Some cultures place a 

greater value in 

education. This may be 

reflected on parental 

involvement. 

-Students from different 

racial/ethnic groups have 

different levels of 

motivation 

-Use of technology 

(social media) 

-Real-life examples 

used during 

laboratories and 

case-studies 

 

Critical 

consciousness 

-Students should be 

taught to be skeptical 

about scientific 

information and 

judge evidence in 

-Formally and 

informally seek feedback 

on instructional 

effectiveness 

-Sought feedback 

on instructional 

effectiveness (i.e. 

formally)  
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order to problem-

solve 

-The traditional view 

of scientists as White 

Males does not 

promote racial and 

ethnic groups 

participation  

-Chemistry does not 

allow much room for 

multiple views or 

perspectives 

-Cultural conflicts, such 

as power structures, may 

impact students’ 

participation in class 

 

 

 

 

 

 

 

 

 

 

Mohna 

 

 

Academic 

Success 

 

-Teachers need to 

believe in students’ 

potential and push 

them academically 

-Science concepts can 

be very abstract 

-Background content 

knowledge may not be 

strong in minoritized 

groups 

-Higher-order questions, 

during class discussions 

and written tasks 

-Use of rubrics and 

exemplars during writing 

tasks 

-Higher-order 

thinking skills 

promoted through 

questions within 

handouts, whole-

class discussions 

and laboratory 

work 

-Displayed 

responsiveness to 

students’ needs 

during individual 

and laboratory 

work 

 

Cultural 

competence 

 

-Real-life examples 

and inquiry/hands-on 

experiences are 

necessary 

-Content must be 

relevant to everyday 

lives 

-SES, family culture 

and traditions 

influence learning or 

motivation to pursue 

science as a career 

-Real-life examples 

during case studies and 

laboratories 
-Building relationships is 

critical 

-Real-life examples 

were used during 

case studies and 

laboratories (i.e. 

chemical reactions) 
 

Critical 

consciousness 

-Students should 

become responsible 

citizens, capable of 

making decisions in 

their society 

-Teacher and 

administrative bias are 

a barrier to the success 

of minoritized groups 

-The realities experienced 

by students from 

minoritized groups can be 

a barrier to academic 

success (i.e. family 

structure, SES status, 

motivation). Teachers 

need to be aware of these 

when interacting with 

students. 

-Sought feedback 

on instructional 

effectiveness 

informally 
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Cross-Case Analysis 

Research Question 1-What beliefs do pre-service science teachers have about students from 

diverse racial and ethnical backgrounds in science? How do these beliefs change, if at all, 

during the teacher preparation program? 

 To answer the first research question, the data obtained from pre and post interviews was 

analyzed and categorized into its major themes. The following sections describe the major ideas 

drawn from the semi-structured pre and post interviews conducted at the beginning and at the 

end of the program. Additionally, excerpts from the interviews are included to provide insights 

on the participants’ beliefs and views related to racially and ethnically diverse students in 

science, as well as to exemplify and present evidence for each of the main themes. 

Beliefs About Qualities Necessary for Students to Succeed in Science. The purpose of 

this question was to unveil the beliefs the participants held about what contributes to science 

learners being successful.  The participants’ responses to this, and other follow up questions 

within this area, exposed their views regarding qualities that are mostly present in any student, 

regardless of their race, ethnicity, background or previous education. Three main themes 

emerged: a) willingness or motivation to learn; b) curiosity and; c) a foundation of the basic 

skills (i.e. reading, writing, math). 

 Willingness and motivation to learn. Five of the seven participants identified willingness 

or motivation as significant factors in determining success in science. In this sense, they believed 

that students that have intrinsic or extrinsic motivations to perform well in science, will be more 

successful than those that are unwilling to engage in its content and activities. Most participants 

viewed these qualities as essential starting points that could enable teachers to foster scientific 
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skills in their students. Cindy, for instance, believed this willingness aligned with a scientific 

work ethic: 

In science you do have to have a work ethic, where you are willing to work and try. I 

mean for some people in this world it comes really naturally, but as a general whole that 

is something that you have to work hard for, you have to study, you have to do practice 

problems. Otherwise you’re probably going to fail, if you’re not willing to do the work. 

(Cindy, Pre-Interview Transcript, June, 2017) 

Rose, however, described this willingness with respect to students being open-minded:  

I feel like just to be able to learn, you have to be willing to learn. Like you have to be 

open-minded about whatever the subject is you’re going in…That’s primarily the only 

thing to do, cause if they’re shut out, they’re not gonna learn anything, as much we try. 

(Rose, Pre-Interview Transcript, June, 2017) 

Despite the individual views or ideas related to this characteristic, the participants viewed 

willingness and motivation as an essential trait for students to succeed in the science class.  

 Curiosity. The second most common theme that emerged from the participants’ responses 

was curiosity. Four of the seven participants identified curiosity as an important quality for 

students coming into the science classroom. For Karen, this curiosity may be greater during the 

elementary years, as revealed by the following excerpt from her pre-interview transcript: 

I think curiosity, obviously. For the younger kids that curiosity…is peaked a lot easier 

than the older students…It’s like those students that you can present, just something 

that’s cool and get excited about it. (Karen, Pre-Interview Transcript, June, 2017) 

Karen’s response may suggest that, at the secondary level, it becomes more difficult to ignite this 

curiosity in students. Luther’s response equates this curiosity to “wonder”: 
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…cause I feel like that’s what science is based on, like you can see something and think 

‘oh I wonder why that does that’, ‘I wonder how that is connected to this’. I feel like if 

they’re just naturally curious, then they can, or might be able with a little guidance to see 

that and then their love of science just like explodes after that, hopefully. (Luther, Pre-

Interview Transcript, June, 2017) 

Luther’s views suggest that this natural curiosity can ignite an interest in students an interest in 

science. 

 A foundation of the basic skills (i.e. reading, writing, math). The least common of the 

main themes within the participants’ responses was a foundation of basic skills. This is probably 

the only theme that could be linked to differences in educational background in science learners. 

In her pre-interview response, Cindy stressed the importance of having basic skills in Math and 

English as predictors of success in science: 

[Students] need to understand the basics. It’s like if you try to teach a kid mathematics, if 

they can’t subtract, they’re never gonna learn how to multiply and divide. If you don’t 

build a strong foundation from the beginning, then you’re out of luck. (Cindy, Pre-

Interview Transcript, June, 2017) 

Cindy’s response sheds some light on her beliefs about the impact that a deficient former 

education can have on science learners. Janet elaborates on this idea when discussing how this 

applies to high-needs’ school districts: 

They [students] do have to be able to read and do math and stuff like that, which is one of 

the things that I know like, the high-needs schools, that’s like a big struggle. (Janet, Pre-

Interview Transcript, June, 2017) 
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Jackelyn’s response, however, aligns more closely to skills that reflect higher cognitive levels of 

thinking. In her words, “[students] need to be able to think rationally and be able to perform like 

higher-order thinking skills, I’m thinking problem-solving” (Jackelyn, Pre-Interview Transcript, 

June 2017). Other qualities identified by the participants during this question included interest, 

personality traits and an ability to connect science with their every-day lives. 

Beliefs About Racially and Ethnically Diverse Science Learners. The following four 

main themes surfaced in the area of beliefs about racially and ethnically diverse science learners.  

Challenges. The main theme relates to the challenges that these diverse students 

experience due to their former education or possible language barriers. Although it was made 

clear that the question was not specifically addressing English Language Learners (ELLs), many 

of the participants referred to this group of students in their responses. One idea that was 

prevalent was that teachers needed to be more patient and work harder to provide additional 

support for these students. The following transcript excerpts demonstrate this view: 

For me, to succeed in that scenario, I would need the teacher to be very open to me. And 

by open I mean that they would understand that I would probably be a little bit slower 

than the rest of the students, which is because there’s a lot to take in overall, just like 

everything. (Luther, Pre-Interview Transcript, June, 2017) 

They’re gonna be the ones that need probably, like even different materials. Like if you 

give a worksheet to the rest of the class, you might give them a different worksheet. Just 

because it’s not really fair to ask students to be able to communicate to you, like, what 

photosynthesis is using scientific language if they don’t speak the English language. 

(Janet, Pre-Interview Transcript, June, 2017) 
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It is important to reiterate that these responses are reflective of their views regarding specifically 

ELLs in the science classroom.  

Effective strategies. Most of the participants believed that making the content relevant to 

students’ everyday lives and using practices such as inquiry, would help facilitate understanding 

of the science content. In their words, these practices make science concrete as opposed to an 

abstract subject. 

Luther: If they did it a lot more inquiry-based, like labs, I feel like [they] could be all right. 

Interviewer: Ok, so you feel like you would still be able to do well in science regardless of 

the fact that you don’t speak the language and are not part of the culture? 

Luther: I think, because the language don’t affect how the frog’s organs are!  

While discussing the idea of language barriers, Mohna stressed the importance of laboratory 

experiences as a means for students to visualize scientific processes: 

Mohna: This is where the labs are gonna help these students.  

Interviewer: It makes it more real to them as opposed to… 

Mohna: If I say ‘hey, put this in there, do you see a precipitate?’ Ok, so this kid is looking 

at me like, ‘what is she talking about?’ So yeah….  

Regarding this theme, Janet discussed how finding these connections may be more difficult 

because of the students’ context: 

But I think as far as, you know, like diverse students, I don’t think they necessarily learn 

differently. I think you just have to work harder again in science to make that connection 

to their everyday lives, because their family situations are a lot of times not the same as 

everybody else’s. (Janet, Pre-Interview Transcript, June, 2017) 



 

 

124 

Janet’s ideas regarding this area reveal that for racially and ethnically diverse students it may be 

more difficult to make these connections in a way that is culturally relevant or significant to 

them. Additionally, her response suggests that these students may be less motivated to get good 

grades when compared to others: 

You just have to find the way to make it matter to them, not be like ‘you’re gonna fail in 

high school’. So, doing that you will have to approach like a lot of diverse students 

differently in the ways that you engage them, than if you just went to like you’re average 

mid-west high school. You know, kids may be like, more academically motivated to, like 

they’ll be more willing to do something that doesn’t matter to them, to get an A. (Janet, 

Pre-Interview Transcript, June, 2017) 

Rose emphasized the significance of using the students’ background knowledge as a starting 

point: 

Find out how they learn, who they are and what they know, and then grow up from that, 

because everybody doesn’t come with the same knowledge, from the same background. 

(Rose, Pre-Interview Transcript, June, 2017) 

Deficient former education in students or parents. Deficit views were common when 

discussing both ELL and non-ELL students. For example, Rose’s response discusses possible 

background differences: 

Some countries aren’t as advanced, some classrooms aren’t where the US is, they aren’t 

all on the same page… May have not been afforded the same opportunities as the next or 

the same type of schooling. (Rose, Pre-Interview Transcript, June, 2017). 

Mohna’s response focuses more on their previous science learning experiences. She explains: “I 

don’t know if they have learned science the same in their country. I don’t know if they have 
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learned it in their language or in English” (Pre-Interview Transcript, June, 2017). The 

participants’ deficit views extend to the students’ parents and geographic areas as well. 

The role of culture. This last theme was as frequent as the preview theme (i.e. deficit 

views). Jackelyn talked about the impact of religious beliefs in students from different racial and 

ethnic backgrounds learning science: 

Different cultures, like with religion and science there could be different views, right? So, 

I think sometimes, some cultures or some individuals from a culture might be extremely 

religious. Like for instance, say if somebody is Catholic or even Christian, Baptist… they 

come into the classroom and they hear evolution and they go “Oh no, I’m not learning 

this” and they’re not going to. The challenges there are going to be different versus a 

student that comes from a secular background or a secular culture who doesn’t have that, 

who doesn’t have to reconcile two I guess. (Jackelyn, Pre-Interview Transcript, June, 

2017) 

Karen’s response suggests that these same cultural differences may provide students with 

different ways of learning or accessing knowledge: “Students’ from diverse backgrounds, or 

different cultures, different languages, they have their own methods, that they can access to get 

to that end goal” (Karen; Pre-Interview Transcript). Cindy also discussed the need for teachers to 

be aware of cultural differences related to norms and power structures in the classroom. Other 

views espoused by the participants during the pre-interviews were related to the idea that all 

students learn in different ways, regardless of their background, culture, previous schooling and 

context.  
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Beliefs About Racially and Ethnically Diverse Students Attaining Scientific 

Literacy. One of the pre-interview questions asked the participants to consider the following: “A 

goal with regards to scientific literacy is that all students, regardless of gender, cultural or ethnic 

background, physical or learning disabilities, aspiration, or interest and motivation in science 

should have the opportunity to attain higher levels of scientific literacy than they currently do 

(National Research Council 1996, p. 6). This question was obtained from a similar study on pre-

service science teachers’ beliefs regarding culturally diverse students (Cone, 2012). It is 

important to note here, that the definition of scientific literacy used within this context is the one 

found in the NRC document. 

Scientific literacy is the knowledge and understanding of scientific concepts and 

processes required for personal decision making, participation in civic and cultural 

affairs, and economic productivity (NRC, 1996). 

The participants were asked to share their views regarding this goal and to discuss its feasibility 

with regards to racially and ethnically diverse students in the present context. The following two 

themes were identified as a result of the data analysis: a) Not everyone will be a scientist, but 

science related skills are necessary and; b) Scientific literacy for all students is not a feasible goal 

in today's school contexts.  

Not everyone will be a scientist, but science related skills are necessary. The first theme 

refers to a view discussed by several of the participants regarding the goals of science education. 

Essentially, they believed that regardless of their career choices, students can become responsible 

citizens who can judge scientific information and use critical thinking to seek answers to science-

related issues and. The idea that not all students will pursue science as a career and, therefore, do 
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not necessarily have to take courses that go into so much detail was observed in several of the 

participants’ responses. 

Luther’s response suggests that the responsibility of exposing students to these science 

skills falls on the educator. In his words, “[students] may not like science, they may not want to 

even think about science, but it’s our job to at least put it out there" (Luther, Pre-Interview 

Transcript, June, 2017). 

 The participants, however, identified skills that should be fostered in the science 

classroom, regardless of what career the students choose to pursue. 

I’m not saying that it is important that every student knows how to balance a chemical 

equation... but the thought process that you use to learn how to derive, that is something 

that you’re gonna need again. That critical thinking, that problem-solving, all the type of 

skills that you learn in order to succeed in science or the things that any student needs to 

be able to do. Like with GMOs, there is a lot of stuff out there and some of it is kind of 

accurate but some of it is, well, ok, ‘you’re not dying because of that’. So, having a filter 

for what is [false] and what’s not… (Cindy, Pre-Interview Transcript, June, 2017) 

Karen believes that it is critical for science teachers to foster discernment in students when 

reviewing or researching scientific information. She discusses how part of the goals of science 

should be teaching students how to "take what [they] know, at least, and know how to access the 

sources [they] want in addition to "learning what is data that you can actually trust and what is 

scientifically accurate" (Karen, Pre-Interview Transcript, June, 2017). 

Scientific literacy for all students is not a feasible goal in today's school contexts. This 

theme suggests that many of the participants do not believe that our current school system can 

attain the goal of scientific literacy. Even when most of them believed that this was a worthy 
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goal, it was unfeasible due to different circumstances that they perceived as 'barriers'. Luther's 

response mirrors this view: 

With regards to resources and teachers, are not like what you describe, the majority 

minority. I think those schools would be at a predisposition, because science is based 

around, I wanna say labs and those schools may not have the money to get the materials 

for a lab. And if they don’t have the money, they may not have the technology... Where, 

they may not have the technology, they may not have the materials and stuff to do it, but 

you can do simulations on the computer, may have the money for that... But even those 

schools, if these teachers are leaving, you don’t have the good teachers that can do that. 

So, the opportunities are not gonna be there for that kind of school. (Luther Pre-Interview 

Transcript, June, 2017) 

Jackelyn's response resembles this view and elaborates on other systematic problems in the 

school system, such as teacher attrition and distribution of resources. 

Rose's views also speak to the lack of resources and emphasize the critical role of the 

teacher in terms of overcoming these perceived barriers: 

Like, people learn differently, people don’t have the access that everybody else does, but 

you have to give people a chance...You have to provide people with the resources, if you 

have them and even if you don’t have an iPad, you can figure it out. Just sometimes it 

takes more work and you have to be willing to do that work. And I feel like a lot of 

people aren’t willing to get, to do that extra stuff" (Rose, Pre-Interview Transcript, June, 

2017) 

In addition to the themes that emerged from the responses to this question, most of the 

participants agreed that it is the teachers' responsibility to design experiences that will promote 
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scientific skills outside of the classroom context towards the goal of developing scientific 

literacy in students.  

Beliefs About Racially and Ethnically Diverse Students' Lack of Representation in 

STEM. The main themes that emerged related to the participants’ perceptions of STEM 

representation are: a) lack of representation/role models; b) lack of opportunities provided by the 

school/system and; c) conflicting home and cultural values.  

Lack of representation/role models. The first theme was common in most of the 

participants' responses (four out of seven) when discussing how the school system and society in 

general have perpetuated a view of science as an enterprise limited to White males. Cindy’s ideas 

align with this view as observed in the following excerpt: “Every famous scientist that we study 

is pretty much always a white man, like there are a handful of women, but as a general whole, 

they’re all white males” (Pre-Interview Transcript, June, 2017). The view of this lack of 

representation was not limited to visuals or images of scientists but included scientific 

publications as well. Jackelyn explains: “You look at a lot of scientific journals, they’re in 

English. You don’t have a lot of, unless you go to international journals, you get some diversity" 

(Pre-Interview Transcript, June, 2017). This quote is representative of the ideas of many of the 

participants and extends to the students' family context, as evidenced in the following excerpt: 

I think, again a lot of it is just, if they look around their family and they don’t, none of 

their family has ever been to college, you know. For some students that’s like a reason to 

go to college, but for a lot of others, that’s like, well ‘why bother?’, you know. (Jackelyn, 

Pre-Interview Transcript, June, 2017) 
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The beliefs in this area emphasize the importance of having role models, not only in the classroom, 

but also in their communities. The participants discussed general recommendations for teachers 

attempting to bring about change: 

A way to do that is, like have posters in your room that show different types of students 

succeeding in science or different types of gender, cause there are a lot of women, like 

Marie Curie was very successful in science, I know she died but… So, they have to have 

role models. (Cindy, Pre-Interview Transcript, June, 2017) 

...things that I can post in my classroom, to let my students know, 'hey is not just a white 

man that can do this type of stuff', cause most of the time when they find out about 

models, like atomic models or they find out about math problems, they see White men. 

So, they’re like 'well, where is everybody else?'. So, for my… I want my students to 

know like, you can create just as well as anybody else and even if you don’t see it, there 

are creators that built just like you. (Rose, Pre-Interview Transcript, June, 2017) 

Lack of opportunities provided by the school/system. The next main theme that emerged 

from the data analysis refers to the lack of opportunities provided by schools, as perceived by the 

participants. Regarding this idea, the participants discussed how there are institutional constraints 

that contribute to the gaps in achievement between students in underrepresented groups and the 

majority. Luther's response suggests that these constraints are depriving students from 

opportunities and experiences that will prepare them for success and possibly lead them into 

pursuing a career in science or a STEM field: 

A lot of the students in high minority schools are most deprived of science. If they’re 

deprived of science in high school, they’re not gonna get that molding to, you know, 

wanna go into a STEM related field. So, when they get to college or the next phase of life 
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it’s just not gonna happen because they didn’t like it or they didn’t see the, not the 

relevance of it, the usefulness of it. (Luther, Pre-Interview Transcript, June, 2017) 

Jackelyn's response in this area aligns with Luther's views. This is observed in the 

following quote: “I think it goes back to the gap and the fact that we are not creating 

equal opportunities, for these students" (Jackelyn, Pre-Interview Transcript, June, 2017). 

Conflicting home and cultural values. This theme was related to how the participants 

perceived a conflict between the cultural values within the students' home and those instilled by 

the school. The following transcript excerpts from Mohna represents this view: 

We have to talk about students’ background, we have to talk about the family 

background, the culture, where they’re coming from, you know. I mean, you could be 

talking about a student whose family can only afford one meal a day. How are they gonna 

put those values in their student, in their child to dream big like this. They can’t even 

manage to get one meal at home. So, there’s that type of student you have to deal with. 

(Mohna, Pre-Interview Transcript, June, 2017) 

Karen's response to this question also suggests that these values may be influenced by peers and 

the community surrounding the student: 

But I guess if they’re coming, one if they’re coming out of high school, two what are they 

deciding to pursue when they get into college and how is that, how are they making those 

decisions and it’s just like a lot of peer influence goes into that, your like background, 

your environment every day. (Karen Pre-Interview Transcript, June, 2017) 

Other ideas discussed by the participants were related to possible teacher bias in terms of 

students' abilities. In other words, teachers may hold assumptions related to the abilities that 

students from different racial/ethnic backgrounds possess. These assumptions may interfere with 
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the planning of lessons and implementation of activities in all content areas, not just science. 

This idea is tied to the literature as several research studies present examples of teachers may 

avoid certain activities that they consider higher-level because of their students’ background or 

first language (Boz & Uzuntiryakiwas, 2007; Glackin, 2016; Kang & Wallace, 2005).  

Another important theme espoused by some of the participants related to how racially 

and ethnically diverse students may feel like outsiders in the ‘culture’ that science represents. In 

this sense, students may not be motivated to participate in science discussions or other scientific 

activities because they perceive this discipline to belong to White people primarily. This view 

related to what the literature refers to as conflicting identities (Carlone & Johnson, 2007). The 

development of a science identity, according to Carlone and Johnson, is influenced by outside 

recognition (i.e. teachers, parents, community) and may be difficult to attain in students from 

minoritized racial and ethnic backgrounds (2007). 

Changes in Beliefs 

During the post-interviews conducted at the end of the teacher preparation program, 

the participants were asked again about their beliefs regarding racially and ethnically 

diverse students learning science. The purpose of asking this question during the post-

interview was to unveil any changes in the participants’ perceptions regarding how racially 

and ethnically diverse students learn science, after being exposed to the different 

components within the program, including the field experience. 

Relevance. The major theme espoused by the participants when asked about how racially 

and ethnically diverse students learn science and their ability to attain scientific literacy, was the 

idea of relevance. Even though this concept was identified by some of the participants during the 

pre-interviews, the value of designing learning experiences that were culturally relevant to all 
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students appeared to be underestimated initially. In other words, at the end of the teacher 

preparation program, the participants perceived relevance to be the most important aspect 

determining racially and ethnically diverse students’ success in the science class.  Furthermore, 

as evidenced in the following excerpt, this relevance can increase student engagement and 

motivation: 

I think, obviously one of the ways to do that is relevance, and relevance is going to be 

different for different cultures and different ethnicities and different life experiences 

even…So what I’m gonna have to use, the examples I would have to use, the connections 

would have to be, you know… I would have to do it differently, to help them, maybe 

motivate them, engage them with the subject of science which helps students become 

more scientifically literate, when they are more motivated to learn it. (Jackelyn, Post-

Interview Transcript, May, 2018) 

The responses from Luther and Janet echo this view and elaborate on how this relates to using 

specific scientific phenomena: 

My opinion of it now is that it’s all about, and this is not just for these students it’s for all 

of them, it’s about making connections to their daily lives. Because I can stand up there 

and talk or they can sit there and manipulate whatever I give them, but if they don’t think 

it matters to them or it doesn’t relate to them at all, they’re not gonna get anything out of 

it. Especially those from other cultures, other backgrounds. If you can provide some form 

of example, phenomenon (the buzz word) that they can apply to their daily lives, not only 

does their engagement go up, but their understanding goes up. (Luther, Post-Interview 

Transcript, May, 2018) 
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All kids need some buy-in, so you know, the phenomenon thing and stuff like that. As 

long as they have the buy-in and you make it something that they can connect with… 

Sometimes you can use the same phenomenon for all the students, but I think the 

difference for people from other backgrounds, or ELL… [is that] they may need more 

background to be built behind it so they can connect more with it… But I think as long as 

you find something that they’re familiar with, then I think after that, you know the 

sciences are all gonna be the same, you’re gonna teach science about the same way to all 

kids. (Janet, Post-Interview Transcript, May, 2018) 

Janet’s ideas suggest that although the science content to be taught remains the same, the 

examples and real-life scenarios used have to be planned before-hand intentionally to connect 

with the students’ background experiences. This, according to Janet, not only increases 

engagement, but promotes in students an “active role in science”. Another way of facilitating this 

process is using the media and popular culture to when presenting the content: 

Bringing in their environment and bringing in like, maybe what they want to listen to or 

what they like to watch and things that they are familiar with, that’s essential cause it 

helps them understand it. It’s almost like, bringing, making science a story. (Rose, Post-

Interview Transcript, May, 2018) 

Influence of race, ethnicity and culture. The second most prevalent theme in the 

participants’ narratives revolved around the impact of students’ racial, ethnical, cultural and 

socio-economic backgrounds. The responses in this section suggest that the participants 

developed different ideas regarding students’ motivation to engage in the classroom experiences 

and their general attitudes towards science learning. Interestingly, two slightly discrepant views 
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of students were identified: 1) open-mindedness and; 2) lack of motivation and confidence. 

Cindy’s and Jackelyn’s responses demonstrate the former: 

Kids who come from different cultures have different, like the way they approach 

education, is different… Like how much more value they put on education. [It is viewed] 

more like a privilege, not like how we take it, as a right. (Cindy, Post-Interview 

Transcript, May, 2018)   

It seems like there is a difference in attitude between…some of my students who are non-

White or have, come from different cultures approach science, I noticed… They seem to 

approach it with more of an open mind and without like… I just feel like it’s very 

common in our culture to say ‘oh science is hard. (Jackelyn, Post-Interview Transcript, 

May, 2018) 

In contrast, Mohna’s response suggests that some racially and ethnically diverse students may be 

less motivated and lack the confidence needed to succeed in science. She recalled a situation 

with one African-American student to support this view: 

She was to the point where she would say ‘I don’t know what I’m doing’ so I worked 

with her, building confidence, which is something I noticed in a lot of kids who are, you 

know, minority, they lack the confidence that they can do it. There were so many kids 

who lacked the confidence that they could do it ‘oh this is so hard, this is so hard’…But 

yeah, I mean, the kids, if you bond with them and you kind of push them, I think they 

would [succeed in science]. They all have the potential, to learn science. They need the 

nudge and I’m all about nudging, I have two kids and I nudge them all along. (Mohna, 

Post-Interview Transcript, May, 2018) 
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Cultural differences also seem to be more significant in some groups than others. Cindy 

recalled a situation that reveals how power structures in some cultures may cause students to 

experience a clash. She shared the story about a student from the middle east that struggles with 

the idea of having a female young teacher. Karen narrated a specific experience with a student 

related to how the science content conflicted with the cultural values in terms of religious beliefs. 

Other ideas shared by the participants regarding students’ background influence in science 

learning were related to parental involvement, family context and socio-economic status. For 

instance, Cindy believed that, in some cultures, parents are more active participants and 

therefore, are more involved, in their children’s education.  

Language barriers. The theme of language as a barrier reemerged during the post-

interviews. Once again, the participants’ responses suggest that learning English presents a 

challenge for students learning science, and their teachers as well. Luther describes how even 

students that have exited the ESOL program may feel frustration when encountering scientific 

terminology: 

They would stop reading whatever we were doing because they came across one of those 

scientific words that kind of blew their mind and I just had to stop right there, pause 

whatever they were doing for a second and explain what that word meant. (Luther, Post-

Interview Transcript, May, 2018) 

Karen’s example suggests some frustration regarding the experiences of ELL students: 

One time my CT had printed out a research article, and she did it in English and Spanish 

and I can remember being like ‘I need to constantly remind myself’, or make myself 

aware of the level that they’re coming from because it’s not… It’s the same thing as me 

going to try and sit in a science class being spoken entirely in English, I mean in Spanish. 
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And I think people think ‘oh that’s being a little extreme’. I’m like ‘no, it’s really not’. 

That’s like literally the only barrier between them getting to that understanding, not 

understanding the language, that’s it. Because I had students in there that were way very 

smart and they could have been in our honors and they would be in a year or two... The 

only barrier is that, is the language. (Karen, Post-Interview Transcript, May, 2018) 

Karen’s response also aligns with another observed theme within the participants’ responses, the 

lack of opportunities for racially and ethnically diverse students to take higher-level (i.e. honors) 

science courses, mainly because of the language barriers.  

 When asked to elaborate on her response, Cindy explains that the difficulty may go 

beyond understanding basic definitions. For ELLs, terms that have a common meaning that is 

different from their scientific meaning, are challenging, particularly if the context in which it is 

used is not clarified by the teacher. Several of the participants agree, however, with the idea that 

regardless of the native language, scientific vocabulary may still be challenging for all students 

at the secondary level: 

You know, specifically like language, I think for all students it’s a struggle with science 

because science talks in a very specific way and is so language-oriented, but is also like 

extremely formal language, which I think makes it non-accessible to just the general 

public, let alone, you know, ELLs. I think if you can increase the accessibility for just the 

language of science whether it’s… breaking it down for them and then also helping them, 

you know, bring up their own language skills, anything like that, that’s, I think is, the 

biggest barrier most of the time. (Janet, Post-Interview Transcript, May, 2018) 

Overall, the participants’ beliefs regarding racially and ethnically diverse students align 

with several of their initial ideas identified during the pre-interviews. The view of language as a 
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barrier evolved to a view of scientific vocabulary being complex even for students who are 

native English speakers. The influence of the racial, ethnical and cultural backgrounds is still 

perceived as highly significant in the students’ attitudes towards science, their motivation to 

succeed or pursue science as a career and family involvement. Finally, the concept of cultural 

relevance acquired more importance for the participants as a result of their experiences during 

the program. Although this relevance can take many shapes and forms and can differ 

significantly even with students from the same racial and ethnical background, most participants 

believe that this is where teachers should place a greater focus when designing the learning 

experiences for diverse students.  

Research Question 2- How do pre-service science teachers conceptualize the ideas of 

culturally relevant pedagogy within their practice? 

 The post-interview protocol included questions that asked the participants to describe 

how they perceived their practices in relation to the three tenets of CRP (i.e. academic success, 

cultural competence and critical consciousness). During the post-interview, the participants were 

provided with a hard copy of the observation protocol in order to facilitate the process of 

identifying some of their practices as culturally relevant. The following sections describe the 

main themes identified after analyzing their responses.  

Academic Success 

 The main theme identified in the participants’ responses in the area of academic success 

related to providing students with the criteria and standards for completion of tasks and 

assignments (i.e. essays, laboratories, projects). The participants discussed how rubrics were 

provided for specific major assignments within their courses. Additionally, a reference to state 

standards, as well as lesson objectives was an important component at the start of each lesson. 
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Another way of promoting academic success was through the use of higher-order questions 

during lectures, discussions and assignments. Jackelyn reflected on the importance of using 

questions that promoted critical-thinking: 

If you’re just asking them like level 1, 2 [referring to Bloom’s taxonomy], you’re not 

really going to see what they know, only see what they can remember… I always like to 

see, ‘hey can you transfer your knowledge?’, ‘can you apply your knowledge?’ ‘Can 

you?’… Because to me that’s, that’s how you get students engaged, is where you really 

get their mind working, so… I wanted to see what they could do, not what they could 

remember” (Jackelyn, Post-Interview Transcript, May, 2018) 

Luther discussed his approach in this area during informal conversations with students: 

[I] try not to make any statements in my classroom. Pretty much everything that comes 

out of my mouth is typically a question. My favorite being either ‘why’ or ‘how’. Like 

‘what do I do here?’ and I was like, ‘yeah, what do you do there?’ or they ask ‘why’ or 

they ask ‘what is going on’ and I’m like, ‘well, what do you think that is?’ And there’s 

more about ‘you tell me’ and not about sitting there and telling them what’s happening. 

It’s about them trying to figure it out on their own. (Luther, Post-Interview Transcript, 

May, 2018) 

Karen’s questioning strategies aligned with Luther’s experiences in the classroom: 

I was like ‘you’re all gonna get really annoyed by me, cause I’m gonna keep asking you 

questions, because if I don’t feel that this is giving it to me, I’m gonna ask you to, you 

know, I’m gonna keep like probing and be like ok, but what about this?, how about this?’. 

I felt like that was… a goal for that lesson for me. I just wanted to see how they could 



 

 

140 

think on their toes, what are they bringing? what are they trying? what are they getting 

from this? critical-thinking-wise. (Karen, Post-Interview Transcript, May, 2018) 

Other areas identified by a few of the participants included using multiple approaches to 

monitor student learning (informally and formally), allowing students different options/formats 

for demonstrating their understanding and providing thoughtful and constructive feedback during 

assignments and assessments. With regards to providing feedback, Rose believed that it was 

important to not only include comments for improvement, but to also add notes that would 

encourage students to try harder:  

Even though it took longer, every student test I graded had a message on it… For them, 

that pays dividends. If they did, like if they got an A, I would write a smiley face on 

it…But I still took a moment to encourage those who didn’t pass. So, if you had Bs, I 

might write, you know, ‘good job, but I know you can get an A’… Cs, you know it 

wouldn’t be the same as the other messages, it would be different messages. Every 

student knew that I believed in them, like I would tell them ‘I know you’re capable of 

better and you know you’re capable of better’ so let’s put that on the paper. Even if they 

had not passed the five tests before that test, that sixth test, I said ‘I know you can do 

better than this’, ‘show me’, you know, ‘prove to yourself that you’re better than that’. 

So, I would still write on every single test. If I had one student who went from one test to 

have a C to an A. I would, you know, ‘look at what you did, let’s keep this up’, you 

know. (Rose, Post-Interview Transcript, May, 2018) 

Cultural Competence 

 In the area of cultural competence, the participants provided specific examples about how 

their practice aligned with students’ real-life experiences in the science classroom. Several of the 
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participants reflected on their intentionality when planning lessons that required students to work 

collaboratively. Jackelyn, for instance, discussed using language acquisition theories to decide 

how to group her students based on their academic abilities. Janet also notes that her ELLs would 

choose to sit with their peers from the same country, mainly because they were able to 

communicate in their native languages. However, in several occasions, she chose to change this 

to teach them to work with other students. This decision was met by some resistance from her 

collaborative teacher initially. Nevertheless, it proved to be successful in terms of students’ 

ability to complete the tasks and demonstrate their understanding of the content. For Rose, on the 

other hand, choosing alternative methods to group her students was more about teaching them 

valuable life skills for their future: 

 I’ve always said, ‘hey respect each other, regardless of who they like, who they are, what 

they look like, anything’. So when I group them, they’re always like ‘I don’t want to be 

grouped…’ and I’m like, ‘I don’t care who you want to be grouped with because…’, and 

as soon as I hit that ‘in life’, they’re like ‘ugh, ok’ cause they know I’m going to take it 

there. There’s people in life who, you’re not gonna want to be grouped with, you’re not 

gonna want to work with them, you’re not gonna want them to be your boss, but you still 

have to do what you have to do. (Rose, Post-Interview Transcript, May, 2018) 

Karen’s views regarding grouping strategies diverged somewhat from her peers: 

Last semester it was more they got to choose because that class was very much like, they 

kind of already knew who they were to work with… But I do remember the first 

semester, when I did a couple of things, I did random grouping, they were not happy 

about it, but they, I mean, towards the end of it, they were still doing what they needed to 

do… So, I’ve done it a couple of times, but, it’s honestly, it’s not my… I like groupwork 
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but it’s not really… I’m not huge on like, you have to always be in a random group. I 

think it’s good to experience other people in your class, but sometimes it is ok to just 

work with people you’re comfortable with. It kind of just depends… I mean obviously 

the school is very diverse in itself, so you really didn’t have that issue of them grouping 

off by race or ethnicity, as much as you would see I guess, I don’t know in higher 

income, other areas. (Karen, Post-Interview Transcript, May, 2018) 

Another significant theme in the participants’ responses related to the use of popular youth 

culture references during their discussions or when planning tasks for students to complete. 

Cindy reflected on how she frequently used technology in her assignments and considered 

incorporating social media, such as Twitter for students’ feedback on videos presented in class. 

Jackelyn described an assignment in which students had to create an Instagram for a cell 

organelle and used it to describe its functions in a creative way. Rose shared how she attempted 

to incorporate the students’ musical preferences (i.e. artists, songs, styles) into her lessons. She 

used artists’ that the students were familiar with as analogies for different chemistry concepts in 

the class. Luther also found different opportunities to embed media in the classroom. He recalls a 

particular lesson in which the students would not stop talking about a film (Black Panther):  

Every lesson is framed through a phenomenon that most of the times relates to them in 

some way. But even on smaller levels, in providing examples, ways to relate what we’re 

learning to the outside world, I feel like I am pretty good at that. Like a few weeks ago, 

after the movie Black Panther came out and all my students were talking about it, I tried 

to find ways to incorporate that in the lessons. Even if it was ‘hey this works like this in 

the movie’ or ‘this is this’. Just something to relate it to the movie. Cause if they want to 
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talk about it, at least we can talk about it scientifically. (Luther, Post-Interview 

Transcript, May, 2018) 

Due to the limited number of ELL students represented in the classrooms where the field 

experience took place, opportunities to bring ethnocultural references were not part of the 

experience of most of the participants. The only participant that had the opportunity to plan and 

teach to a sheltered ELL group was Janet. She recalled one particular lesson in which she was 

able to incorporate elements from the students’ native country: 

One of the things we did at the end of last semester, was talk about viruses and 

epidemiology… I asked them to think about, if they were researchers and they were 

working on the Zika virus and then we talked about some of the ethics in vaccines, like 

vaccine testing. Because the Zika virus, in order to get an effective vaccine, you have to 

test it on pregnant women, cause that’s when you see the effects of it. They sat and talked 

about this for 35 minutes. They were having like actual conversations about it… but it 

was because it was something that mattered to them and they were able to bring into like, 

they knew what Brazilian people valued and whether or not like they would be ok with it. 

Whereas for me, it would be hard for me to say whether or not that cultural buy-in would 

be there. Finding those specific examples, where they can talk about things that they care 

about, that they’re proud of, you know they love to talk about it actually. (Janet, Post-

Interview Transcript, May, 2018) 

Karen also shared her efforts to connect the students’ native language to the science vocabulary. 

Linking the Latin to the language skills that a lot of the Hispanic kids had because it’s, 

you know, Spanish is Latin-based, so a lot of the, like the one we did, we did 

classification and we went into like genus, species. A lot of the words look like Spanish 
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words. So, I do remember that being something like “why does this look familiar to some 

of you? (Karen, Post-Interview Transcript, May, 2018) 

Critical Consciousness 

Most of the participants perceived the critical consciousness tenet as the most challenging 

to promote in the classroom. Many of them had difficulty identifying an instance in which their 

practice reflected the descriptors included in the observation protocol. Nevertheless, their 

responses suggest that seeking student feedback on the effectiveness of their instructional 

practices was an important part of their teaching. This feedback was sought informally during 

conversations with students or formally, through reflections and questionnaires that students 

were asked to complete at the end of a lesson or unit.  

In addition to seeking feedback from students regarding instruction, the participants 

reflected on how they encouraged multiple views and perspectives during class discussions. It is 

significant to note, however, that the participants’ field experience occurred during the 

implementation of a new set of state standards. The revised curricula promoted scientific skills 

that included obtaining, evaluating, and communicating information related to different 

phenomena and learning experiences. One specific teaching strategy that was effective for these 

purposes and, therefore, was implemented often in the participants’ practice was the “Claims-

Evidence-Reasoning” model (McNeill & Krajcik, 2011). Jackelyn, Luther and Karen shared how 

this strategy engaged students in discussions that allowed for multiple ideas to be represented 

and considered: 

When we were having our talks, I always tried to. Like if there were students that were 

hitting on something that’s close to where I want them to go, I definitely asked…‘does 

anybody have any other ideas?’. Even in our argumentation lesson, with the extinction 
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thing, there was a lot of room, for multiple perspectives in that lesson. And the whole 

point of that was to make sure that, you know, you’re capable of thinking and you can be 

heard in the classroom and you’re, you know, you’re thoughts are important’. (Jackelyn, 

Post-Interview Transcript, May, 2018) 

Trying to get them to see it in a different way. If one student said ‘it works like this’ 

trying to get them to see how there are multiple different ways or how we can arrive at 

this one answer or how there are multiple ways to arrive at various different answers. 

(Luther, Post-Interview Transcript, May, 2018) 

I feel like that’s inevitable when you’re talking about things were different people have 

different opinions, because as the teacher you’re having to be the, almost the guide… of 

the debating almost… I don’t know if we had one kind of specifically where two students 

were going against one another … I remember, when we were talking about the 

population growth, there were two or three students in the front that were really engaged 

in that idea and asking a lot of questions, ‘but what about this?’, ‘is that ok?’ [One of 

them] asserted some sort of beliefs that were maybe contradictory… that if you present it 

to another student, they would have maybe taking offense to it. And I think I can 

remember being like ‘well that’s one way you can look at it, but you should consider 

these things’. And she was very receptive, so I think that was positive because if you can 

get students to understand how that idea works and still be receptive to it, you’re more 

likely to have a student that will lead when that kind of issue comes up ‘well this is what 

I think, but I’m willing to listen to what you have to say’. (Karen, Post-Interview 

Transcript, May, 2018) 
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Karen’s experience suggests that developing the open-mindedness within her students was an 

important goal of these activities.  

 Although these are the main areas with which the participants’ responses align, their 

narratives suggest that the greatest challenge was to find topics within the content that could be 

used to promote awareness of social and community issues: 

I find it hard to find windows where this is… where I’m able to bring this stuff in and it’s 

funny because this is like one of the areas that I am most interested in science. It's like, 

you know, like the ethics of science and things like that and, you know, problem-solving, 

and, you know, social issues in science. (Janet, Post-Interview Transcript, May, 2018) 

 

The only thing I can think of is, I did a lesson, or it was like a half-lesson on… it was a 

TED talk on population growth. I think that, at least opened their mind to that idea that 

there’s bigger issues as far as, you can’t just say, ‘oh well you can’t have kids or you 

can’. There’s governments that have tried and there’s all these different perspectives. You 

get into the idea of like what can the government do, what can it not do, issues of human 

right. And I think that was a cool way, that it kind of comes into science but it was more 

from a public health stand-point. (Karen, Post-Interview Transcript, May, 2018) 

Jackelyn also reflected on the goal behind the idea of developing decision-making skills: 

They [students] should become members of society who are aware and who are educated 

on current events and current issues. I feel like that’s part of scientific literacy… being a 

critical consumer of information and going out and you know, spreading your learning to 

others, what you know about science (Jackelyn, Post-Interview Transcript, May, 2018) 
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Although this excerpt does not entirely align with the descriptor within the critical consciousness 

tenet, it sheds light on the participants’ understanding of the idea of social criticism and 

reflective decision making and how it applies to science specifically. 

Self-Efficacy Beliefs Related to CRP 

 The participants’ responses to the questions regarding their perceived abilities to address 

the needs of racially and ethnically diverse students, did not align with any theme in particular. 

Although two of the participants identified “open-mindedness” as one trait that they were able to 

develop during their experience in the program, they had contrasting perceptions of what this 

entailed. For instance, Janet described this open-mindedness as an ability to avoid assumptions 

and “pigeon-holing” students based on their background. Rose, on the other hand, described it as 

having “empathy” and the ability to create a welcoming environment in the classroom. Rose’s 

narrative reflects a “sense of awareness” and a “sense of self” demonstrated by pride in her racial 

and ethnic background and a motivation to openly discuss this with her students.  

 In response to these questions, Janet also discussed how their exposure to language 

acquisition theories/practices was an invaluable learning experience: 

…learning about how language is learned… I think that’s obviously helpful for ELLs, but 

I think you can apply a lot of it to getting students to talk about things in a way that they 

would talk about them with their friends to how science wants them to talk about things 

and getting them into the academic language. I think you can use a lot of the same… 

strategies and ideas and things like that, to get them to that place. (Janet, Post-Interview 

Transcript, May, 2018) 



 

 

148 

This idea aligns to Jackelyn’s strategy for grouping students, as described previously (i.e. 

grouping based on language ability-Krashen’s theory). Mohna also discussed the idea of 

differentiation when describing what teaching racially and ethnically diverse students entails: 

I’m thinking of UDL (Universal Design for Learning) format, where, UDL is like a buffet 

where you think of things that the students will need before you have even started the 

class, right, you have a little bit of this, a little bit of that. That’s the type of thing… Each 

of the lesson plans catered to each of the students. (Mohna, Post-Interview Transcript, 

May, 2018) 

Nevertheless, most participants agreed that they believed more exposure and experience with 

racially and ethnically diverse students would be needed in order for them to become more 

effective teachers in this area. Janet’s response echoes the ideas of several of the participants 

regarding this view: 

I think, in some way I feel like I’m missing something because I’ve only seen it, you 

know, the way that (my collaborating teacher) does it and it could be hard to kind of get 

out of that. So like I’ve only seen ELL students being taught in one way and I think it’s a 

wonderful way, but I don’t know if I had enough depth of experience to walk into any 

classroom and be able to do it well and not for it to look exactly like what she’s done… I 

wish that I had just had the opportunity to see it from different perspectives too. (Janet, 

Post-Interview Transcript, May, 2018) 

Perceived Effectiveness of the Teacher Preparation Program Components 

 For the purpose of evaluating which components of the teacher preparation program were 

perceived as more effective by the participants, I asked them to share their insights on their 

experiences with each, as related to the development of skills needed to teach racially and 
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ethnically diverse students. Most of the participants discussed the importance of the content-

specific (science) methodology courses. In general, these courses provided specific practical 

examples about how to present different science topics to secondary school students. In contrast, 

the INED courses, as well as others that focused on addressing the needs of specific groups of 

students, were not tailored to science. Additionally, many of these courses focused on strategies 

used with elementary school students. The following excerpt from Janet’s post-interview reveals 

this view: 

I feel like a lot of the ESOL classes, like most of the stuff goes back to elementary 

school, because that’s when I think the majority of students come in as ESOL. But… I 

can’t do like half the strategies in these books and readings and things. So, I think that’s 

one thing that I just feel like a little hesitant about because I just haven’t seen like, 

anybody else’s ways of doing this. And the ones that I’ve seen are for elementary school, 

even the videos that they have us watch, on the ESOL classes, are for elementary school. 

(Janet, Post-Interview Transcript, May, 2018) 

In addition to the science methods courses, the participants’ responses suggest that the field 

experience was one of the most invaluable ones in the program.  

Luther: The most helpful was just being out there, ‘cause that is the best way to learn in 

my opinion. Especially in this field, I can sit in these classrooms and listen to theory all 

day but until I get out there and I see it happening and I see what’s the best way that 

teachers nowadays are doing it and just practice it and spend a whole year in the 

classroom trying to figure out for myself, then, I don’t think any of the sitting in the 

classroom is gonna help. And getting the feedback from various observations and just on 

the fly feedback that wasn’t even a formal observation, it was just my CT saying ‘hey, 
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you need to do this or we need to do this or that, whatever’. That was the most helpful in 

my opinion.  

Rose discussed how the field experience combined all the elements from the courses and allowed 

for continuous implementation of the strategies and practice of the skills developed throughout 

the program.  

It (the field experience) put me in situations where I actually had to apply, put me in 

situations where, it’s one thing to do science, it’s a whole another thing to teach it. 

Because you can know it front, back, in depth, all, you can take it different ways, but 

when you present it to somebody, it’s like a different type of science because you’re 

gonna have people who learn differently… every person is different. They receive 

information different, they write information different, like the way they absorb 

knowledge is different, their memory space is different, like what they like and don’t like 

is different. So you have to, like literally take that all into effect and this program, 

everything from teaching, testing, observing and all of that, with the ELL, everything 

from different types of assessment, data literacy, being culturally relevant and learning 

how to write tests, that, whether it matches their fullest ability and what you want them to 

do. Everything about it, your classroom management, like all of that wrapped into one, it 

built on top of each other and it made it a situation where I tested things out, and even 

though I’ll test things out for the rest of my career… I was awarded an opportunity for, 

like a pre-trial, like a trial to get in, try different things that most people mess up in their 

first year. (Rose, Post-Interview Transcript, May, 2018) 

Other program components identified by a few of the participants included specific 

fellowship experiences such as conferences and workshops, as well as the instructional 
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technology courses, specifically when they included resources for ELLs and other learners’ 

needs.  

Identifying CRP Strategies in Action 

 After analyzing the participants’ responses to the lesson video clip, the following 

themes were derived within each tenet of CRP: 

 Academic Success. All the participants that were post-interviewed were able to identify 

several elements that were representative of the academic success tenet. Among the lesson 

components identified as promoting academic success were a) inquiry-based approaches; b) 

higher-order questions/critical thinking; c) revision/re-design; d) reflection; e) high/clear 

expectations and; f) problem-solving. Jackelyn’s response reveals the importance of product 

revisions in science: 

You can still learn from failure. Even if you don’t meet the objective, there is still a lot to 

be learned so there’s like, there’s a classroom culture of… learning from your mistakes 

and mistakes not being the end of the world, which I believe is really, really important to 

have. (Jackelyn, Post-Interview Transcript, May, 2018) 

 Cultural Competence. Most of the participants identified the phenomenon of the oil 

spill as one that was culturally relevant, mainly because it was something that occurred recently 

and near the students’ hometown. Although most of them believed that bringing a real-life 

problem to the forefront of the lesson was culturally relevant, several of the participants 

discussed ways in which the teacher could have maximized this relevance: 

I think he could have done a better job relating it to the students. It sounded like he was 

just lecturing about what it was and what happened. He could have hooked them very 

easily by talking about how it affected the… environment. Which also can affect the 
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economy in certain countries that depend solely on the fishing industry in that area. I feel 

like… he could have hit it really home with some of the students, especially if their 

parents might have come from other countries that got impacted by the oil spill. (Luther, 

Post-Interview Transcript, May, 2018)  

One thing that I thought of immediately with… for culturally relevant is like, how 

relatable is capping an oil well to most of these kids? I don’t think that that would be 

super relatable to me when I was in high school, let alone, you know, kids from other 

countries, where they may not drill for oil, or there isn’t oil there. Or like it’s not a 

question of public opinion, you know, whether there should be oil drill or anything. 

(Janet, Post-Interview Transcript, May, 2018) 

 Critical Consciousness. Only a few elements of critical consciousness were identified by 

the participants in the lesson. Jackelyn discussed how multiple perspectives were encouraged by 

the teacher during the design stage of the lesson. Mohna and Luther discussed how the teachers’ 

efforts to embed a real-life situation could be extended to the ideas within critical consciousness: 

I would say cultural competence, by extension it could… go into critical consciousness 

but he had to, well, by the way he was teaching the lesson, I don’t think it would really 

connect that well. But if he was focusing a lot more on the oil spill, then I believe it. 

Cause there was a lot of backlash against the company because of it. There was a lot of, 

like I was saying, economic impacts, because of the fishing. It impacted the coastal 

environments when the oils washed up. So, it, there were a lot of connections that could 

be made I think. (Luther, Post-Interview Transcript, May, 2018)  

That brings the social aspect of oil-drilling, what’s happening in the ocean, when the oil 

spills, the sea life dies, you know. Real problems, yeah, and the students can take, he 
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could take that forward and talk about, well, ‘What’s the solution?’, ‘What are we using 

now?’, ‘What’s the alternative?’. You can start talking about, you know, zero emission 

vehicles or alternative fuels. (Mohna, Post-Interview Transcript, May, 2018) 

Research Question 3- How do pre-service science teachers' implement culturally relevant 

pedagogy throughout their student-teaching experience? 

The field observations were used to complete protocols for each participant. The data 

from the observation protocols was compiled into tables that indicated if the descriptors within 

each tenet were observed or not in the participants’ teaching. Furthermore, the observations 

within each tenet were totaled at the end to compare the frequency with which students 

employed strategies aligned with the different areas within CRP. The following sections 

summarize the data obtained for each tenet and descriptor respectively. Additionally, it describes 

the observations or teaching strategies that were classified as representative of each descriptor 

within the tenets. 

Academic Success 

 The data obtained from the field observations suggests that the participants were more 

successful at implementing strategies that promoted academic success. However, some 

descriptors within this tenet seemed to be displayed by the participants more frequently. The 

descriptor related to providing individual help to all students was displayed more consistently (a 

total of 46 out of the 62 lessons or 74% of the time). The descriptor that was displayed with less 

frequency related to the use of multiple approaches to monitor students’ understanding of 

instructions. The following sections describe the frequency of the descriptors observed as well as 

examples that were used as evidence for each one. 
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 Performance criteria and standards. The first descriptor within academic success read 

“Provides students with the criteria and standards for successful task completion.” This included 

the use of rubrics, exemplars and anchor papers during lessons and assignments. This descriptor 

was observed 14 times out of the 62 observations (23% of the time). In most instances, the 

participants provided rubrics for writing tasks such as essays, argumentative papers and 

laboratory activities. Other evidences of this descriptor included the participants explicitly stating 

the standards and learning objectives at the beginning of the lesson. Finally sentence starters and 

prompts were used for students requiring writing accommodations. This was observed mostly 

when using the Claims-Evidence-Reasoning technique in which the students had to identify and 

justify their position related to a scientific issue and provide evidence obtained from text or other 

sources.  

 Effective and specific feedback. The second descriptor within academic success referred 

to participants providing students with specific oral and written feedback for improvement. This 

also included providing opportunities for students to review each other’s work. While the latter 

part of this descriptor was not observed, the participants provided oral feedback during 

discussions (6 out of 62 times; 10% of the time) and while individually helping students during 

work sessions. From the viewpoint of the observer, it was difficult to determine if this feedback 

was effective in promoting improvement however. During the post-interview, several of the 

participants indicated that written feedback was included in major assignments and exams.  

 Higher-order questions. The second most frequent descriptor within academic success 

was related to the use of higher-order questions during lessons. Specifically, this descriptor 

suggests that teachers that aim to be culturally relevant, ask higher-order questions equitably of 

all students. This descriptor was observed during 39 out of the 62 observations (63% of the 
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time). Most of these instances occurred during whole class discussions, in which all students had 

the opportunity to participate. Additional instances consisted of handouts or laboratory reports 

that included questions requiring students to analyze data, synthesize information from a text or 

evaluate different sides of a socio-scientific issue. Figure 1 shows a section of a handout that 

required students to compare the advantages and disadvantages of asexual and sexual 

reproduction after choosing to research an example of a species further. 

Figure 1 

 

Figure 2 illustrates an instance in which students analyzed data related to UV radiation and 

related it to the frequencies of different skin colors. 

Figure 2  
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Figure 3 shows an example of a higher-order thinking question used during the unit of evolution, 

when discussing the idea of antibiotic resistance? 

Figure 3 

 

The use of higher-order questioning was also observed during group discussions, including 

laboratories. The participants invited students to reflect on their observations during experiments 

and hands-on activities through the use of analysis questions.  

 Responsiveness to students’ needs and individualized attention. As indicated 

previously, the descriptor that was most frequently observed was related to how the participants 

provided or ensured that students received individualized attention and support. This descriptor 

was observed in a total of 46 out of the 62 lessons (74% of the time). This behavior was observed 

mostly during work sessions such as collaborative tasks and laboratories. However, when 

students were working individually to complete a handout or practice worksheet, the participants 

monitored their work and provided help as needed. Typically, this interaction lasted for several 

minutes, concluding after the students clarified their questions or when other students needed 

help as well. Additionally, in some instances, the participants would work out chemistry 

problems on the board to help several students with similar questions or doubts.  

 Multiple approaches for monitoring understanding. The use of multiple approaches 

when monitoring students’ understanding of instructions, procedures and content was the least 
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frequent descriptor, observed only 2 out of the 62 times (3% of the time). During most of the 

observations, the participants monitored students’ understanding through direct questioning 

(whether verbally or written). On one instance, Rose used a color-coded strategy to monitor 

understanding of content. Students were to choose a color to represent how they felt about their 

understanding of a topic. They used cards with three colors, green, yellow and red. Green 

indicated that the student was comfortable with the topic, understood it clearly and was able to 

explain it to others. Yellow indicated that the student was partially comfortable with the topic but 

had still some areas of difficulty. Finally, red indicated that the student was not comfortable with 

the topic or did not understand most of it. Rose used this color-coded strategy to group the 

students for a hands-on activity. The second instance in which this descriptor was observed was 

when one of the participants asked students to write a reflection about their understanding of the 

topic at the end of the class.  

Multiple ways of demonstrating knowledge. Another area that was only slightly 

observed was related to the participants providing opportunities for students to demonstrate their 

knowledge in multiple ways. Most of the tasks and assignments used by the participants during 

their lessons required students to demonstrate their knowledge in a specific way. In most cases, 

knowledge was demonstrated through laboratory completions, worksheets or assessments. This 

descriptor was observed only 6 out of the 62 times (10% of the time). For instance, Karen 

assigned a research project on a fungus species and told students to create a poster, video or 

power point to present the information. Other instances included students using models to 

demonstrate biological processes, as well as written descriptions or drawings. It is important to 

note that during the first semester, the participants had less control over the assessments as they 

were to assume a progressively leading role throughout the yearlong field experience.  
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Figure 4. Frequency of Descriptors-Academic Success 

Summary. Figure 4 represents the frequency observed for each descriptor within the 

academic success tenet. A significant contrast is observed in the frequency with which the 

different descriptors were observed. While the use of higher-order questions and individualized 

attention were observed in most lessons, the use of multiple venues to monitor and demonstrate 

learning was limited. The use of performance criteria, rubrics and standards was present in one 

third of the lessons.  

Cultural Competence 

 Within the tenet of cultural competence, the frequency of the descriptors was 

significantly less than that observed within academic success. The descriptor with the highest 

frequency of observations related to the use of every-day life situations during lessons. The 

descriptor with the lowest frequency related to the use of words or phrases in students’ native 
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language, as well as the display of instructional materials representative of students’ racial, 

ethnic and cultural backgrounds.  

 Real-life experiences and connections. The use of scenarios and examples that 

connected the content with students’ lives was observed during 20 out of the 62 times (32% of 

the time). Embedding real-life situations is an inherent characteristic of science lessons and this 

was evident in many of the observations. The participants utilized scenarios or phenomena to 

introduce concepts or to invite students to develop explanations. Videos and case studies were 

also utilized to provide examples of genetic abnormalities or chemical reactions. An example is 

observed in figure 5. The image shows a section of a handout that followed a virtual lab on 

cellular reproduction. 

Figure 5
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Selected sections of candidates’ course artifacts were used to understand the purpose for 

these connections in the classroom. The analysis from these artifacts suggests that the use of real-

life phenomena was critical in their teaching. In terms of planning, most of the participants (5 out 

of 7) believed that the use of phenomena to engage students was an important factor when 

planning their lessons. In many cases, these phenomena referred to real-life scenarios or 

situations such as diseases (i.e. allergies and the flu) or examples of chemical processes (i.e. such 

as fireworks and explosions). These, according to the participants, provide a venue for students 

to use their previous knowledge and experiences and peeks their interest. Luther described how 

he used the diverse racial and ethnic features in his students and linked it to protein synthesis: 

This class is very diverse and consists of students from various ethnic background. This 

results in some students looking vastly different from others. This is incorporated into the 

lesson by having students make the connection between protein synthesis and the 

expression of information through the color of their eyes. (Luther, Course Artifacts, 

January, 2018) 

Janet also recalled an example in which she drew upon the students’ diversity: 

 

When the student was able to point out a problem with asexual reproduction (i.e. that 

organisms may not be able to adapt to new conditions as well as sexually reproducing 

organisms), this was a perfect place to draw on students’ current cultural experiences to 

help them understand the implications of lack of genetic variability. (Janet, Course 

Arficats, January, 2018) 

 Language and cultural displays. The use of words or phrases in students’ native 

languages, as well as the display of materials that were representative of the different cultural 

backgrounds in the classroom, was remarkably limited. This descriptor was only evident in two 
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instances during the 62 lessons observed (3% of the time). The first instance was a digital 

presentation in which the introductory slide had the word “Hello” in several different languages. 

The second instance occurred when one of the participants said a word in Spanish during a 

lesson.  

 It is important to note that, although the racial and ethnic diversity in most of the schools 

of placement was significantly high, none of the students were placed in English Language 

Learners (ELL) classrooms for the duration of the entire field experience. Only one of the 

participants was placed with an ELL sheltered classroom during the first semester for half of the 

school day. Although materials representative of students’ racial, ethnic and cultural 

backgrounds (i.e. flags, work samples, words in native language) was observed, these were in 

display before the participants’ field experience initiated. 

 Heterogeneous cooperative groups. The participants often used different grouping 

strategies during their lessons. However, in most instances, students grouped based on their 

preferences or their seating arrangement. One grouping strategy used was based on academic 

performance. This was described by one of the participants as a strategy used for linguistic 

purposes, referencing Krashen’s theory of second language acquisition. On the other hand, the 

use of heterogeneous grouping strategies, as described within the cultural competence tenet, was 

only observed on 6 out of the 62 lessons (10% of the time). An example of this was observed 

when the participants assigned random numbers to the students to form groups to work on a 

specific topic or task. 

 Connections with socio-cultural realities and youth culture. The last descriptor within 

the cultural competence read “Connects home and school experiences, between academic 

abstractions and lived socio-cultural realities, and between school experiences and youth 
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culture.” The participants displayed teaching strategies and used examples that aligned with this 

descriptor during 14 of the 62 observations (23% of the time). In most cases, the participants 

used references to popular youth culture such as slang, music, movies and the internet. 

Therefore, the observations related more closely to the latter part of the descriptor, as they made 

connections between the content presented and youth culture. In addition to references, the 

participants included activities and assignments in which students were required to apply their 

background knowledge related to popular online applications such as video production software 

and social media. For instance, one participant asked students to create an Instagram account for 

an organelle within the cell and describe its characteristics using catchy phrases as hashtags. 

Figure 6 illustrates an example of this activity. 

Technology was identified by most of the participants during the post-interviews as a 

means to connect with students’ interests and abilities. This theme was observed in two of the 

artifact samples as well. In both cases, the participants described how the fact that students are 

part of a technology-driven society and are proficient in many different technologies, enabled 

them to plan activities around these skills. 
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Figure 6 

 

 Another important theme drawn from the course artifacts was related to the participants 

using information about students’ interests when planning their lessons. Some of these interests 

were related to science (i.e. dinosaurs, science fiction), while others were more general (i.e. media, 

sports). Although some of the participants gathered this information throughout the school year, 

Janet intentionally planned to inquire about students’ interests related to science from the first 

week of class: 
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At the beginning of the semester, I had all the students write answers to several questions 

on a notecard. One of the questions asked what aspect of science they were most 

interested in. I wanted to use this information over the semester to create more personal 

connections between the content and the students. Many students expressed interest in 

animals and zoology in their responses. I am very interested in animals as well, so I try 

and bring this shared interest into class often. (Janet, Course Artifact, January, 2018) 

Karen also described how her students’ interests would change the course of discussions: 

Many times, we spend 10-20 minutes of class time on students’ questions and exploring 

these curiosities as a class. For example, when learning about osmosis I had a student ask 

how fish breath. They understood the need for oxygen by this organism but didn’t know 

about how fish use their gills to pull oxygen out of the water. I used an analogy between 

the function of gills and the function of lungs. I then remember saying something about 

how there was an exception, a fish with “lungs”. This peeked their interest and many 

students asked me how a lungfish could have lungs and if that meant they lived on land. 

This lead us to doing some research and finding a video from BBC showing a lungfish 

emerging from a swamp. I provide this example to show how comfortable many of my 

students are in expressing their curiosity and their recognition that this natural curiosity 

can be satisfied by seeking out knowledge and researching. (Karen, Course Artifact, 

January, 2018). 

Jackeline provided an example of one of her science-fiction fans in the class: 

One of the students is a science fiction fan. The premise of this assignment is that an 

Earth-like planet has been discovered that need a ruler proficient in scientific 

experimentation and photosynthesis, as matter and energy cycling will need to be studied 
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on the planet to make sure it can support human life. (Jackeline, Course Artifact, January, 

2018). 

  

Figure 7. Frequency of Descriptors-Cultural Competence 

Summary. Figure 7 represents the frequency observed for the descriptors associated with 

the CRP tenet of cultural competence. These descriptors were observed with significantly less 

frequency than those within the academic success tenet.  

Critical Consciousness 

 The tenet with the least frequency when analyzing the data from classroom observations,  

 

related to developing “a critical consciousness through which [students] challenge the status quo 

of the current social order” (Ladson-Billings, 1995). The first descriptor related to asking 

students feedback on the effectiveness of instruction. This strategy was observed only during two 

of the observations (3% of the time). One of the participants included a short writing task at the 

end of the lesson in which students were asked to reflect on their understanding of the content 

and on how the activities were effective in promoting learning.  
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 The descriptor within the critical consciousness tenet with the highest frequency (10 out 

of 62 observations or 16% of the time) referred to the participants seeking and validating 

multiple perspectives from the students using prompting questions such as “Does anyone else 

have another idea?”, “Who solved the problem in a different way?” or “Who has an alternative 

view?” This strategy was utilized by most participants during class discussions and lessons 

involving socio-scientific issues (i.e. vaccinations, de-extinction, environmental concerns). It was 

also observed in chemistry lessons, as the participants asked students to solve problems, such as 

balancing equations, calculating molarity or drawing orbital configurations and required them to 

demonstrate the different processes followed.  

 Finally, the last descriptor observed read “Helps students develop the knowledge, skills 

and values needed to become social critics who can make reflective decisions and implement 

their decisions in effective personal, social, political and economic action.” Strategies that 

aligned with this descriptor were observed in only two of the 62 lessons (3% of the time). The 

activities categorized within this descriptor included a “Claims-Evidence-Reasoning” in which 

students were to justify their views regarding the advantages and disadvantages of de-extinction. 

During this lesson, students evaluated and discussed the social, economic and environmental 

impact of bringing back extinct species. Figure 8 illustrates two analysis questions from this 

activity. In the second instance in which this descriptor was observed, the participant had 

students design and build a water filter. Subsequently, the participant engaged the class in a 

discussion regarding the implications of designing filtration systems to solve the problem of 

water scarcity in under-developed countries. 
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Figure 8 

 

 The last two descriptors within the critical consciousness tenet were not evident during 

the field observations. These were related to designing activities and motivating students to 

explore complex identities, consider racial group experiences, including power and privilege, and 

identify/initiate social action to address issues in their communities. Although one of the 

participants had students collect recycled paper throughout the school, this was not a community 

effort, but a school-wide initiative and was, therefore, not classified as representative of this 

descriptor/tenet.  

 

Figure 9. Frequency of Descriptors-Critical Consciousness 
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Summary. Figure 9 illustrates the frequency observed for each of the descriptors within 

the last tenet, critical consciousness. As mentioned previously, only three out of the five 

descriptors were observed during the lessons. The descriptors associated with obtaining feedback 

on the effectiveness of the teaching strategies and promoting social criticism were both evident 

only during 3% of the observations. The highest frequency (i.e. 16%) was observed within the 

descriptor related to seeking and validating multiple perspectives in students’ responses.  
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5. DISCUSSION 

 

Conclusion 

Research Question 1-What beliefs do pre-service science teachers have about students from 

diverse racial and ethnical backgrounds in science? How do these beliefs change, if at all, 

during the teacher preparation program? 

 The pre-interview questions were aimed at investigating the participants’ beliefs related 

to racially and ethnically diverse students in the science classroom. Their responses suggest that 

the learners’ characteristics that are mostly influential in academic success in science are 

willingness/motivation, curiosity and a foundation of basic skills such as literacy and math. 

Although curiosity may be an innate characteristic in all individuals, motivation, as well as 

literacy and math skills may differ depending on the students’ background, socioeconomic 

context and upbringing, based on the participants’ views. 

 Many of the participants identified the challenges experienced by students coming from 

other countries as due to a lack of adequate schooling and poor English skills. This view aligns 

with the “deficit model” discussed earlier. The findings in this area, therefore, align with 

previous studies in which teachers identify language as a strong barrier to students’ academic 

success in science (Katsh-Singer et al., 2016; Prime & Miranda, 2006). For instance, some of the 

participants’ indicated that ELLs may not have had the same type of schooling in their native 

countries or may have learned science in a different language. Some participants identified 

parental involvement as either missing or inadequate. Their rationale for this was either a lack of 

parental education or a lack of time to actively participate in the students’ education. These ideas 

also align to previous research that suggests that the parents of ELLs lack the ability to influence 

their children (Prime & Miranda, 2006).  
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A few of the participants stressed that teachers needed to be more patient as these 

students would take more time to learn the content due to these perceived barriers. One idea was 

related to communication patterns, specifically to teachers speaking slower and using less 

complex vocabulary when explaining concepts. The participants also identified ways to 

overcome these challenges such as devoting time to obtain additional resources for these students 

and using activities that are hands-on, inquiry-based and, most importantly, relevant to their 

everyday lives. These ideas align with the science education literature, specifically with what 

teachers of racially and ethnically diverse students consider to (Cone, 2012; Mensah, 2011). 

Finally, engaging students into the science content may be challenging if the student is not 

academically motivated, which, as the participants’ responses suggest, could be linked to their 

background as well. Some of their ideas related to motivation seemed linked to students’ socio-

economic status or upbringing. For instance, one of the participants explained that a student 

whose parents or siblings have not been to college may not be as motivated to pursue a post-

secondary career, when compared to other students. The idea that a students’ SES may be 

influential in their participation in class and academic success is also found in previous research 

studies (Katsh-Singer et al., 2016). 

The influence of culture when learning science was identified in many of the participants’ 

responses. Some of them viewed specific cultural views, such as religious ones, as presenting a 

potential conflict when teaching certain topics, like evolution. They believed that students may 

be apprehensive about accepting some of the theories and principles covered in the science class 

if they contradict their own views. Additionally, cultural norms and traditions may conflict with 

schooling in general (i.e. females as authority in the classroom). For instance, several of the 

participants believed that the students’ cultural values may be in conflict with the goals of 
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education. One example provided was related to the idea that many students from Hispanic 

descent have parents that own businesses. In this scenario, students may be expected to help in 

their parents’ business and eventually take over. In other words, the value of education in some 

cultures may be different than at the United States. Atwater et al. explored these ideas and 

identified certain cultural values that conflict with educational goals in place (2010). Cultural 

knowledge was, however, viewed by some of the participants as an asset and an alternative path 

for students to access science content. They shared how teachers should provide opportunities for 

students to share this cultural knowledge, an idea that aligns with Lanier and Gasson’s study 

(2014) in which teachers incorporated examples from the students’ home to promote the use of 

funds of knowledge.  

 When asked about their beliefs regarding racially and ethnically diverse students 

attaining scientific literacy, the participants’ responses reveal that they perceive students as 

capable of reaching this goal. They stressed that this should not be confused with becoming a 

scientist and that teachers should not always expect all students to enroll in advanced courses 

towards this goal. However, they believe that the skills required to achieve scientific literacy (i.e. 

research, skepticism, critical-thinking, problem-solving), should be practiced in all science 

courses to promote scientific literacy. Although racially and ethnically diverse students are 

capable of reaching scientific literacy, many of the participants agreed that this may not be a 

feasible goal when considering the way school systems operate. Several of them identified 

barriers within schools such as resources, including materials for labs and technology, as well as 

teacher quality and attrition. Some of these barriers align with previous research studies that 

explored teachers’ implementation of CRP. For instance, Esposito et al., found that participants 

in a study identified school reform mandates as enabling oppression (2012). A few of the 
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participants discussed even more powerful barriers outside the school system, such as changes in 

legislations and political reforms that may affect students from different nationalities, in 

particular those that are in the United States illegally. These ideas suggest that the participants 

are aware of the socio-political structures in place that may be impacting students’ academic 

success. This is an important finding that is not observed in the research studies reviewed. 

Previous studies suggest that teachers have identified structures in place in schools that may be 

enabling oppression (Esposito et al., 2012: Jones & Leagon; 2014). However, the participants in 

this study discussed structures at the federal level that are directly impacting the education of 

minoritized groups. 

 The last question drawn from the pre-interview to address pre-service teachers’ beliefs is 

related to their views on the disparity in terms of racially and ethnically diverse students 

pursuing STEM careers. The participants identified several reasons for the low percentage of 

students from diverse backgrounds in STEM careers. Among these were a lack of representation 

or role models, a lack of opportunities provided by the school/system and conflicting home and 

cultural values. The lack of role models in the classrooms, textbooks, publications and the 

students’ family was considered a significant factor in their motivation to pursue careers in 

science and related areas. The participants discussed the need to change how scientists are 

represented in the classrooms and in the communities to enable students to start seeing 

themselves as scientists. The lack of opportunities within the school was identified as another 

significant factor in this area. The participants described programs at their schools that were not 

offered to all students. An example of this is advanced courses that require for students to exit 

the ELL program in order to enroll.  
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Changes in Beliefs. The goal of the post-interviews was to identify possible changes in 

the participants’ beliefs related to racially and ethnically diverse students learning science, after 

the completion of the field experience. Towards this goal, a few of the questions from the pre-

interview were asked again. These questions were related to their views about racially and 

ethnically diverse students learning science and the goal of attaining scientific literacy. The ideas 

presented by the participants during the post-interview can be summarized into three main 

themes: relevance, the influence of race, ethnicity and culture and language barriers.  

 Relevance. Although the theme of relevance was prevalent during the pre-interviews, its 

significance appeared strengthened by the participants’ field experience and participation in the 

program. Most of the participants agreed with the idea that providing opportunities for students 

to connect the content with their real-life experiences, either from their homes or communities, 

had the greatest impact on their academic success in science. For the participants, these real-life 

situations mostly took the form of a science-based phenomena. These experiences, according to 

the participants, have the potential to engage and motivate students that otherwise would lose 

interest in the subject. Additionally, it allows for students to have an active role in the lesson, as 

they may contribute to discussions or activities using their background knowledge. These ideas 

align with Milner’s views about empowerment (2010). In other words, teachers should provide 

opportunities that empower students to contribute intellectually and construct meaning, which in 

turn, develops agency and gives them an active voice in the learning process. It is important to 

note that, although the participants point out that the strategies used to teach racially and 

ethnically diverse students do not necessarily have to be different, the scenarios and phenomena 

used need to be planned carefully by the teacher so that it is relevant to all the students and not 

just a few of them.  
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 Influence of race, ethnicity and culture. Two contrasting view were identified when the 

participants expressed their ideas regarding racially and ethnically diverse students’ engagement 

in science content and activities. While some of them viewed these students as more open-

minded about the importance of science, and education in general, others perceived this racially 

and ethnical diversity to be accompanied by a lack of motivation and confidence as related to 

their performance in science. As described earlier, cultural differences were perceived by the 

participants as having an impact on diverse students, specifically in terms of power structures, 

religious beliefs and parental involvement. 

 Scientific language as a barrier. The view of language as a barrier was shared by many 

of the participants during the post-interviews as well. The participants discussed students and 

teachers’ challenges during lessons that go beyond vocabulary or academic language. 

Interestingly, many of them agreed that science is a subject area in which most students struggle 

with the vocabulary, regardless of their background. To them, adding the fact that many of these 

students may not speak English, enhances the difficulties that any native English speaker would 

have with the scientific terminology.  

 Summary. Changes in the participants’ beliefs were not significant, based on the analysis 

of the post-interview versus the pre-interviews. The themes identified by the participants during 

the post-interviews align with those that were prevalent before their participation in the teacher 

preparation program. The only difference is observed in the value that each of these themes had 

to the participants after the experience. For instance, what relevance represents for each of the 

participants changed slightly after their field experience. Many of them viewed relevance as 

including activities that were representative of the students’ daily lives and interests, as opposed 

to racial and ethnical background, homes or communities. Although the theme of language as a 
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barrier was also observed during the post-interviews, several of the participants viewed the 

language barrier as a challenge for all students because science, in itself, has its own culture, 

norms and language.  

Research Question 2-How do pre-service science teachers conceptualize the ideas of 

culturally relevant pedagogy within their practice? 

In order to understand the participants’ conceptualizations of culturally relevant 

pedagogy in science education, the post-interview included questions that asked them to identify 

how their teaching aligned to each of its tenets. In the area of academic success, the participants 

described how they provided students with rubrics with the criteria and requirements to help 

them complete different tasks successfully (i.e. laboratories, projects or written assignments). 

Another example of this tenet related to citing the standards or referencing these throughout the 

lesson. The participants wanted to ensure that students knew the goal for each lesson and why 

the content was being covered. Finally, the use of higher-order thinking questions within 

handouts and during discussions was frequent. The goal for this was to promote critical thinking, 

analysis and evaluation within the science topics. In other words, the participants opted for 

asking questions that started with “how” and “why” as opposed to “what” and “which”. They 

recall that, in many instances, the students had difficulty or hesitated when answering some of 

these questions. However, the participants continued to probe the students and provided 

scaffolding to guide them towards the answers. These findings align with previous studies as 

they suggest that teachers promote academic success through having and demonstrating high 

expectations of all students during practice (Kea and Trent, 2013; Milner, 2011). In other words, 

the participants used strategies that challenged students to analyze and evaluate the content 

presented.  
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 The use of multiple approaches, whether for the participants to monitor students’ 

understanding or for students to demonstrate their knowledge, was not identified as an area that 

was representative of their teaching. The methods used to monitor students’ learning were 

mainly direct questions during discussions or group work and formal/informal assessments. The 

opportunities for students to demonstrate their understanding of the content in varied ways were 

also limited. Allowing students to demonstrate their knowledge through different venues, as 

previous research suggests, has the potential to promote academic success (Jones & Leagon, 

2014). Finally, student feedback was mostly provided informally through discussions or formally 

through written comments on major assignments, such as essays.  

In terms of cultural competence, the participants identified the use of real-life experiences 

and phenomena during their lessons as aligning to this tenet. Additionally, they indicated that 

implementing different grouping strategies during activities was an important part of their 

practice. Even at times when the students insisted on choosing their partners during group tasks, 

the participants ensured that students understood the importance of working with other 

classmates (i.e. from different backgrounds or with varied academic abilities). The practices used 

by the participants in the study to promote culture competence also resemble those observed in 

previous studies (Esposito, 2010; Johnson, 2011; Lanier and Gasson, 2014). The use of real-life 

scenarios and examples from the home environment, as well as collaborative tasks, was observed 

with a high frequency within this tenet. Within this same tenet, the participants also discussed 

how they chose to incorporate technology and social media in many of their lessons based on 

their observations of students’ interests and skills. Several of them viewed students’ technology 

skills as a ‘fund of knowledge’ that could be integrated in science activities. The use of 

technological applications (apps) is an interesting finding within this study. Previous research 
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studies have not documented the use of these “apps” which are popular among students. Not only 

did the participants make references to these “apps” during lessons or conversations with 

students, they created lessons that required students to use their knowledge of these.  

The use of popular youth culture references (i.e. music, TV and movies) was also part of 

their teaching practices. This practice aligns with Ladson-Billings’ example of how a teacher 

promoted cultural competence in students through the use of rap lyrics to teach poetry concepts 

(Ladson-Billings, 1995). Other examples that the participants identified as promoting cultural 

competence included designing and implementing activities in ELL classrooms for students to 

apply knowledge related to their native countries and incorporating the students’ native language 

in classrooms with a high number of Spanish-speaking students.   

The last tenet within CRP, critical consciousness, proved to be difficult for the 

participants to identify within their teaching. Several of the participants recalled using CER when 

exploring different phenomena in their lessons. Within these activities, they sought for students 

to share multiple views and perspectives about observations made during laboratories or within 

the socio-scientific issues studied. The topics explored within these lessons promoted 

argumentation and students’ scientific explanations, enabling discussions among them. The 

participants stressed the importance of these opportunities in giving voice to the students and 

helping them understand the value of their ideas and contributions. Additionally, they wanted to 

promote open-mindedness and the consideration of alternative views within these science issues. 

However, finding topics that promoted awareness of social and community issues seemed to be 

an area of difficulty for some of the participants. Nevertheless, they expressed a desire to include 

these more often in their future practice. In their own words, even if the issues are not scientific 

in nature, the skills that the students can potentially develop from these activities, may apply to 
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different subjects. The participants also identified these activities as critical in developing 

decision-making skills that would aid their students in their future.  

 Another example identified by the participants within this tenet was related to seeking 

feedback from students on the effectiveness of instruction. In some instances, this feedback was 

sought informally, through whole-class discussions or conversations with the students. The 

participants intentionally asked their students how a specific assignment helped them understand 

a concept or which activities within the class were more beneficial. One participant assigned 

reflections at the end of the lesson to seek feedback from her students in this area.   

 The difficulty in the implementation of critical consciousness in their practice is 

reflective of previous research as well (Esposito et al., 2012; Johnson, 2011; Kea et al., 2013). In 

many of these studies, the participants were successful at implementing strategies that promoted 

academic success and cultural competence but struggled to incorporate issues of social action in 

their teaching. 

 The participants were also asked to describe how effectively they promoted the CRP 

tenets, or, in other words, their self-efficacy beliefs related to CRP. The main ideas presented by 

the participants were related to open-mindedness in terms of avoiding generalizations and having 

an awareness or being empathetic towards their students. When referring specifically to ELL 

students, they believed that the skills they acquired in terms of language acquisition theories, 

were very beneficial during their field experience. However, most of the participants believed 

that more experience and exposure to racially and ethnically diverse settings, as well as ELL 

classrooms, would help them develop the necessary skills to teach these students.  

 In order to investigate which components of the teacher preparation program are more 

effective towards promoting the CRP tenets, the participants were asked to identify those 
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experiences that were more influential towards their development and practice. The experiences 

identified by most of the participants included the methods’ content courses and the field 

experience, specifically the ELL component of it. The importance of the methods’ courses relied 

mainly on the fact that they specifically addressed the subject area taught, science, as well as the 

grade level in which the participants were completing their field experience. The field experience 

was identified as the most valuable component of the program, because it allowed the 

participants to put into practice the strategies presented in their courses. Additionally, they were 

able to experience first-hand the wide array of students’ differences, as well as design and 

implement activities to target their specific needs. Finally, the informal and formal feedback 

provided by their supervisors and other faculty allowed for them to continuously reflect on their 

practice and further their development in the areas that needed improvement.  

 As a way of validating the participants’ responses during the post-interview, the last 

question asked them to watch a teaching segment and identify elements of CRP within it. Within 

the area of academic success, the participants successfully identified the use of higher-order 

thinking questions (i.e. inquiry-based tasks, problem-solving, clear expectations). In terms of 

cultural competence, most of the participants were able to immediately identify the relevance of 

the lesson to the students’ lives or background knowledge. Finally, within the tenet of critical 

consciousness, the participants identified the acknowledgement of multiple views and 

perspectives. Additionally, some of the participants explained that the cultural relevance of the 

lesson had the potential to address elements of critical consciousness, especially if the students 

are encouraged to identify the social aspects and consequences of drilling, as well as work 

together in finding solutions to similar issues within their community. 
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Research Question 3- How do pre-service science teachers' implement culturally relevant 

pedagogy throughout their student-teaching experience? 

Two sources of data were used to answer the last research question: field observations 

(using protocols) and data from artifacts. The data obtained from the field experience 

observations was compiled into tables and the frequencies for each descriptor and tenet were 

displayed using bar graphs in the findings’ section. The following paragraphs describe general 

conclusions that can be made from the analysis of findings of the field observations. 

Academic success. The data from the field observations suggests that most of the 

participants were effective in providing individualized attention to students during work sessions, 

collaborative learning activities and laboratories. Another area of success was related to how the 

participants promoted higher-order thinking skills in their students through the use of teaching 

strategies that required students to analyze data, evaluate evidence or justify claims, among 

others. These two areas were observed at least two-thirds of the time. However, the participants’ 

efforts towards providing performance criteria (i.e. rubrics, standards, exemplars), effective 

feedback and using multiple approaches to monitor learning and demonstrate learning were 

limited. These four areas were displayed during less than 23% of the observations.  

Cultural competence. The descriptors within the tenet of cultural competence were 

observed with less frequency when compared to the previous tenet (i.e. academic success). The 

areas with a higher frequency however, were related to connecting the content to real-life 

situations (32%) and socio-cultural realities/youth culture (23%). The frequency of the first area 

can be explained through the use of phenomena during many of the lessons aligned with the 

expectations of the new state standards. The instances observed within the second area aligned 

more closely to connections with youth culture (i.e. technology, social media, etc.). The use of 
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course artifacts in this section had the purpose of validating students’ data related to the practices 

observed during the field experience. The sections obtained from the course artifacts asked 

students to identify how their planning and implementation addressed cultural differences in the 

classroom and utilized students’ funds of knowledge. Drawing on students’ interests to plan the 

lessons required the participants to engage in conversations (i.e. whole class or individual 

discussions) throughout the year that would help inform their knowledge of students’ abilities 

and hobbies. Finally, many of the participants identified the use of technology as an area that 

related to students’ culture and in which they could benefit from their expertise or funds of 

knowledge. 

Critical consciousness. Only three of the five descriptors within the tenet of critical 

consciousness were observed. Among these, the area with the highest frequency (16%) related to 

how the participants sought and validated multiple perspectives. This practice was observed 

mostly during CER activities and when the content was of a socio-scientific nature (i.e. diseases 

and environmental issues). Seeking students’ feedback on the effectiveness of instruction and 

developing social criticism/decision making were evident only during 3% of the observations, 

respectively. Two of the descriptors were not observed during the field experience. These 

descriptors were related to “Exploring Complex Identities, Including Power and Privilege” and 

“Identifying/Initiating Social Action to Solve Community Issues.” 

Implications 

This research study explored pre-service science teachers’ beliefs about racially and 

ethnically diverse students and how these may change throughout the field experience. The 

findings from this study suggest that pre-service science teachers hold strong beliefs related to 

their expectations of racially and ethnically diverse students in the science classroom, as well as 
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the challenges and opportunities that this provides. Additionally, these beliefs rarely change 

throughout the teacher preparation program, a conclusion drawn from similar studies and 

discussed within the literature review (Jones and Leagon, 2014; Lee et al., 2007; Seung et al., 

2010). Although these beliefs may vary significantly among individuals, a recurring theme 

related to the language as a barrier is observed.  

The findings from this study have implications for teacher preparation programs at 

different stages. One recommendation is that initial certification programs ensure that pre-service 

teachers have the opportunity to have their own views about racially and ethnically diverse 

students exposed from the beginning. This may be done by including activities that invite their 

students to explore their beliefs without specifically being asked. Cultural awareness surveys and 

questionnaires have been used in similar studies (Russell & Russell, 2014). However, many of 

these studies have not addressed how these beliefs influence teaching practices of pre-service 

teachers or how they may change throughout the program. The use of case studies and vignettes 

may provide a venue for rich discussions were some of these beliefs are exposed and challenged 

further.  

A portion of the post-interview and the selected course artifacts were used to investigate 

pre-service teachers’ conceptualizations of CRP throughout their field experience. The findings 

from the data analysis have implications in the area of teacher preparation and development with 

the goal of addressing the needs of racially and ethnically diverse students. Many of the students 

identified specific program components that made a greater impact in their development. In most 

cases, the participants benefitted more from the field experience, which included a short period 

in ELL classrooms. However, their responses suggest that, in order for them to implement these 

practices in the future, more experience is needed in racially and ethnically diverse contexts. The 
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participants’ responses align with previous research that suggests that multi-cultural field 

experiences may be beneficial in promoting the ideals of CRP (Culp et al., 2009; Settlage, 2009). 

Methods’ courses that are focused on diverse students in general, but that are tailored to the 

specific grade level and subject areas of the field experience, could improve teachers’ use of 

effective teaching strategies, including CRP. These findings can guide teacher preparation 

programs in their design of curricula as well as in the structuring of field experiences that can 

promote CRP.  

The data analysis conducted using classroom observations and course artifacts has 

implications for teacher preparation programs, specifically in terms of the field experience or 

practicum component. The fact that most of the participants’ efforts related to CRP were within 

the academic success tenet, suggests that pre-service teachers may lack an understanding of what 

cultural competence and critical consciousness represent and how these may be implemented in 

science classrooms. The area of critical consciousness in particular seems to be a challenge for 

pre-service science teachers as, in their own words, the opportunities to address issues of socio-

cultural nature in science are limited. Courses that include opportunities for students to observe 

and practice implementing the different areas within CRP, may help future science teachers find 

topics or content in which these tenets can be included. As suggested in previous research 

studies, teacher educators should model CRP practices to facilitate the development of these 

skills in their teacher candidates (Laughter & Adams, 2012; Mensah, 2011). 

Suggestions for Future Research 

 The suggestions for future research from this study are related to the areas of teacher 

beliefs, science teacher preparation and culturally relevant pedagogy in secondary science 

classrooms. This section will discuss suggestions drawn from the findings of this research as 
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well as identify areas that deserve further attention as they were beyond the scope of this study. 

Finally, the implications for future research will take into consideration the generalizability of 

this study in terms of the sample selection and context, as well as the methodologies utilized.   

Within the first area, this study explored the beliefs of pre-service science teachers in 

relation to students from diverse racial and ethnical backgrounds. The literature related to 

teachers’ beliefs is extensive and includes different areas of study such as nature of learning, 

students’ abilities and self-efficacy, among others. The scope of this research study, however, 

was limited to the participants’ beliefs in terms of how students learn science and their abilities 

to be successful in this subject area and become scientifically literate. An area that may be of 

interest for future research is pre-service teachers’ beliefs about their self-efficacy when 

preparing to work with students from diverse racial and ethnic backgrounds. During the post-

interviews, most participants believed that, after their experience in the program, they were well 

prepared and felt confident about teaching this population of students. However, this does not 

align with the findings from most research studies completed with pre-service teachers in similar 

programs. This is an area of interest to many researchers as self-efficacy is linked to teachers’ 

and students’ academic success (Settlage et al., 2009). 

An exploration of beliefs related to the nature of science may also be beneficial. When 

the participants were asked to describe their beliefs regarding how racially and ethnically diverse 

students learn science, many misconceptions related to the nature of this discipline were 

revealed. Alternate conceptions and misconceptions in this area have been found to be common 

in pre-service and even experienced science teachers (Jones & Leagon, 2014). Investigating how 

pre-service teachers view this discipline, as well as its practices, may help us understand how 

this impacts their expectations of students and identify if these perceptions align with the true 
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nature of science. Studies that have explored the connection between teachers’ nature of science 

and student expectations suggest that teachers with traditional views may not hold students to the 

same high-expectations as those with more progressive views (Jones & Leagon, 2014). 

The limitations within this study offer suggestions for future research in the area of 

science teacher preparation as well. The participants in this study were part of an alternative path 

for teacher certification. The coursework was intensive, as its completion occurred within a year 

(of which two semesters also included their field experience). Due to the limited time between 

the start of the program and its conclusion, as well as the number of credits that the candidates 

were enrolled in each semester, the depth of the content and activities within these courses is 

significantly different compared to traditional teacher preparation programs. Most institutions of 

higher education have adopted the 4-semester model for their MAT programs. However, it 

would be worthy to investigate how the structure of the program may impact science teacher 

preparation for racially and ethnically diverse students when compared traditional programs. 

Finally, the use of CRP in secondary science classrooms is still an area that is under-

researched. This study explored how pre-service teachers incorporated strategies to promote 

academic success, cultural competence and critical consciousness. The findings, however, 

suggest that some areas within CRP were easier to implement than others and that the 

participants had difficulty applying most of the elements within critical consciousness in their 

lessons. Future research could explore pre-service teachers’ development as related to this tenet 

within CRP and identify ways in which it can be promoted during teacher preparation programs 

and further implemented during the field experience. 
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APPENDICES 

Appendix A. Alignment of Research Questions, Data Sources and Analysis 

Research Questions Data Source Data Analysis 

1) What beliefs do pre-

service science teachers have 

about students from diverse 

racial and ethnical 

backgrounds and how they 

learn science? 

-How do these beliefs 

change, if at all, during the 

teacher preparation 

program? 

-Pre and Post-Interviews 

 

-Within-case synthesis and 

cross-case synthesis 

-NVivo 

2) How do pre-service 

science teachers 

conceptualize culturally 

relevant pedagogy within 

their practice? 

 

-Pre and Post-Interviews 

-Artifacts during second and 

third semester 

 

 

-Within-case synthesis and 

cross-case synthesis 

-NVivo 

3) How do pre-service 

science teachers' implement 

culturally relevant pedagogy 

throughout their student-

teaching experience? 

-Classroom observations 

during field experience 

 

-Within-case synthesis and 

cross-case synthesis 

-Analysis of observation 

protocol 

-Frequencies of descriptors 

observed 
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Appendix B. Pre-Interview Protocol 

 

 

1) Why do you want to become a science teacher?  

 

2) Can you share with me some of your background with K-12 students?  

 

3) What do you believe is necessary for students to do well in science?    
 

4) What is your understanding of diverse students? Could you share some of your experiences as 

a student?  

5) What are your views with regards to how students from diverse racial/ethnic background learn 

science?  

6) A goal with regards to scientific literacy is that all students, regardless of gender, cultural or 

ethnic background, physical or learning disabilities, aspiration, or interest and motivation in 

science should have the opportunity to attain higher levels of scientific literacy than they 

currently do (National Research Council 1996, p. 6). What is your view of this goal?    

7) Racially/ethnically diverse minorities remain underrepresented in science-related fields. Why 

do you think this is the case?    

8) In the last few decades, school systems have reported an increase in the number of students 

from different racial/ethnical backgrounds. How do you think PST can be better prepared to 

address the needs of these students? 
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Appendix C. Post Interview Protocol 

 

1) What do you believe is necessary for students to succeed in science? 

2) What have you learned with regards to how students from diverse racial/ethnic background 

learn science?  

3) Do you believe students from diverse racial/ethnic backgrounds can attain scientific literacy in 

the same way as other students? Why or why not? 

4) Can you give me an example from your own teaching where you had to consider the needs of 

different students. Why did you chose to teach in that way? Can you think of other instances? 

How often, and in what ways, would you say that your instruction addressed students' needs? 

5) Overall, how would you describe your effectiveness as a science teacher in promoting each of 

the following during your field experience? (Describe each tenant to the participant within the 

context of CRP): 

 -Academic success  

 -Cultural competence 

 -Critical consciousness 

 

6) What tools do you have to support students from diverse racial/ethnic backgrounds learning 

science? 

7) Which components of the program were more effective in helping you address the needs of all 

students? 

8) Overall, how do you feel about teaching science to students from diverse racial/ethnic 

backgrounds? 

9) What do you still need in order to become a more effective science teacher to students from 

diverse racial/ethnic backgrounds? 
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10) Watch the following video clip of a science lesson. What are your impressions of the 

teacher/students? Do you believe the teacher is enacting any of the principles of Culturally 

Relevant Pedagogy? If so how?  
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Appendix D. Classroom Observation Protocol-An adaptation from the “Culturally Responsive 

Instruction Observation Protocol” instrument (CRIOP) 

 

CRP Tenets: Indicators: Observed: Not 

Observed: 

Notes/Evidence: 

 

 

 

 

 

 

 

 

Students must 

experience 

academic 

success. 

A) Teacher provides students 

with the criteria, standards or 

rubrics for assignments are 

displayed and teacher refers to 

criteria as students develop their 

products. 

   

B) Teacher writes comments on 

student work that indicate 

his/her interest in the work (“I’d 

like to know more about this”). 

   

C) Teacher elicits student talk, 

e.g., open-ended questions. 

Teacher promotes extended talk 

– elaborated inquiry and 

discussion – not just providing 

an answer or a fact.  

   

D) Students do not hesitate to 

ask questions that further their 

learning. Teacher listens 

carefully by demonstrating 

active listening behaviors and 

responding appropriately to 

student comments. 

   

E) Students can demonstrate 

knowledge in multiple ways 

(talking, writing, drama, art, 

etc.). Multiple assessments are 

used so students have various 

ways to demonstrate 

competence. 

   

 

 

 

Students must 

develop and/or 

maintain 

cultural 

competence. 

F) Real-world examples that 

connect to students’ lives are 

included in the curriculum. 

Learning experiences invite 

students to make connections. 

   

G) Posters, bulletin boards, 

other images reflect diversity. 

Classroom materials contain 

multicultural content that reflect 

the perspectives and 

experiences of diverse groups 
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H) Teacher has structures in 

place that promote student talk, 

e.g., think/pair/share, small 

group work, partner work. 

Teacher institutes collaborative 

learning to allow collaborative 

discourse. 

   

I) Connects home and school 

experiences, between academic 

abstractions and lived socio-

cultural realities, and between 

school experiences and youth 

culture. 

   

 

 

 

 

Students must 

develop a 

critical 

consciousness 

through which 

they challenge 

the status quo of 

the current 

social order. 

J) Teacher allows students some 

ownership in what they are 

learning. For example, the 

teacher asks students for 

feedback on the effectiveness of 

instruction. 

   

K) Teacher helps students think 

in multiple ways and from 

multiple perspectives (“Are 

there other ways to think about 

it?”). Teacher explains and/or 

models that there could be 

multiple answers to a 

problem/task and multiple ways 

to find the answers 

   

L) Teacher engages students in 

identifying and developing 

solutions that address social 

injustice(s). Teacher engages 

students in using literate skills 

and behaviors to bring about 

needed changes that benefit 

underserved and/or 

marginalized populations (e.g., 

engage in discourse, activities, 

and/or acts of social justice) 

   

M) Teacher encourages students 

to investigate real-world issues 

related to a topic being studied. 

Encourages students to become 

actively involved in solving 

problems at the local, state, 

national, and global levels. 
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Appendix E. Course Descriptions 

*6421- In this course, middle and/or secondary content teachers are introduced to first and 

second language acquisition, linguistic elements, and linguistically responsive pedagogy. In 

addition, students will begin to develop an understanding of these concepts as they relate to 

meeting the needs of English learners and recognizing the vast cultural resources that they bring 

to the content classroom in relation to the larger sociopolitical context. 

*6422- This course focuses on developing effective instruction for linguistically diverse students 

in middle and/or secondary content classrooms. Specifically, teacher candidates will begin to 

develop the skills necessary for the differentiation, scaffolding, and assessment of content for 

students that are learning English while also developing content proficiency. The course will 

introduce prospective teachers to language objectives and academic language as tools for 

developing content instruction that is comprehensible for English learners. 

*6423- Teacher candidates will be exposed to formative and summative assessment strategies 

appropriate for linguistically diverse students. Students will be asked to create and use a variety 

of rubrics and other appropriate assessment instruments to assess content and developing English 

language proficiency through speaking, listening, writing, and reading. In addition, the 

prospective teacher will begin to make connections between instruction and assessment and how 

this relates to advocacy for English learners as a content teacher. 

*7781- This course develops a knowledge base about culture, its influence on learning and 

teaching, and its role in intercultural classroom settings. Prospective ESOL teachers examine 

major theories related to educating immigrant students and culturally diverse student body; 

critically analyze education policy and practice at the institutional level; analyze the 

sociopolitical context of teaching and develop new strategies and tools to prepare candidates to 
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resist oppression through advocacy, community engagement, and collaboration within the school 

context. 

*7782-Principles of linguistic systems and their acquisition as they occur in first and second 

languages. Candidates will explore the relationship of oral and written language and become 

familiar with assessment techniques and devices for evaluation of the development of English as 

an additional language. 

*7783-In this course, prospective ESOL teachers will develop skills in writing, adapting, and 

implementing curricula; critiquing and selecting materials, and applying strategies for teaching 

reading, writing, speaking and listening to speakers of other languages based upon English 

language proficiency level and development. This course also includes a supervised field 

experience. If the candidate is employed, the practicum may be conducted on-the-job.  
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