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ABSTRACT 

 Demographic changes within the US are bringing significant changes in 

the cultural make-up of the classrooms in our schools. Results from national and 

state assessments indicate a growing achievement gap between the science 

scores of white students and students from minority communities. This gap 

indicates a disconnect somewhere in the science classrooms. This study 

examines the teacher’s perspective of the changing learning environment. The 

study focuses on senior teachers with traditional Midwestern backgrounds and 

little multicultural experience assuming these teachers had little or no education 

in multicultural education. Senior teachers are also more likely to have completed 

their science education within a traditional Universalist perspective of science 

and likewise have little or no education in multicultural science. The research 

method was comparative case studies of a purposeful sample of nine science 

teachers within a community experiencing significant demographic change, 

seven core senior teachers and two frame of reference teachers. The interviews 

examined the teachers’ awareness of their own cultural beliefs and the impact of 

those beliefs on classroom practices, the teachers’ understanding of cultural 

influences on the students’ academic performance, and the relationships 

between the teachers’ understanding of the cultural aspects of the nature of 

science and their classroom practices. Analysis of the interview data revealed 

that the teachers maintain a strong, traditional Midwestern worldview for 
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classroom expectations and they are generally unaware of the impact of those 

standards on the classroom environment.  The teachers were supportive of 

minority students within their classroom, changing several practices to 

accommodate student needs, but they were unaware of the broader cultural 

influences on student learning. The teachers had a poor understanding of the 

nature of science and none of them recognized a cultural element of NOS. They 

maintained a Universalist perspective of science with a strong commitment to the 

philosophy of scientism which left no room for a multicultural view of science. 

These results have implications for the broad science community with respect to 

the philosophy and nature of science. There are also implications in pre- and in-

service teacher education and professional development aimed at raising cultural 

awareness of science teachers and providing a broader understanding of NOS. 

The problems raised by this research appear to be systemic requiring a 

commitment beyond the level of the individual teacher to implement a 

multicultural education that matches the composition of our classrooms. 
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CHAPTER 1: INTRODUCTION 

The Problem 

This study examines the interaction between senior science teachers and 

an increasingly diverse student population. It is a complex, multifaceted 

interaction that involves the intersection of the cultural values of the teacher, the 

cultural values of the student, and the epistemological foundations of science. It 

involves concepts that in themselves are sometimes contentious and are the 

subjects of ongoing research: multicultural education, the status of knowledge 

and beliefs, Western, the relationship between modern science and traditional 

cultural science, and the nature of science itself. An in depth examination of any 

of these topics is beyond the scope of this research but this study will investigate 

the influence of these ideas upon the learning environment in secondary school 

science classrooms. 

The Call for Multicultural Science Education 

In July, 2000, the Board of Directors of the National Science Teachers 

Association (NSTA) adopted a position statement on multicultural education. The 

NSTA's position was that it is important for ALL students to be able to learn 

science and for this purpose they made the following declaration: 

For this to be achieved, NSTA adheres to the following tenets: 

• Schools are to provide science education programs that nurture all 
children academically, physically, and in development of a positive 
self-concept; 
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• Children from all cultures are to have equitable access to quality 
science education experiences that enhance success and provide the 
knowledge and opportunities required for them to become successful 
participants in our democratic society; 

• Curricular content must incorporate the contributions of many cultures 
to our knowledge of science; 

• Science teachers are knowledgeable about and use culturally-related 
ways of learning and instructional practices; 

• Science teachers have the responsibility to involve culturally-diverse 
children in science, technology and engineering career opportunities; 
and 

• Instructional strategies selected for use with all children must 
recognize and respect differences students bring based on their 
cultures. (NSTA, 2001) 

Changing Demographics 

This need to sharpen our focus on multicultural education becomes 

clearer when you look at the changing demographic of the K-12 classroom in the 

United States. In 1998, white students represented 63% of total enrollment in 

public schools; in 2010 white students represented 54.9% of total enrollment 

(National Center for Education Statistics (NCES), 2010). This changing trend in 

enrollment is projected to continue and by 2020, when compared to 2008, 

enrollment of white students will drop 1%, black students will increase by 1%, 

Hispanic students by 25%, Asian/Pacific Islander students by 36% and Native 

American students by 17% (NCES, 2011). This demographic trend is being 

driven by a wave of immigration unlike any other in US history. 

Four major waves of immigration have occurred within US history and the 

first three waves were almost exclusively immigrants from Europe who, although 

they spoke different languages, shared centuries of social and cultural 

interactions that developed a core of similar cultural influences. In this current 
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wave of immigrants to the US, less than 20% of the immigrants are European 

with the largest number coming from Central and South America and from Asia. 

Therefore, this new wave of immigrants brings many cultural perspectives that 

differ from those throughout the history of the US. Currently, about one in 10 US 

citizens were born in foreign countries, the highest proportion since the 1930's 

(www.answers.com, Accessed 23 April 2012). 

    Table 1.1 Demographic Data for the Research Community (US Census) 
Community population 1990 census 2006 census 
 70,745 96,975 
School enrollment 1990/91  

school year 
2005/06  

school year 
White 12, 670 11,983 
Black 130 1623 

Hispanic 138 912 
Asian/Pacific Islanders 930 1392 

These demographic trends play out in the enrollment data for a community 

in the US upper Midwest. Table 1.1 shows U.S. Census Bureau demographic 

data for1990 and 2006 for a small city in the upper Midwest. The change in the 

ethnic composition of the school district brought with it an increasing change in 

the cultural diversity as well. The changes reflect waves of immigrant populations 

from South-east and South-west Asia, Central and Eastern Africa, Eastern 

Europe, and Central and South America; students in the district now come from 

65 different countries. A key element the cultural change represents is the 

increase of individuals with religious beliefs not widely represented in the 

community, most notably Buddhist and Islamic. The data show enrollment 

increases for ethnic minorities ranging from 50% to 1250% occurred within 15 

years, well within the career range for a teacher. 
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This changing trend in student demographics is particularly problematic given the 

results of national science assessments and the achievement gap between white 

and non-white students. Table 1.2 presents the average science scale scores for 

secondary students in 1996, 2000, and 2005. The data show a gap between the 

scores of white and non-white students that remained essentially unchanged 

over the timeframe of the data. Current science teaching practices appear unable 

to close the gap in achievement between students from the dominant, white 

culture and students from other, diverse cultural communities. If the goal is to 

teach science to all students, the science education community is failing to meet 

that goal and the growing number of students from diverse communities within 

the schools will only exacerbate the problem. 

Table 1.2 Average Science Scores by Ethnic Group (from NCES, 2009) 

 8th Graders 12th Graders 
1996 2000 2005 1996 2000 2005 

White 159 161 160 159 153 156 
Black 121 121 124 123 122 120 
Hispanic 128 127 129 131 128 128 
Asian/Pacific Islander 151 153 156 147 149 153 
American Indian 148 147 128 144 151 139 

 

The Teachers’ Culture 

 While the enrollment in our public schools becomes more diverse, the cultural 

background of our teachers remains very much the same. During the 1970-71 

school year, 88.3% of teachers were white; for the 2007-08 school year, 83.1% 

of public school teachers were white (NCES, 1998, 2009). These figures indicate 
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a rise in the percentage of non-white teachers but that rate of increase does not 

correspond with the rate of increase of student enrollment of non-white students. 

Within the United States, teachers are white, middle-class, and often from rural 

communities (Cho & DeCastro-Ambrosetti, 2005) which offers them little 

exposure to a multicultural environment. Teachers whose formal education 

ended 15 or more years ago probably have little instruction in multicultural 

education. In the researcher’s survey of education programs in16 college 

catalogs from 1995 available online, 1 school had a required multicultural class, 2 

schools offered one as a choice from a list of classes meeting a requirement and 

1 offered an elective seminar. 

Teachers who are culturally different from their students rely on cultural 

models that are quite different from the children they teach (Gomez, 1993; 

Solomon, Battiste, & Hom, 1996). This creates an "absence of synchronization" 

in which the expectations of classroom behavior and attitudes of the teacher from 

the dominant culture do not match comparable beliefs in the students (Bryan & 

Atwater, 2002). This gap in synchronization will only grow as the diversity of the 

classroom continues to increase unless teachers implement strategies designed 

to incorporate multicultural education.  

 To science teachers, this growing diversity of the classroom presents 

special challenges. The standard approach to science in US classrooms is based 

on Western, modern science (WMS) with a primarily Universalist philosophy. It 

espouses a hypothetical-deductive, empirical process of investigation that has 
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grown from Greek and European origins (Cobern & Loving, 2001). The 

implication of WMS is that it is Western, and the only worthwhile contributions to 

the science come from Western cultures (Hodson, 1993; Lewis & Aikenhead, 

2000). Historically, non-Western science has been viewed with skepticism 

(Gaskell, 2003). However, students coming from different cultures may hold 

worldviews of science that are in conflict with WMS. There is a growing 

recognition that science teachers must consider these alternative views of 

science if they are to be effective within a multicultural classroom (Hodson, 1993; 

Stanley & Brickhouse, 1995). The teachers need not abandon WMS but must 

reconsider the Universalist stance that dismisses any other perspective on 

science. They need to acknowledge that students may possess other views and 

respect those views. 

 Teachers occupy a somewhat unique position within the field of science in 

that they typically deal with individuals who do not know science and therefore 

have to make scientific knowledge very explicit (Nott & Wellington, 1998). In 

order to make this knowledge explicit, they must, themselves, have a good 

understanding of the nature of science (Lederman, 1998), an essential 

component of science literacy (Akerson, Buzzelli & Donnelly, 2010), but few 

teachers display an adequate understanding of the nature of science (Lederman, 

2007). There is considerable debate within the science community as to what 

constitutes the nature of science and what level of the nature of science is 

appropriate for K-12 education (Alters, 1997; Clough, 2000; Elfin, Glendon, & 

Reisch, 1999; McComas, 2005; Osborne et al., 2003; Smith et al., 1997) but a 
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consensus exists on an appropriate set of elements and these elements are laid 

out in the major national science education standards, The Benchmarks for 

Science Literacy (AAAS, 1993) and The National Science Education Standards 

(NRC, 1996). Both documents, and many papers on the nature of science 

(McComas,2005), include the influence of culture on science as an element of 

the nature of science. 

Research Questions 

 Given these factors, this multiple case research will examine the 

experiences of senior science teachers within a school district that is 

experiencing a substantial increase in the cultural diversity of its students. 

Questions of specific interest include: 

1) What is the teacher’s awareness of his/her own cultural beliefs and 

its implications on classroom practice? 

2) What is the teacher’s view on accommodating the cultural beliefs of 

students in teaching science? 

3) What is the teacher’s view of the nature of science and how does 

that interact with his/her cultural awareness? 

The answers to these questions will indicate how these teachers view the 

changing cultural diversity in their science classrooms. The answers may indicate 

the need to change classroom practices and areas of professional development 

necessary to assist teachers in adapting to these changes. 
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Relevant Concepts 

 One of the challenges that developed in the course of this research was 

evaluating the multiple, relevant viewpoints and definitions associated with 

elements of this research topic especially given the lack of consensus within the 

research community. This section will identify and define concepts that apply to 

this research. 

Multicultural Education 

 This research considers science education as a part of the broader field of 

multicultural education, "concerned with modifying the total educational 

environment so that it better reflects the ethnic and cultural diversity within a 

society (Banks, 2006, p. 55).” The definition for multicultural education proposed 

by Banks (2008) is: 

An educational reform movement whose major goal is to reconstruct 
curricula and educational institutions so that students from diverse social-
class, racial, and other ethnic groups – as well as both gender groups – 
will experience equal educational opportunities. Multicultural education 
consists of three major components: (1) an educational reform movement 
whose aim is to create equal educational opportunities for all students; (2) 
an ideology whose aim is to actualize American democratic ideals, such 
as equality, justice, and human rights; and (3) a process that never ends 
because there will always be a discrepancy between democratic ideals 
and school and societal practices. (p. 135) 

 

Nieto (2008), within the same vein, defines multicultural education as (1) 

antiracist, (2) basic education, (3) for all students, (4) pervasive, (5) about social 

justice, (6) includes process, and (7) includes critical pedagogy (p. 56).  

These two definitions of multicultural education form the framework for this 

research. They establish the parameters for a multicultural focus necessary to 
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achieve the goal of multicultural science education laid out in the NSTA position 

paper quoted above. 

Culturally Congruent Instruction (CCI)   

Within the context of multicultural education are two instructional 

strategies specifically designed to support multicultural learning.  The first is 

culturally congruent instruction. Sievert, LaFrance and Brod (2011) compared 

characteristic behaviors identified by authors of four different studies of Culturally 

Congruent Instruction (p. 4-5). Sievert et al., noted certain characteristics that 

were common to all or most of their definitions. These common characteristics 

will form the basis of the definition of Culturally Congruent Instruction within this 

paper. 

 Culturally Congruent Instruction (CCI) includes: 
1) the use of culturally responsive pedagogy and culturally relevant 

content 

2) establishment of culturally responsive learning environments 

3) emphasize the acknowledgment and validation of cultural diversity 

as essential to CCI 

Culturally Relevant Pedagogy (CRP).  

The second, based on the work of Ladson-Billings (1995), CRP is an 

attempt to create a closer fit between the worldviews of culturally diverse 

students and that of the science classroom. These three criteria form the basis 

for Culturally Relevant Pedagogy used within this paper (Ladson-Billings, 1995, 

p. 160): 
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1) Students must experience academic success 

2) Students must develop and/or maintain cultural competence 

3) Students must develop a critical consciousness through which they 

challenge the status quo of the current social model 

Culture 

 There are many definitions for culture, often influenced by the field of the 

investigator, such as anthropology or sociology, and among social scientists, no 

consensus definition exists (Banks, 2006). Cobern and Aikenhead (1998) 

approach science learning from the cultural anthropology perspective expressed 

by Maddox (1981), and cite Geertz’s (1973) definition of culture as, "an ordered 

system of meaning and symbols, in terms of which social interaction takes place" 

(p. 5). Nieto (1999) expands on that and defines culture as, “the ever-changing 

values, traditions, social and political relationships, and the worldview created, 

shared, and transformed by a group of people bound together by a combination 

of factors that can include a common history, geographic location, language, 

social class, and religion” (p. 129). 

 Cultural knowledge consists of the thoughts, perceptions, and belief 

structures that an individual acquires through the process of enculturation that 

takes place within a specific cultural context (Kane, 1995; King, 1995). Within this 

paper, the researcher considers science to be a culture or a subculture, 

depending upon its context, (Aikenhead, 1996; Cobern, 1991; Jegede, 1994; 

Pomeroy, 1994) and uses this cultural anthropology definition of culture .This 

definition establishes a relationship between science and the culture in which it 
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developed and forms the basis for alternative cultural views of science. It also 

establishes teaching science as “a cultural transmission and learning science as 

cultural acquisition” (Cobern & Aikenhead, 1998, p. 40). 

Worldview 

Within the context of culture, there are two closely aligned concepts this 

researcher believes should be defined. The first is worldview. Jones (1972) 

defines worldview as: 

The world view of any individual is a set of very wide-range vectors in that 
individual's belief space (a) that he learned early in life and that are not 
readily changed and (b) that have a determinate influence on much of his 
observable behavior, both verbal and nonverbal, but (c) that he seldom or 
never verbalizes in the referential mode, though (d) they are constantly 
conveyed by him in the expressive mode and as latent meanings. (p. 83)  
 

Cobern (1991) defines worldview as, "the culturally-dependent, generally 

subconscious, fundamental organization of the mind. This conceptual 

organization manifests itself as a set of presuppositions which predispose one to 

feel, think, and act in predictable patterns." (p. 16). Aikenhead (1996) identifies a 

worldviews as, "culturally validated presuppositions about the natural world." (p. 

4). Within this paper, the researcher regards worldview as a deeply seated set of 

culturally influenced beliefs held by an individual and/or a group of individuals. 

Funds of knowledge.  

Moll, Amanti, Neff and Gonzalez (1992) proposed the term "funds of 

knowledge" to represent, "these historically accumulated and culturally 

developed bodies of knowledge and skills essential for household or individual 

functioning and well-being" (p. 133). They consider this term to be more precise 
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than the anthropological definition of culture, "because of its emphasis on 

strategic knowledge and related activities essential in households' functioning, 

development, and well-being" (p. 139). These funds of knowledge exist within a 

highly interactive network of flexible influences that are constantly adapting. This 

researcher considers "funds of knowledge" to be a cultural influence that 

students bring with them to the classroom. 

Students from Diverse Cultures 

 As Rodriquez (1998) notes, many of the terms commonly used to identify 

or classify individuals are colonial and may carry negative connotations. Unless 

referring to a specific use of the term, such as in district demographic reporting 

data, or to a participant’s use of a term, this researcher will use the term students 

from diverse cultures to represent the full range of terms used to identify groups 

of individuals.  

Belief vs. Knowledge 

 For over two decades, researchers have been investigating the impact of 

a range of teacher beliefs upon classroom practice and the results have been 

inconsistent (See Pajares, 1992; Savasci-Acikalin, 2009; and Yalaki, 2004) but 

Mahmood (2007) probably best summarizes the current situation, "The relative 

share of beliefs among the factors influencing teaching and learning is arguable 

but its place as one of the main elements in determination of classroom 

dynamics is established" (p. 59). There has likewise been considerable research 

associated with post-modernist philosophy as to the definitions of belief and of 

knowledge and of the relationship between the two (See Southerland, Sinatra, & 
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Matthews, 2001, for the history of this debate.). Traditionally, the science 

education community has viewed belief and knowledge from an objectivist 

philosophy (Southerland et al., 2001). Gess-Newsome (1999) provides 

definitions of these concepts from this perspective (p. 55): 

Knowledge – evidential, dynamic, emotionally-neutral, internally 
structured, and developed with age and experience 
 
Belief – both evidential and non-evidential, static, emotionally-bound, 
organized into systems, and developed episodically 
 

 With the rise of the constructivist paradigm within science education, the 

distinction between the two terms has blurred and some social constructivists 

advocate that there is no distinction between the two concepts (Cobern, 2000). 

The constructivist paradigm closely aligns with a multicultural perspective on 

science education and this researcher is working towards the social constructivist 

perspective, though not without some difficulty. However, within the context of 

this research and the responses from the teachers, this researcher assumes 

Gess-Newsome’s perspective that these teachers hold a more traditional, 

objectivist view and regard knowledge and belief as different. 

Science 

 The term science has its roots in the Latin base “scientia”, knowledge, 

and was adapted by the British Association for the Advancement of Science in 

1831to differentiate the modern concept of science from the prior  practices of 

natural philosophy (Aikenhead & Ogawa, 2007).  To Bauer (1992) science 

“…most fundamentally means the study of nature (p 37).” From a pluralist 

perspective Ogawa (1995) defines science as “the rational perceiving of reality” 
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(p 588). A common basis for defining science from many perspectives is the idea 

that science is the set of ideas, methods and forms of argument  that a culture 

uses to create descriptions, explanations and predictions about the natural world 

(Finley, personal communication). Among the many perspectives of science, 

which are beyond the purview of this study, this research will focus on two 

perspectives, the traditional Universalist perspective of Western Modern Science 

and the emerging perspective of multicultural science. 

Western Modern Science (WMS) 

Western modern science is the predominant science taught in schools 

within the United States. It is a philosophy of science rooted in European and 

Ancient Greek science that functions under the guidelines of the nature of 

science. It is Universalist in its claims meaning that the findings are universally 

applicable and positivist in that there is only one standard of science. Cobern and 

Loving (2001) provide a definition of the Standard Account, the elements of 

Western Modern Science (WMS) that draws on consideration of both scientists 

and science educators (p. 58-60, italics original): 

1.0 Science is a naturalistic, material explanatory system used to 
account for natural phenomena that ideally must be objectively and 
empirically testable. 
1.1 Science is about the natural phenomena. 
1.2 The explanations that science offers are naturalistic and material. 
1.3 Science explanations are empirically testable (at least in principle) 
against the natural phenomena (the tests for empirical consistency) or 
against other scientific explanations of natural phenomena (the test for 
theoretical consistency). 
1.4 Science is an explanatory system – it is more than a descriptive ad 
hoc accounting of natural phenomena. 
2.0 The standard account of science is grounded in metaphysical 
commitments about the way the world "really is". 
2.1  Science presupposes the possibility of knowledge about nature. 
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2.2 Science presupposes there is order in nature. 
2.3 Science presupposes causation in nature. 
 
WMS is an empirical approach to science investigation that proposes 

objectivity in that the data derives from the object being observed and is received 

by the impartial observer through the senses. The process of investigation is 

logical and largely experimental and the confirmation of validity comes through 

hypothesis testing. WMS also proposes that science is acultural and not related 

to such social issues as gender, ethnicity or other human interests (Stanley & 

Brickhouse, 1994).  

Multicultural Science 

 Multicultural science is a complex, multi-faceted perspective that derives 

from a relativist belief that science is a culturally embedded concept. It derives 

from the post-modernist or relativist philosophies that evolved from Thomas 

Kuhn’s 1962 publication The Structure of Scientific Revolutions (Loving, 1997). It 

incorporates Indigenous Knowledge (IK) and Traditional Ecological Knowledge 

(TEK) and assumes “that there is no one way to know and think science 

(Kawagley et al., 1998, p. 138).” Multicultural science is a diverse and emerging 

concept that is defined as much as how it is different than WMS than any specific 

definition of its own. Multicultural science rejects the extreme Universalist and 

positivist tenets of WMS. Multicultural science recognizes WMS as one way of 

knowing science and recognizes its importance in modern society but rejects any 

notion that WMS is a superior set of science beliefs.  

In multicultural science the scientist is not an impartial observer but a 

participant in the research influenced by the historical and cultural context of the 
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researcher and of the research. Science is embedded within the culture and 

reflects science as it actually occurs rather than as it should occur (Loving, 

1997). There is a strong relationship between constructivist epistemology and 

multicultural science since both bring the context into the learning. 

Nature of Science 

 There is no one, generally accepted, definition of the nature of science 

(Alters, 1997). The debate on what is the nature of science began with Bacon’s 

development of what we refer to as Western European science, and the debate 

continues until the present. Alters (1997) identified 39 different elements that 

have been associated with the nature of science over the past 15 years and 

identified 11 different philosophical positions pertaining to the nature of science. 

A fundamental disagreement occurs between philosophers of science and 

science educators as to the nature of science appropriate for educational 

settings. Within this broad discussion of the nature of science, there is a 

consensus that there is a set of elements of the nature of science that are 

appropriate for K-12 level science education (Clough, 2000; Elfin, Glennan & 

Reisch, 1999; McComas, Clough, & Almazroa, 1998; Smith et al.,1997).  

Benchmarks for Science Literacy (American Association for the 

Advancement of Science (AAAS), 1993) and The National Science Education 

Standards (NSES) (National Research Council (NRC), 1996) both include the 

history and nature of science as key elements of their proposed national 

standards for K-12 science education. Several researchers have also proposed 

lists of elements for the nature of science to be included in K-12 education (Abd-
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El-Khalick et al., 1999; Clough et al., 2000; Lederman et al., 2002; Osborne et 

al., 2003). It should be noted for this research paper, that all of these lists include 

some aspect of culture as an element of the nature of science. McComas, Lee, 

and Sweeney (2009) surveyed literature on the nature of science and discovered 

ten papers that included culture as an element of the nature of science. Their 

analysis also discovered that culture was an element in 76% of the state 

standards on science education. Table 1.3 is a comparative list the nature of 

science elements from Benchmarks (AAAS, 1993), NSES (NRC, 1996) and 

Lederman et al., (2002) as examples of NOS standards.  

 The framework for the nature of science used within this paper is that 

developed by Lederman et al, (2002). Those elements of the nature of science 

applicable to secondary education include: 

1. The empirical nature of scientific knowledge 
2. Scientific theories and laws 
3. The creative and imaginative nature of scientific knowledge 
4. The theory-laden nature of scientific knowledge 
5. The social and cultural embeddedness of scientific knowledge 
6. Myth of the scientific method 
7. The tentative nature of scientific knowledge 
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Benchmarks (1993) NSES (1996) Lederman et al., (2002) 
A. A Scientific Worldview Science as a Human Endeavor The empirical nature of scientific knowledge 

Working together over time, we can 
figure out how the world works 

Scientific enterprise Scientific theories and laws 

The Universe is a unified system Ethical traditions 
 

The creative and imaginative nature of 
  Knowledge is stable and tentative Societal, personal & cultural beliefs 

 
The theory-laden nature of scientific 
knowledge 

B. Scientific Inquiry Nature of Scientific Knowledge The social and cultural embeddedness of 
scientific knowledge 

Scientific inquiry is complex  Empiricism, logic and skepticism 
 

Myth of the scientific method 

Scientific inquiry is flexible and not 
confined to laboratories 

Criteria of scientific explanations The tentative nature of scientific knowledge 

Scientific inquiry requires imagination 
and inventiveness 

Scientific knowledge subject to change  

Based on strict logic and empirical 
evidence 

Historical Perspectives  

Steady advancement is based on the 
whole enterprise 

Science has developed in other cultures  

C. The Scientific Enterprise Scientific change is usually incremental  

Science activity is one of the main 
features of the modern world 

Certain important changes  

Social structure Science builds on prior knowledge  
Disciplines and institutional 
identifications 

  

Ethics   
Role of scientists in public affairs   

Figure 1.3  Elements of Nature of Science from Different Sources
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CHAPTER 2 LITERATURE SEARCH 

Overview 

This chapter presents the review of research literature that provides the 

rationale behind the need for multicultural awareness, the need for multicultural 

science education, the cultural impacts of the teacher on teaching and of the 

student on learning, and the nature of science. 

 

The Need for Multicultural Awareness 

Science is a set of practices and within any society, the science that gets 

practiced is typically science as defined by the dominant culture within that 

society. 

Science is not something in the sky, not a set of eternal truths waiting for 
discovery.  Science is practice.  There is no other science than the 
science that gets done.  The science that exists is the record of the 
questions that it has occurred to scientists to ask, the proposals that get 
funded, the patterns that are pursued…  Nature “answers” only the 
questions that get asked and pursued long enough to lead to results that 
enter the public domain.  Whether or not they get asked, how far they get 
pursued, are matters for a given society, its educational system, its 
patronage system and its funding bodies. (Young, 1987, p. 18) 

 
Historically within the United States, the dominant cultural trend has been to 

teach Western modern science, a positivistic Eurocentric science based upon 

empiricism. More recently the socio-cultural trend within the nation is moving 

towards a policy of inclusion that focuses less on the assimilation of diverse 

cultures and offers a greater respect and regard for the beliefs and practices 
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within those diverse cultures.  This perspective includes recognition of the 

cultural basis of science and encourages science educators to broaden the 

framework within which they define science to include science as it may be 

defined and practiced outside of Western modern science. According to Driver 

(1994) this recognition of diversity adds complexity to the social construction of 

scientific knowledge. 

Changing Demographics 

The demographic data presented in Table 1.1 illustrates the scope and 

speed of the changing diversity within the research community.  The 

demographic data from one middle school within this school district are typical of 

schools not only within this district but, according to NCES (1996), of most 

schools across the United States. In these schools, most teachers continue to be 

white and middle class (Cho & DeCastro-Ambrosetti, 2005) and often come from 

rural areas or small towns and lack multicultural experience (NCES, 1996). 

Chevalier and Houser (1995), in their study of pre-service teachers, found 

that most of the prospective teachers were from mainstream backgrounds and 

lacked any significant exposure to other socio-cultural experiences. They also 

held beliefs that could be classified as typical mainstream attitudes towards the 

benefits of cultural assimilation, limiting immigration, and a blaming-the-victim 

attitude towards social conditions. Less than a third of the teachers responding to 

NCES report on teacher preparation (NCES, 1999) felt qualified to address the 

needs of culturally diverse students. Research by Milner, Flowers, Moore, Moore, 

and Flowers (2003) indicated that preservice teachers may be becoming more 
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sensitive to multiculturalism and diversity but these senior teachers probably 

maintain a more traditional perspective. Research by Walker-Dalhouse and 

Dalhouse (2006) indicated that a practicum and seminar experience promoted at 

least short increases in cultural awareness and sensitivity in preservice teachers.  

Given their research it is a goal of this study to examine similar beliefs of 

inservice teachers teaching science within a multicultural classroom and to 

inform educators of potential professional development needs. 

Cultural Knowledge 

 Teachers from White, mainstream backgrounds are members of the 

dominant culture and as such frequently believe that there is no such thing as a 

“White” culture (Nieto, 1999). Since the elements of their culture are viewed as 

the norm, teachers often believe that only individuals whose cultural beliefs differ 

from that norm have cultures and those beliefs are abnormal.  Nieto (1999) 

defines culture as, “the ever-changing values, traditions, social and political 

relationships, and the worldview created, shared, and transformed by a group of 

people bound together by a combination of factors that can include a common 

history, geographic location, language, social class, and religion” (p. 129).  

Individuals use cultural models to organize their knowledge about 

common events and situations and to guide expectations and actions 

(D’Andrade, 1984; Holland & Quinn, 1987). Cultural knowledge consists of the 

thoughts, perceptions, and belief structures that an individual acquirers through 

the process of enculturation that takes place within a specific cultural context 
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(Kane, 1995; King, 1995) and it includes the knowledge of how culture changes 

and whose culture is important (Bohannon, 1995). 

Given the factors that contribute to a culture, it is naïve to believe that 

White mainstream teachers do not possess a strong cultural identity and that that 

cultural identity frames their perception of individuals from outside of that 

dominant culture.  Teachers are frequently unaware of the social and political 

implications of their own cultural beliefs and are less able to assess the impact of 

those beliefs on their actions within their classrooms (Ladson-Billings, 1995). In 

increasingly diverse schools it is essential that we understand teachers 

awareness of the effects of cultural beliefs on the classroom environment and 

student learning. 

Beliefs 

Beliefs are part of a set of constructs that describe the structure and 

content of an individual’s thinking that are believed to drive his/her actions (Bryan 

& Atwater, 2002) and differ from knowledge systems. Typically, a belief system is 

often more confidentially held than the individual’s beliefs comprising the system, 

and at least as confidently held as related knowledge systems (Abelson, 1979). 

Belief systems are more influential than knowledge systems in determining how 

an individual frames the problem and organizes tasks, and are a stronger 

predictor of behavior (Nespor, 1987). Beliefs are part of that belief system that 

represent “some organized psychological but not necessarily logical form, each 

and every other one of a person’s countless beliefs about physical and social 

reality” (Rokeach, 1986, cited in Brand & Glasson, 2004).  Some beliefs are more 



 

 23 

centrally held than other beliefs and the more important the belief, such as 

possibly cultural identity, the more resistant it is to change. And changes in a 

belief system are not accomplished by reason or argument; the change requires 

a conversion or “gestalt shift” (Nespor, 1987) that represents a significant shift in 

one’s own cultural identity.  Classroom demographics are changing and it is 

essential that we understand how these changes impact teachers’ beliefs. 

Cultures and Crossing Borders 

Banks (2006) states that, when considering multicultural education, 

educators have to look beyond culture on a national scale to consider 

subcultures, variations within these large scale cultures. WMS is a subculture of 

the White, Eurocentric culture of the United States and school science is a 

subculture of WMS (Aikenhead, 1996, Aikenhead & Jegede, 1999) and each 

possesses its own worldview. As students enter a science classroom, they are 

approaching a subculture whose worldview differs from their own. In order to 

enter that subculture of school science, students must cross the border between 

their subculture and that of the science classroom (Aikenhead, 1996). A similar 

border crossing exists for teachers moving from the subculture of WMS to the 

subculture of multicultural science education (Brand & Glasson, 2004). 

The degree of congruency between students' worldviews and the 

worldview of the science classroom determines the degree of difficulty in making 

that border crossing. For students of the dominant, White culture the crossing 

may be easy but for those students from different cultures that possess a 

different worldview on science, the crossing may be particularly difficult or even 
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impossible. The success with which students cross the border depends upon 

(Aikenhead & Jegede, 1999, p. 270): 

a) the degree of cultural difference that students perceive between 
their life-world and their science classroom 

b) how effectively students move between their life-world culture and 
the culture of science or school science 

c) the assistance students receive in making those transitions easier 
 

Crossing that cultural border and becoming a culturally competent teacher 

can be threatening for many teachers. For mainstream teachers, their culture 

represents the norm, and any attempt to change or modify that norm may imply 

that there is something wrong with the normal (Brand & Glasson, 2003).  

Individuals frequently respond to such threats with resistance, defensive action, 

or attempts to redirect or modify the situation. Yet individuals will not become 

comfortable with themselves until they develop a positive sense of themselves, 

which includes an awareness of and acceptance of their own cultural identity 

(McAllister & Irvine 2000). As teachers face increasing cultural change it is 

necessary that we understand how they navigate this border crossing. 

The Need for Multicultural Science 

As the cultural make-up of the classroom changes, the classroom view of 

science will need to change as well. Over the past two or three decades 

scientists have been evaluating the foundation of a Universalist perspective, 

investigating the underlying values and assumptions that provide the structure for 

that philosophy of science and its superiority as the dominant scientific 

epistemology (Snively & Corsiglia, 2001). Science educators have been 

developing a cross-cultural, or multicultural, paradigm of science education (Lee, 
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2003). Supporters of a multicultural science education perspective advocate for a 

broader, more inclusive, approach to science education that recognizes, 1) the 

history and accomplishments of WMS, while acknowledging its limitations, and 2) 

validates the parallel conceptions of science developed by other cultures 

(Aikenhead, 1996; Cobern & Aikenhead, 1998; Lee, 2003; Lee & Buxton, 2008; 

Lee & Fradd, 1998; Loving, 1997; Maddock, 1981; Pomeroy, 1994; Stanley & 

Brickhouse, 1994, 2001). A multicultural perspective on science education aligns 

with the multicultural emphasis adopted within this research. 

The challenge of providing effective multicultural education is not a new 

challenge, nor is it a challenge facing the US education system alone. Eggleston 

et al. (1986), Hodson (1997), Nieto (1999), and Aikenhead and Ogawa (2007) 

represent studies over more than two decades that discuss how students from 

non-dominant cultures around the world perform less well on measures of 

academic success than members of the dominant cultures.  The report from the 

2007 UNESCO Conference on Science and Technology Education indicated that 

cultural elements present barriers to access and equity in science education 

(Fensham, 2008). Within U.S. national science education and policy statements 

(AAAS Benchmarks, 1993; AAAS: Science for all Americans, Science for all 

Americans, 1986) and across a broad range of academic research, there is 

strong support for the need of inclusive multicultural science education within 

American schools. Yet despite this general call for action, teachers and teacher 

educators have been largely unsuccessful in transforming pedagogy and 

classroom practices to meet with this multicultural need (Atwater, 1996).  
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Hodson (1993) associates the need for multicultural education to the 

variety of perspectives that students may take as they view science; is it the 

science within the context of their world, science within the context of the 

dominant society, or science within the context of a broad worldview of science. 

To some the need to develop a multicultural perspective in science education is a 

moral obligation (Aikenhead & Ogawa, 2007; Gay, 2002; Gudykurst & Kim, 1994; 

Luykx, Lee, & Hart, 2007; Nieto, 2002). 

 Until very recently, the Universalist, positivistic approach to science 

education has been almost dogmatic with strict adherence to the Scientific 

Method and empirical research in which the scientist was an objective observer 

whose beliefs did not enter into the observations (Cobern, 2000). Classroom 

instruction depended heavily on lectures in which the students were expected to 

accept the materials provided by the instructor and the text as unbiased facts and 

the results of experiments as identical no matter who the experimenter. The 

contributions to science by non-Western cultures are often ignored (Lewis & 

Aikenhead, 2000; NRC, 1986) or incorporated into Western science without 

acknowledgment (Snively & Corsiglia, 2000). 

It was not until the development of the Science, Technology and Society 

programs in the late 1980’s that scientists, and science educators, began to look 

at science within a cross-cultural framework (Slay, 2001). Instructional programs 

such as ChemCom placed the learning of science within the context of the 

students’ lives. The growth of the constructivist approach to learning (Driver & 
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Bell, 1986) further redefined science educators’ perspective on what science was 

and how students learned it.  

Constructivism and the Conceptual Change Model (CCM) 

Social constructivism is a fundamental element in multicultural science 

education, in which the teacher mediates between the learning context and the 

learner's "conceptual ecology" (Strike & Posner, 1993). The conceptual ecology 

is that collection of factors that influence student learning, including cultural 

factors. The epistemological theory of conceptual change first proposed by 

Posner, Strike, Hewson, and Gertzog (1982) proposes that learning is frequently 

not the addition of new concepts but rather the changing of concepts influenced 

by experience and a priori knowledge. Constructivism (Novak, 1977; Driver & 

Easley, 1978), in which students "construct" knowledge by replacing prior 

conceptions with new conceptions that are intelligible, plausible, and fruitful, is 

the epistemological basis for learning within the conceptual change model. Since 

their introduction, both constructivism and the conceptual change model have 

evolved from functions of the individual learner to interactions of learners within 

the social context (See Abd-el-Khalick & Akerson, 2004; Atwater, 1996; Cobern, 

1993; Rodriquez, 1998; and Strike & Posner, 1992).  

In a constructivist learning standard, each student brings to the classroom 

a worldview, a unique set of knowledge influenced by that student’s knowledge, 

motivation, background and experiences (Driver & Bell, 1986). Within learning, 

the student interprets new knowledge not only within the context of the current 

classroom activity, but within the framework established by that unique 
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background. Misconceptions, prior experiences and cultural influences are 

among many things that help construct that framework. If we are to implement 

multicultural science education we must understand how well teachers 

understand these complex interactions of these elements of learning. 

Culturally Relevant Pedagogy 

If science teachers are to deal with this complexity, they must develop a 

cross cultural context within their science teaching and teach in a culturally 

responsive mode. Culturally responsive teaching is defined as using the cultural 

characteristics, experiences, and perspectives of ethnically diverse students as 

conduits for teaching them more effectively (Gay, 2002, p 106). Culturally 

responsive teaching goes beyond just respect and recognition of cultural 

diversity.  It also goes beyond including a token example from a diverse culture, 

displaying a poster of a prominent minority scientist, or including an indigenous 

folk tale of some scientific phenomenon.  Culturally responsive teaching requires 

explicit knowledge that recognizes different cultures may have different ways of 

knowing, of speaking, and of learning (Aikenhead & Ogawa, 2007; Gay, 2002; 

Lee 2007; Lee & Fradd 1998; Luykx, Lee, Hart, 2007) and it requires that 

teachers acquire specific, factual knowledge about these differences (Gay, 

2002).  

 Culturally competent teachers need not only knowledge of cultural 

diversity but a belief in the efficacy of cross cultural education. Teachers often 

believe that students from diverse backgrounds are less capable than students 

from mainstream backgrounds. When such characteristics as race, ethnicity and 



 

 29 

social class influence how teachers perceive the ability and efforts of their 

students, the students suffer (Bryan & Atwater, 2002). Such attitudes create 

barriers to solving the problem of underachievement by students from diverse 

backgrounds (Gay, 2002).  

Culture is a constantly evolving concept and culturally competent teachers 

need to develop a stance that is not one of cultural maintenance but rather one of 

cultural development.  Ultimately culturally relevant teaching results in a science 

classroom where the social construction of knowledge involves the equitable 

input from members of every cultural group and where learning takes place in a 

highly interactive environment that respects the ways of knowing that each of 

those cultural groups brings. 

CRP supports a highly interactive, collaborative classroom (Ladson-

Billings, 1995) that includes the input from multiple perspectives (Lee & Buxton, 

2008). Within such a classroom, especially one based on cooperative learning, 

what is learned is at the intersection of all those personal constructs of the 

individuals involved in the learning. The collaborative classroom is one where 

students learn “… a sense of responsibility to contribute one’s fair share of the 

work, respect for the efforts of others and for them as people, behaving with 

integrity, compassion when other members are in need, and appreciation of 

diversity” (Johnson, Johnson & Holubec, 2008, p 1:20). In a learning environment 

where everyone respects everyone else’s ideas, a diversity of ideas can be seen 

as a benefit. In a group attempting to find a unique solution to a problem, the 
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greater the variety of perspectives involved the more likelihood that a truly unique 

solution will appear.  

 

 

Inquiry-based Instruction 

 Inquiry-based instruction engages the students in the instructional 

development and uses student-centered questions and activities that allow 

students to use their own knowledge to direct the progress of not only the class 

but the curriculum. Essentially running parallel to constructivism, by allowing 

students to be involved in the design of the instruction and the assessment, 

inquiry permits a variety of individual perspectives to enter into the instruction. 

Enabling the student to take charge of the learning allows the student to bring 

whatever cultural influences might exist into the process, and the learning 

becomes more a part of the student’s own world than part of the school world.  

This evolution in science instruction is very different from the didactic 

approach in which the science teacher is the expert at the front of the room who 

pass along to students the tenants of Western science based upon empirical 

experimental design and objective factual results. The objectivist admonition that 

“We write up a lab report so that anyone else who does the lab the same way as 

we do will get exactly the same results that we do” does not allow for an 

interpretation of results based upon an individual’s cultural context and personal 

perspective.   
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Impacts of Culture on Teaching and Learning 

Cultural Background of the Teacher 

Before teachers can become effective in a multicultural classroom they 

first must recognize their own worldview and understand how that view 

influences their position within the classroom (Banks, 2005; Bennett, 1993; 

McAllister & Irvine, 2000). Only then will they be able to address the differing 

worldviews of their multicultural students (Bennett, 1993). 

Teacher Belief Systems 

Belief systems influence how teachers react to the environment in which 

they teach, how they teach, and how they interact with their students and the 

belief systems that support these actions are resistant to change. Beliefs are 

subconscious associations that develop in our very early stages of personal 

growth (Artiles, 1998); as such, they reside in long term memory and are very 

stable and resistant to change (Artiles, 1998; Sanders, 1999).  

Teachers’ early life experiences (Pajares, 1992), and racial and ethnic 

identities (McAllister & Irvine, 2000) are key elements in shaping their belief 

systems and their belief systems are key elements in how they learned to teach 

(Artiles, 1998; Nespor, 1987; Parjes, 1992). Teachers’ whose experiences and 

identities differ from those of their students may possess a completely different 

set of cultural models regarding the roles and processes of education than those 

of their students (Brian & Atwater, 2002).  
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Teacher Reaction to Student Diversity  

NCES (1999) found that 47% of respondents were not comfortable (17%) 

or only somewhat comfortable (30%) in teaching students from diverse cultures.  

The teachers’ feelings about comfort level with teaching students from different 

cultures remained stable across the range of experience from 3 or fewer years to 

20 or more years of teaching experience. Scott (1995), in an investigation of field 

experiences, found that education students were very uncomfortable and 

expressed negative reactions when working in an environment which differed 

significantly from their own educational background experience. Lee (2007), in a 

two-year evaluation of minority teaching students, found that their practices and 

beliefs in home language and culture remains very stable and did not significantly 

change over the course of the evaluation.   

Teacher Beliefs and Classroom Practices 

A teacher’s belief system and values not only influence how that teacher 

may regard minority students in the classroom, it strongly influences the 

framework within which that teacher approaches the curriculum and the nature of 

learning (Nieto, 1996). Teachers may depart from teaching the established 

curriculum based upon the values that they may place upon particular topics 

(Pajares, 1992), de-emphasizing or omitting topics in which they have little 

interest or expanding and adding topics in which they place a particular value as 

being important in the curriculum as they perceive it. The criteria they use to 

make these selections reflect the beliefs and values of their own cultural identity.  
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The cultural role model of teaching influences how individuals react to 

routines and guide their expectations and actions (D’Andrade, 1984; Holland & 

Quinn, 1987). Teachers establish standards for classroom behavior and 

participation based primarily upon their Eurocentric cultural model and when 

students’ behaviors do not match these norms, the teachers often regard this 

“absence of synchronization” (Irvine, 1990, cited in Brian & Atwater, 2002) as 

misbehavior and react accordingly. Teachers tend to think that these students 

are less competent (American Association of University Women (AAUW), 1992; 

Gomez, 1993; Henze, Lucas & Scott, 1998; Marshall, 1996) and they respond 

with lower expectations (Southerland & Gess-Newsome, 1998) and less 

supportive behaviors. 

Cultural Background of the Student 

 For the most part, students from the non-dominant culture have been 

expected to abandon any of their own culture’s view of what science is and how 

to practice science. They have been expected to accept the tenets of Western 

modern science as the only acceptable method of practicing science (Gay, 

2002). Elements of the students’ culture regarding the position of the student 

within that culture, the development of language, how the student learns, the 

meaning of “knowledge”, and the definition and purpose of science may all differ 

from the Eurocentric culture the student experiences within the classroom 

(Gaskell, 2003).  
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The Rules of the Classroom  

The "rules" of the classroom governing behavior, interpersonal 

interactions, the learning of science, and many other elements of the classroom 

are determined by the dominant culture and are implicit to members of that 

culture (Lee, 2003). These rules may be incongruent with the worldview of 

students from different cultures and, for those students, present barriers to 

classroom participation and learning. 

Funds of Knowledge 

The student brings to the classroom, the “funds of knowledge” developed 

through membership in the culture in which the student lives (Moll, Armanti, Neff 

& Gonzalez, 1992). The “funds of knowledge” represents the flexible, adaptive 

and reactive set of social networks in which the student participates in his/her 

home and community.  Much of the student’s knowledge, intentions, and actions 

can only be interpreted within the norms of this social network. The intellectual 

processes of the student are culturally encoded and the ways that they are 

expressed are influenced by cultural socialization (Cazden, John, & Hymes 

1985).To the student, the classroom, where the roles and interactions are vastly 

different, can feel restrictive and very isolated from the supportive network of the 

community (Moll,  Armanti, Neff & Gonzalez, 1992 ). The congruency between 

the worldview of the science classroom and the worldview of the student 

determine how the student experiences school science (Costa, 1995). Social 

moorings provides a broader frame that takes into account historical, institutional, 

social and cultural perspectives of knowledge that extends beyond their own 
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cultural boundaries and may bring new perspectives to learning science (Grant & 

Wieczorek, 2000). 

Language 

 For mainstream students, the structure of language in the classroom 

roughly parallels the structure of the language the student uses within normal 

social context. The same cannot be said for students from non-mainstream 

cultures whose linguistic tradition may be very different (Luykx, Lee, & Hart, 

2007). Language is a cultural artifact (Hodson, 1993) and it is learned within the 

social guidelines of the culture.  Within the context of teaching multicultural 

science, the cultural base of language presents several problems, 1) the formal 

nature of academic discourse, 2) the difference between academic discourse and 

social discourse, 3) the technical nature of scientific terms and the confusion of 

everyday terms having a different meaning within scientific context, and 4) the 

use of language-based activities as a mode of instruction. In addition, the 

development of literacy within science education goes beyond the basic ability to 

speak, read, and write (Lee & Fradd, 1998); it includes the ability to make 

predictions and observations, to prepare tables and graphs, to analyze and 

summarize data, and to present information in a variety of formats. Teachers are 

often unaware of this distinction between academic language and social 

discourse (Fradd & Larrinaga McGee, 1994). 

Cultural View of Science 

 Western modern science is an empirical undertaking that relies upon 

experimentation and testing to determine which is the uniquely correct theory 
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(Alters, 1997) in which knowledge is the outcome (Aikenhead & Ogawa, 2007). 

Indigenous science may have very different criteria for what is science (Hodson, 

1993) and regard science as a process of “coming to know” rather than an 

outcome (Aikenhead & Ogawa, 2007). Viewed from different perspectives, it is 

understandable that different cultures approach science in a different way. Within 

some cultural worldviews, individuals have a tendency to work cooperatively 

towards a common goal while in others effort tends to be individualistic (Gaskell, 

2003). In some worldviews, success is a reflection upon the community while in 

others success is an individual achievement. These different approaches reflect 

the socio-cultural, religious, political, economic, and environmental values of the 

cultures. If science is viewed differently and done differently by different cultures, 

it is logical that the outcomes are culturally dependent. It is also logical that if 

science is viewed differently by students from different cultures that we 

understand how teachers accommodate these different perspectives. 

Nature of Science 

 An understanding of the nature of science (NOS) is an essential element 

in teaching and knowing science (Bybee, 1997), and has been advocated as an 

essential goal of learning science since 1907 (Central Association of Science and 

Mathematics Teachers, 1907, in Lederman, 2007). And the call to include NOS 

as an element of science understanding appears in research and policy 

statements across the world (Lederman, 2007). Yet Lederman (1992) cites a 

series of studies dating to 1950 that indicate teachers do not possess a good 

understanding of NOS and the list of research dedicated to the subject is 
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extensive (See Bell, Abd-El-Khalick, Lederman, McComas, & Matthews, 2002). 

And while there may be debate as to what constitutes the nature of science 

(Alters, 1997; Smith, Lederman, Bell, McComas, & Clough, 1997), there is broad 

agreement within the research that NOS is an important influence in science 

education (Brickhouse, 1990) and are part of a complex set of factors that 

influence teacher practice (Abd-El-Khalick, Bell, and Lederman, 1998; Lederman, 

1999). 

WMS Perspective on NOS 

The traditional, Universalist position is still the most common perspective 

in current science education curriculum (Stanley & Brickhouse, 2000) and this 

traditional view holds that science is an objective, value free search for the truth 

(Witz & Lee, 2009) and still drawn from primarily a Western cultural context 

(Hodson, 1993). Matthews (1994) presents a Universalist perspective on 

Western Modern Science, "WMS is an intellectual activity whose truth-finding 

goal is not, in principle, affected by national, class, racial, or other differences." 

(p.182). Siegel (2002), while recognizing the cultural element of science, claims 

WMS is "superior" (Siegel, 2002, p.9) to ethnic sciences. 

Indeed the National Committee for Science Education Standards and 

Assessment at the AAAS stated (in Stanley & Brickhouse, 1995): 

It is the research agenda of the community of scientists, the ways in which 
research questions are formulated, and the rules of evidence and 
argumentation that should pervade the school curriculum.  This is not to 
say that other cultures have not engaged in intellectual activities that 
share attributes in common with contemporary science, or that ways in 
which contemporary science is right or most productive, but only that it is 
not within the purview of school science to engage in the critique. (p. 6) 
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The Universalist view of the nature of science, although it developed 

within a specific cultural context, expands its beliefs and tenants, its nature of 

science, to encompass all other cultural contexts (Lee & Buxton, 2008).  

Teacher’s Beliefs in NOS 

Science educators who completed their own science education programs 

within the timeframe of the 1990’s and earlier more than likely were taught within 

a positivistic environment on science that reflected these views. The views may 

be so deeply fixed into the teacher’s beliefs systems that the teacher is unable to 

express them (Aikenhead, 2003). Thus the elements of the Universalist 

perspective likely are the framework within which these teachers view the nature 

of science. 

According to Witz and Lee (2009) a teacher may: 

…regard science as having an intrinsic worth, significance, importance on 
its own, and he or she will feel that it has metaphysical, moral-ethical or 
aesthetic overtones which are part of his or her basic moral or spiritual 
outlook.  Hence science as a higher value or ideal will interact with his or 
her other higher values, will play a major role in his or her attitudes to 
socio-scientific, environmental, and teaching issues, and will continuously 
operate in his or her personal and professional development. (p. 424) 
 

 Adhering to what the teacher sees as an ethical standard may be the main factor 

that prevents teachers from “confronting the social consequences of modern 

science” and “seeking ways of changing your educational practice” (Cross & 

Price, 1998, p. 319). 

Teaching NOS 

Students may not learn science effectively unless teachers understand the 

nature of science and how to teach it to their students (Fradd & Lee, 1995) yet 
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teachers rarely consider the nature of science when planning instruction or 

making instructional decisions (Lederman, 1999). Misunderstanding of the nature 

of science, by both the teacher and the student, influences how the students 

perceive science and may contribute to negative student attitudes and avoidance 

of science classes (Clough, 2000). 

This often presents science in a way that may be unattractive, or even 

inaccessible, to many students from non-traditional backgrounds and may even 

seem irrelevant to their set of experiences and beliefs (Hodson, 1993). The need 

for a less racial, more multicultural perspective of science demands that we re-

evaluate our entire academic approach to what science is and how we do it and 

how we teach it. Hodson (1993) proposes that we need to differentiate between 

“our science”, the Western modern science; “their science”, the science as the 

students understand it, or; “the science” as understood in other non-traditional 

settings. 

NOS and Multicultural Science 

The teacher’s perception of the students appears to influence the attention 

that that teacher gives to the nature of science (Lederman, 1999) so if we are to 

teach about the nature of science, then we have to decide whose view of science 

we are to teach and whose knowledge is most valuable (Stanley & Brickhouse, 

1995). Some of a teacher’s assumptions about the nature of science are so 

deeply ingrained that the teacher is either unconscious of them or does not 

question them and may not be able to question them without questioning the 

validity of many other assumptions (Stanley & Brickhouse, 2000). If teachers are 
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unaware of the impact of multiculturalism on their science instruction, unaware of 

the impact of their belief systems and their students’ belief systems on their 

classroom instruction and unclear as to how they represent the nature of science 

to their students, then it is not likely that those teachers will be able to teach 

science equitably to the diverse student body they will continue to face in growing 

numbers. As Namenwirth (1986) stated, "Scientists firmly believe that as long as 

they are not conscious of any bias or political agenda, they are neutral and 

objective, when in fact their only unconscious" (p. 29, Cited in Gough, 2011).  

Critical Elements 

 Multicultural education is a multi-faceted challenge that seems to defy 

clear definition or agreement. What seems to be a key element that receives 

broad support is the need for the teacher to be aware of his/her own cultural 

biases (Bennett, 1993; Ladson-Billings, 1995) and to develop a cross-cultural 

perspective within classrooms (Aikenhead & Ogawa, 2007; Gay, 2002; Hart, 

2007; Lee 2007; Lee & Fradd, 1998; Luykx, Lee, & Hart, 2007). This cross-

cultural knowledge includes the structure of language within cultural groups (Lee 

2007; Lee & Fradd, 1998; Luykx, Lee, & Hart, 2007), the concept of knowledge 

within a culture (Aikenhead & Ogawa, 2007), and the context within which 

cultures place learning (Fang, 1996; McIntyre, 1996). If science teachers are 

teaching science, they should know whose concept of the nature of science they 

are teaching and whose knowledge counts the most (Stanley & Brickhouse, 

1995).  
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CHAPTER 3 METHODOLOGY 

Overview 

 The research method for this study was a comparative case study. 

Merriam (1998) states that case studies provide “a means of investigating 

complex social units consisting of multiple variables of potential importance in 

understanding the phenomenon” (p 32). Case studies provide detail of social 

political and personal issues tied to the context of the study (Soy, 1997) and the 

rich detail obtained provides insights to personal experiences and details the tacit 

knowledge of the interviewees (Stake, 1995). Case studies offer insights and 

illuminate meaning that expands its reader’s experiences (Merriam, 2006) and 

allows the readers to evaluate the findings of the case study within the context of 

their own experience. 

Yin (2009) defines a case study in two parts: 

1) A case study is an empirical inquiry that 
• investigates a contemporary phenomenon in depth and within its 

real-life context, especially when 
• the boundaries between phenomenon and context are not clearly 

evident. 
2) The case study inquiry: 

• copes with the technically distinctive situation in which there will be 
many more variables of interest than data points, and as one result 

• relies on multiple sources of evidence, with data needing to 
converge in a triangulating fashion, and as another result 

• benefits from the prior development of theoretical propositions to 
guide data collection and analysis. (p 18) 
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Study Context 

The context of this case study was the school district within an affluent 

(the 9th highest median family income in the nation (U.S. Census, 2010)) Class 1 

city with a strong White European culture within an upper Midwestern state. In a 

2005-2007 American Community Survey by the U.S. Census Bureau, about 75% 

of the community's population was of German, Norwegian, Irish, English or 

Swedish ancestry (U.S. Census, 2007). Between 1990 and 2010, the population 

of this city increased from 70,700 to 106,700 (U.S. Census). Within this increase 

was a dramatic change in the demographic makeup of the community. Using 

school district demographic reporting data (District Demographic Data, 1992 to 

2010), the minority population of students in 1990 was 9%; in 2010, the minority 

student population had increased to 31%. District officials report that the student 

population represents 65 different countries and the students speak 64 different 

languages or dialects. It is the reaction of secondary science teachers to this 

changing demographic that provides the basis for this research. 

Cases 

 The primary set of cases within this research study was a bounded set of 

seven senior secondary science teachers with at least 10 years teaching 

experience within the school district. The thesis design was for 15 years of 

experience but was revised to 10 years based upon response to the recruitment 

survey. A secondary set of case studies designed to establish frames of 

reference included a single secondary science teacher with less than 10 years 

teaching experience who had demonstrated a strong involvement in school and 
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district multicultural education efforts, and a single secondary science teacher 

with more than 30 years of experience who was born and raised in an urban 

environment and had previous experience teaching in an urban school district. 

The intent of the secondary cases is to provide a standard of multicultural 

involvement against which the researcher could compare responses within the 

primary case.  

Interview Format 

The researcher was a secondary science teacher within this school district 

and maintains a close professional, and in several cases, personal relationship 

with each of the participants in this study. This close personal relationship 

establishes a strong base for the use of qualitative research interviews as the 

primary data collection method in this case study. Kvale (1983, p. 174; cited in 

King, 2002) defines the qualitative research interview as "an interview, whose 

purpose is to gather description of the life-world of the interviewee with respect to 

interpretation of the meaning of the described phenomena." The qualitative 

research interview allows the researcher to go deeper into personal 

understanding than a survey or a questionnaire (King, 2002), and allows the 

researcher to gain an inside perspective of the interviewees reaction to the 

phenomenon, "by presenting events as the respondent experiences them, in the 

respondent's words, with the respondent's imagery” (Weiss, 1994; p. 10). The 

qualitative nature of the data maintains the richness without destroying any of its 

meaning through excessive coding (Eisenhardt, 1989). 
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 The questions within an interview fall into three categories (Rubin & Rubin, 

1995); main questions, probes, and follow-up questions. The interviews 

consisted of a set of two interviews of primarily narrative questions with each 

teacher. The first interview, approximately 1 hour in length, consisted of semi-

structured main questions with probes to clarify and expand the teacher’s 

response to any question. The second interview, typically lasting 30 – 45 

minutes, consisted of follow-up questions that derived from the initial analysis of 

first interview responses, focusing primarily on those responses for which the 

researcher wanted further clarification of the initial response, looking for 

responses to the initial main questions that were omitted in the course of the 

initial dialogue and offering the teacher another opportunity to provide individual, 

personal insights that may not have been covered by the interview protocol. The 

final phase of the interview was a member check; the researcher provided each 

participant with a written copy of the case description to ensure that the 

researcher’s presentation of participant responses was a fair representation of 

the participant’s intent.  

Development of protocol questions 

Questions in the interviews were drawn from themes identified within the 

literature cited above and the results of a pilot project conducted within the 

district. The researcher’s experience as a secondary science teacher within the 

district helped to define the boundaries of this case study.  His interactions with 

colleagues, his participation in the workshops and professional development 

within the district and the reactions to the political atmosphere of the community 
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have helped to identify the elements of this case study as possible areas of 

concern for teaching within the school district. This experience within the district 

allowed the researcher to develop a preliminary interview protocol that 

established the major themes from the literature within the context of this specific 

community.  

The pilot project was an interview with a single, secondary teacher within 

the district. The interview protocol for the pilot study was developed within the 

context of university multicultural education class. The readings for the class 

allowed the researcher to identify major themes associated with multicultural 

education which were used in conjunction with personal experience to develop 

the initial interview protocol. The readings for the class provided a basis for 

relevant topics that was expanded to form the readings for the research proposal 

for this project. Analysis of the interview results and material from the readings 

allowed the researcher to develop an interview protocol that the researcher 

perceived would represent the noteworthy elements of the research questions 

within this context. Figure 3.1 includes the main question interview protocol used 

within this research. 

Figure 3.1 Interview Protocol 
1. Please tell me a little about your teaching experience, how long, what 

classes, which schools and such. 
2. Would you summarize for me your philosophy of the nature of science, what 

are some of the characteristics of science as you understand it? 
a. How does science work?   
b. What determines the status of a scientific idea?  
c. What does it mean to say that something is scientifically accepted as 

true or not?  
d. To what extent is science certain? Why? Uncertain? Why? 
e. Does culture influence science If yes, how?  If no, why not?  
f. How does this philosophy influence how you teach science?   
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Figure 3.1 Interview Protocol (cont.) 
g. Do you believe science is a set of beliefs? Please explain. 

3. How do who you are and the culture you represent influence how you teach 
science? 

4. Over the time span of your tenure, the school district has witnessed a 
significant increase in cultural diversity and in the number of minority students 
in the schools. Within that framework, please describe for me the changes 
you have seen in the cultural make-up of your classes. 

5. What would you say are the changes that have occurred within your 
classroom as the diversity has changed? 

a. Could you give me an example of how that experience has changed? 
i. Have your goals about how you approach science education 

changed? Explain. 
ii. What has changed about what you teach? 
iii. What has changed about how you teach? 
iv. What has changed about how you assess student progress? 

6. Not focusing on misconduct but on normal classroom behavior, how has the 
changing diversity changed behavior patterns within the classroom? 

a. In general, how do you think the ethnic/cultural group to which the 
student belongs influences what social behaviors that student 
expresses in the classroom? 

b. In general, how do you think the ethnic/cultural group to which the 
student belongs influences what academic behaviors that student 
expresses in the classroom? 

i. What types of cultural beliefs or standards do you see being 
expressed within specific ethnic/cultural groups? 

ii. What types of cultural beliefs or standards do you see being 
expressed between different ethnic/cultural groups? 

7. What do you see as the influence or role of the family and the community on 
the academic performance of diverse students? 

8. How have the patterns of communication changed as the classes have 
become more diverse? 

a. Nonverbal patterns? 
b. In what ways has language impacted communication within your 

classroom? 
i. How do you try to deal with that? 

9. What have been your goals with respect to teaching science in a multicultural 
classroom? 

a. How do you think those goals have changed over time? 
i. What do you think caused these changes? 

b. How do you think your concept of teaching science has changed? 
i. What do you think caused these changes?  
ii. Do you think that multicultural classes have required you to 

rethink your philosophy of science?  
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Figure 3.1 Interview Protocol (cont.) 
iii. Why or why not? 

10. Could you give me some examples of activities that you used to try to 
introduce multicultural teaching into your curriculum? 

11. Pick one of those examples and tell me: 
a. Was the attempt successful and why do you think so? 
b. If it was unsuccessful, why do you think it was so? 
c. Could you provide me with a copy of the lesson plans for that activity? 

 

Table 3.1 is based on a model developed by Anfara, Brown and Mangione 

(2002). The table indicates the relationship between the research questions and 

those specific interview protocol questions that were intended to elicit responses 

related to a specific research question. For example, interview protocol question 

9.c asks the interviewee if teaching multicultural classes has required the teacher 

to rethink his/her philosophy of the nature of science, which is addressed in 

research question 3. Presenting this relationship in this format allows the reader, 

and the researcher, to follow the progression of data collection as it relates to the 

overall research. 

Table 3.1 Relationship between Research Questions and Interview Protocol 

 Research Question Interview Protocol Question 
 
1) What is the teacher’s 
awareness of his/her own cultural 
beliefs and its implications on 
classroom practice? 
 

 
3; 4; 5 

 
2) What is the teacher’s view on 
accommodating the cultural beliefs of 
students in teaching science? 
 

 
6; 7; 8; 9.a; 9.b; 10; 11 

 
3) What is the teacher’s view of 
the nature of science and how does 
that interact with his/her cultural 
awareness? 
 

 
2; 9.c 
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 Solicitation of Participants 

The researcher solicited participants for this research through a two-part 

process. The initial process was a screening survey, sent to all secondary 

science teachers within the school district. Elementary teachers were not 

solicited because of the nature of science element of this research; since most 

elementary teachers have a limited science education background, it was 

assumed that they were less likely to have significant exposure to the concept of 

the nature of science. The screening survey asked: 

• total teaching experience and experience within the district 
• environment in which the individual was raised and went to high 

school 
• experience in a multicultural environment 
• information on their bachelor’s degree; subject area and type of 

institution 
• information on their advanced degree; subject area and type of 

institution 
• classes and/or professional development in multicultural education 
• classes and/or professional development in the nature of science 

        
From the screening survey respondents, the researchers selected 

individuals that met the established criteria for the research. These criteria for the 

primary case study included: 

• more than 10 years teaching experience within the district 
• raised and completed high school in an area with little exposure to 

a multicultural population 
• a background with little or no multicultural experience 

 
These selection criteria are based upon the following assumptions: 

• teachers with more than 10 years within the district have 
experienced the changing demographics within their classrooms 
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• teachers who completed their teacher licensure certification more 
than 10 years ago were less likely to have had classes addressing 
multicultural education 

• teachers who completed their science education more than 10 
years ago were more likely to have experienced a more positivistic 
or Universalist  approach to the nature of science 

• teachers raised in rural environments or in a small city environment 
without exposure to a multicultural population would have learned 
less skills in working with individuals from other cultures 

• a white, middle-class individual with a primarily rural background 
matches the profile of the typical teacher with in US schools 
(NSES, 1999) 

 

The study design called for a total of 12 participants, eight to form the core 

of the research and four to represent frames of reference, two experienced 

teachers with multicultural experience and two less experienced teachers with 

little multicultural experience. Given a lower than expected response to the 

selection survey, the final study included seven core teachers and one teacher 

from each frame of reference group. Table 3.2 lists the nine participants in the 

research study and identifies their responses to the selection criteria.
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Table 3.2 Research Participants 
 

 
 

Name 

 
Total 

Teaching 
Experience 

(Yrs) 

 
Teaching 

in 
District 
(Yrs) 

 
Taught  

in 
another 
district1  

 
Environment 

in which 
Raised 

 
Environment 

in which 
Completed 

HS 

 
Multicultural 
Experience 

 
Bachelors 
Degree2 

 
Advanced  
Degree2 

 
Multicultural 

Classes/ 
Professional 

Development3 

 
NOS4 

Classes/ 
Professional 

Development3 

Patrick 13 11 Y/R Rural Rural N S/St C M, Ed Y/PD Y/C 
Elizabeth 30 26 Y/S Urban Suburban Y S/N-SPC M, Ed Y/C, Y/PD Y/PD 
Alyssa 11 11 Y/R City City Limited S/St C M, Ed Y/C, Y/PD Y/C, Y/PD 
Tom 34 34 No Rural Rural Limited S/SPC M, S Y/Inc, Y/PD No 
Marie 19 19 No City City N S/St C M, Ed Y/C, Y/PD Y/C, Y/PD 
Michael 11 11 No Rural Rural N S/St C M, Ed Y/PD No 
Margaret 19 19 No City Rural N Ed/Univ M, Ed  No Y/C, Y/PD 
Mary 8 7 Y/U City City Y S/Univ M, Ed Y/C, Y/PD No 
Brian 36 15 Y/U/R Urban Urban Y S/Univ M, Ed Y/C, Y/PD No 
 

1) R – Rural; S – Suburban; U - Urban 
2) S – Science; Ed – Education; St C – State College; SPC – Sectarian Private College; N-SPC – Non-sectarian Private College; Univ – State University 
3) Y/C – Specific Class; Y/PD – Specific Professional Development; Inc/C – Included in another class; Inc/PD – Included in another professional development 
4) Nature of Science
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Validity 

The reliability and validity of qualitative research, when measured against 

the standards of quantitative research, are often judged as being soft (Anfara et 

al., 2002). Providing the reader with a description of the decision-making process 

used while conducting the research helps to establish the necessary validity of 

the research outcomes. The criteria for confirming reliability and validity within 

this research are based upon guidelines established by Lincoln and Guba (1985), 

as cited in Anfara et al. (2002).  Table 1 in Anfara et al. (2002, p. 30), lists a set 

of terms the authors used to evaluate qualitative research and the strategies 

employed within each of those qualitative criteria. This researcher used the same 

criteria in measuring the validity of this case study. 

 

Table 3.3 Research Criteria for Assessing Qualitative Research Quality and Rigor 

Qualitative Term Strategy employed 
Credibility 
  

Prolonged engagement in the field 
Member checks 

Transferability Representative sample 
Confirmability Practicing reflexivity 

(Adapted from Anfara, Brown and Mangione, 2002) 

In evaluating credibility, this researcher employed prolonged engagement 

in the field, a representative sample, and member checks. This researcher was a 

teacher within the research community for 15 years and experienced the 

changing classroom demographics and the responses by the teachers, the 

administration, and the community to these rapid changes. The researcher 

personally struggled with adapting his classroom practices to this demographic 

change. 
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In an attempt to establish triangulation, the researcher solicited lesson 

plans that each interviewee felt was a definite attempt to introduce multicultural 

instruction into the classroom. It was the researcher's intent to analyze the lesson 

plans to identify multicultural elements and to compare to the responses the 

teacher gave during the interviews to see if they are congruous. However none of 

the study participants were able to recall a lesson or unit in which they made 

deliberate attempts to introduce some definite multicultural objectives. 

After conducting the interviews, the researcher performed member checks 

presenting the participants with the summary description of their interviews used 

within this paper to ensure that the summary was an accurate representation of 

the participants statements. The member checks were of limited value since only 

one individual, Tom, replied. The researcher verified that the teachers had 

received the material for review and took their silence as an indication that the 

material was a fair representation of the teachers’ responses. 

In establishing transferability, the researcher established a purposeful and 

representative sample. The selection criteria for the purposeful sample, senior 

white middle-class teachers within the district with little prior exposure to a 

multicultural environment, defined the boundaries for the research. In 

establishing a representative sample, the researcher attempted to get 

perspectives of senior science teachers in each of the secondary schools within 

the district. Participants represent six of the eight secondary schools within the 

district; teachers from the remaining schools either failed to respond to the 

screening questionnaire or could not follow through with interview times. The 
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researcher also attempted to obtain input from an equal representation of male 

and female science teachers; the gender balance of the science teachers within 

the district is about even, the research sample contains 4 male teachers and 5 

female teachers. While the participants sample is representative of the school 

district, the researcher was seeking a larger number of participants but the level 

of response to the screening questionnaire did not provide the researcher with 

the depth of coverage that he desired. Cultural and race relations have been a 

contentious subject within the district, which is part of the motivation for this 

research, may have influenced response rates. 

In establishing confirmability, the researcher practiced reflexivity 

throughout the research process. As mentioned above, the researcher was a 

teacher within this school district for 15 years and experienced the changing 

classroom demographics firsthand. The researcher had a broad multicultural 

background but it was two personal experiences after he entered graduate 

school that profoundly expanded his awareness of "white privilege" and the 

special status that it gave him. These experiences caused him to reflect upon his 

teaching and how he was working to meet the needs of diverse students within 

his own classroom. These reflections shaped this research process. The 

researcher continued to teach within the school district while pursuing this 

research. Viewing his classroom and his colleagues through a new perspective 

were crucial elements in establishing the research question and then setting the 

boundaries of the case study. It was clear to the researcher that he needed to be 

aware of his own responses to this phenomenon and to not transfer his own 
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reactions and feelings to his colleagues during the interviews. The researcher 

maintained a strong sense of personal reflexivity, evaluating how a growing 

awareness of his "white privilege" was influencing the adequacy of his own 

teaching and his developing understanding of what was effective multi-cultural 

science education. 

Researcher Bias 

As a military dependent and as a career military member, the researcher's 

background includes a mobile lifestyle in which he lived or served in several 

regions of the United States and foreign countries. This experience has given the 

researcher a broad exposure to diverse cultures and ethnic groups. However it 

was twmro experiences during graduate school that made the researcher more 

aware of his status within the context of white privilege. 

Based on the gap in achievement scores between white and nonwhite 

students, the school district has struggled to provide an adequate education for 

minority students. The school board hired a superintendent whose stated goal 

was to implement policies to close the achievement gap. These efforts were met 

with contentious political responses from both the community and the teaching 

staff. It was within this highly charged political environment that the researcher's 

growing awareness of white privilege provided him with an insight to some of the 

struggles his peers were experiencing in adapting to a rapidly changing 

multicultural environment. This awareness became the motivation for this current 

research. 
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As a teacher within the district, the researcher worked in a professional 

manner with science teachers from all of the other schools within the district and 

developed a close relationship with all of the participants in this study. This 

relationship encouraged the participants to be open and thoughtful in their 

responses to interview questions. This openness required the researcher to be 

cautious and diplomatic in presenting data which may cast a negative 

perspective upon individual participants. In spite of this, the researcher attempted 

to be as complete and thorough as was possible in the analysis of each 

participant's responses. 

Data Analysis 

The researcher used the Dedoose software to analyze and code each 

participant’s responses. Themes developed across all of the cases within the 

responses that appeared to be associated with certain of the interview protocol 

questions. The researcher used the code co-occurrence quantitative analysis 

function of Dedoose to identify patterns within the number of responses to each 

of the different codes. Figure 3.2 indicates the grouping of teacher responses into 

the themes. Spikes in the table show higher numbers of responses associated 

with particular themes creating clusters of code responses.   
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Figure 3.2 Trends in Response Codes 
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Table 3.4, developed after Anfara, Brown and Mangione (2002), diagrams 

the development of themes within these clusters of responses. 

 

Table 3.4 Code Mapping and Development of Themes 

 
Code Mapping and Development of Themes 

Research Question 1 
What is the teacher’s 
awareness of his/her 

own cultural beliefs and 
its implications on 

classroom practice? 

Research Question 2 
What is the teacher’s view 

on accommodating the 
cultural beliefs of students 

in teaching science? 

Research Question 3 
What is the teacher’s view 

of the nature of science 
and how does that interact 

with his/her cultural 
awareness? 

Themes 
 

Teacher’s Midwestern 
academic standards 
Changes in teaching 
practice 

 
Teacher awareness of 
cultural element 
Influence of family & 
community 

 
Teacher understanding of  
NOS 
Culture as element of 
NOS 
Scientism, the scientific 
method & empirical 
process 

Code Clusters 
Language Academic behavior of 

minorities 
Science as an empirical 
process 

Teaching practices Influence of family  Absolute nature of 
science 

Assessment Influence of community Cultural elements of NOS 
 “White” Cultural connections to 

NOS 
  Cultural perspective on 

science 
  Science as a belief 

system 
(After Anfara, Brown and Mangione, 2002) 

 

In-case Analysis 

The code clusters formed around certain interview protocol main 

questions. The researcher focused on these questions to develop themes within 
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each of the sets of responses. These questions also became the organizational 

structure for the in-case analysis. Within the in-case analysis, which were purely 

descriptive in nature (Eisenhardt, 1989), the researcher used excerpts from 

teacher responses to illustrate how each of the teachers responses aligned 

within the themes. Each in-case analysis included a description of the teacher's 

background, a summary statement at the end of each description and a short 

discussion by the researcher of noteworthy items within each teacher's analysis. 

Cross-case Analysis 

 The researcher used a tiered approach, organizing the responses from the 

teachers into categories based upon the themes and discussing the teacher’s 

responses within each category. Within each category, the researcher tried to 

follow the thread of the teacher's story through different levels of the analysis, 

beginning with those comparisons that included five or more of the teachers in a 

broad cross-case comparison, moving next to notable comparisons that included 

maybe three or four of the teachers and finally including the idiosyncratic 

comparisons of one or two teachers that were isolated but contributed to the 

description of the teachers’ reactions within the theme. This tiered approach is an 

attempt to enhance the richness of the story within each of the categories. For 

example, within the discussion on the cultural elements of the nature of science, 

the broad case analysis includes all nine teachers within the study; the notable 

comparison was of those five teachers who indicated that science was a belief 

set and within that group was the idiosyncratic discussion of two teachers who 

dealt with the concept of scientific fact and religious belief within their responses.  
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CHAPTER 4 IN-CASE ANALYSIS 

Overview 

 This chapter will present the analysis of the case studies at two different 

levels. First, the in-case analysis addresses each of the seven core teachers in 

the sample and then the two teachers whose cases represent the frame of 

reference. Each analysis includes a description of the teacher’s background; 

presentation of the teacher’s responses to the protocol questions, organized by 

those questions which most closely align with the themes identified through the 

coding process; a summary of the teacher’s responses; and a discussion of that 

teacher’s case, including noteworthy elements specific to that teacher. 

Second, the cross-case analysis in Chapter 5 will identify common or 

consistent elements within the themes that specifically address the research 

questions. Within each theme the analysis will move across the cases at different 

levels, beginning with those broad cross-case elements that appear in at least 

five of the cases, then through elements that are noteworthy and appear in three 

or four cases and then those idiosyncratic cases which may only apply to one or 

two teachers but represent an extension of the theme worth noting. The themes 

will be organized according to the research questions: 

1) What is the teacher’s awareness of his/her own cultural beliefs and 

its implications on classroom practice? 

2) What is the teacher’s view on accommodating the cultural beliefs of 

students in teaching science? 
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3) What is the teacher’s view of the nature of science and how does 

that interact with his/her cultural awareness? 

Core In-Case Analysis 

Patrick 

Background  

Patrick is a middle school science teacher who has been in the district for 

11 years. Prior to coming to this district Patrick worked for three years in another 

rural school district in the state. In both of his assignments he taught Earth 

science. Patrick was raised and attended high school in a rural community. He 

has a bachelor of science degree from a state college and a Master’s of science 

education from a state university. He has had neither a specific class nor a 

professional development activity addressing the topic of the nature of science. 

He has not had a specific class on multicultural education but has attended a 

daylong workshop on multicultural education provided by the district. 

"Could You Tell Me Your Philosophy on the Nature of Science?" 

Patrick believes that the nature of science is, "that process of investigation 

which is the foundation of science." That foundation is based upon the scientific 

method: 

The scientific method. Measurements, graphing, these are the tools, you 
collect data, that's the foundation, what are they used for, what would a 
scientist do, knowledge of the metric system. I think it's the things you 
need to perform science. 
 

The fundamental purpose of science is to understand the world around us, "I 

mean one of the basic... the fundamental beginning point of the nature of 
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sciences is we want to try to understand the world around us". Science is, 

"investigating and drawing conclusions from your data" and it is this analysis of 

the facts which will give us our understanding of the world, "It is this, not the 

nature science, it's the fact, it's the tools that you can use to put together a theory 

to explain the world around you". Science “has to be valid.” 

Scientific knowledge is tentative, the more we understand, the more we 

have to review our prior knowledge: 

At a simplistic level, the more tools we get the more we learn. The more 
you learn you realize your previous ideas are probably incorrect and then 
we revise them and then we try again.  Sometimes I think the more we 
learn the more we understand that we have to learn. We may uncover 
something new but it's just the tip of the aspect of the science for the 
world. So we have kind of change our perspective. 
 

To Patrick, science is a belief set historically intertwined with religion and 

changing scientific ideas can cause changes in the belief sets of cultures: 

For instance, the idea of the geocentric universe, the solar system. That 
was a belief that many people had, they had religious values and it lasted 
for a long time and then Galileo used the equation he created to show that 
that wasn't the case, that the Sun was not revolving around the Earth as 
we believed, so people had to change their ideas and in a lot of ways, 
culture and religion changed with it. At the time in a lot of the whole 
European culture, a lot people supported the idea, but science and 
evidence changed the belief and influenced the culture.   
 

He believes the different cultures approach their own understanding of the world 

based upon those factors the culture values and that these cultures can come to 

a very different understanding of the world: 

The ancient Egyptians and the ancient Babylonians probably had a good 
understanding about making wine and beer and that was their world and 
they understood a lot about it and the nature of their sciences, this is a 
beverage that could be added into their religious beliefs, it could be an 
antiseptic, a way to drink things that weren't contaminated. You know they 
probably knew that strongly.  But did they worry about Kingdom, phylum, 
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order of all the animals?  Probably not. Some guy Linnaeus in Europe, 
that was his thing, so that's what he focused on. They're both right, they're 
both contained facts and they both have an understanding of the world 
around them but they are very different.  

 

"Is There a Cultural Element to the Nature of Science?"  

In contrast to his views of science influencing religion, Patrick believes that 

the influence that comes from the culture is their background and beliefs, but that 

if you do science using the scientific method, your results will be the same no 

matter what culture you are from: 

The kind of thing that culture does influence is background, beliefs, but if 
you collect data and find a conclusion, it's going to be the same no matter 
what language you do it in or what culture you do it in. And if we can teach 
science by taking data and examining the results, testing their ideas, I 
think it would be the same with all different cultures. 
 

He believes historically that the cultural element of science was important but, 

now in our white, Western European dominated society, where we write the 

science books and set the standards to which we expect students to conform, the 

cultural element is now less important: 

I think it probably used to more than it does now when culture at the 
moment, I think right now when the dominant society where we are is the 
white European-based society who writes the history books and writes the 
science books and we are just expected to assimilate with that regardless 
of our culture. 
 

If we were to look at the science within a different culture that may have a 

different history and a different set of perspectives, there may be small cultural 

differences but within our society, we do not notice them: 

And if we went to China, where there's a billion people that believe 
something different, different histories to go with some of these topics, 
then there might be a slightly different perspective. It's quite different than 
the fundamental facts of science, the laws of science but I don't think that 
in its entirety the nature science is just based on fact, it's how we put it 
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together is probably not the same. I think there would be small cultural 
differences worldwide but in our society we don't notice it.   
 

"Could You Describe the Changes You Have Made in Response to Changing 

Diversity?" 

Patrick considers the change in diversity to be a gradual, almost 

unnoticeable change that hasn't caused any real changes in the way he 

approaches his classes: 

Over the last 10 years I would imagine it would be doubled, probably to a 
little over 30% diversity which works out to be one and a half percent per 
year (sic). It's been so gradual I haven't noticed any drastic changes. I 
look at some of my classes now and there are some classes I do see 
more minority than I do see Caucasian kids. But I don't think I approach 
them any different.  
 

When he looks back at the changes in diversity that have occurred within his 

classroom over the past 10 years, he focuses more on the academic needs of 

the students than on the cultures the students represent:  

I know, you know that it's hard to diagnose the change of the diversity but 
thinking back, especially over the last 10 years because it's has been a 
change in the way kids are monitored. When I see kids, I think back more 
in terms of who were mainstream kids and who were kids that needed 
extra help. Although with culture, I never saw that much of a difference. 
 

He believes he has changed how he teaches science but is not sure the changes 

are due to adapting to the changing culture more than they are to experience, “I 

think my concept of teaching sciences changed as I've changed and grown, but I 

don't know if I would relate it so much to culture, to be honest.” 

Patrick sees language as one of the major barriers to learning for the 

students from diverse cultures: 
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A lot of the students are ELL and they are not, they're still learning the 
language along with learning the science and the academic language that 
goes with it. That's a huge barrier. 
 

In order to become more effective in helping the students overcome the language 

challenge, Patrick attended specialized training focused on improving language 

skills: 

 A couple of years ago I went through the SIOP training, structured 
instructional observation protocol, recognizing what's in academic 
language, what’s academic vocabulary and making sure that you explain 
those to the kids and sometimes when I do that, I'll make sure that 
pictures are used, as well as, definitions to help them understand that. 
Besides just having objectives that I want the kids to learn, there's also 
vocabulary that I want the kids to learn. I think maybe for kids that grew up 
in this country that's not added work but probably for kids who are still 
learning the language, it means a little more added work. But it also helps 
him understand exactly what I'm talking about. 
 

Patrick also tries to connect students from diverse backgrounds by using 

examples of prominent scientists from different cultures, "Something that 

probably help diverse learners is to see more articles of people like them in what 

I show in my science class." 

 The students’ difficulty with the language has also prompted Patrick to 

change how he assesses students in his class: 

In the fact that the culture is related to learning the English language, 
reading, and understanding, and comprehending. You need that in order 
to discuss what you found. Now I give the students choices and that 
probably helps kids from many different cultures if they're having difficulty 
with words, they can use pictures, whether it's drawing or taking pictures. 
Maybe my sense of awareness. I try and get away from just keeping 
everything oral and language based, discussions are more wide open, 
they're more choices for kids and I rely less on reading and writing. 
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During his time in the district, Patrick has changed what he teaches in his class 

but those changes have been due to the increased number of students in a class 

and are not related to the changing diversity of the students. 

"How Does Who You Are and the Culture You Represent Influence How You 

Teach?" 

Patrick is well aware of the Western European cultural bias in educational 

materials, an awareness that has grown over the past 10 years: 

Maybe an understanding, yeah, of cultural biases. The explorers, how can 
you discover someplace when there are already other people living there? 
But I think there's an awareness, that's there now that I probably didn't 
have 10 years ago, I'm aware of the problems. 
 

However, although he is aware of the bias, it is not something he considers on a 

daily basis: 

I want kids to leave with the curiosity that makes them want to investigate 
more. Specifically I'm thinking of the goal of trying to eliminate the bias of 
white European culture in the textbooks, the cultural bias, but it's not 
something I think about honestly on a day-to-day basis. 

"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures?" 

Patrick believes there are family and community influences upon students 

and those influences vary according to the ethnic group to which the students 

belong. He sees many African American students being concerned about being 

seen as "white" by their peers and unwilling to perform academically at levels 

that will raise them above that. He cites the experience of one African American 

male who began the year being highly engaged in the class discussions and 
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performed well on class assignments but whose performance has slipped 

throughout the year as a result of peer pressure: 

And then we have a young African-American boy who was doing very, 
very well and he's in this class with other African American boys who 
aren’t doing well. I look to him to get involved in a discussion, he knows 
the answers to a lot of questions and just in the course of a quarter and a 
half, he's become much quieter. And I've talked to about it and he says, 
"Yeah, I'll do better." but he's a different kid now and I don't know if he'll be 
able to do better. 
 

 Patrick believes that many of the Hispanic students, especially those from 

migrant worker families, under perform academically because they know they will 

not complete the school year in this district and when they return to their home 

district in Texas, they will get no credit for the work they have done here. He cites 

the example of a Hispanic male who is actively engaged and effective in 

classroom discussions but refuses to complete any of his work: 

When we have a discussion he's great, he can talk and he knows what 
he's talking about and can tell you what he's learned but when it comes to 
putting in effort and writing things down and handing them in, he's not 
willing to do that anymore. 
 

 Patrick believes cultural generalizations for the Asian students are more 

difficult to make but, "I think that there's not the same expectations, there's not 

the same reflection on ability and actually for their achievement”. He believes that 

cultural influences affect how students of different minority groups behave within 

the classroom and he sometimes has difficulty balancing those behaviors with his 

standard expectations of classroom behavior: 

I've noticed the classes that I have that are more diverse were louder, 
there was a lot more talking, there was more movement. They would talk 
and stand up. If they had something to say they would stand. I would say 
the biggest difference I noticed, it's not kids sitting, listening attentively…I 
think some of that is probably culturally driven, what's acceptable and not 
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acceptable, what they see at home, what they don't see a home. I'd say 
some of that is cultural difference, the behavior of the kids, they're more 
vocal, louder or quieter. 

Summary 

Patrick is a middle school teacher with 11 years of experience in this 

district and three years of prior experience in a rural district elsewhere in the 

state. He is aware of white, Western European bias in many school materials but 

does not consider it an everyday element of his teaching. 

He views the nature of science as a process of investigation based upon 

the scientific method, the collection and analysis of data and drawing 

conclusions. He believes that the nature of scientific knowledge is tentative and 

that the more we learn, the more we may have to adjust or revise our earlier 

notions of scientific knowledge. He believes that there is a close historical 

connection between the views of science and the views of religion that help form 

the basis of our current scientific outlook. Patrick believes that different cultures 

may look at science differently based upon their own beliefs and prior knowledge 

but that science itself is based on facts and has no cultural element. He believes 

that the differences in perspective from different cultures is decreasing and is not 

important within our current view of science. 

Patrick believes that the family and the community do exert influences on 

a student's academic behavior and the examples he cites tend to be negative 

influences. He sees many African American students failing to achieve 

academically for fear of being seen as "white" by their peer group and many 

Hispanic students underperforming because of their migrant status which 

requires them to work to two different sets of academic standards over the 
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course of the school year. He finds it difficult to make generalizations about Asian 

students but generally feels there are low expectations for achievement. He sees 

a cultural influence in the classroom behavior of students from minority groups 

and that behavior differs for on his cultural expectation of a student's classroom 

behavior. 

Discussion 

Patrick believes that the scientific method provides the foundation of 

science and that while other cultures have different backgrounds and beliefs, if 

they approach science using the scientific method, everyone would come up with 

the same conclusions from their investigations. Patrick believes science "has to 

be valid" and that validity comes from the scientific method. His responses 

regarding the interaction of science and religion seem to align with Witz and 

Lee’s (2009) contentions that teachers sometimes give science an intrinsic worth, 

significance or importance of its own, giving it moral overtones that are part of 

his/her own spiritual outlook. 

Patrick believes there are family and community influences on the 

academic behavior of students and that these influences vary according to 

culture. He believes these cultural values influence how students behave in the 

classroom and he sometimes has trouble balancing these behaviors with his 

white, Midwestern expectations of academic behavior. This is an example of 

rules of the classroom being set by the dominant culture (Lee, 2003) and the 

difficulties caused with a lack of synchronization between his classroom 
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expectations and those of the students (Irvine, 1990, cited in Brian & Atwater, 

2002). 

Elizabeth 

Background 

. Elizabeth is a middle school science teacher with 26 total years of 

experience teaching in this district, interrupted by periods when she stopped 

teaching to raise her own children. Early in her career she taught accelerated 

middle school science but most of her time in this district has been teaching 

middle school life science. Elizabeth taught four years in another state, an 

experience that included time in a multi-age elementary school classroom. She 

was born in a suburb of a large, Midwestern urban center and attended a 

suburban high school at which white students represented a minority of the 

student body. Elizabeth has a Bachelor's Degree in science from a nonsectarian 

private college and a Master’s Degree in education from a state university; she 

has completed all of her course work and is at the thesis level of a PhD in 

science education. She had no specific class addressing the nature of science 

but has attended a professional development activity that specifically addressed 

the nature of science. She has attended both a specific class and a professional 

development activity addressing multicultural education. 

"Could You Tell Me Your Philosophy on the Nature of Science?" 

To Elizabeth, science is "a process" that we use in "attempting to 

understand how the world works." Science is an empirical process "always 



 

 70 

changing, science is supported by evidence" that should be "repeatable and 

measurable." She believes, "there is a lot left to explore" and that, "If the world is 

as big as this floor, then our present understanding is about maybe the size of a 

grape." Generally, with respect to incorporating the nature of science in her 

teaching, Elizabeth said, "I guess I never think about these things!" 

"Is There a Cultural Element to the Nature of Science?"  

Elizabeth doesn't "really think" about a cultural perspective on the nature 

of science and while she feels there may be one, "just offhand I can't think of 

one." From her perspective, in the actual doing of science, there are not a whole 

lot of differences in what scientists do in different cultures: 

…if you're talking about the science of the culture, I don't know, I may be 
ignorant but I don't know if it can be a scientist in Germany or Russia or 
Mexico, I think you probably end up doing science in a similar way of 
making hypotheses and testing them and collecting evidence and 
repeating and being, you know, having your theory and your conclusion 
and accepting reviews and you know, arguing them. 
 

While she doesn’t believe that scientists in different cultures do science in a 

different way and that scientists strive to do science in an acultural way, she 

believes that the culture that the scientist represents influences that scientist’s 

perception of the science: 

No, it's not because your culture affects your perspective on things. How 
your, is science acultural? Maybe we try to be maybe but because a 
scientist is a human being, their cultures going to influence how they look 
at things, so I don't think it acultural but I don't know. Scientists are human 
and you’re human in a culture and so maybe that culture won't have as 
many scientists as they don't value the questioning, the testing, the 
gathering of evidence and the critical analysis like another culture may. 
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“Could you describe the changes you have made in response to changing 

diversity?” 

 Elizabeth has trouble attributing the changes in her teaching to the 

changing diversity of her classroom or to her growing experience and maturity: 

I don’t know if the changes in my teaching as my perspective resulted 
from my becoming older and having more experience or the changes were 
a result of the changing cultural diversity. I can’t tell you why those 
changes happened but there were changes like the arrangement of the 
class, more personal attention, more hands-on but I don’t know if they 
were or if I was getting smarter or getting older or whether it’s because of 
the increased diversity. 
 

Over the course of her teaching, she has changed from teaching behind a 

podium at the front of the classroom with students arranged in rows to a more 

interactive classroom with students in groups around a demonstration table: 

I arranged it in groups and tried to have combinations of different kids in 
the groups, high ability, low ability, different culture, different economic 
backgrounds and in the classroom I had groups and the demonstration 
table and that seemed to work really well. 
 

Some of the changes that Elizabeth made in her teaching were purposeful, the 

results of workshops or professional development activities but she would not 

say that these changes were directed primarily at accommodating an 

increasingly diverse student population: 

You know the science teacher workshops you do, you know the workshop 
that I went to and you come away from a few things that you consciously 
tried to implement some of what you learn, so I can’t say that it was 
unconscious not really purposefully to address or make diverse students 
more successful but just to make teaching for everybody more successful. 

 Elizabeth attempted to make her students more aware of scientific 

contributions of individuals from different cultures: 

Scientists of different backgrounds.  Of different cultures.  Sometimes we 
would do this for extra credit or sometimes if we had five minutes at the 
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end of class, we would just have someone read it aloud in class, 
depending on what’s going on.  They were sort of stand alone little 
lessons that might involve some questions. 
 

 Elizabeth did change the way she assess students in response to the 

increase in classroom diversity: 

That’s something I did, more multiple assessments. Sometimes, of course, 
you give a variety of tests. We use journals and we used labs, and 
sometimes their assessments would be their presentation to the class or 
maybe Power Points, but there was a variety of assessments. 
 

She loosened the structure in her classroom to give the students more 

opportunity to interact with each other and to socialize, "…as long as they were 

pretty much, you know focused and getting their work done, I didn't mind a little 

socialization…" She did notice that her minority students tended to cluster 

together and she encouraged them to "meander to a different group" to create a 

more heterogeneous atmosphere in her classroom. 

 Elizabeth’s view of good science has changed as she became more 

experienced, “…when I was younger I thought good science was more facts, 

teaching facts to kids but as I’ve gotten older I think science is more a process.” 

Elizabeth‘s goal in science class has always been to make kids "like science" 

and to make her class "more interesting." She wanted her students to "connect 

science to their own world" and doesn't believe that goal changed as a result of 

the increase diversity in her classroom. 

"How Does Who You Are and the Culture You Represent Influence How You 

Teach?" 

When Elizabeth was a high school student, she was a part of a minority 

population in her high school. Elizabeth "likes teaching in a more diverse 
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classroom" and finds that "it’s a little more challenging but I like, I like that part." 

and she likes the diversity because she feels it is more like "the real world."  

 Elizabeth believes that establishing personal connections, especially with 

minority students, is an important part of her teaching: 

I tried to increase personal connections with those kids because they, I 
think everybody responds better if you established a personal connection 
to them in some way but Americ..(hesitates) most kids from my socio-
economic background, you know white, middle-class, they do all right 
even without that personal connection but as my minority kids, they did 
better than more hands on, more personal connections, I think the 
personal connections. 
 

Within that response Elizabeth faltered in describing an American student as a 

member of the white, middle class and stating that “American” students do not 

need that personal connection in order to succeed. 

"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures? 

Elizabeth has noticed a large change in the diversity of students in her 

classroom and believes that “among those kids there is such a disparity of their 

abilities and their value systems” This disparity may show itself in the academic 

achievement of minorities within her class: 

You know I look back because I looked at every quarter when I looked at 
my grades I would and, I’ve done this for years, percent A’s, percent B’s, 
percent C’s, D’s and F’s. and I can look at my F’s  and they would be, my 
D’s and F’s,  80 to 90% minority kids doing really poorly in tests, and being 
absent on tests and refusing to come in and make them up.  
 

These problems stem from the fact that students, “don’t have the foundation to 

be successful in school, some of our minority kids, and they are used to failing 

and have almost given up.” 
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Elizabeth feels that much of this failure stems from SES factors with many 

of the minority students’ parents often working two or more jobs and lacking the 

time to work with the students: 

I think it has a lot to do with minority parents. Or working two jobs they 
have more kids at home, the kids go home I don’t think they….  They may 
but I don’t think there is often time, parents guiding them in constructive 
ways. 
 

The parents do not have “the time or energy” and that puts them “behind the 

economic eightball.” 

There are differences even within a single racial group, “Black kids from 

America, you know from Chicago or Detroit, are very different from the black kids 

from Somalia or from Sudan.” 

Elizabeth’s early experiences in teaching Somali students, primarily male 

Somali students, strongly influenced her perception of the Somali culture: 

As a woman, especially 10 years ago, ugh, they just didn’t respect me at 
all and would talk over whatever I was saying, they would talk across the 
classroom or ignore my request. 
 

That perception carries over to her response to behavior patterns within the 

classroom: 

There were more outbursts, there were more kids who came in late or 
didn’t have control, I’m thinking of Somali kids in particular. 

 Elizabeth believed that when the Asian students began to arrive in the 

district 10-15 years ago they were quiet and needed encouragement in order to 

participate in class:  

I look back and that with a little further back 15 years ago or 10 years ago 
started to get more Asian kids. They were so quiet and afraid to say 
anything so I had to try and bring those kids out and again personal 
interactions helped. 
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 Elizabeth’s participation in a research activity that was a part of her PhD 

program shaped her perspective on Hispanic culture, particularly the Mexican 

culture, which she equates to a broader Hispanic culture. She visited 

communities in Mexico and worked with Mexican research scientists in a field 

research activity that tied into an activity she promoted in her classroom. She 

believes the Mexican people are “such fine people, they love their kids so much.” 

However she believes the Mexican devotion to family overrides any 

consideration of the value of an education: 

I think family and loving your kids and doing things for the family is a 
higher priority than school and I think they look at success and it is having 
a happy functioning family where their daughters get married and have 
babies and be a good wife and mother and I don’t know education is as 
valued. 
 

She feels that putting that emphasis on family interferes with students’ efforts to 

focus on school assignments: 

Well if parents say okay we’re going over to onto the Matilda’s house or 
whatever and Johnny says, I’ve got a book report due tomorrow, well, 
we’re celebrating Juan’s birthday and we are going to see the new baby.  
The priorities are family and happiness and togetherness and family. 
 

Elizabeth thinks the previous statements are “showing my prejudice here, aren’t 

I?” 

Summary  

          Elizabeth is an experienced middle school science teacher with a total of 

26 years of experience within the district and four years of experience teaching in 

another state. She believes that science is a process we use to explore the world 

around us and that there is much more to be learned then we already know. She 

does not give much attention to the nature of science while teaching her class. 



 

 76 

 Elizabeth does not believe that there is a cultural element to the nature of 

science and does not believe that scientists from different cultures perform 

science differently but scientists from different cultures, since they are human 

beings who live within that culture and may have different values, may interpret 

the results of scientific activities differently. 

 Elizabeth finds it difficult to differentiate between changes she may have 

made in her teaching due to the changing diversity of her classroom and 

changes that she may have made due to more experienced and growing maturity 

as a teacher. Some of the changes in her teaching were purposeful, typically in 

response to professional development or similar activities, but she does not 

believe she has made changes in teaching specifically in response to the 

growing diversity but rather has made changes in her teaching so that every 

student can be more successful. Elizabeth changed her classroom structure from 

a teacher-centered classroom with students at desks in rows to a more student-

centered classroom with students seated in groups clustered around a 

demonstration table. She encourages dialogue between her students as they are 

working on projects, as long as the dialogue is focused, and also encourages her 

minority students to "meander" around the classroom to another group in order to 

create a heterogeneous mix. She uses a variety of assessments ranging from 

tests to individual PowerPoint presentation of projects. 

 Elizabeth and feels that her early experiences as a minority in her high 

school give her an insight into being a minority and she enjoys the diversity in the 

classroom because he feels it more closely reflects the real world. However she 
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faltered in her response, hesitating while equating students who were American 

as being those from her White middle-class background. Her perspectives on 

different cultural groups have been strongly influenced by her personal 

interactions with those groups, ranging to a negative reaction to Somali students, 

especially male Somali students, to a deep regard for students from the Mexican 

culture, who she broadly regards as Hispanic.  

Discussion  

Elizabeth’s responses to the questions on the nature of science, that she 

does not consider the nature of science as part of her teaching, supports the 

contention by Lederman (1999) that teachers often do not consider the nature of 

science as an element of their curriculum nor as a goal of their classroom 

instruction. Her focus on the empirical process of science supports the claims 

made by Duschl and Wright (1989) in their studies that teachers were committed 

to a hypothetical-deductive view of the scientific method and they that gave little 

consideration to the nature of science in their curricular planning or lesson 

construction (Abd-El-khalick et al., 1998; Duschl & Wright, 1989; Gess-Newsom 

& Lederman, 1993; Lederman, Gess-Newsom & Latz, 1994). 

 Elizabeth draws a sharp distinction between her "American," White, 

middle-class students and her minority students and says she enjoys working 

with students of diverse ethnicities. However, dispersed through her interview 

responses are statements that question the value systems of students from 

diverse cultures, that state those students "lack the foundation to be successful in 

school", that they "are used to failing and have almost given up", and that while 
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white, middle-class students can do all right without personal connections 

between the teacher and the student, students from diverse cultures need those 

personal connections in order to be successful. This conforms to research 

indicating many teachers regard students from diverse cultures as less capable 

(AAUW, 1992; Gomez, 1993; Henze, Lucas & Scott, 1998; Marshall, 1996) and 

have lower expectations (Southerland & Gess-Newsome, 1998.) Based on her 

comment that she was expressing her biases, Elizabeth appears aware of her 

prejudices and unaware of the impact they have on her classroom and unaware 

of the role that her white, middle-class privilege plays in her interactions with her 

students from diverse cultures. 

Alyssa 

Background  

Alyssa currently teaches honors chemistry at one of the district high 

schools and has previously taught at two of the district middle schools, teaching 

Life Science and Earth Science. She has a total of 11 years teaching experience 

within the district and has previously taught for two years in a neighboring rural 

school district. Alyssa was raised and went to high school in a small city in the 

Midwest. She received a Bachelor's degree in science from a state college and a 

Master's degree in education from a state college. Alyssa has completed both a 

specific class and a specific professional development activity dealing with 

multicultural education. She has attended a specific class addressing the nature 

of science and the nature of science was an element of a professional 

development activity she completed. 
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"Could You Tell Me Your Philosophy on the Nature of Science?" 

Alyssa has a very abbreviated view of the nature of science: 

Alyssa - When I'm looking at science, I think science is a study of ways to 
help us understand, problem solve, do you want me to say more? 
 
Researcher - Please do. 
 
A - Oh, no, that that was my answer. 
 

Alyssa regards a scientific theory as a principle for which we offer the best 

explanation we have based on current evidence while a scientific law is a 

statement of fact that is based on direct evidence: 

When we’re talking about a theory, we are looking at something that, that 
right now, at this point in time, what we have is the best evidence for it, 
based on all of the information we have, we've picked the best answer we 
have to explain that question. A law on the other hand, … everything, 
there's no doubt about, but we show them something using direct 
evidence that we have. 
 

"Is There a Cultural Element to the Nature of Science?"  

Alyssa does believe that there is a cultural element in the nature of 

science relating to the religious and home background of the individual and to the 

cultural group that person comes from: 

I think, I think culture will, does because it comes from that background, it 
could be that culture, it could be religion, it does affects the way that they 
look at the Big Bang theory or some other thing and that might be that too, 
I think it does. I'm not sure. I think culture in the sense that it is their 
religious background, their home background, whatever group of people 
he came out of or whether it's the same ethnic group, or whatever, you 
feel that it's going to affect how they view science. 

 
She believes the structure of chemistry limits the possibility of cultural influence 

on that science discipline, "… but perhaps you realize, with chemistry, there are 

not topics that people challenge, I mean, this reaction happens, this is what we 
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got, it's an acid or a base.” But she admits that when considering a topic such as 

energy flow, students might have different perspectives: 

Um, it's a different value, um, where those that are typical white, 
Midwestern, where it's always taken for granted, where I think others have 
different values of it, and they have, they have other beliefs. 
 

She also admits that there might be cultural influences that she has not 
considered: 
 

Well I am sure that their kids that will have different, I guess it depends on 
the way that we're looking at it, I just, I don't think that there's, I just don't 
see kids struggling with ideas based of their cultural beliefs. Maybe I'm just 
not looking at it. 

"Could You Describe the Changes You Have Made in Response to Changing 

Diversity? 

Alyssa believes that since she teaches an upper level, honors class that 

she doesn’t have very much diversity in her classes because certain groups of 

students might not want to do that much work or do not think such classes are 

important: 

When they get to the high school, they get the choice, they're not put into 
the class, they get to choose between regular and honors, and sort of, 
certain groups don't want always want to take honors, because it's too 
much work. And you know, for whatever reason, it's not as important for 
those students… 
 

She finds it difficult to think of how many students from diverse cultures she has 

enrolled in her classes: 

A - I don't think there will be a measurable change actually. I don't teach 
all of the sections, there may be more students that I can't tell you without 
going back and looking at their background, what size, I won't be able to 
tell you how much of a change for me and my classes, I really don't know 
if I have that…. 
R - How many minority students would you say you had in class this year? 
A - I would say minorities have been…… 
R - You have students in different classes and a total of? 
A - I would say may be 25 to 30. 
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When asked if she had made any changes in what or how she teaches based 

upon the changing diversity in her class she says, “I don't think so”. 

"How Does Who You Are and the Culture You Represent Influence How You 

Teach?" 

Alyssa believes that science is a belief set: 

R - Is science a belief system? 
A - Yes! Don't you think? Yes I do because I mean when I look at, you 
know in my mind this is what it is, this is, well yeah, this is a belief system I 
have that I have adopted and happen to believe in. 
 

She believes every individual has a different set of experiences which creates a 

different set of beliefs that that individual brings into every situation: 

I think that within that cultural element because you, everybody, comes 
into every situation with different beliefs. The meaning that I make out of 
something isn't the meaning you make out of something. All of the things 
that have happened to us aren't similar. 
 

Alyssa believes that who she is as a teacher reflects the belief set she acquired 

as she grew up: 

I think that obviously the way I was raised and the school I’m teaching now 
so they you know it you will you. What you get ingrained with is what you 
believe and I think, ultimately, that's how you teach. 
 

She believes those values will stick with her until there is a reason for her to 

change, “So I think whatever you learned and whatever you grew up with you are 

ultimately going to be there until you find a reason not to believe it.” 
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"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures? 

 Alyssa sees the family as a key element in ”encouraging students to 

attend school and to work hard” to achieve in their classes. She believes that if 

the community does not value education and demonstrate the ability to get to 

school, attend classes and work hard, something that she does see "in certain 

groups of students in our building", then the school will “teach the importance of 

getting them." Alyssa feels there is a growing trend across all student groups 

towards increased absence but she believes there is "some" cultural element to 

poor attendance and, although she does not know why, "I just know that it's okay 

for them" and though students who miss class “they are ultimately always 

missing something, it just isn't valued in certain homes.” 

Summary   

Alyssa teaches an upper level honors chemistry class in which she 

believes she sees few students from diverse cultures and because of this she 

has made no changes in the way she teaches or assesses her class. Alyssa has 

a very abbreviated concept of the nature of science and believes that theories 

are the best explanation we have of a principal, given our current evidence, and 

that a scientific law is an exact principle for which we have direct evidence. She 

believes there is a cultural element to science but that chemistry is a discipline in 

which there is little room for cultural interpretation of the science. 

 Alyssa does believe that who she is and the culture she represents 

influences how she teaches because the personal experiences of each individual 
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determines the lens through which they view the world and her experiences are 

ingrained in her. She believes that science is a belief set and that the culture in 

which you live influences that belief set. 

 Alyssa feels that the family is an important influence on a student's 

academic achievement but that within some families within the school district, the 

elements of academic success are just not valued. She believes there is some 

cultural element to those families that do not encourage good school attendance. 

Discussion  

 Alyssa appears to be almost unaware that there is cultural diversity in her 

classroom and it took some coaxing to get her to estimate that approximately 

20% of her students are from diverse backgrounds. She believes that there are 

not more minority students in her classes because students from "certain" 

communities think the honors classes are "too much work" or that the classes are 

not important. This is another example of teachers thinking that minority students 

are less competent (AAUW, 1992; Gomez, 1993; Henze, Lucas & Scott, 1998; 

Marshall, 1996). She believes there are communities that do not value education 

and the students do not demonstrate the ability to get the school, attend classes 

and work hard, the standards of a white, Midwestern education. Such beliefs are 

examples of how in a cultural model of teaching individuals react to routines and 

how those beliefs guide their expectations and actions (D’Andrade, 1984; 

Holland & Quinn, 1987). 
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Tom 

Background  

 Tom teaches an elective science class in all of the district's senior high 

schools and operates a specialty science center which serves all students within 

the district. That is been his exclusive assignment for the entire 26 years he has 

been teaching within the district. Tom was born and raised in a rural community 

in the upper Midwest but his parents were educators who made a special effort to 

ensure that he was exposed to the larger urban centers of the region. As Tom 

said, he observed diversity from the sidelines. He received a Bachelor’s degree 

in science from a private sectarian college and a Master's degree in science from 

a large, state university. He did not have a specific class addressing the nature of 

science although it was included as part of a professional development 

experience in which he participated. He did have elements of multicultural 

education as part of another class and had a professional development 

experience specifically addressing multicultural education. 

"Could You Tell Me Your Philosophy on the Nature of Science?" 

Tom has a well-developed, personal concept of the nature of science and 

includes it as an active part of his classroom instruction. He clearly 

acknowledges that science is a human endeavor and believes it represents our 

attempt to understand the world around us: 

In my mind I see it as something that we as human beings celebrate. I'm 
so proud of us that we have the audacity to ask questions and the courage 
to build things like the Hubble Space Telescope, the Large Hadron 
Collider. I think that's amazing that we are willing to not only to ask 
questions but to devote resources and thinking about obtaining answers 
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about nature that require us to be courageous as we have to analyze our 
ideas about nature. 
 

He also believes that science is a process of understanding, a biased way of 

knowing, that cannot answer all questions and that the nature of scientific 

knowledge is tentative: 

Absolutely! I hope I’ve taken an intellectually honest approach to that but 
I'm willing, I'm willing to acknowledge that there are things it we may never 
answer. For example, the way I relate to the Big Bang with my students, I 
want them to understand there that is plenty of evidence establishes the 
history of the expansion of the universe, and for me that's what the Big 
Bang represents, the summative history of our knowledge and the precise 
measurement that tell us that the universe of the past is not equal to the 
universe of today, it's an evolutionary concept that we have to understand. 
That's in sharp contrast that in our heart, we would like a universe that is 
always been, always be, eternal, without change. I think, I think we can 
also say that the Big Bang is the origin of space and time as we know it, 
but will we ever know the question of ultimate origin. 
 
Tom strongly believes in the absolute nature of the Western European, 

empirical model of the nature of science and feels “…science is the rational way 

to deal with all of our issues” by those "in the pursuit of truth via the scientific 

method." He recognizes that other cultures may develop their own way of 

understanding the world around them but does not consider that search for 

understanding science and dismisses other ways of knowing as mysticism: 

I have one fault, I think I try to be too rational solving problems that are not 
solvable by science, the emotional kind of things and I think that to be 
really honest here, I will look down my nose at cultures that are not really 
science-based because it looked too mystic, it looked too, in the deepest, 
darkest space in my mind, too backward, so I have those biases, I think, 
against those cultures. 
 

Tom’s description of the Amish culture that lives nearby is a good example of this 

bias: 
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Not all cultures encourage science. For example, the Amish who live … 
south of here, their goal in life is entirely different; they would never have a 
Hubble telescope. 
 
As I mentioned earlier, the Amish, they are probably living in better 
harmony with the natural world than I am, I'm a bigger consumer of its 
resources. But they have no awareness, perhaps, of galaxies, friction, I 
don't know. 

"Is There a Cultural Element to the Nature of Science?" 

Tom believes that, “science seems to be culturally independent, it doesn't 

matter if you're Chinese, Australian, Indian, who knows in the pursuit of truth via 

the scientific method.” He believes that individuals from other cultures are 

successful scientists when they learn to do science according to the Western 

model of science. Other cultures attempts to answer the unanswerable questions 

are “superstitions” and “I don't think you're free when you're bound by 

superstitions and I think science frees us to use our capacities and use our best 

minds to make sense of something that doesn't make sense.” 

In citing the successful science career of an Inuit researcher he uses as 

an example in his class, Tom talks about how the researcher was able to 

overcome the traditional beliefs of his culture to become a successful scientist 

within the Western science concept: 

I use, I know there's an Inuit who has made an important discovery in 
Greenland  … So I try to take the time to emphasize how very different it 
may have been for that person, because many cultures, … have what I 
call horizontal philosophy, it was their Mother Earth, Brother Bear, a notion 
that says there's a horizontal equality; where I come from the perspective 
might come from the vertical hierarchy where you have, God is better than 
Angels, Angels better than man, man is better than Earth, you know that 
kind of thing. And so Western civilization allows you to dissect animals, 
whereas in a horizontal culture, you may not do that because things are 
viewed as their brother. So I like to point out to my students that for this 
Inuit, his culture might be that horizontal thing and there may not be the 
encouragement for a person to pursue science. 
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"Could You Describe the Changes You Have Made in Response to Changing 

Diversity?" 

Tom teaches an upper-level, elective science class with significant 

mathematics and language components which he believes, through student self-

selection, restricts the number of students from diverse backgrounds that enroll 

in his classes. He has had scattered students from different ethnic backgrounds 

but they have tended to be higher level learners such as foreign exchange 

students. Due to this low representation of students from different cultures, he 

has made no changes in how he teaches or assesses his class and no changes 

in what he teaches in response to a changing diversity. He considers his content 

area a “nuts and bolts” science in which his students just have to “use this 

equation to get that answer or…use that set of observations to get that 

outcome.”; he sees no need to make adjustments according to the cultural 

makeup of his classes, although he was ”afraid of that question.”  

His concerns about students from diverse cultures border on deficit 

thinking; he has been unsure if they possess the academic skills necessary to 

succeed in his classroom, which seems a direct result of his lack of experience 

with students from the mainstream of the diverse cultures within the district. This 

attitude is changing in response to the very successful experience of two African 

females enrolled in his class during the past semester. 
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"How Does Who You Are and the Culture You Represent Influence How You 

Teach? 

Tom on the one hand states that “…science is the rational way to deal 

with all of our issues.”, but also states that: 

…sometimes as I go through life, I don’t want to pound a nail using a 
screwdriver, but science gives me the tool to answer some of the 
questions. But then when thinking about my spiritual side or my emotional 
side, I wanted to make sure that your toolkit has a lot of tools. 
 
Tom feels he is a product of the cultural movements of the 60’s and tries 

to be as inclusive as he can: 

I, I again, I may be naïve but I've tried to be as inclusive, as colorblind as I 
can, I'm a product of the 60’s, women's right, the rights of minorities and 
all of that kind of thing, that's something we embrace. 
 
In reply to the member check of the researcher’s presentation of his 

interview, Tom provided the following two insights that he “holds dearly” on his 

belief in science: 

Most scientists are interested in how things work, not why things work the 
way they do. Nobody will ever know the “why” of this human experience-
our ability as a witness to Nature….The Universe engulfs us like an ocean 
does a novice mariner. Like the nervous navigator we search for the 
security of a coastline. For most of us the coastline takes the form of a 
religion…or the insights of science…or…the only coastlines are the 
mystery and love. 
 
Also recent developments in our knowledge of the universe (quantum 
physics and brain research) seem to challenge us to wonder if the 
universe is a thing or a thought. I acknowledge that our perception may 
affect the physical laws or events that we hold as “truth”…As I journey 
through life and contemplate the universe, I now know that my views 
regarding all nature are no longer anchored in bedrock. My anchor lies 
“solidly” in jello. I also know that I cannot rest with this view, for my anchor 
must “solidly” rest in some sort of moving spiritual fluid. That is a lot to ask 
of a simple man in such a mysterious place…the universe. 
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"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures? 

The limited number of students from diverse backgrounds that Tom has 

encountered in his class reduces his interactions with students from diverse 

cultures. He recognizes the importance of personal connections with the students 

and interactions with the families but has given little or no consideration to the 

influence of the family and the community on the academic performance of 

students. The academic content in Tom's class addresses the origins of life 

which frequently brings his teaching into conflict with the religious beliefs of 

students in his class: 

It's also trying to encourage students to understand that science is only 
one tool which we use to try and understand, there are many valid 
questions we can have that sometimes science is unable to answer. For 
example God is a challenging question because you can’t measure the 
height, weight or other properties of God. I only have this alternative. I can 
say that God does exist but science can't prove it in any way or it is 
outside science's ability to understand that question. So I want my 
students to understand that in a way science is a biased way of knowing. 
If you can't observe something then you come up to that situation where it 
is outside the zone. So in that way I feel I can handle challenging 
questions in science that involve origin. 
 
 Tom is very conscious of the potential conflict between those ideas and 

clearly describes science as only one path in our understanding of the universe 

and stresses the need for more than one perspective:  

There might be questions we can answer that are legitimate but maybe 
this tool will not be able to provide an answer so I suggest to them that we 
go through life as many tools in your toolbox, and spirituality is a tool, so 
as long as you understand the strengths and weaknesses of science. 
 

Tom works to make sure his students feel comfortable facing science concepts 

that may not agree with their religious concepts: 
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And I try to hopefully in the first week in this class I want them to be in a 
safe place, that if there any questions, I want them to understand that if I 
do something in class that makes them uncomfortable, I want them to feel 
comfortable in acknowledging it and build some bridges and work through 
it. 

Summary 

Tom teaches an upper-level, elective science class that currently enrolls 

very few students from the mainstream, minority populations. Due to this, Tom 

has not had to make adjustments to his curriculum, his teaching nor his 

assessment based upon a changing diversity in his classroom. His beliefs 

regarding the nature of science establish the Western European, empirical 

approach to science as the only legitimate method to consider science. Other 

cultures may develop a set of beliefs aimed at understanding the natural world 

around them but these beliefs represent superstition and mysticism rather than 

true science. Tom recognizes that the content of his class frequently conflicts 

with the religious beliefs of some of his students and ensures the students 

understand science represents only one way of understanding and not all 

questions can be answered by science, a position that seems at odds with his 

expressed belief in the scientific method as the way of finding truth. 

Discussion  

Tom maintains a nuanced understanding of the nature of science 

regarding it as a set of beliefs that we hold as we undertake scientific 

explorations and that science cannot answer all the questions a student may 

have, especially those related to spiritual beliefs. Yet he believes that "… Science 

is the rational way to deal with all of our issues." and will "look down his nose at" 
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any other way of approaching science other than the Western, empirical method, 

regarding it as being mysticism. He regards scientists from other cultures as 

being successful when they can reject their own cultural perspective on science 

and adopt the Western perspective. Tom believes that science is "culturally 

independent" and other cultures attempts to answer questions are 

"superstitious." Science "frees" us from those superstitions and allows us to 

achieve human potential. 

 Tom regards the content of this class as largely based on physics and it is 

therefore an experimental science (Bauer, 1992), free from the influence of 

culture. Yet the content of his class addresses the origin of life which frequently 

comes into conflict with students' spiritual beliefs and Tom clearly explains to 

them that science is only one path to our understanding of the universe. He 

encourages the students to maintain multiple perspectives and to make sure that 

their "toolkit has a lot of tools." 

 There is clearly a conflict between Tom's fundamental belief that Western, 

empirical science can provide the answers to all of our questions and his 

recognition that science may not be the only path of our understanding the world. 

This may be an example of compartmentalization and secured collateral thinking 

(Aikenhead & Jegede, 1999) in which Tom separates the two sets of beliefs that 

he can readily articulate. He is conscious of the two sets and sees no conflict 

between the discordant sets because they exist in different worlds of his multiple 

world view. 
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Marie 

Background 

 Marie currently teaches honors and AP biology at one of the district high 

schools, where she has been teaching for 11 years, and has additional 

experience within the district teaching middle school life science and Earth 

science for eight years; she has no experience teaching in any other school 

district. She was born and raised within the community that is the focus of this 

research. She received a Bachelor's degree in science from a state college and a 

Master’s degree in education from a state university. She has had a specific 

class and a specific professional development activity addressing multicultural 

education and a specific class and a specific professional development activity 

addressing the nature of science. 

"Could You Tell Me Your Philosophy on the Nature of Science?" 

Marie views the nature of science as an empirical process in which 

humans attempt to understand the natural world around us, "Science is 

discovering and understanding your world around you. Looking at and observing 

evidence, putting pieces together for a further and deeper understanding." She 

looks at science as being a human endeavor and scientific knowledge as being 

tentative, "Every time we come to a "this is how it works", there's always another 

questions at another level that is raised and then technology develops as we 

expand further our understanding of science." 

 Marie doesn't like to "place limits on science" and doesn't like to see 

scientific ideas "pigeonholed" into specific disciplines such as physics, biology, 
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biochemistry, etc. For Marie, "Science is an idea" that we try to understand by 

"observing the world around you, writing conclusions about it, making more 

observations … and, coming to a theory of how it works." She believes science is 

“a safe area, there is a lot of facts, you observe that and you can test that.  It's 

there, it's in front of you, objective.” 

 Marie does not believe that science is a belief set “Science isn't what you 

believe, it's based on what we see and what evidence we have.” As a biology 

teacher, Marie often faces the conflict between student’s religious beliefs and the 

scientific presentation of evolution. She tries to reassure students that they 

should not feel "…threatened based on their beliefs…", and that while she is 

presenting the scientific explanation of evolution, she is "…not here to change 

their personal beliefs but I'm here to tell them and to show them what science 

says." Some of her students see the connections in the biological evidence for 

evolution and struggle to reconcile those ideas with their religious beliefs. Marie 

assures those students that as they continue to learn, they will be able to find a 

balance between their religious beliefs and scientific understanding “You're right, 

you continue to learn, you'll find a fit for you.” Marie says those students often 

respond with something like “Well okay, I thought you would try to make me 

believe that.” 

"Is There a Cultural Element to the Nature of Science?" 

Marie attempts to draw a distinction between science as it stands alone 

and human beings as they stand outside culture to state that there is no cultural 

element to science: 
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Basically in my opinion, I don't think, I think as soon as children start out, 
they're natural observers   I don't think there is a cultural basis, I think that, 
that is something that we absorb based on the family structure we’re born 
into or the place we’re born into, the culture, I think that as that's the 
cause.  But from day one, no, I don't think science is. I think it's something 
that's incorporated as we get older and learn that from where we are 
more, not in science alone, there is no culture. Looking at the ant when 
you're two years old and stepping on it and seeing that it doesn't move, 
stepping on another one keep stepping on and looking at cause and 
effect.  Culture is brought in later, natural human beings, no.  
 

 Much of Marie’s perspective on multicultural science is influenced by her 

personal interest in Native American culture and society, an interest that extends 

back to her time in middle school. She believes the two cultures look at science 

differently, "Anglo science tends to want to understand and then kind of control; 

Native Americans observe, let it happen, and understand it and then not 

controlling it as much." How these two cultures use science differently with 

respect to the natural world relate to cultural values "then you're getting different 

value systems." 

After the first interview, Marie began to reflect upon her ideas about the 

cultural influence on science "since you asked me and because I've just been 

brung up in one culture, there's got to be some culture." She believes that 

language is a key element in forming a cultural aspect of science and then back 

cultural influence grows as a child grows: 

When I think of a child, toddler exploring their world for the first time, I 
think there isn't culture, yet, because they are not, they're language isn't 
fully formed.  The expectations for how they behave hasn't been driven, or 
hasn’t formed for them completely, so science at first no, but yes as a 
cultural type of language expression. 

 
She has begun to read a book on Native American science and is beginning to 

see a new perspective on her belief in the cultural aspects of science: 
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It's a different perspective, it wasn't that I didn't know the spiritualties that 
they put into their observations because I knew that but I saw links with it 
that I hadn't thought of before. 
 

"Could You Describe the Changes You Have Made in Response to Changing 

Diversity?" 

Marie's goals in what she teaches are pretty much the same "in that the 

state provides the standards of what I need to deliver." However, in response to 

the changes she sees in her classes, she is shifting her focus from the standard's 

content to the needs of the students: 

I have become less concerned over content along the state standards as it 
is drafted and started thinking more about the students and the students 
buy-in, and  if you can get the buy-in, then this is a safe place and 
everybody is valued in this classroom and then the learning progresses. 
 

To Marie, when she delivers the content differently, "it's a personal touch" and, 

"supposedly that’s a good thing to do across cultures." 

  Marie believes that the vocabulary of biology presents a whole new 

language for students to learn and this is especially difficult for students who are 

still learning the English language: 

So I get in class, so that within the class I say okay from the vocabulary 
we pick a term and it means blah, blah, blah and I say “What does that 
mean to you?" "Nothing!"  Okay, so how do we work and put into words 
that you understand. I'll repeat so I'm so, so I get three or four different 
ways to say the definition of the words and I think that reinforcement is 
good for kids whose languages so that they can they can see the word 
from different perspective but that's okay.  Trying to get the kids away from 
rote memorization and to hear it and say it and do it seems to be working. 
 

 Marie acknowledges the historical focus of science on white, Western 

European male scientists and attempts to broaden her student’s understanding 

of the contributions from other cultures: 
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It was mostly White men, who still today get most of the acknowledgment 
and, and so for whatever vehicle that I may be showing, they may even be 
on a website, and I talk about “This was what was published at that time 
and that was in the past, addition of the people who were more famous 
and this is what was going on in other cultures. 
 

"How Does Who You Are and the Culture You Represent Influence How You 

Teach?" 

 Marie feels that when she began teaching she "taught as I was taught" but 

as she became more experienced, she “took a step back and took a look at other 

cultures.” She began by first taking a look at the Native American culture in which 

she had been interested since she was in middle school: 

In eighth grade I got really interested in Native American culture and, as a 
teacher, when this raising awareness of cultural identity was brought out, I 
didn't keep quiet anymore, I started talking about it, just throwing out the 
story here and there, meeting with people of native backgrounds and 
asking them. 
 

As the diversity in her classroom began to increase, she began to investigate 

elements of Hispanic culture: 

Then I did little bit of research for the Hispanic and Latino kids because I 
wanted to touch base with that background because that's becoming more 
of what I’m starting to see in my classroom,  just that little bit, how to open 
their mind up, to be more receptive to what's going on. 
 

Marie believes this view of culture allows her to go beyond simply presenting 

facts and having students think a little deeper about what they are learning: 

So how does that influence what I am doing, is I stop and think about not 
just the facts, which we have to throw out for the people to regurgitate but 
try to teach them to think a little beyond and what do they know. 
 

Marie sees language as a key element in establishing a culture and how we view 

science: 



 

 97 

…society does impact how we perceive things because of the languages 
we’re brought up with, any of the cultures have different languages in 
terms for things that can impact the science and how we interpret things. 

"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures? 

While Marie does believe there are family and cultural influences on 

students’ academic behavior, she sometimes finds it hard to distinguish between 

the two, "Different influences. It's hard for me to pin it down because still I can do 

reserve the, kind of like, how much of it is cultural and how much of it is really just 

within that family." She gives as an example the differences in participation of 

Somali students while the biology class is doing a fetal pig dissection. Some 

Somali families recognize the dissection as an educational activity and will allow 

their students to participate while others take a more conservative religious 

perspective and prohibit their students from being involved. 

 She has also had the comment from students, reflecting their respect for 

their family, "…that my mom and dad didn't have an education, why should I?" 

Marie's response to the students is that while the family does provide for the 

basic needs of the student, she believes that education provides them with more 

options: 

And I understand that and my conversation with them is, "Yeah you're 
doing okay, you're fed, you're clothed, but I guess what I have for you is 
that you have more options in your life, having an education gives you 
those options. Right now it seems a waste of time but it offers you options. 
 

 Marie believes the Somali community provides a good example of how the 

cultural community has supported its students. When she was teaching Somalis 

10 years ago, most of them were in ELL classes and now she sees more and 
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more of them taking mainstream classes. She believes, “the community has 

worked with the Somali community and there is a big difference." 

Summary 

Marie is a high school biology teacher who has taught exclusively within 

the school district, teaching at both middle and high school levels. She believes 

that science is a process of investigation in which we observe the world around 

us and try to develop a deeper understanding. She recognizes that science is a 

human endeavor and understands the tentative nature of scientific ideas. She 

believes that "science is an idea", but does not believe that science is a belief set 

“Science isn't what you believe, it's based on what we see and what evidence we 

have.” 

 Marie works with her students to minimize the conflict between a student's 

religious beliefs and scientific evidence. She tries to ensure students that as they 

learn more they will be able to accommodate the scientific evidence without 

changing the religious beliefs of the student. Marie's initial response was that she 

did not believe there was a cultural element to science but in reflecting upon the 

interview and her responses, she has begun to re-evaluate that belief. Marie tries 

to draw a distinction between, "a natural human being" uninfluenced by culture 

and an individual influenced by society in which that individual was raised, 

particularly through the influence of language. 

Marie's respect for the cultural beliefs of her students developed from her 

own personal interest in Native American culture. She believes that Anglo and 

Native American cultures view the world through different value systems. She 
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tries to teach with a "personal touch" and attempts to understand the cultural and 

family influences on her students' academic performance. She works to ensure 

that her students go beyond simply "regurgitating facts" and attempt to develop 

an understanding of the science. She believes that language is a key element in 

learning and sees the languages of different cultures as influencing how we 

interpret things.  

 Marie sees influences from both the family and the community on a 

student's academic behavior but sometimes finds it difficult to distinguish 

between the two influences. She uses different responses from Somali families 

with respect to their students participating in the fetal pig dissection as an 

example of predominantly family influence. She cites the cooperation between 

the mainstream community and the Somali community in moving students from 

ELL classes to mainstream classes as a positive example of communities 

working together to support student academic performance. 

 Discussion   

Marie's responses show a clear dichotomy between what she regards as a 

set of beliefs, such as religion, and what she believes is fact, such as science. In 

her discussion about the challenges of teaching evolution, she is emphatic in 

telling her students that she is not attempting to change their religious beliefs 

about evolution. In her opinion it is acceptable that students maintain both a 

religious belief about creation and a scientific concept about evolution and there 

is no need to reconcile the two ideas because one is a belief and the other is a 

fact. This distinction ties into the evolving concepts of fact and belief discussed in 
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Chapter 1(See Southerland, Sinatra, & Matthews, 2001) and conforms well to the 

traditional definitions (Gess-Newsome, 1999). For Marie science is not a set of 

beliefs, it is based on observations and evidence. Yet in her discussion of the 

apparent differences between the Native American perspective on science and 

the Anglo perspective on science, Marie states that the differences relate to 

cultural values that come from "different value systems." 

 Marie appears to hold apparently conflicting ideas. She is using 

compartmentalization and secured collateral thinking (Aikenhead & Jegede, 

1999) in her beliefs about science and religion, in her regarding the distinction of 

an a priori instinct that humans have from early childhood and that this human 

instinct for science, at least initially, is separate from and free of cultural 

influence. This allows her to maintain multiple worldviews that reconcile 

apparently conflicting concepts. 

 In reviewing Marie's responses, and given her conflicting views on the 

cultural element of science, there is no indication that she considers the cultural 

perspective of her students as part of her curriculum. She appears to be 

changing that perspective as a result of participating in this research. 

 

Michael 

Background    

Michael has taught for 11 years within the district and is currently teaching 

at the Alternative Learning Center (ALC) but he has taught at three of the district 

high schools and three of the district middle schools; he is also currently teaching 
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science in the adult evening learning program. He has taught physical science, 

life science and Earth science at various times and in different schools. He has 

not taught in any other school district. Michael was raised and went to high 

school in a rural community close to the research community. He has his 

Bachelor's degree in science from a state college and a Master’s degree in 

education from a sectarian private college. Michael has had no specific class 

addressing multicultural education but he has completed a daylong multicultural 

professional development provided by the school district. He has both a class 

and professional development activities that address the nature of science. 

"Could You Tell Me Your Philosophy on the Nature of Science?" 

Michael believes the nature of science is a process of discovery using 

investigation, observation and inference to create the scientific method: 

The nature of science to me means something on the order of a process 
of discovery, where you have some sort of an inquiry, question, and 
problem that you want to discover, a discovery process it could be 
called…have to want to know something and from that, breaking it down 
to a sequence of steps, and the steps equal the scientific method,… this 
concept of science in mathematics and science and investigation and 
discovery and observation and inference. 
 

The scientific method is an empirical process, “This has been tested, it has been 

measured, it's provable and repeatable”. And it is the process that we use in our 

attempts to explain the world around us: 

The nature of science to me is developing that understanding between 
what is science and what is happening every day and this, this is my and 
what is my opinion of something, what can I prove, what can I determine, 
what can I measure, how do I measure and determine it compared to what 
I just think happened there. 
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Michael believes that a scientific law represents a set of facts that can be 

supported by evidence and are the foundation for other investigations, and that a 

scientific theory is a concept whose validity is still under investigation: 

Becomes the laws, there are some laws that are taught as fundamental 
laws of truths that we base other investigations on, certain ones are 
standards. We have evidence to support them and you can look at that 
evidence and try to determine from that how we can make meaning from 
it, different, different expectations or outcomes, get meaning from it. I 
guess laws are the support or backbones, background for other 
investigations. 
 
Theory is something that might or may not be proven yet, something we 
are still investigating, something that process of what might be happening 
but we haven't come to that conclusion yet but we can't say that 100% that 
that this is fact, this is true, that this is the way it is. I guess if I was 
teaching evolution, evolution is kind of a theory right now that we know 
parts of it are true, things have evolved over time, things are continuing to 
you all over time. But for this gap between here and here, we don't know 
that yet. Working on it; what the theory says is that this is most likely what 
happened but were still working on it. 
 

Michael believes that the belief sets of different cultures contribute to the 

historical record and are a part of science: 

…the belief systems that were based on weather patterns, the star charts 
and all these other things that they have done that are parts of our 
historical record and parts of science. 

"Is There a Cultural Element to the Nature of Science?" 

According to Michael, this is a difficult question to consider, "That's a 

question people been discussing for a long time. I don't know really what that’s 

supposed to mean."  Although Michael believes that cultures do influence 

science, he feels that science is too broad a concept to be defined by culture: 

So culture was built from it and around these events so is there a cultural 
part to science? Yeah. Does culture necessarily define science? Science 
is too broad to be defined by culture. 
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The concept of science is so broad that it extends beyond culture and reaches 

into every other academic topic: 

It's a combination of everything. I don't think any other subject stands 
alone in science. I don't think English, math, poetry, anything lives without 
it. It's ingrained all the way through. Science is a culmination of everything 
else in every other experience. Yes that answers that. 
 

Michael feels that there is a complex interrelationship between culture and 

science and that it is a very difficult to separate the two: 

This means that all these other groups of people over time would've done 
this and that, is there a culture of science or is that just culture and 
discovery? Is science more than a people? I kind of think it is more than 
the people. It's not really a culture thing, all cultures benefit in science. I 
feel, the science stands alone. It doesn't stand different without culture but 
I don't think you can break it down to say there's a cultural elements of 
science either, as I don't think we can truly separate it out. 
 

He feels that it is important to recognize cultural contributions to science, which 

act as motivators for students from the different cultures, but he does not believe 

it is necessary to consider the different cultures differently in his teaching: 

As far as culture I think, I think there's culture, you have to recognize 
culture, there ain't nothing wrong with recognizing culture or cultural 
advancements, inventions brought it to science or into math or into life. 
Discoveries and things cultures, I think it's very important to recognize the 
influence, kids, it kind of motivates them to do something else. I don't think 
we have to separate the Somali culture and teach them differently than I 
did the Asian culture or differently than the white kids in the class. I don't 
think that it's culturally relevant that I need to do that. 
 

"Could You Describe the Changes You Have Made in Response to Changing 

Diversity?" 

The ALC, Michael's current teaching assignment, is the district's special 

high school for those students who have had difficulty working in a traditional 

high school atmosphere. He states: 
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…48% of our kids are on IEP’s… 
My classroom is made up of Somali blacks, Chicago blacks, Asians, and 
the local Spanish population, plus white Caucasian. I have I would say a 
third of my class is mixed between any one of those combinations or 
multiple combinations. We have kids that are living on their own, 15 years 
old, staying with the other kids. We have parents, pregnant mothers here. 
 

The ALC represents a good example of a micro-cultural group based upon social 

class and exceptionality (Banks, 2006): 

This building has a different feel to it and these kids who come in here are 
all feeling like they're different from normal kids for whatever reason that 
they got here, they all have that in common. We don't belong in the regular 
school, we're different, we’re all special, so they tend to bond better to 
class in the group and the entire classes than the other schools that I 
taught. We don't have as many small groups, small cliques in this building 
as we did in some of the other buildings. So they look at class differently. 
 

Michael's classroom accommodations for the students are in response not so 

much to cultural differences based on ethnic backgrounds but the cultural 

differences based on the micro-culture of academic status: 

The biggest change I've made in how I teach, and I don't know if it's a 
cultural change at all, I think it's more just understanding the group you're 
with, the biggest change I make is the amount of time I've spent starting 
the lesson, going through it, come back to the lesson and making sure that 
everybody is engaged in every part of the lesson. So I would guess that 
I’ve adjusted to a lot shorter lessons. Times out, smaller lessons, labs that 
if I was in the other buildings I'd finish in a day or two, take a week. Have 
to break it down, go over what we did, going to the next section, look at it, 
see how it relates to the first part then finished that look back soon well we 
did in the last two. So it's always, there's a lot more review and a lot more 
time, just so short and that's slower that but they get the major concepts. 
 

In response to the culture of his classroom, Michael has moved away from 

multiple tests as a means of assessing his students’ progress: 

We spent less time testing other than the state test we have, I give one or 
two tests per quarter. I used to test more than that, I used to believe that 
they got the college, no matter what class they had they would have to 
take a test. So I thought of but it was important to do it decent and this test 
taking skills, practice it. I don't spend as much emphasis on it as I used to. 
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We still practice obviously taking a test, what do you look for. I've 
changed. I break things down more. 
 

Michael tries to establish an inclusive, collaborative classroom environment as 

his key element in formative assessment: 

It is very easy for these students who struggle to lay back and not get 
involved, and these kids know right away, at the beginning of the year, 
that the quieter you get in my classroom, the more often you get called on, 
I won't let you off the hook but I can let the class work. Well, I'm not going 
to hang somebody out to dry where they are embarrassed enough from 
being called on all of time. By the end of the year, kids get called on it's no 
longer an issue and I know that the rest of the class is going to help them, 
they learn that discipline of the community, they're all willing to deal with. 
That's one thing I do differently, so that is a change, to allow a shorter 
period of time for someone else to start, let somebody else take over and 
finish the answer, just repeat what's happening, til somebody else has to 
come in. 
 
Language and the vocabulary attached to science are some of the biggest 

challenges his students face, "I should also say it somewhat over English 

proficiency. That's the one barrier. The kids can't speak the language at all, the 

language they’re using, then they have to, then they have to try to overcome 

somehow working with that.” but he believes that this collaborative atmosphere, 

in which students freely look to help each other learn, allows them to work 

through this vocabulary challenge effectively: 

It's fun to watch them try to break it down and try to explain it to one 
another. One to the other how they can relate to things. Often with this 
group they'll start talking about start using a lot of their slang from their 
music when they start breaking things down. It's been a couple of kids 
even start singing them in rap songs, put them together and, so, yeah they 
do so break it down, they have to, some of them some of them are better 
at it than others. It's a challenge. 
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"How Does Who You Are and the Culture You Represent Influence How You 

Teach?" 

Michael admits that the rural, Midwestern standards by which he was 

raised influences what he expects from his students in his class: 

Who I am and the culture that has its influences, being white middle-class, 
small town, growing up in a relatively strict background, I've come to 
expect certain things of students where just because I thinks that. 
 

However, he does realize that he may have to adapt some of his own beliefs if he 

is to be successful in teaching in a multicultural classroom: 

Education has shown me that you can't hold to some of your old beliefs 
and models if you're doing it to do that you're going to say, you have to 
understand your students to what things they're coming from. 
 

 Michael believes that the institutional efforts to promote a multicultural 

atmosphere within the district are misdirected and, that left to their own records, 

the students and their parents will develop a respectful multicultural atmosphere: 

Unfortunately I think that the administration, the downtown, the 
administration, and some of the goals of our district, don't believe this. 
They would like to encourage special classes for diversity, and special 
things and pulling out special groups for special interests, tends to distract, 
in my opinion, from getting everybody to treat everybody the same, getting 
everyone to respect they’re all special, that you're not the same as the 
teacher differently, your separate. They get somebody else, feeling that's 
something special, I don't believe in that. You want people to be the same, 
treat them the same. 

"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures? 

Michael believes that developing strong relationships with his students is 

essential and a key element in building that relationship is consistency in how he 

deals with the students: 
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The relationships we build in here are important to me, kids in here all 
trust me, even those that don't necessarily like me the best, there's a 
couple. The same reason they don't like me is I don't like anybody else. 
Still hold him accountable, we can joke little bit and have a good time give 
me a break here but consequence for you is the same for everybody else 
down the line. 
 

 Michael believes there is an important relationship between the family and 

the culture of the student and that student's academic performance. He believes 

there are many factors involved in this relationship but that the influence of the 

family overrides everything else: 

Yeah I think it's important, I think there's culture involved in there but 
there's other things involved in there besides culture. It goes beyond 
culture, it's just being a family. 
 

 He believes that the cultural influence is waning as the newcomers spend 

more time in the community and become aware of the dominant cultural 

standards. He gives the changes he perceives in the Somali culture as an 

example of this cultural evolution: 

The Somali culture and not valuing education for their women, their 
females, influences the performance of the females. They think they are 
here to socialize for certain period of time then they're done, they are 
going to get married or whatever they do. That's weakening the longer 
they stay in this country. The longer that group as here, the more 
important they realize it is for both males and females to be educated. 

Summary  

Michael is a science teacher at the district ALC and teaches to a large 

number of special needs students and students who have been unsuccessful in a 

traditional high school atmosphere. Michael was raised in the rural area adjacent 

to the research community and believes that the rural, Midwestern standards by 

which he was raised influences who he is in the classroom and how he teaches. 
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He is aware that he will have to moderate some of those beliefs in order to be 

successful within the atmosphere in which he teaches. 

Michael teaches in the situation in which racial and ethnic diversity is 

subsumed to a subculture of academic identity. The vocabulary and language of 

science is a special challenge in the class and Michael allows the students to 

work as groups to assist each other in understanding those terms, using music 

and rap and whatever tools the students feel appropriate and helping them learn 

that language. Michael has broken his teaching units into smaller sections and 

matches the pacing of the instruction to the needs of the students and assesses 

more often using a variety of assessment methods.  

Michael believes that the nature of science is an empirical process of 

discovery based on the scientific method by which we attempt to understand the 

world around us. Scientific concepts are measurable, provable and repeatable. A 

scientific law is a concept supported by fact while a scientific theory is a concept 

that is not yet proven but which scientists continue to investigate. He believes 

that investigations by many past cultures contribute to our understanding of the 

world and are part of our science. 

Michael believes that the question of a cultural influence on science is a 

difficult question that we have been trying to answer for a long time. He does not 

believe there is a cultural influence in science and that science stands alone and 

is too broad to be defined like culture. He uses scientific contributions from 

different cultures as motivators for his students but does not believe it is 

necessary to teach differently to students of different cultures. 
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Michael believes efforts by the district administration to support a 

multicultural atmosphere within the district are distractions from the individual 

efforts of students and parents who are developing respectful multicultural 

relationships as these individuals spend more time within the community and 

become more familiar with dominant cultural standards. 

Michael believes in strong personal relationships between himself and his 

students. He believes any cultural influence on the academic performance of 

students from different cultures is overridden by the family influences.  

Discussion 

 Michael teaches students who have established a subculture within the 

general education community, a subculture based upon the students’ reactions to 

a traditional school setting rather than ethnicity or race. Yet within this subculture 

Michael practices several elements of Culturally Relevant Pedagogy (CRP) (Gay, 

2000; Ladson-Billings, 2009). His classroom environment is highly collaborative 

with students encouraged to help each other and readily willing to do so. He has 

structured his instruction to accommodate the special needs of these students. 

Michael expresses a limited understanding of the nature of science, 

equating it to the empirical process and the scientific method. He considers 

scientific laws to be sets of facts that are the backbone of other investigations. 

Theories are more tentative, may contain gaps in knowledge and cannot be 

considered 100% factual. Michael's responses are ambiguous as to whether 

there is a cultural element to the nature of science, but he sees there is no need 
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for him to consider any possible cultural elements of science as part of his 

teaching. 

Understanding the nature of science is seen as an essential element of 

teaching and understanding science (Bybee, 1997), although a series of studies 

indicate teachers do not do not possess a good understanding of NOS 

(Lederman, 1992). Michael might be typical in that regard but his teaching 

situation may compound his lack of effective NOS instruction. In order to allow 

his students to grasp learning objectives, Michael has broken his instruction 

down into small, discrete units and he uses repetitive methods to allow them to 

progress effectively. Teaching broader, more complex concepts as the NOS 

would not work very well in such an instructional environment. Unfortunately it 

may allow him to teach his misconceptions regarding laws and theories more 

effectively. 

Margaret 

Background 

Margaret has been teaching at the middle school level in the district for 19 

years; she spent the first 18 years teaching in the same middle school and only 

last year moved to a different school. Most of that time she has taught Earth 

Science but has also taught Life Science for several years within that time span. 

She has taught no other school district. She was born and raised in a small 

Midwestern community and has lived within the research study community for 

most of her adult life. She has a Bachelor’s and a Master’s degree in Education, 

both from a large state university, and has completed most of the course work for 



 

 111 

a PhD in science education. Her education classes included a specific class on 

the nature of science and she has also completed professional development 

activities addressing the nature of science. She has had no classes or 

professional development addressing multicultural education. 

"Could You Tell Me Your Philosophy on the Nature of Science?" 

Margaret has a well-developed concept of the nature of science based on 

the hypothetico-deductive philosophy with the scientific method as the approach 

to developing scientific ideas and building theories: 

It’s a way of processing scientific theories, building theories that could be 
replicated, hypotheses that are successfully proven and can be replicated 
and building theories. That's kind of what I, how I push along it the 
classroom. Just look for evidence, it is to look for evidence, use that 
evidence to support the big idea. 
 

Margaret’s philosophy of the nature science was profoundly influenced by a 

professional development activity she participated in several years ago. The 

activity was focused on teaching evolution but a key element of the activity was 

using the nature of science to establish the validity of the theory of evolution: 

And I am so into that whole scientific theory, no one has ever laid it out for 
me quite like this class did, as far as you start with your fact then you 
make your law then you make your hypotheses then, and you make your 
theories on everything and in that way it put a structure to make these 
random things that now we’ve just got a floating around in my head as far 
as what science was. 

 
Margaret regards science as a belief set yet believes that there is no cultural 

elements to that set of beliefs, “the belief structure that is the scientific thought, 

that helped me more than anything as far as how to be very fair about this and 

stepping away from any cultural influence.” 
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"Is There a Cultural Element to the Nature of Science?"   

Margaret is very emphatic in her belief that there is not a cultural element 

to science: “In science and mathematics, there is no such thing as multicultural 

science or multicultural mathematics.  It's just is what it is." Her view appears to 

be influenced by her belief in the scientific method and its hierarchy of ideas as 

the basis for understanding science: 

Well it’s like facts is facts, and they don't change based on your cultural 
perspective.  Gravity works.  Whether, no matter where you're from or how 
it's arranged, it’s just always the same and when that goes for many other 
things too, that the basic laws and principles have no cultural, cultural 
implication in them. 

"Could You Describe the Changes You Have Made in Response to Changing 

Diversity?" 

Margaret regarded her classroom as being very diverse when she first 

began teaching in the district in 1992, “Culturally, when I started, I was surprised 

at the diversity” but she has noticed changes in the makeup of the classroom 

diversity as the different waves of immigrants have moved into the community. 

In response to the diverse nature of her classroom, based on advice from 

the English Language Learner (ELL) teacher, Margaret switched to a much more 

vocabulary-based approach to teaching science. She regarded the language as 

a key barrier to learning for those ELL student's and felt that, through the use of 

repetition and drill, those students would be able to acquire the science 

vocabulary and regard that as an indication of growth in their knowledge. She 

has made no changes in the content that she teaches, "it's pretty much 

everybody gets the same thing" but she does use examples of successful 

scientists representing different cultures and encourages students to investigate 
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Earth processes that occur within their home country or region. She did have 

concerns about earlier district efforts to add multicultural elements to science 

instruction: 

I remember the new multicultural directives, to include more multicultural 
science in the curriculum and that happened in the early 90s and it 
included this package with a handout on Benjamin Banneker. That's like 
more of an insult, but in their opinion, it was very positive. 
 

 The changing diversity in Margaret's classes has caused her to make 

changes in how she assesses her students. Early in her teaching she felt it 

necessary to give ELL students a break when asking questions in the classroom, 

"I think my perception was I wouldn't call on some of the ELL kids because it was 

just give them a break, cut them a break." She now ensures, through tracking, 

that she calls on every student in the classroom but she may still give ELL 

students a pass while telling them, "you're not off the hook but I'll get back to 

them again.” 

 Margaret allows students to use their notes while taking exams. She 

believes that taking good notes is a characteristic of a good student and believes 

that if the students know they can use their notes on the exam, this will make 

them more responsible and more likely to take good notes: 

I think they become better students because they can make that logical 
steps to understand the material, they have taken responsibility for their 
test scores but just little stuff like that and encourage them and nudge 
them to become better students and this is one thing that will help them 
become better students. 
 

 Margaret believes, primarily because of language issues, that ELL 

students are more likely to cheat while doing their work, "they cheat a lot, they 

copy a lot, they'll copy each other's stuff to a greater extent than the general 



 

 114 

population." She believes it is because these students do not understand the 

difference between cooperation and collaboration, and cheating. 

"How Does Who You Are and the Culture You Represent Influence How You 

Teach?" 

 Margaret represents traditional middle-class standards and values, "Well, 

that whole middle-class values and structures within the classroom thing is 

important to me" and believes that it’s "hard to remove yourself from who you 

are". She believes that it is important that you represent yourself as whom you 

are and efforts to do otherwise are insincere: 

I wish I could have said like I do special things based on the cultural needs 
of my kids and I was like maybe I should start thinking about that, maybe 
there is something I can do but the more I thought about it would just 
come across so fake, but I was like because it isn't who I am or what I do.  
I could pretend like I'm younger and I could pretend that I have a different 
cultural background but it would just be so fake and it wouldn't fit, because 
you see people trying to do that, trying to come across as hip, and they're 
not.  Or they can come across as, I do want to say inclusive, I might try to 
present an inclusive classroom and everything but I don't try to come 
across as that I come from a different culture than what I am to try to keep 
it real and so and that's how, how I resolve my own lameness from the first 
interview that I don't do anything.  And I said I shouldn't really have to then 
I may not be making it up, to do what they want to hear but otherwise it 
just is just fake. 
 

 This sense of self also influences how would Margaret approaches her 

teaching, "Like anything, our interpretation is how we present it to the kids.” 

Given the wide range of factors that influences learning in a classroom, as a 

teacher you can only represent who you are: 

…it could be all things are a part of so many different factors that make up 
what we do in the day-to-day classroom, economic discrepancies between 
kids, cultural discrepancies, an age discrepancy between me and the kids, 
you have the social discrepancies, when there's things you're absolutely 
morbid about, they're perfectly okay with them and when you start 
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throwing all these things up in the air, it’s like who do you want to be in the 
classroom.  You want to be who you are best at being and that's who you 
are. 

"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures? 

Margaret believes that strong relationships between the student, the family 

and the teacher are important to understanding behaviors of students within the 

classroom. She cited the example of a Hmong boy who is causing problems in 

her classroom. In discussions with the ELL teacher, she discovered that the boy 

had suffered brain damage in his family's attempts to get him out of Cambodia, 

which was the root of his behavior. “We weren't dealing with them at the same 

language on the same level and that really opened my eyes to how important it 

was to know the story, to understand the story.” 

 An important element of Margaret's conception of the influence of family 

upon academic achievement stems from her practicum experience in schools on 

a Native American reservation. When the Native American students reached 

ninth or tenth grade, many of them dropped out of school and the teachers said 

they were starting to get negative feedback from their parents "…at the Indian 

schools where they're acting too “white”, it somehow is offensive to your parents 

to do better, having different than they are." Margaret's belief is that the students 

respect their parents and feel that improving their own education to be better 

than that of their parents is disrespectful, "… sometimes that comes across to 

some of the kids that “My parents are good people. Why do I have to do better 

than they did? Why can't I just be like me like my parents?” This is an idea that 

still influences her perspective on the impact of the family: 
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But I've always hung onto that idea, why would a kid just stop wanting to 
be successful, when they have shown success, showed success but why 
stop now?  I think there's got to be a message coming from somewhere, 
whether it's spoken or unspoken, within the home, that you are done here. 
You can't do better than me because I'm okay. And the kids respect their 
parents and don't understand that . Why do you have this multi-
generational migrant worker thing going on?  I think the kids just look at 
their parents and don't want to do better than them at some level. 
 

And she believes this influence extends beyond just the Native American culture: 

I think, I think that extends to other groups too because why else would 
you not want to push ahead and take advantage of anything, have a 
schooling and, and yet nothing. Somehow this message is getting lost, 
that the students can be whoever they want to be. As far as a support 
structure in place to make that happen, and why they are not successful, I 
don't know. 
 

The support structure they lack is within the home: 

In the family. The family. And I just keep on going back to that idea that 
somehow it is not okay with the parents, or somehow they are making a 
bad statement of their own culture, taking on “white” values and such 
(pause) middle-class values.  
 

She believes this phenomenon is particularly evident within low SES 

communities, which tends to be our ELL population: 

I think that what is happening to these families is that when the kids are 
getting ahead of where their parents are educationally, socially, 
academically, economically, and the impression that you're too just “white” 
and it tends to trickle down to a lot of kids in poverty, which tends to be our 
ELL kids. 
 

Margaret believes this negative reaction to achieving "White" status comes from 

within the home: 

I do think there is something that comes from the home.  That's something 
we say every single day, come to school, be successful. I think that's the 
challenge. And with that question but I know, I know the efficacy and all 
means everyone can be successful and they can, but that's the key 
question, that's the gorilla in the room, why aren't they?  There's got to be 
something that we are not addressing, something that has not been 
addressed. 
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Summary 

Margaret is a middle school teacher who was raised within the research 

community and has taught exclusively at schools within the school district. She 

holds a hypothetico-deductive view of the nature of science. She believes 

science investigations depend heavily upon the scientific method and her view of 

the nature of science was strongly influenced by a professional development 

workshop addressing the concept of evolution. Margaret has changed how she 

teaches science because of the changing diversity, based upon input from the 

ELL teacher, focusing strongly on a vocabulary-base curriculum. She has 

changed how she assesses her class, both in the way she questions students 

during class discussions and in how she administers tests.  

Margaret believes that she is most successful as a teacher when her 

teaching represents who she is, reflecting her beliefs and background. She 

believes that attempting to change the way she teaches based upon the cultural 

makeup of her classes would be "fake" and insincere. 

Margaret believes strong relationships between the teacher, the student 

and the parents are essential, especially when dealing with students from diverse 

cultures. She does not believe there is a cultural component to science or that 

the cultural background of a student influences that student’s view of the nature 

of science. She does believe that there is a strong, often negative, influence from 

the family of diverse students, believing that there is a pressure discouraging 

students to achieve at higher levels than their parents. This perspective reflects 
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an early experience Margaret had teaching on a Native American reservation 

and she has extended it to other students, especially ELL and low SES students. 

Discussion 

Margaret maintains a very dogmatic stance on her white, Midwestern 

identity and the values she associates with that identity. She believes that her 

teaching is more effective and authentic when it reflects who she is as an 

individual and any attempt to develop an inclusive classroom or to do special 

things to accommodate the cultural needs of her students would not represent 

who she is and would come across as fake. Her "belief structure that is the 

scientific thought" closely parallels the definition of a belief set proposed by 

Harvey (1986) "as a guide to personal thought and actions (p. 660).” Her case is 

similar to Tom’s with respect to the intrinsic values she contributes to science 

(Witz & Lee, 2009) that become part of her basic moral outlook. 

For Margaret, science has a higher value or ideal that interacts with her 

other higher values and plays a major role in guiding her attitudes and classroom 

practices. Given Margaret's responses her belief set on science most certainly 

guides her actions and her attitudes. 

 Margaret said that when she began teaching she was "surprised by the 

diversity" in her school. At the time Margaret started teaching, minority students 

represented 7% of the student body in the school in which she was teaching; that 

would mean in an average size class she would have two or three minority 

students. That Margaret regards this as surprising diversity is an indication of 
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how much any diversity was a variation from her white, homogenous 

background. 

 Margaret regards science as an empirical process in which inquiry 

proceeds from fact to law through to theory, looking for evidence to support the 

big ideas. To her science "just is what it is." These elements of Margaret's view 

on nature of science do not match broadly held elements, despite the fact that 

she took a professional development workshop specifically addressing the nature 

of science that she found to be very effective, "no one has ever laid it out for me 

quite like this class did." This would match Lederman's (1992) assertion that 

many professional development activities addressing the nature of science are 

ineffective. 

 Margaret's attitude toward the diversity in her classroom and her minority 

students seems to indicate that she is unaware of the power of her "white 

privilege" (Applebaum, 2003) and she attributes much of the difficulty minority 

students have with academic and behavioral standards to their fear of appearing 

to be too ‘White’, blaming the victim (Mayo, 2004). 

 Margaret’s case represents a prime example of the impact of personal 

experience on a teacher’s attitudes and practices. Her professional development 

class clearly shaped her ideas on the nature of science and her experiences on 

the Native American reservation imprinted some very strong beliefs regarding 

intercultural relationships. Brand and Glasson (2004) identified the same theme 

in their ethnographic study of teachers crossing cultural borders. 
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Frame of Reference Cases 

 Brian and Mary represent the two frame of reference cases used for 

validation. Brian is a senior teacher with more than 36 years of experience who 

was born and raised in a major Midwestern urban center and has taught in a 

variety of schools ranging from monocultural rural districts to large inter-city 

urban districts. Mary is a younger teacher with eight years of experience who 

was born and raised within the research community. The year before this 

interview she took a sabbatical from her teaching position and taught in an inner-

city school in a large, West Coast urban district, which was her first multicultural 

educational experience. 

Brian 

Background 

Brian is an experienced high school teacher with 35 years teaching 

experience in a variety of different school environments. He has been with this 

district for 16 years and is currently teaching honors and AP chemistry at one of 

the district high schools. His initial teaching experience was at a large, inner-city 

high school with a broadly diverse student population; he taught at this position 

for 10 years. Due to family commitments, Brian moved to another state and over 

two years accepted teaching positions in two small, culturally homogenous 

communities. He found another position at a larger high school in a community 

that was, "fairly, substantially Caucasian, White" and he taught in that district for 

nine years. Brian and his wife had adopted two African-American children and 
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felt that they needed to raise them in a more diverse community which led Brian 

to move to his current position. 

Brian was born and raised in a large, Midwestern urban center and 

attended high school within that urban community. He received his Bachelor’s 

degree in science from a state college and a Master’s degree in science from a 

state university. He has had neither a specific class nor a professional 

development activity addressing the nature of science. He has both a specific 

class and a professional development activity addressing multicultural education. 

“Could you tell me your philosophy on the nature of science?”  

To Brian, "The nature of science to me is the thinking process and a way 

of knowing the world around us." He believes that the nature of science is an 

empirical process of discovery: 

I think the nature of science is that thinking process that involves inquiry, 
raising questions, trying to develop information and testing that 
information, it's more of a concrete, sequential kind of discipline, one 
involving empirical experiences we have with the real world. 
 

Since science is such a "concrete, sequential kind of discipline" there is "very 

little of the intuitive feeling kind of things." The scientist "in some respects …is to 

be detached, and think in terms of the information and how to analyze it, being 

nonjudgmental although we know that biases do go into science.” 

 The idea is the "key starting point" of science. Our ideas raise questions 

and are "constantly being challenged." The degree to which we can validate our 

answers to those questions determines whether or not we have a theory or a law: 

So it starts with these questions and when we get enough information to 
substantiate answers to those questions then we can take the idea and we 
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can validate it and pretty much say that this is a theory or if we can’t show 
anything different, this is a law. 

“Is there a cultural element to the nature of science?”  

Brian believes that culture provides a lens through which we view science: 

I believe culture very definitely does influence science. And as I said, even 
though as I've said we all try to have a non-biased view, our personal lives 
and influences bring to what we do. A lens that we look through. 
 

It is this bias created by culture which creates misconceptions in science: 

Some things would be difficult for you or certain views on the way the 
world works or the universe works. This brings possibly misconceptions 
the students, this is where the misconceptions come from, the cultural 
biases and it is something that is worth for me as a teacher to recognize. 

“Could you describe the changes you have made in response to changing 

diversity?”  

Brian does not see a lot of minority students in his upper level, honors 

classes so he has made few adjustments other than adopting "a more inquiry-

based" approach to his classes. Due to teaching loads, Brian is teaching two 

sections of introductory level general biology this year, a class in which he sees a 

more diverse group of students. The first difference he sees between the two 

classes is classroom management: 

…one way that has changed is classroom management. I think there are 
certain cultural characteristics. All young people are talkative and 
animated at certain times except on a Monday morning, but some African 
Americans, my own son for instance, they talk a little bit louder, it's really 
important for them to make a social connection, they’re not necessarily 
going to come in and sit down right away, turn in their papers, start taking 
notes, they might blurt out. 
 
Brian has changed the goals in his classroom from covering a certain 

amount of content to taking a “more holistic approach to students.”: 
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It's more about them improving the thinking skills and taking them further 
from wherever they are at than them learning a certain amount of content. 
 

The biggest challenge Brian sees developing from an increase in the cultural 

diversity is dealing with a wide range of academic abilities: 

It seems like the increasing diversity and diversity of the needs of the 
students is making it more and more difficult to reach that broad range of 
kids that are really struggling or trying to close the so-called achievement 
gap. 

"How Does Who You Are and the Culture You Represent Influence How You 

Teach?" 

Brian believes that his experiences provide the lens through which he 

deals with people and his experiences provide a strong cultural element to that 

lens. He was raised in a large, urban area and as a teenager experienced the 

racial riots of the 1960s. When he moved to this region, he was surprised by the 

apparent passive reactions of individuals from diverse cultures in this area in 

response to racist attitudes. Brian and his wife have adopted two African-

American boys, a situation that provides him with two additional windows to 

cultural relations. First, he and his family experience reactions to being a biracial 

family which provides Brian with the experience of being a cultural "other." 

Second, he sees the racial attitudes towards his boys and their activities, 

especially in public areas where people react to two young African-American 

boys wandering through stores and such similar places. 

 Yet in his classrooms, Brian maintains a strong, traditional Midwestern 

academic atmosphere: be on time, be respectful, do you work and hand it in 

when it is due. He posts these standards in this classroom and expects students 

to follow them. He remembers that in his earlier teaching experiences, in 
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communities with less diversity, the students were more respectful and more 

interested in learning. In this current teaching environment, with more diversity, 

he sees more disrespectful behavior and less interest in learning: 

And now I have on the first day of school a student telling me, when I 
asked how it felt to be back at the first day of school, "This sucks!" and it 
went downhill from there. 
 

Brian believes that to some extent cultural attitudes influence this academic 

behavior: 

I do see a cultural element in some respects as I said, students maybe not 
being on time, where it's not important to hand in papers, people talk 
about "the black time. 
 
His African American sons provide not only a lens but a focus to Brian's 

perspective on diversity. In several of his responses, he used their behavior, 

sometimes very stereotypical behavior, to explain or focus his response. Of all 

his responses that contained a cultural element, Brian referred once to Asian 

students, making the stereotypical observation that they strive to get the right 

answer and the best grade without necessarily being concerned about 

understanding the work, and once about Somali students in an after-school 

activity; he made no responses regarding Hispanic students. With those two 

exceptions, all of his responses focused on African-American students. 

"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures? 

Brian sees the greatest influence on a student’s academic success 

coming from the family more than from the community: 

I see that is a very big influence and something that there are certain 
cultural behaviors in families. 
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He does not see any cultural differences in how the families support the students: 

Brian - …whether you're white or black, there are just some families who 
can be supportive and others who aren't, who just have the attitude that 
education just really doesn't matter. 
 
Researcher - Is there a cultural element of that pattern? 
 
B - No. 
 

 Brian does perceive a pattern in family support related to the family’s 

socioeconomic status: 

I do notice that in some respects, so what the kids do is, the family really 
provides the support that they need. I'm trying not to stereotype but often I 
look up information about a student that's struggling and find out that he's 
in foster care or some other family situation, single parent so forth. 
 

Brian has been teaching some classes at the middle school for five years and he 

notices a sharp difference in the cultural atmospheres of the two different levels, 

where the atmosphere at the middle school ”is more challenging with more and 

more behavior problems and more and more, it often is related to culture.” He 

believes that middle school students are " trying to find their identity and 

sometimes they get culturally drawn into the stereotypes like with the blacks and 

the hip-hop thing." Brian thinks that certain individuals are particularly disruptive 

and that culture contributes to that behavior: 

B - There are certain groups of kids that I call, and it's probably too strong 
a word, but I call them educational terrorists, because they hold their 
classes hostage. It's sad when a teacher says I'm going to have a good 
day today because so-and-so is not here. And it makes it really difficult to 
deal with the learning when you're dealing so much with this behavior. 
 
R - Do you think, especially at the middle school, that the cultural diversity 
contributes to this? 
 
B - You know, I think it contributes to some degree because you know at 
middle school kids are trying to find their identity. 
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 Brian feels that these middle school students in attempting to find their own 

identity sometimes draw on negative aspects of their culture, aspects that are 

strongly influenced by popular media: 

…sometimes that's difficult to do with the behaviors sometimes when they 
are imitating the negative parts of these models that they see in society. 
The cultural influences are almost as much, the media influences were 
almost as much as their cultural influences. 
 

Brian feels that it is important for minority students to understand that "it's not 

"White" to want to learn." 

Summary 

 Brian is a chemistry teacher at one of the district high schools and also 

teaches a single class at one of the district middle schools. He is an experienced 

teacher with a total of 35 years of teaching experience and has taught in a variety 

of districts ranging from small, homogenous white communities to large, 

multiracial urban communities. Brian was born and raised in a large, Midwestern 

urban center with a large African American population and he and his wife have 

adopted two African-American boys. 

 Brian regards the nature of science as an empirical process of discovery 

and because it is such a "concrete, sequential kind of discipline" there is "very 

little of the intuitive feeling kind of things." He believes that the idea is the starting 

point of science, that the ideas raise questions and that the degree to which we 

can validate those questions determines whether we have a theory or a law. 

Brian believed that there is a cultural element to the nature of science because 

our experiences provide us with a "lens that we look through." The different 

perspectives provided by different cultures create misconceptions within science. 
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Brian has changed his goals in teaching science as the diversity of his 

classroom changed taking a holistic approach that focuses more on the progress 

of the student than the gaining of content knowledge. The biggest teaching 

challenge that Brian sees accompanying the increase in diversity is the wide 

range of academic ability of the students. Brian sees a difference in the cultural 

atmospheres of the high school and the middle school; the middle school 

atmosphere is more culturally charged as students at this age seek their own 

identity and often draw upon the more negative stereotypical elements of the 

culture being reinforced by popular media. 

Brian's personal experience provides him with a strong focus on the 

African American culture and this focus seems to influence his perception of the 

cultural diversity within his schools. His responses almost entirely focused on 

African American students and culture with little recognition of students from 

other cultures within the school or the community. 

Discussion 

Brian regards the nature of science as the process of doing science, a 

thinking process with its basis in an empirical process of discovery. He does see 

a cultural element to the nature of science but considers the contributions from 

those cultures to be misconceptions rather than an alternative way of looking at 

science. 

 Brian's experience and personal engagement in the African American 

culture has given him a narrowed perspective that is essentially colorblind to all 

other cultural groups. Throughout his interview his responses focused on African-
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American students and families, ignoring the activities and engagement of 

students from other cultures. He regularly sees racist reactions to his to adopted 

African-American sons and commonly encountered racist attitudes in the other 

school districts he taught at within the state, to the extent that he relocated his 

family to a more diverse community to avoid the potential racist reactions to his 

sons. Although he sees certain cultural behaviors in families, he sees no 

differences in how families from different cultures support the academic success 

of their students. Failing to recognize different cultural attitudes towards 

education may be a result of his myopic perspective on cultures other than the 

African American culture. This is another example of personal experience 

influencing a teacher’s attitudes and practices. 

 It appears that, despite his long involvement with diverse cultures, Brian 

still maintains a core attitude that closely aligns with white, Euro-centric attitudes. 

This core attitude does not appear to be the dominant determinant of his cultural 

awareness but it does have an impact. 

Mary 

Background 

Mary is a middle school teacher with a total of eight years of experience, 

seven within the district and one while on sabbatical teaching in an urban, inner-

city school in another state. She has taught exclusively seventh grade life 

science. She was born and raised within the research school district and is 

teaching in the school she attended while in middle school. She received her 

Bachelor's degree in science from a state university and her Master's degree in 
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education from a state college. She has had neither a specific class nor a 

professional development activity addressing the nature of science. She has both 

a specific class and professional development activities addressing multicultural 

education. 

"Could You Tell Me Your Philosophy on the Nature of Science?" 

For Mary, “science is just about being curious about what is going on 

around you, about what is happening.”  She believes it is a process of discovery 

that we use to explain things in our personal lives: 

…we are using science in our life all the time whether we realize it or not.  
We are always processing things and making observations and drawing 
conclusions about what we are seeing that lead us to make some sort of 
decision or draw some type of conclusion in our own personal life. 
 

Scientific knowledge is tentative and "…you are never at a destination point with 

science, … there is always a myriad of other pieces that you can continue to 

research and find out that sort of make it a bigger picture for you or that lead you 

into a new thing.” She feels that a key element of the “…question of the nature 

science, how is it valued by the society.” 

"Is There a Cultural Element to the Nature of Science?" 

For Mary, the cultural element of the nature of science comes not from 

how scientists do science but from the value that the community places upon 

science, "I see at this period of time what value is placed upon science within our 

culture or in our world we are living." What the community values, may change 

from one community to another: 

Well I think culture influences science partly in what people tend to value 
at that moment.  I would imagine if you went to other places that the type 
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of things that money is put into or that people are interested in talking 
about are different than we have here because we tend to value different 
things in different places and in different time periods and it could be 
around may be a pivotal event that happens, something that happened 
that changes what we view about a certain science topic. 

"Could You Describe the Changes You Have Made in Response to Changing 

Diversity?" 

Mary draws a distinction between her concept of science and how science 

should be experienced by students, which she feels hasn't changed, and her 

strategies for teaching science, which she feels have: 

I don't think my concept is teaching science has changed, I think that 
some of the strategies and views have changed.  I think that the fact that 
I'm trying to incorporate more reading strategies in the class is changed.  
But I don't think my concept of science and how science should be 
experienced by students has changed. 
 

Mary has made very purposeful efforts to adapt her teaching to the changing 

diversity in her classroom: 

Some of those have been more strategy based, with what kind of 
strategies can I employ in my classroom that can be tried for the good 
teaching for all kids but may work particularly well for our minority 
students, because if learning strategies that engage more students at 
different levels in their learning.  Some of those focuses have been more 
on big picture things, about how it feels in our school, how are we 
including students of color in different opportunities in the school, how 
welcome do the parents feel, how connected to our school. 
 

She feels her greatest challenge comes from the broad diversity of students she 

gets in her science classroom: 

I think it was, I think especially in a science classroom you have, I feel, the 
greatest range of students that you'll find in the classroom in this school 
because basically all students take science and so you have diversity as 
far as intellectual ability, their cultural diversity, there's a lot of diversity and 
so I feel like the greatest challenge is how do I meet the needs of diversity 
in so many different ways. 



 

 131 

Her concern for student diversity begins as the students preview the materials for 

each of their units where she tries to activate students' prior knowledge as an 

introduction to the unit: 

You know, for instance, like in the past they would read the book and the 
questions sometimes as a preview. Well now instead of doing that I try to 
have them make predictions and connect it to things they already know 
first so that there are sort of setting the stage before they start delving into 
something they have never heard about before, trying to make some prior 
connections early on verses later on. 
 

Mary recognizes the language of science as being a particular challenge for 

many of her students from diverse cultures: 

I would say especially vocabulary is really a challenge for a lot of kids and 
even you know like we have all these words written up here, “Analyze”, 
“Infer”, “Formulate” and those come up in science a lot and a lot of these 
kids have no idea what it means so even if they know the vocabulary or 
they can look up the vocabulary words, they don't know what these words 
mean, so they don’t know what to do with these vocabulary words so I 
don't think necessarily that language has gotten to be more challenging, I 
just think I'm more aware that language is more challenging for students in 
science and probably in any classroom. 
 

Her strategy to support minority students as they learn the vocabulary places an 

emphasis on group work and cooperative learning: 

Or I might look at more, you know, how I'm going to allow some of my ELL 
students to first maybe practice what they are learning and talk about what 
they are learning with people around them because before they are the 
ones in the classroom who are not the students who were participating in 
the classroom or raising their hands and asking questions.  Just giving 
them an opportunity to try it out in smaller groups or with one person first 
before I'm expecting them to face everybody. 
 

She tries to include visual clues that would assist students in understanding the 

vocabulary from different perspectives: 

…more visual things around the classrooms that help them to make 
connections to the maybe just a picture and a word, instead of trying to do 
you know the whole you know putting up lots of vocabulary with several 
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words describing what something is, trying to have just visual cue that 
trigger you know what this might be for a student. 
 

One of her goals that works in conjunction with this strategy is for more of her 

students to participate in the classroom discussion: 

I think one goal that has changed for is just the participation level that I 
want to see from my, that I would like to see them to be comfortable 
enough to share out in class, to ask questions in class and I feel like over 
the years that has changed a lot.  …. For me, a goal is really to get them 
to a level when they feel like what they have to say is valuable in our 
classroom. 
 

She also encourages student metacognition on how they perceive race and 

culture within the classroom: 

I noticed that for instance for this baby project, I noticed that almost 
always kids will draw white babies!  Everybody's face will be peach.  So in 
the last couple of years I have really tried to talk about that; “Okay, look 
around this classroom and does that really reflect the population that we 
see in our school”, and little things like that and I think certain subject 
areas like genetics and evolution tend to lend themselves to more 
discussion about and culture and race. 
 

 Mary considers the cultural makeup of her classroom as an element of her 

assessment: 

Some of it with even assessment, like for assessment for a lot of times in 
the past tests were a paper test; well what are some other ways than I can 
test students in and then demonstrate their learning.  Sometimes I do it 
verbally with students.  Sometimes they are doing an assessment with 
some kind of project or some type of models or something they have built 
so it is not so much not in their written category but can they show me 
some other way what they know. 
 

She feels it is a challenge to balance the degree to which she must adapt her 

assessments to the number of diverse students she seems to have in a particular 

class at any time: 

I think it's more are difficult depending on how many nonwhite students I 
have in my room, because if you only have one or two versus you have a 
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third of them or a half of them, it feels like you should incorporate these 
different strategies in different percentage.  If there's only a couple, well 
how much of my teaching should I change to more closely match their 
preferred style versus the preferred style of any other student. 
 

Another challenge is allowing a degree of flexibility in classroom movement and 

interactions to which she was not initially comfortable: 

I think changes that I see is one, I have to be a little bit more flexible with 
movement and I think number one is that more flexible, a lot of times I see 
my nonwhite students want to help and collaborate and share more with 
people around them then maybe I'm asking them to do; I might say “This 
is an independent assignment”, but sometimes that sort of goes against I 
think how they traditionally participate with people and that they really 
prefer to help each other work together so being more flexible with 
allowing students okay you choose to work by yourself, or you can choose 
to work a small group with me, by being more flexible in how they go 
about doing the assignment. 
 
Mary uses "group responses" in order to encourage more students to 

participate in the classroom discussion. Instead of just calling on one student, 

Mary allows students to just call out their responses to her questions and "…we 

might not all hear the answers because everyone is saying different things but 

you can say okay I heard this and I heard that but everyone’s giving responses." 

This allows all the students to engage in the discussion yet Mary feels it still gives 

her "a sense of control." 

"How Does Who You Are and the Culture You Represent Influence How You 

Teach?" 

Mary feels that in spite of the fact that her teacher training didn't 

"…necessarily particularly prepare me for a diverse classroom…" her "particular 

passion" has always been focused on the diverse students. Even in her personal 
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life "…many of my friends and my acquaintances are (pause) they are from other 

populations." 

Mary's personal interest in the student diversity led her to become an 

active participant and leader in diversity activities within the school and the 

school district: 

I think probably it started out more as a personal interest on my own part, 
like I said it has always been something that I have been interested in on 
my own.  In the community, I have always participated in a lot of diverse 
things that go on in the community so I think it started off on my own but I 
think when the administration saw I enjoyed working with the students, 
that often times the students and I had a good rapport, that they started 
kind of asking me to participate in a more involved way in different types of 
building professional development. 
 
Mary has been chair of the school's diversity committee for "several 

years", has participated in a district-wide diversity awareness program and in a 

two-year grant-funded research program at a nearby university. Mary has made 

a conscious effort to focus her professional development activities on student 

diversity, realizing that she may be sacrificing in some other areas of her 

professional experience: 

Particularly I have accepted to do those.  And it could be that, you know it 
could be at the loss of not doing something else, I mean I don't really care 
about union stuff.  I mean there is a lot of other things that don't interest 
me that are probably important to know about and probably I should go to 
more science conferences and I, and often times I choose to make this my 
focus and sometimes it feels it at the expense of something else and I kind 
of feel like everybody is school has a passion for something; this is not 
everybody's passion but it's mine.  And hopefully I can learn from what 
somebody else chooses to invest most of theirs into. 
 

 Mary took a one-year sabbatical from her teaching position within the 

research district and taught at an inner-city, urban middle school. This 
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experience gave her a different perspective on how to view student learning and 

behavior within her classroom. 

So I think when I came back here I had to look at it more like instead of 
always expecting my students in class to adapt to who I am and what my 
style is, that maybe I need to start adapting my style to work with them. So 
just trying to look at a more through a lens that there isn't necessarily just 
one correct way to behave in a classroom, correct way to participate in the 
classroom, one correct way to learn something in the classroom and that 
it's, it's, it's more difficult to look at what I am doing that maybe isn’t 
working well than to look at what the students are doing that isn't right. 
 

This was the "number one thing" that she took away from the sabbatical 

experience. 

 Mary thinks that fear is often a barrier to teachers being successful in 

dealing with students of color. That barrier prevents teachers from establishing 

the important personal relationship needed to work with students from different 

cultures: 

…if you can't establish that relationship with those students or your fearful 
or you're apprehensive about trying to establish that relationship with 
students who might not be like you are come from the same background 
that you're always probably always going to struggle with students of color 
in your class and so until teachers start to realize that they we all have 
biases and they all have discrimination, that we all have something that 
we can learn, it will always be a challenge to teach students of color. 
 

She feels that many teachers respond to this fear by denying there is a problem 

within the school district and becoming defensive when people try to discuss the 

situation: 

I think a lot of times I feel so frustrated when I go to meetings about this 
and teachers will stand up and say, “I treat all my students equally”, “I do 
not have any prejudices”, “I don't have any biases”, “There's no racism in 
this school.”, I just don't believe this because it's not even so much that 
they purposefully try to do it but you might have the best of intentions but 
it's not always perceived that way by your students and sometimes the 
good intentions are not what the student needs, it's not necessarily what is 
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helping students in your classroom and so I feel like teachers need to, 1) 
not be afraid of students in that way and, 2) they really need to start 
examining “What can I do? What may I be doing that is not meeting the 
needs of my students?” instead of “What are my students doing wrong?”. I 
feel like a lot of people are hung up on that right now and they’re very 
defensive about what they are doing in their classroom. We are all doing 
the best we can now with what we know but I think that once you try to 
find out more you will realize there is more to know. 

"How Do the Family and the Community Influence the Academic Success of 

Students from Diverse Cultures?" 

Mary recognizes what she sees as distinct, somewhat stereotypical 

patterns in learning styles from students from different cultural groups: 

While I can say with my black students, I would say especially black 
students who were raised in the States, who are from here to say pride is 
a very big thing to them. … Once I feel like the students know that I am 
respecting them and that I'm working with them and that I am not calling 
them, they are much more willing to work for me.  I think pride is a big 
factor. 
 

Mary’s perception is that the culture of the African American black families is: 
 

…a little bit different."  It seems that some of those parents are more 
antagonistic towards education, that they're very defensive about their 
child's education when they come in to speak with us, not all of them but I 
would say in general with those families it's harder to maybe get on board 
with helping what needs to happen at school than some other families. 
 

Mary sees differences between African American black students and Somali 

black students: 

I think for my Somali students, which I think are quite different than my 
other black students, I tend to see that the girls are usually quite hard-
working and the girls and from talking to them and spending a lot of time 
with them, have a lot of responsibilities at home and they seem to be able 
to better manage their time and their responsibilities at school than I see 
with my Somali boys.  Often times the boys, like, I feel like, they don't have 
as much that they are responsible for home and that carries over to the 
amount of responsibility that, they are a lot more challenging to get them 
to see that this is your job. 
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Mary sees the reinforcement for this difference in behavior between Somali male 

and female students in how Somali parents respond to input an academic 

behavior of the male students: 

And, when working with them, and by bringing in their parents, it is 
interesting because the parents always just basically say, “I am counting 
on you to do this.”, and that's what they leave it at.  They are not 
necessarily willing to take on a lot of ownership for changing what the 
boys are doing.  They just, I think tell the boys you are disgracing me, you 
need to be doing this, but there is not always a lot of support or follow-
through at home. 
 

For Mary, Hispanic students seem to prefer a collaborative working environment: 

With my Hispanic students I see more that they like to help each other and 
so to try to allow them ways to the working together to work better than 
telling them that they always have to work apart.  …. And I think to help 
those students I think especially those Hispanic students are more if I am 
not sitting and looking directly at them but I'm sitting next to them work 
works well for them. 
 

The particular challenge is dealing with the Hispanic migrant students who, 

because they don't get credit for what they do here, "don't care much about what 

they do here." 

 Mary's perception of the Asian students in her class is strongly influenced 

by the students representing Asian families from the districts large professional 

community: 

I think a lot of my Asian students whose parents are more, maybe they're 
here because their parents are MD’s, they just want the facts from me, 
they just want to know exactly what I want them to do and if they're doing 
something wrong, they want to know, they want to come in and fix it, they 
want to get everything right.  And so for them I feel like it's more like just 
being really, really clear about what they can do to get that A+ because 
that's what seems to be a driving factor for a lot of them. 
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 Mary feels that when students from minority populations do not perform 

well it is not necessarily that the parents don't care but there may be more than 

one factor: 

…so I don't think there's ever one outside factor about why kids are not 
performing well in  school, at least that's what I think makes it complicated. 
I think I know a lot of times we make the assumptions that the parents 
don't care about how their kids are doing or that education is not a priority 
when that’s not a fair assumption for teachers to make.  There are 
probably some other reason why those parents are not able to 
academically support their students better; it's not a lack of caring how the 
kids are doing. 
 

She offered the example of a recent district outreach event directed at families 

from the Hispanic community: 

…real focus on efficacy training for the Hispanic families and they went 
around and they talked to people in the apartment complexes, and the 
interpreters called people and they had a huge turnout, probably 50 
parents and 85 kids who showed up this last week at the Red Cross.  
Which really shows me that the Hispanic families do want, and was just 
one neighborhood area, Hispanic families do want their kids to do well, 
they do care about how their children are doing in school, how they are as 
parents but they might not have the tools at home to help their kids. 
 
Mary is concerned that attendance appears to be a problem with minority 

students and that "a lot of my minority students have poor attendance or they 

come to school late." She doesn't “know if that's a cultural factor or not, that daily 

attendance for school is not, is not seen as valuable as maybe in other cultures.“  

Her guess is that there may be a different set of values at work within the 

minority community than within the white community: 

So I don't know if that’s a value or if that's what causing all those kids to 
becoming late or… not showing up for many days.  It would only be, I will 
be making a guess on my part, that that's something that's not as highly 
valued in their family or in their community as it is in the white community 
or a white family. 



 

 139 

Summary 

Mary has eight years of experience as a middle school teacher within the 

district, the district to which she went to school. She has a strong personal 

interest in working with students from diverse cultures and is actively engaged in 

cultural awareness activities within the school and throughout the district. She 

took a one-year sabbatical from her teaching position within the district to teach 

at an inner-city, urban school district. This experience influenced her perspective 

not only on her own teaching practices within a multicultural classroom but also 

with respect to other teachers’ views on dealing with students from diverse 

cultures. 

Mary believes that the nature of science is a process of discovery in which 

we become aware of the world around us. She believes that the cultural element 

of the nature of science is the value that community places upon science 

education and science activity. 

Mary perceives different learning styles within different ethnic groups and 

has made significant adjustments in her classroom management, her curricular 

material and assessment of students within a diverse classroom. She works to 

establish a collaborative environment where all students feel comfortable in 

expressing their ideas and becoming engaged in the discussion. Mary has tried 

to become more flexible in her classroom management, particularly as a result of 

her sabbatical experience. She now feels that it is more important for her to 

consider how the student may be learning than for her to consider how she may 

be teaching. 
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Discussion  

Mary stands out as the only teacher with an active engagement in 

multicultural education. Although she did not express a specific awareness of 

culturally relevant pedagogy (CRP), many of the changes that Mary has made in 

her classroom instruction are consistent with the elements of CRP (Gay, 2000; 

Ladson-Billings, 2009) and culturally consistent instruction, the desired objectives 

of multicultural education. Mary recognizes that language is a major influence on 

how all students learn science and that it extends beyond just the vocabulary and 

technical words directly associated with science. As a teaching strategy to help 

support her minority students, Mary uses cooperative learning and group work 

and encourages students with a higher understanding of English to assist other 

students by explaining the concepts in their native languages. These are also key 

elements of CRP (Gay, 2000; Lee, 2003; Lee & Fradd, 1998). 

Mary presents a very restricted understanding of the nature of science, 

essentially viewing it simply as the process of exploring the natural world around 

us using the scientific method. Her view of the cultural element of science gives 

no support for culture as a part of scientific understanding but rather externalizes 

the concept to a culture’s view of science and the value that culture places upon 

science. This weak understanding of the nature of science is likely a reflection of 

the fact that Mary does not remember receiving any instruction specifically 

addressing the nature of science either in a college class or as part of a 

professional development activity. Thus her understanding of the nature of 

science likely represents the indirect and often fragmented presentations of the 
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nature of science she experienced as part of her science classes throughout high 

school and university (Bauer, 1992).  

 While Mary is unable to articulate her beliefs about the nature of science, 

her responses indicate that she does include several elements broadly accepted 

to be a part of the nature of science into her classroom instruction. That Mary 

puts into practice elements of the nature of science that she cannot articulate is 

consistent with the findings of Lederman (2000). 

While she is clearly focused on accommodating the different learning 

styles of the diverse students within her classroom, her responses indicate no 

understanding that these diverse students may also possess different viewpoints 

on what science is and how science fits within the students' culture. Without a 

good understanding of NOS she is most certainly unaware of any perspective on 

a cultural aspect of NOS. Mary is becoming more effective in teaching science 

but the science that Mary is teaching is still the white, Eurocentric, male-

dominated traditional perspective on science.  
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CHAPTER 5 CROSS-CASE ANALYSIS 

Overview 

The cross-case analysis will identify common or consistent elements 

within the theme that specifically addressed the research questions. The analysis 

is organized in alignment with the research questions. The themes represent a 

commonality of responses across several individual cases and are presented 

under each of the research questions beginning with the most broadly applicable 

theme. 

 Other than Mary's responses regarding cultural awareness, neither of the 

frame of reference teachers provided responses that varied greatly from the 

responses of the core teachers. The frame of reference cases will be integrated 

with the core cases within this cross-case analysis. 

Research Question (1) What Is the Teacher's Awareness of his/her Own Cultural 

Beliefs and Its Implications on Classroom Practice? 

The two themes that developed under Research Question 1 were the 

teacher’s beliefs in his/her white, Midwestern values and their impact on 

classroom practices, and the effects of personal experiences on the teacher's 

perception of culture and multiculturalism. 

Teacher’s Belief in his/her White, Midwestern Values and their Impact on 

Classroom Practices 

The cultural beliefs of the teacher operate in parallel to the students’ 

beliefs to influence classroom dynamics. Within these cases it is the teacher’s 
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awareness of his or her own white, Midwestern values and how those standards 

influence classroom practices that stand out as important factors.  

Mary is the only teacher who expressed the need for teachers to modify 

their expectations in the classroom to meet the needs of the students rather than 

have the students meet the needs of the teacher's expectations: 

…like instead of always expecting my students in class to adapt to who I 
am and what my style is, that maybe I need to start adapting my style to 
work with them. So just trying to look at a more through a lens that there 
isn't necessarily just one correct way to behave in a classroom, correct 
way to participate in the classroom, one correct way to learn something in 
the classroom and that it's, it's, it's more difficult to look at what I am doing 
that maybe isn’t working well than to look at what the students are doing 
that isn't right. 
 
Two teachers, Marie and Michael, have given some recognition to how 

their own values influence their classroom. When Marie began teaching, she 

"taught as I was taught" but has taken "a step back and took a look at other 

cultures.” Michael has strong opinions on how a classroom should be run but is 

adapting those standards to fit the special circumstances of the ALC: 

Who I am and the culture that has its influences, being white middle-class, 
small town, growing up in a relatively strict background, I've come to 
expect certain things of students where just because I think that. 
Education has shown me that you can't hold to some of your old beliefs 
and models if you're doing it to do that you're going to say, you have to 
understand your students to what things they're coming from. 
 

The three teachers above show at least the beginning steps in incorporating 

multicultural education, which is becoming aware of your own cultural beliefs 

(Banks, 2006). 

Margaret and Alyssa also believe that you are a reflection of the culture in 

which you were raised but that it is hard to change the standards of your culture: 
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Margaret – Well, that whole middle-class values and structures within the 
classroom thing is important to me. 

- …hard to remove yourself from who you are. 

 
Alyssa – I think that obviously the way I was raised and the school I’m 
teaching now so they you know it you will you. What you get ingrained 
with is what you believe and I think, ultimately, that's how you teach. 

- So I think whatever you learned and whatever you grew up with 
you are ultimately going to be there until you find a reason not to believe it. 
 

These two teachers demonstrate an unwillingness to examine their own cultural 

beliefs, unless there is a good reason to do so. Beliefs are subconscious 

associations that reside in long term memory and are very stable and resistant to 

change (Artiles, 1998; Sanders, 1999). Yet a teacher’s beliefs about teaching 

and learning significantly influence how that teacher views his/her role in the 

classroom (Clark, 1988; Eisenhardt, 1988; Nespor, 1987; Pajares, 1992; 

Richardson, 1996). What and how a teacher teaches reflects the beliefs and 

values of their own cultural identity (Pajares, 1992). 

Patrick expresses concerns about how students conform to the classroom 

standards he expects. He notices that as the diversity of his classes increase, the 

behavior in the classroom varies more from his normal expectations: 

I've noticed the classes that I have that are more diverse were louder, 
there was a lot more talking, there was more movement. They would talk 
and stand up. If they had something to say they would stand. I would say 
the biggest difference I noticed, it's not kids sitting, listening attentively…I 
think some of that is probably culturally driven, what's acceptable and not 
acceptable. 
 
These responses from Patrick demonstrate an "absence of 

synchronization" (Irvine, 1990, cited in Brian & Atwater, 2002) in which student 

behavior does not match the behavior standards teachers establish for 

classroom behavior and participation based primarily upon their Eurocentric 
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cultural model. When students’ behaviors do not match these norms, the 

teachers often regard this “absence of synchronization” as misbehavior. 

Tom believes he is a product of the cultural movements of the 1960’s and 

that he tries to operate an inclusive classroom where diversity doesn't matter: 

I, I again, I may be naïve but I've tried to be as inclusive, as colorblind as I 
can, I'm a product of the 60’s, women's right, the rights of minorities and 
all of that kind of thing, that's something we embrace. 
 

Colorblindness is the belief that you can achieve racial equality by ignoring the 

color of an individual's skin (Tarca, 2005). The difficulty with colorblindness is 

that, in reality, the color of an individual skin is a key element in racial inequality 

(Applebaum, 2003; Bell, 2002; Castro, 2008) and it denies important elements of 

the students life experience (Gordon, 2010). It can also represent biases, of 

which the teacher may not be aware, that in themselves may cause unconscious 

racial attitudes (Atwater, 2008). Tom's deficit model thinking about diverse 

students being unable to handle the academic rigor of his class may be an 

example of such an unconscious attitude. 

Elizabeth and Brian demonstrate a different element of the impact of 

Midwestern standards, an unconscious position of “White privilege.” For 

Elizabeth, the "minority students" need a "personal connection" in order to 

succeed but "white, middle-class kids" from her "socio-economic background" 

don't need those personal connections. This is an example of Macintosh’s (1989) 

"White privilege" in which the White student is viewed as "normal" and has an 

embedded privilege that we are not taught to see. When viewing a classroom 

from this position of privilege, it is difficult for the teacher to comprehend the 
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sense of isolation and marginalization that the students from diverse cultures 

experience within the classroom (Applebaum, 2003). 

 Brian was raised and educated in a large Midwestern urban center within 

a strong multicultural environment however his posted standards for classroom 

behavior reflect a traditional Midwestern set of standards, respect, responsibility, 

and punctuality with a strong focus on getting your work done and handed in on 

time. Brian is a senior teacher, with 36 years of teaching experience. This 

researcher speculates that Brian is also unaware of the position of "white 

privilege" (Applebaum, 2003) that he enjoyed at a time when the white dominant 

society was less concerned about the issue of cultural diversity. As a senior 

teacher, the department chair, teaching upper-level honors and advanced 

placement classes, he occupies a position of significant power, a position that 

would reinforce that sense of privilege of which Brian is probably unaware.  

Banks (2008) summarizes the problems teachers face when they view the 

world through the lens of their own white, Midwestern standards: 

Individuals who know the world only from their own cultural perspectives 
are denied important parts of the human experience and are culturally and 
ethnically encapsulated. These individuals are also unable to know their 
own culture's folly because of their cultural blinders. We can get a full view 
of our own backgrounds and behaviors only by viewing them from the 
perspectives of other cultures. (p. 1) 
 

Effects of Personal Experiences on the Teacher’s Perception of Culture and 

Multiculturalism 

 For seven of the teachers within these cases personal experiences had a 

substantial but individually unique impact on their attitude towards cultural 

diversity. 
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Mary's sabbatical experience at an inner-city, urban school re-enforced her 

personal commitment to multicultural education. She was able to transfer the 

interpersonal skills she learned in the minority community to her own multicultural 

classroom. Her immersion into the minority community also gave her additional 

experience with the development of the “funds of knowledge” the students draw 

from their community. 

Margaret's experience on a Native American reservation helped her create a 

stereotypical image of Native American students that she subsequently 

transferred to all minority students. This deficit thinking probably helps Margaret 

support her own beliefs in the power of her Midwestern standards as being the 

norm and therefore correct. 

Brian's experience as a parent of a biracial family has caused him, probably 

unconsciously, to focus his perspective of other cultures on the African American 

community. It is not unexpected that he sees multiculturalism through the 

experiences of his African American sons and that frames his perception. 

Elizabeth's experiences in Mexico gave her an insight to the values of an 

agrarian community and she has extended these values to all Hispanic students. 

She has formed some stereotypical views that are consistent with deficit thinking. 

These views re-enforce her white privilege status, a status that she may 

somewhat recognize.  

Michael's experience in the ALC has caused him to re-evaluate the standards 

of his rather strict upbringing in the face of diverse students struggling to succeed 

within their own subculture. His recognition that he has a set of beliefs that differs 
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from those of his students is an important first step in accepting those other 

beliefs. 

Marie's childhood interest in Native American cultures gave her an 

appreciation for the beliefs of another culture but the discussions around the 

research questions made her realize she had not considered that those other 

beliefs may involve science. Her prior knowledge gave her a structure that she 

could use to broaden her perceptions of that culture and other cultures. 

Within each of these cases, the individual’s engagement with a different 

culture impacted that individual’s perception of cultural diversity, some positively, 

some negatively. Brand and Glasson (2004) identified the same theme in their 

ethnographic study of teachers crossing cultural borders. It is difficult to carry the 

significance of any individual’s particular experience across a case study analysis 

but it is apparent that personal experience is an important factor to consider. 

Research Question (2) What Is the Teacher's View on Accommodating the 

Cultural Beliefs of Students in Teaching Science? 

The themes that developed under Research Question 2 were the changes 

in classroom practices to accommodate increasing cultural diversity, the differing 

influence of family versus community, and the perception of minority students 

avoiding "whiteness." 

Changes in Classrooms Practices to Accommodate Increasing Cultural Diversity 

The teachers within this study were concerned about the academic 

achievement of all of their students. As an indication of their commitment to 

support the academic achievement of students from diverse cultures they have 



 

 149 

changed teaching strategies in 3 significant areas; improving collaborative, 

inquiry-based instruction; incorporating language programs to support diverse 

students; and increasing the effort to make personal connections with students.  

 All but one of the teachers has changed their teaching style from a 

didactic approach to a more cooperative and collaborative style with a greater 

emphasis on inquiry activities. Inquiry-based, cooperative learning activities offer 

ELL students the opportunity to develop social language skills that may assist in 

the development of critical thinking and problem solving skills (Lee and Fradd, 

1998) in conjunction with science language skills. The cooperative learning 

approach works to create CCI’s culturally responsive environment that respects 

the individual input from all of the students as part of the culturally relevant 

pedagogy that makes science more relevant for students from diverse cultures 

(Gay, 2000; Ladson-Billings, 2009).  

All of these teachers recognize integrating the language of science and 

the languages of ELL students is an essential element in teaching science to 

students from different cultures (Lee, 2003; Lee & Fradd, 1998), especially the 

highly specialized science vocabulary that is an essential part of secondary 

science instruction (Lemke, 1990; Luykx, Lee, & Hart, 2007). The teachers were 

employing a variety of instructional strategies in an attempt to become more 

effective in presenting this vocabulary, for example Margaret consulted with 

specialists such as reading and ELL teachers and Patrick attended the SIOP 

professional development workshop. It should be noted, however, that these 

teachers were located in different buildings and, for the most part, these are 
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individual efforts and nothing is being done to measure the effectiveness of these 

efforts.  

The teachers all stressed the importance of personal connections with 

their students an element of the pedagogical stance that underlies CRP (Kelly-

Jackson & Jackson, 2011). Elizabeth and Marie, for example, talked about how 

they tried to sit with individual students outside the context of instruction and talk 

with those students about events in their personal lives such as family, sports, 

and personal ambitions in an attempt to create a person-to-person connection 

that contributes to that supportive environment advocated by CCI. 

Differing Influence of Family Versus Community 

 All of the teachers within this research stated that family and community 

provided important cultural beliefs that influence a student’s academic behavior. 

Tom, whose upper level elective class enrolls very few students from diverse 

cultures, recognized the importance of personal connections and family 

interactions but has actually given little consideration to the influence of culture 

on student achievement. Patrick and Marie recognized influence from both the 

community and the family. Patrick felt the influences vary within different ethnic 

groups while Marie found it difficult to separate the two influences: 

Different influences. It's hard for me to pin it down because still I can do 
reserve the, kind of like, how much of it is cultural and how much of it is 
really just within that family. 
 

As for the remainder of the teachers, the most important influence on academic 

achievement came more from the family then from the culture: 

Brian – “I see that is a very big influence and something that there are 
certain cultural behaviors in families.” 
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Elizabeth – “The priorities are family and happiness and togetherness and 
family.” 
 
Margaret – “In the family. The family. And I just keep on going back to that 
idea that somehow it is not okay with the parents, or somehow they are 
making a bad statement of their own culture, taking on “white” values and 
such (pause) middle-class values.” 
 
Michael – “Yeah I think it's important, I think there's culture involved in 
there but there's other things involved in there besides culture. It goes 
beyond culture, it's just being a family.” 
 
Alyssa– Family is a key element in ”…encouraging students to attend 
school and to work hard.” 
 

 At best, the teachers’ responses represented a limited recognition of those 

"funds of knowledge" (Moll et al., 1992) that students bring to the classroom. 

Other than some religious considerations, there were no identifiable 

accommodations that reflected a consideration of broad cultural beliefs. Limiting 

the influences to only the family likely released the teacher from having to 

understand any of those broader cultural implications of a student's academic 

endeavor. Much of this is probably attributable to the teachers’ lack of knowledge 

about the diverse cultures represented in their classrooms. 

Teacher’s Perception of Students Avoiding "Whiteness" 

 Within the discussions of community and family influence, several 

teachers discussed the issue of students of color trying to avoid appearing 

"white" to their peers and/or to their families. Those teachers considered this to 

be an important behavior of some diverse students. Patrick talked about one 

African American student whose academic success appears to have suffered as 

a result of peer pressure that equates academic success with being "white": 
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And then we have a young African-American boy who was doing very, 
very well and he's in this class with other African American boys who 
aren’t doing well. I look to him to get involved in a discussion, he knows 
the answers to a lot of questions and just in the course of a quarter and a 
half, he's become much quieter. And I've talked to about it and he says, 
"Yeah, I'll do better." but he's a different kid now and I don't know if he'll be 
able to do better. 
 

Brian felt, that especially in middle school age students, that students struggle to 

find an identity and that popular media often makes it difficult for minority 

students to understand that "it's not "white" to want to learn": 

…sometimes that's difficult to do with the behaviors sometimes when they 
are imitating the negative parts of these models that they see in society. 
The cultural influences are almost as much, the media influences were 
almost as much as their cultural influences. 
 
Fordham and Ogbu (1986) introduced the concept of "white" to represent 

the disillusionment that members of some minority groups have about education, 

typically in response to racial barriers that limit the chances of success to 

members of minority groups. As a coping strategy, some individuals define 

academic success as the prerogative of the dominant, white culture and view 

academic success as the rejection of their minority cultural values. These 

examples within this research are probably individuals displaying those coping 

strategies. 

Margaret went beyond the concept of appearing "White" in front of your 

peers to students fearing adopting "White" standards of academic success 

becomes an insult of the academic achievement of their parents: 

…acting too “white”, it somehow is offensive to your parents to do better, 
having different than they are. 
…sometimes that comes across to some of the kids that “My parents are 
good people. Why do I have to do better than they did? Why can't I just be 
like my parents?” 
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Margaret extended this avoidance of "whiteness" to a "blaming the victim" 

implication that it is the cause of the social struggle of migrant families: 

I think there's got to be a message coming from somewhere, whether it's 
spoken or unspoken, within the home, that you are done here. You can't 
do better than me because I'm okay. And the kids respect their parents 
and don't understand that. Why do you have this multi-generational 
migrant worker thing going on?  I think the kids just look at their parents 
and don't want to do better than them at some level. 
 

This attitude demonstrates the white privilege stance that fails to recognize the 

interconnectedness of the forces that apply to minority communities, viewing the 

situation from an individualistic perspective (Applebaum, 2003). 

 As a general statement, the teachers in this research gave very limited 

consideration to the broad and interconnected network of cultural influences in 

the lives of students from diverse cultures as they attempt to navigate science in 

their classrooms. The teachers went to significant lengths to support the 

academic performance of the students from minority cultures but there is no 

indication by any of the teachers that they were aware of broader implications of 

culture on learning such as the respective roles of the student and the teacher, 

the differing views of learning as an outcome versus learning as a process and 

alternate views of science as examples of many such factors. The teachers stand 

firmly on their background of white, Midwestern standards. They were typically 

unaware of the power of white privilege that exists not only within their 

classrooms but within the entire community, and do not realize the barriers it 

presents to students from diverse cultures.  
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Research Question (3) What Is the Teacher's View of the Nature of Science and 

How Does That Interact with His/her Cultural Awareness? 

 The themes that developed under Research Question 3 were the 

teachers' understanding of the nature of science, the existence of a cultural 

element to NOS, the nature of science as a belief set, and the teacher’s belief in 

the philosophical view of science represented by scientism. 

The Teachers’ Understanding of the Nature of Science 

 A sound understanding of the nature of science is considered essential for 

the effective teaching of science (Lederman, 1992). A teacher’s beliefs about the 

nature of science appear to be a significant deterrent to these teachers' ability to 

make science relevant to students from diverse cultures and to assist them in 

their academic achievement (Bryan & Atwater, 2002; Rodriquez, 1998).  

Although there is no single established definition of the nature of science, 

it is broadly accepted that the nature of science represents the epistemological 

beliefs that underlie our approach to scientific inquiry (Lederman, 1992, 2007). 

The hypothetico – deductive process of scientific investigations are the 

processes and procedures scientists use to engage in scientific activities; placed 

within an educational context, the pedagogy of science.  

 Figure 4.1 indicates the elements of the nature of science as defined in 

this research and whether or not each teacher included those elements within 

their responses, and whether or not those responses aligned with the accepted 

standard. Based on the structure of the nature of science outlined in Figure 4.1 

(AAAS, 1994; Abd-El-Khalick et. al., 2002; NRC, 1993), none of these teachers 
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expressed a comprehensive understanding of the nature of science, which is 

consistent with the findings of Lederman (1998, 1999) and Abd-El-Khalick, et. al. 

(2002). Their responses either excluded some of the seven elements in the 

defined list, with Alyssa only including two, or their responses were inconsistent 

with the definition of some of the elements, such as the status of laws and 

theories. 

 
Elements of the Nature of Science (Lederman, 2002) 

1. The empirical nature of scientific knowledge 
2. Scientific theories and laws 
3. The creative and imaginative nature of scientific knowledge 
4. The theory-laden nature of scientific knowledge 
5. The social and cultural embeddedness of scientific knowledge 
6. Myth of the scientific method 
7. The tentative nature of scientific knowledge 

 

Alignment of Teacher’s Concepts with Defined Elements 
Teacher 1 2 3 4 5 6 7 

Patrick Cons Abs Abs Cons Inc Conf Cons 
Elizabeth Cons Abs Abs Abs Inc Abs Cons 
Alyssa Cons Cons Abs Abs Inc Abs Abs 
Tom Cons Cons Cons Cons Conf Conf Cons 
Marie Cons Abs Cons Abs Inc Abs Cons 
Michael Cons Conf Abs Abs Conf Conf Abs 
Margaret Cons Conf Abs Cons Conf Conf Abs 
Mary Cons Abs Abs Abs Inc Conf Cons 
Brian Cons Conf Conf Abs Inc Conf Cons 

 
 
 
Absent   Abs No reference to this element in the responses 
Consistent  Cons Response is consistent with defined elements of NOS  
Conflicting  Conf Response conflicts with defined elements of NOS  
Inconsistent  Inc Inconsistent or mixed responses to defined elements of NOS 
 
 
 
Figure 4.1 Alignment of Teacher Concepts with Defined Elements of the 
Nature of Science 
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The one element that received a consistent response from all of the 

teachers was the empirical nature of scientific knowledge, that science is based 

upon data and observations. Brian’s response is typical: 

I think the nature of science is that thinking process that involves inquiry, 
raising questions, trying to develop information and testing that 
information, it's more of a concrete, sequential kind of discipline, one 
involving empirical experiences we have with the real world. 
 
While responses to this element were consistent, it is also the concept 

where the teachers often conflate the empirical basis of the nature of science 

with the pedagogical processes used in scientific investigations (Lederman, 

1998). This conflation shows up in the responses regarding the myth of the 

scientific method where five of the respondents specifically state their belief in a 

singular scientific method: 

Mary – “…process of exploring the natural world around us, using the 
scientific method.” 
 
Margaret – “… a way of processing scientific theories, building theories 
that could be replicated, hypotheses that are successfully proven and can 
be replicated and building theories.” 
 
Michael – “… breaking it down to a sequence of steps, and the steps 
equal the scientific method…” 
 
Tom – “… in the pursuit of truth via the scientific method.” 
  
Patrick – “The scientific method. Measurements, graphing, these are the 
tools…” 
 
Of those who did not specifically mention the scientific method, Elizabeth, 

whom did not incorporate the nature of science into her teaching, said science is 

"…an empirical process". To Brian "… it's more of a concrete, sequential kind of 
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discipline, one involving empirical experiences." Marie did not mention the 

scientific method but to her science is “…a safe area, there is a lot of facts, you 

observe that and you can test that.” For these three teachers, the use of the 

scientific method is not stated but may be implied through their responses. Based 

on a broad reading of their responses, for eight of these nine teachers, science is 

an empirical process and that process is "the scientific method." 

Existence of a Cultural Element to NOS 

The teachers' responses to whether there was a cultural element to the 

nature of science elicited the most inconsistent and conflicting set of responses 

to any question within the research protocol. Two teachers flatly stated that there 

was no cultural element to the nature of science: 

Michael – It's not really a culture thing, all cultures benefit in science. I 
feel, the science stands alone. It doesn't stand different without culture but 
I don't think you can break it down to say there's a cultural elements of 
science either, as I don't think we can truly separate it out. 
 
Margaret –In science and mathematics, there is no such thing as 
multicultural science or multicultural mathematics.  It's just is what it is. 
 

 Tom believed that other cultures may possess beliefs that they call 

science but he dismisses any attempt to describe the natural world that does not 

use the scientific method as being mystical and superstitious: 

 …think that to be really honest here, I will look down my nose at cultures 
that are not really science-based because it looked too mystic, it looked 
too, in the deepest, darkest space in my mind, too backward, so I have 
those biases, I think, against those cultures. 
 
…science seems to be culturally independent, it doesn't matter if you're 
Chinese, Australian, Indian, who knows in the pursuit of truth via the 
scientific method. 
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 The remaining teachers had perspectives on the cultural element of the 

nature of science that demonstrated a variety of personal perceptions. Elizabeth 

believes that since scientists are human beings they are members of a culture 

and that culture will influence how you look at things. If scientists in other cultures 

perform science the same way as we do in our culture they would come to the 

same conclusions but if they didn't value that approach, they wouldn't have many 

scientists: 

…if it can be a scientist in Germany or Russia or Mexico, I think you 
probably end up doing science in a similar way of making hypotheses and 
testing them and collecting evidence and repeating and being, you know, 
having your theory and your conclusion and accepting reviews and you 
know, arguing them. 
 
…but because a scientist is a human being, their cultures going to 
influence how they look at things, so I don't think it acultural but I don't 
know. Scientists are human and you’re human in a culture and so maybe 
that culture won't have as many scientists as they don't value the 
questioning, the testing, the gathering of evidence and the critical analysis 
like another culture may. 
 
Patrick's view was that culture influences background beliefs but if 

scientists in all cultures do science the same way, they will reach the same 

conclusions. Yet on the other hand he believed that different cultures may have 

their own different understanding of the nature of science that leads to a very 

different understanding of the world around them: 

The kind of thing that culture does influence is background, beliefs, but if 
you collect data and find a conclusion, it's going to be the same no matter 
what language you do it in or what culture you do it in. 
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The ancient Egyptians and the ancient Babylonians probably had a good 
understanding about making wine and beer and that was their world and 
they understood a lot about it and the nature of their sciences…  But did 
they worry about Kingdom, phylum, order of all the animals?  Probably 
not. Some guy Linnaeus in Europe, that was his thing, so that's what he 
focused on. They're both right, they're both contained facts and they both 
have an understanding of the world around them but they are very 
different. 
 
Alyssa recognized a cultural impact upon the nature of science but feels 

that some sciences, such as chemistry, are free from that influence: 

"I think culture in the sense that it is their religious background, their home 
background, whatever group of people he came out of or whether it's the 
same ethnic group, or whatever, you feel that it's going to affect how they 
view science. 
 
… but perhaps you realize, with chemistry, there are not topics that people 
challenge, I mean, this reaction happens, this is what we got, it's an acid 
or a base. 
 
Marie created a distinction between a "natural" human being, such as a 

child, who places no cultural influence on the nature of science and the individual 

exposed to language, that as a reflection of culture, who introduces some cultural 

value on the nature of science: 

Basically in my opinion, I don't think, I think as soon as children start out, 
they're natural observers   I don't think there is a cultural basis, I think that, 
that is something that we absorb based on the family structure we’re born 
into or the place we’re born into, the culture, I think that as that's the 
cause. 
 
When I think of a child, toddler exploring their world for the first time, I 
think there isn't culture, yet, because they are not, they're language isn't 
fully formed.  The expectations for how they behave hasn't been driven, or 
hasn’t formed for them completely, so science at first no, but yes as a 
cultural type of language expression. 
 
Culture is brought in later, natural human beings, no. 
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Mary externalized the cultural element of the nature of science, removing 

it from the scientist and placing it upon the value society places on science. "I 

see at this period of time what value is placed upon science within our culture or 

in our world we are living." 

Brian believed that culture provides a lens that influences science and as 

a teacher feels that it is important that he knows how his students look at 

science: 

I believe culture very definitely does influence science. And as I said, even 
though as I've said we all try to have a non-biased view, our personal lives 
and influences bring to what we do, a lens that we look through. 
 
 However, rather than regarding the students’ perception of science as a 

legitimate, alternate view, he regarded them as misconceptions introduced by a 

cultural bias: 

This brings possibly misconceptions the students, this is where the 
misconceptions come from, the cultural biases and it is something that is 
worth for me as a teacher to recognize. 
 

 It is clear that within this set of case studies there are a lot of personal 

perceptions as teachers attempt to define the role of culture in science. As a 

consequence, the cultural element of the nature of science that the teachers 

pass along to their students varies from one teacher to the next and therefore 

students develop different, and often confusing, understandings of the nature of 

science. 
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NOS as a Belief System 

 Responses to the nature of science questions raised the notion of science 

as a set of beliefs. Five teachers included science as a belief set in their 

responses, Patrick, Alyssa, Tom, Margaret and Marie. While Marie stated directly 

that science was not a belief set, she did state that two cultures could look at 

science differently using different value systems. This researcher’s interpretation 

is that two cultures looking at things through different value systems is a 

reflection of belief sets (See Bryan & Atwater, 2002). All five teachers who stated 

that science was a belief set or value system, indicated that there was no cultural 

element to the nature of science. 

 The definition of culture used in this thesis to interpret the teacher 

responses comes from Nieto (1999) who defines culture as, “the ever-changing 

values, traditions, social and political relationships, and the worldview created, 

shared, and transformed by a group of people bound together by a combination 

of factors that can include a common history, geographic location, language, 

social class, and religion” (p. 129). This definition would indicate that culture 

influences belief sets and that belief sets are a reflection of culture. Thus, if as 

these teachers claim, science is a belief set then it is influenced by culture. 

Figure 4.2 provides a diagram of this statement and the three concepts that it 

represents. All five of these teachers stated that culture influences beliefs and all 

four stated that science is a belief or value system. Yet all of these teachers state 

that culture does not influence science. An analysis of the statements using the 
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logic in Figure 4.2 demonstrates the inconsistencies in their statements, and in 

their beliefs. It is a further demonstration of the difficulties science teachers are 

having in reconciling their personal beliefs in the nature of science with the 

changing worldviews of the diverse students in their classrooms, worldviews that 

may contain alternate views of the nature of science. 

 

 

Figure 4.2 Diagram of "Science is a belief set influenced by culture." 

With respect to the notion of science as fact, both Marie, in dealing with 

evolution, and Tom, in dealing with the origins of life, responded about how they 

dealt with the students' religious beliefs that conflicted with these two science 

concepts. Both teachers drew the distinction between scientific knowledge as 

fact and religious knowledge as belief. And both teachers reassured their 

students that it was possible to maintain both sets of knowledge without one 

interfering with the other: 

Marie – … Not here to change their personal beliefs but I'm here to tell 
them and to show them what science says. 

Science is a belief 
set influenced by 

culture 

Science is a 
belief set 

Culture influences 
a belief set 

Science is influenced 
by culture 
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Marie, quoting a typical student response – Well okay, I thought you would 
try to make me believe that. 
 
Tom – …in the pursuit of truth via the scientific method. 
 

-  There might be questions we can answer that are legitimate but 
maybe this tool will not be able to provide an answer so I suggest to them 
that we go through life as many tools in your toolbox, and spirituality is a 
tool, so as long as you understand the strengths and weaknesses of 
science. 
 
To Marie and Tom science and religion are two distinct, easily separable, 

domains of knowledge, the first based on facts and the search for truth and the 

second based on beliefs. 

Teacher’s Belief in the Philosophical View of Science Represented by Scientism. 

The Merriam-Webster (2012) dictionary definition of scientism is “an 

exaggerated trust in the efficacy of the methods of natural science applied to all 

areas of investigation (as in philosophy, the social sciences, and the 

humanities).” Smolicz and Numan (1975, cited in Cobern, 1994) wrote of the 

myth of school science as a "scientistic view roughly embracing classical realism, 

philosophical materialism, strict objectivity, and hypothetico –deductive method." 

(Cobern, 1994, p. 585). As discussed above the teachers in this study strongly 

view science as an empirical process, that hypothetico–deductive method, and 

several of the teachers within this study expressed beliefs in science that were 

very scientistic: 

Margaret – It just is what it is." and, “Well its like facts is facts, and they 
don't change based on your cultural perspective.  Gravity works.  Whether, 
no matter where you're from or how it's arranged, it’s just always the same 
and when that goes for many other things too. 
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Michael – It's a combination of everything. I don't think any other subject 
stands alone in science. I don't think English, math, poetry, anything lives 
without it. It's ingrained all away through. Science is a culmination of 
everything else in every other experience. 
 
Tom – …science is the rational way to deal with all of our issues.” by 
those "in the pursuit of truth via the scientific method. 
 
Patrick – …this analysis of the facts which will give us our understanding 
of the world. 
 

 These scientism oriented responses from the teachers are consistent with 

the trend to positivistic beliefs reported by Pomeroy (1994) which support King’s 

(1991) statement that "science teachers are predominantly scientistic and 

positivistic in their views of science" (p. 139). Within a scientistic perspective 

there is no room for a cultural perspective on the nature of science. A cultural 

perspective implies a set of beliefs and "In a scientistic framework, belief is never 

objective and can have no measure of meaningful certainty” (Cobern, 1994, 

p.585). 

Frame of Reference Cross-Case Analysis 

Overview 

 Two case studies within this analysis were designed to provide frames of 

reference for the seven core cases of the analysis. Brian's case provided a 

reference from an experienced teacher with a broad multicultural background in 

both his personal and his academic history. Mary's case provided a reference 

from a younger, less experienced teacher whose personal and academic history 

were within the research community. 
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 Other than Mary’s awareness of cultural diversity discussed above, there 

were no significant differences between the two frame of reference cases and the 

core cases. Their responses have been incorporated into the analysis above. 
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CHAPTER 6 FINDINGS AND FUTHER RESEARCH 

The teachers represented herein are not educators run aground; they are 
not raging racists struggling to keep their own advantages. As educators, 
they are all implicated in the systems’ multiculturalism attempts to 
change... These teachers were born into and participate in a particular 
sociopolitical context that functions in anti-multicultural ways; they are 
educators who espouse various ideals of multiculturalism while expressing 
the contradictions present throughout both the mass and educational 
literature and popular discourses. They are citizens who for the most part 
seek some sort of a different world. Teachers struggle at the ground level 
of social change. (Banister & Maher, 1998, p 208) 

Overview 

As stated in Chapter 1, multicultural education is a reform movement 

dedicated to improving access to education for students from diverse racial, 

ethnic, and social class groups as well as students of all genders (Banks, 2006). 

The conclusions and implications for this research project are framed within that 

multicultural education perspective. This chapter presents the finding as they are 

associated with each research question along with a discussion of each set of 

findings. There is an integrated discussion that addresses issues that cross more 

than one research question topic. There are also recommendations for further 

research. 

Findings and Discussions 

Research Question (1) What Is the Teacher's Awareness of His/her Own Cultural 

Beliefs and Its Implications on Classroom Practice? 

 There is a single finding associated with this research question. 



 

 167 

Finding: Teachers in this study are generally unaware of the impacts their own 

culture, their status of white privilege, and the existence of structural racism 

 The racial views of these teachers, similar to those in Tarca’s (2005) 

research community of Andrews, are not so much an act of malice as they are 

the result of ignorance. The teachers within this study, with the notable exception 

of Marie, appeared to be unaware of their own cultural stance, their position of 

white privilege and the nature of structural racism.  

Although they may not believe they have a culture, White teachers carry 

with them a worldview they have obtained simply by living within their white 

culture (Sleeter, 1995). They have gained a privilege in addition to their individual 

status as a teacher solely by being a member of the dominant, white society. 

Some of the teachers in this study, Margaret, Michael and Patrick, were quite 

clear in their adherence to their white, Midwestern standards although they may 

not fully understand the implications of those standards. Teachers need to 

understand the structure of their own white privilege before they are able to 

address any inequities (Mayo, 2004) so that they will no longer continue to 

contribute to the oppressive structure and can begin their work to change it 

(Mayo, 2004).  

Many teachers cite their colorblindness with pride, regarding it as a stance 

against racism (Tarca, 2005) and Tom in this study is an example of that stance. 

Colorblindness is not so much blindness but rather ignorance of the existence of 

white privilege and racial suppression (Jervis, 1996). Colorblindness ignores how 
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racial differences work to shape the lives of racial minorities (Tarca, 2005). 

Failing to recognize race is the easiest way to deal with it (McIntosh, 1989) but it 

serves to support the structure of white privilege and racial inequity (Gordon, 

2011). 

Discussion 

The Need to Develop Teacher’s Self Awareness. Before teachers can begin to 

understand the many challenges facing them as they approach a multicultural 

classroom using a culturally relevant pedagogy, they must first examine the 

structure of their own belief sets and their impact upon their classroom practices 

(Bryan & Atwater, 2002). All of the participants in this study, except Margaret, 

stated they had received instruction, either through classes or professional 

development, on multicultural education (See Table 3.2). It is quite apparent that 

this instruction has not been effective, at least within the science instruction 

context.  

Given the strength of the disconnect between the teachers within this 

study and the goals of multicultural education, it does not appear likely that any 

significant progress can be made in multicultural education and in closing the 

achievement gap for non-white students without addressing this disconnect. 

Research indicates that the movement to culturally congruent instruction begins 

with the teacher's realization of the role that the teacher's own worldview plays in 

classroom instruction (McAllister & Irvine, 2000). The process begins with one's 

self. This is not a simple process. This first step would be contentious and would 
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necessitate considerable assistance for individual teachers struggling with the 

self-analysis. A school district attempting to promote a multicultural education 

would certainly need to begin with a program of self-assessment in which 

teachers are assisted in examining their own cultural beliefs and evaluating the 

impact of those beliefs on their classroom instruction. 

Assist Teachers in Crossing Borders.The concept of crossing borders 

(Aikenhead, 1996; Jegede & Aikenhead, 1999) is well-established as an element 

of multicultural science education. For all students, but especially for students 

from diverse cultures, crossing from their own culture into the subculture of 

science requires them to challenge many of the norms of their culture. But as 

teachers move into multicultural education, they too are crossing the border 

(Brand & Glasson, 2004) and the multicultural classroom may be as threatening 

to a science teacher from a traditional background as a physics class is to a 

Native American student. 

 The teachers within this case study, with the clear exception of Brian who 

was looking for a multicultural environment, were established in a community well 

known for its whiteness. They were encapsulated in their beliefs, safe and secure 

within a community dominated by a Western European tradition, both socially 

and educationally. But over the past 15 years the socio-cultural environment has 

changed, particularly within the schools, and the community has a strong and 

growing multicultural element and the teachers are now facing a very unfamiliar 

environment. They are crossing the border into multicultural education but it is 
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not an active choice on their part. In essence, it is not that they crossed the 

border but that the border moved and they now find themselves in alien territory. 

For a student, the ease with which the student crosses that border depends 

partly on the assistance the student receives. Teachers need assistance in the 

border crossing as well. A focused and on-going professional development 

program is essential to assist teachers in that transition. 

The Problem is Systemic, not Individual, Racism. Demographically the teachers 

within this study appear to be typical of teachers across the US (NCES, 2008) 

and their attitudes towards racial and ethnic minorities seem to be typical as well. 

Most whites believe that racism is an individual trait (Sleeter, 1995) and most of 

them have never experienced racism or have been a member of a minority 

community where racism is a factor of daily life. They either deny or ignore the 

social structure of racism within the dominant culture. Since racism is regarded 

as something that other people practice, individuals are freed from the need to 

examine the inequity if someone else is already doing that (Gordon, 2011). 

Diversity committees within the district and high profile individuals such as Marie 

within this study may be providing that function. This may relieve other teachers 

from any responsibility because, "Marie is taking care of that." In this situation, 

teachers no longer have to examine their own role within the racist structure. 

Teachers must be made aware of the structural aspects of racism. 

It is White privilege that maintains the status quo and, if we are willing to 

acknowledge that structural racism exists and is a barrier to the academic 
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success of minority students, then it is those who possess that privilege, the 

dominant, White culture that has to make the changes (Applebaum, 2003). White 

privilege and structural racism are systemic problems. Individual teachers can 

adopt a more inclusive attitude within individual classrooms; within this study, 

Mary is an example of this individual effort. But a student's educational 

experience is not limited to the influence of a single teacher and a single 

classroom. Individuals can congregate to leverage their influence but what is the 

critical mass of teachers necessary to create institutional change? It is the 

institution that must initiate and support a broad evaluation of systemic barriers 

that prevent the academic success of any marginalized group within the district.  

It is the individual teacher who must build awareness of the influences of his/her 

own culture on classroom practices and of the cultural influences that shape the 

classroom experience for students from diverse cultures.  

If you face a negative situation, it is better to try and understand that 

situation than it is to ignore it (Mayo, 2004). This school district acknowledges 

that it faces a negative situation as evidenced by the "achievement gap" between 

the scores for white students and non-white students, not only in science but in 

language and math as well. The results of this research indicate many of the 

science teachers are not aware of their status of White privilege and how that 

status influences their interactions with non-white students. These results provide 

an impetus to examine the teachers’ apparent lack of understanding of 
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multiculturalism as part of the structural barriers that prevents achievement by 

students from diverse cultures. 

Research Question (2) What Is the Teacher's View on Accommodating the 

Cultural Beliefs of Students in Teaching Science? 

 Based on previous experience and on the literature review for the thesis 

proposal, this is the section the researcher expected would elicit the most 

responses from the teachers. The researcher expected the teachers to be 

struggling with the issues of engaging students from diverse cultures in their 

classrooms, much like Mary is doing. That did not turn out to be the case. The 

findings under this research question include: 

Finding: All of the teachers within this study are changing their academic 

practices to support achievement by students from diverse communities. 

Finding: Teachers in this study were unaware of how cultural elements 

influenced students’ engagement in academic activities.  

Finding: All of the teachers within this study recognized language as a 

critical element in reaching students from different linguistic backgrounds.  

Finding: Teachers within this study often dismissed the impact of 

community on a student’s academic performance instead contributing that 

influence to family factors. 

A description of each finding and a discussion of their implications follow. 
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Finding: All of the teachers within this study are changing their academic 

practices to support achievement by students from diverse communities 

 The teachers within this study recognize that most students from diverse 

communities need assistance in functioning within a traditional, Midwestern 

classroom. In response to this perceived need they have changed some of their 

teaching practices with different teachers addressing different elements to 

varying degrees. One change includes shifting from paper and pencil 

assessments to more alternative assessments, including individual assessments 

on a case-by-case necessity. Another common change includes teachers moving 

from teacher-centered instruction to more collaborative, inquiry-based instruction 

intended on providing diverse students with an increased opportunity to 

participate in class discussions. 

Finding: Teachers in this study were unaware of how cultural elements 

influenced students’ engagement in academic activities.  

All the changes these teachers are making in the classroom directly 

address academic behaviors within the classroom. In no responses is there an 

awareness of the different worldviews that the students may be bringing to the 

classroom. Even in the case of Mary, who detailed how students from different 

cultures seemed to prefer to work, it is not certain how much she connects those 

preferences to cultural experience beyond the classroom, to those “funds of 

knowledge” the students bring with them as they enter the classroom. 
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Finding: All of the teachers within this study recognized language as a critical 

element in reaching students from different linguistic backgrounds 

 Language is an expression of culture (Lee, 2003) and as such is probably 

the most tangible cultural element that teachers face. Teachers within this study 

clearly recognize the difficulties students from diverse linguistic backgrounds 

have in dealing with the language of the subculture of science (i.e., theory, infer, 

analyze, etc.), the specific vocabulary of different disciplines and the contextual 

use of common terms within a science setting. Many teachers within this study 

have also sought assistance from language specialists and/or attended 

professional development training in assisting ELL students within their 

classrooms. All of the teachers have made some change within their teaching 

practice such as increased use of inquiry learning and alternate methods of 

assessment to accommodate the language needs of the students. 

Finding: Teachers within this study often dismissed the impact of culture on a 

student’s academic performance instead contributing that influence to family 

factors. 

 The trend amongst these teachers to dismiss cultural influences from the 

broader community while contributing those influences to individual families 

attempts to separate the individual from the culture and thereby attribute success 

or failure to individual effort. This is an attempt by those in a position of power to 

blame the lack of power for those who do not have it on lack of hard work and 

intelligence (Applebaum, 2003). Keeping the discussion on an individual basis 
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allows the teacher to ignore the broader race-based inequities that shape the life 

experience of the student and his/her family. Ignoring the existence of such racial 

inequities is another characteristic of colorblindness and white privilege. 

Discussion 

Language as an entryway to cultural awareness.  Since teachers readily 

recognize the cultural significance of language, language can become the key to 

a broader investigation of the impact of culture on a student's academic 

performance. Within this school district a support structure already exists in the 

form of ELL and reading specialists to assist teachers in implementing language 

programs. A variety of programs, such as the structured instructional observation 

protocol (SIOP) program, is already used by some of the teachers within the 

district and could be used in an evaluation process to select a program to be 

used throughout the district. Since the effects of language on academic 

achievement are not limited to the science classroom, the structured use of a 

language program throughout the district could provide the leverage necessary to 

engage teachers in a broader evaluation of the impact of the student's culture. 

The Need to Expand Cultural Knowledge. A key component of Culturally 

Responsive Pedagogy is knowledge of cultural beliefs and worldviews of all of 

the students within the classroom. In a district such as this research district, with 

50 or more cultural groups represented within the student body, this is a daunting 

task. It is impractical, if not impossible, for any individual teacher to obtain the 

breadth of knowledge to deal with that level of cultural diversity and to keep 
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current as different elements of the immigrant wave move through the classroom. 

Teachers need to move towards a cultural-historical approach to addressing 

individuals (Gutierrez & Rogoff, 2003), considering an individual’s membership in 

a cultural group and how that individual participates within that group. 

 If we are going to live together in an increasingly diverse community, given 

the diversity of our cultural experiences and personal histories, it is essential that 

all of us, but especially teachers, broaden our personal perspectives to a 

knowledge and validate the uniqueness of each of the individuals in our 

community (Banister and Maher, 1998). Before teachers can become effective in 

a multicultural classroom, they must become aware of their own cultural identity 

and understand how that view influences their position within the classroom 

(Banks, 2005; Bennett, 1993; McAllister & Irvine, 2000). 

Cultural awareness should be a district level priority. In a district with 

hundreds of certified teachers, implementing such a cultural awareness 

professional development program would be a monumental effort. But if this lack 

of multicultural understanding is as embedded as it appears within this research, 

nothing less than a system-wide approach seems to offer a solution. Individual 

efforts such as Mary’s can easily be overwhelmed by ignorance, indifference or 

active resistance. Multicultural education is a reform movement that promotes 

gender, racial, and social-class equity. "To implement this dimension, the culture 

and organization of the school must be restructured in a collaborative process 

that involves all members of the school staff.” (Banks, 2006, p. 18) 
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Shift the Focus to Multicultural Education. Culturally relevant teachers focus on 

the long-term academic achievement of their students and are less concerned 

about making them "enjoy science" or having them come to class on time and 

hand in their homework when it is due (Ladson-Billings, 2006), a focus commonly 

seen in responses within this study. This change in focus begins with a 

conversation and a realization of the socio-cultural aspects of education (Ladson-

Billings, 2006; Villegas & Lucas, 2002). Education is an act of enculturation and 

the teacher serves as the vehicle for that enculturation. The premise of this paper 

is that multicultural education is an act of social reform and acts of social reform 

do not come easily.  

Research Question (3) What Is the Teacher's View of the Nature of Science and 

How Does That Interact with his/her Cultural Awareness? 

 The findings that address this research question include: 

Finding: Teachers within this study did not have a sufficient understanding 

of the nature of science. 

Finding: None of the teachers in this group had a clearly defined 

understanding of culture as an element of the nature of science. 

Finding: There is a strong tendency towards scientism in the science 

methodology of the teachers within this study. 

A description of each finding and a discussion of their implications follow. 
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Finding: Teachers within this study did not have a sufficient understanding of the 

nature of science. 

 Given the responses referring to their understanding of the nature of 

science displayed in Table 4.1, it is clear that the teachers within this study did 

not have an understanding of the elements of the nature of science sufficient to 

teach the topic effectively. Their responses were either incomplete or contained 

concepts that did not align with the elements as defined. 

Finding: None of the teachers in this group had a clearly defined understanding 

of culture as an element of the nature of science. 

 In their interview responses regarding the cultural element of the nature of 

science none of the teachers demonstrated a comprehensive understanding that 

culture is an element of NOS.  Three teachers rejected culture as an element, 

stating that science was culture free. Others indicated an incomplete and/or 

conflicting understanding of the influence of culture. The responses were often 

qualified, stating that there was a cultural but dismissing its importance or limiting 

its influence. Others offered responses that conflicted within responses in 

different sections of the interviews saying yes at one point and no at another. 

Finding: There is a strong tendency towards the philosophical stance of scientism 

by the teachers within this study. 

 The teachers in this study were often quite emphatic that science was the 

dominating concept in society, overlaying all other subjects and providing the 

answers to all the questions we could ask. According to Aikenhead (2000), "A 
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wall of scientism will invariably confront science educators whenever they try to 

negotiate a sociological or cultural approach to school science that privileges 

science for all (p. 256)." The trends and relationships indicated in Figure 4.1 

shows that within these case studies, the predominant scientistic stance of these 

teachers' science philosophy leaves little room for the consideration of 

multicultural science.  

Discussion 

Improve Teachers’ Understanding of the Nature of Science. Student 

comprehension of the nature of science is a common emphasis across national 

science policy and standard statements. Teachers must possess a functional 

understanding of both content knowledge and the knowledge of the nature of 

science if they are to be effective in teaching the nature of science (Schwartz & 

Lederman, 2002). But it was clear within this research that teachers did not 

possess an adequate understanding of the nature of science (See Table 4.1). 

This is consistent with results in Lederman's (2007) review of a 50 year history of 

research into the nature of science. 

 The key researchers in the nature of science are consistent in expressing 

that effectively teaching the nature of science is an elusive goal that has been 

evading teacher educators for over 50 years (See Bell, Abd-El-Khalick, 

Lederman, McComas, & Matthews, 2002). However, as NOS research has 

evolved over the past 50 years, researchers are moving closer to a consensus 

on key items (Lederman, 2007). From a seeming myriad of elements that 
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contribute to the nature of science, researchers have narrowed the elements 

down to a set that would define the nature of science appropriate for K-12 

education (Clough, 2000; Elfin, Glennan & Reisch, 1999; McComas, Clough, & 

Almazroa, 1998; Smith et al., 1997). This consensus must make its way into 

national and state science standards, providing a framework that supports 

teachers as they try to introduce NOS effectively into their curricula. 

While these teachers disregard the worldviews of their students, research 

indicates an awareness of culture is a key element in teaching science 

effectively. Tobin (2001) states that part of the lack of success in teaching 

science can be attributed to cultural differences. Brickhouse (1990) states that 

one of the three crucial concepts science teachers must comprehend is the 

socially-constructed nature of scientific theories. Akerson, Buzzelli, and Donnelly 

(2008) found that preservice teachers who paid little attention to the socio-

cultural elements of the nature of science valued achievement and conformity 

over other traits of student performance. These teachers valued a dualist, right-

wrong perspective on student input and favored objectivism, which would 

conform to a Universalist philosophy of science, and did not appreciate the social 

and cultural influences that derived from student worldviews. They found clear 

evidence for the relationship between NOS views and epistemological views of 

these teachers and a clear intersection between cultural values and NOS views.  

Removing the Influence of Scientism. The consistent perspective that the nature 

of science is empirical and the conflation of the epistemological view of this 
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empiricism and the pedagogical implementation of empiricism as a process 

(Lederman, 1994) leads to a strong dependence on, and/or belief in, the scientific 

method as the only acceptable means of scientific investigation. Scientific 

investigation via the scientific method is a search for the "truth" and this truth 

extends far beyond the field of science. If science is the search for truth, then 

there can be no room for multiple perspectives on science – there cannot be 

more than one truth.  

Given the prevalence of the unconscious but very real implications of 

white privilege discussed above and the predominant philosophical position of 

scientism, there is very little room within these teachers' belief sets to recognize 

the cultural worldview of students within their classrooms. White privilege, with its 

unwillingness to recognize racial barriers, and scientism, with its dependence 

upon the Universalist philosophy of science, are exclusionary beliefs. Adherents 

to such beliefs are unlikely to even recognize the need to consider worldviews 

other than their own. 

The demographic changes within our communities and the introduction of 

new cultural perspectives into our classrooms require that teachers consider a 

multicultural science education perspective. If science teachers are going to 

develop an equitable, inclusive CRP of science instruction aligned with the goals 

of multicultural education, these science teachers must reevaluate their 

scientistic approach to teaching science. This method of science instruction is 
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narrowly defined by the male-dominated cultural influence of white Europe that is 

not relevant to a growing number of students within their science classrooms.  

The cultural perspective on science is "unorthodox" (Aikenhead, 2000). If 

these teachers are to cross the border from Universalist science to multicultural 

science, they will need the same level of support and assistance they are 

expected to provide to their students. This is a reshaping of a cultural community, 

the redefining of sets of beliefs, and changing beliefs is a difficult prospect.  

Integrated Discussion 

Scientism, Empiricism, and Cultural Ignorance 

Probably the most significant result with respect to these teachers' 

understanding of the nature of science and its influence on science instruction 

was the interrelationship between three traits, 1) the teachers' strong empirical, 

scientism, 2) the conflation of the epistemological belief in empiricism and the 

empirical process of science, and 3) their lack of understanding of a cultural 

influence on the nature of science. Research indicates that there is a relationship 

between a teacher’s beliefs and that teacher’s classroom practices, that the 

classroom experience influences that teacher’s beliefs about students, and that 

the teacher’s perceptions of the students influences the attention the teacher 

gives to teaching the nature of science (Lederman, 1999). That would imply that 

the teachers in this study, who did not consider the cultural perspective of their 

students, are not likely to address the nature of science in classroom instruction. 
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The Role of Senior Teachers 

 Senior teachers have traditionally been the source of leadership within 

schools. They serve as department chairs and as mentors. They supervise 

preservice teachers during practicum and student teaching assignments. They 

participate in district level curriculum decisions. They have been considered the 

ones with the knowledge to share. However, the results of this study paint a 

different picture. While it is difficult to project beyond a single case study, the 

junior teacher within this set of teachers was the one individual with the broadest 

understanding of multicultural science education and the one teacher who made 

the greatest effort to change instruction within her classroom. It is more likely that 

recent graduates have received instruction in multicultural education. Within the 

context of multicultural science education, this study suggests that senior 

teachers may be those most in the need of professional development and 

assistance in incorporating CCI science instruction that is inclusive to the diverse 

students’ worldviews. After verifying their level of understanding, it would be 

beneficial to give junior teachers with an appropriate level of multicultural 

awareness opportunities to share that knowledge actively during professional 

development, perhaps in such settings as professional learning communities. 

Professional Development 

 Given the goal of multicultural education stated above, the lack of 

understanding of multicultural education by teachers within this study clearly 

indicates the need for long-term, embedded professional development and that 
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professional development needs to address all three areas covered by the 

research questions in this paper. The professional development for multicultural 

education must be explicit, addressing both the teacher’s awareness of his or her 

own culture and an awareness of how that culture might differ from other cultural 

worldviews likely to occur within the science classroom. The current wave of 

immigrants to the US, representing a key part of the changing demographics, 

poses new challenges unparalleled in US history. The implications for education 

are enormous. If educators cannot develop a multicultural perspective, a growing 

number of citizens within the United States will be marginalized within the 

education system, with unknown consequences. 

Philosophy and Nature of Science 

 Part of the professional development must address both the philosophy of 

science and the nature of science. These teachers will have to re-examine their 

Universalist stance on science and their commitment to scientism within the 

context of their multicultural classrooms. If they are to teach science equitably 

and effectively, they must develop a more appropriate understanding of the 

nature of science, especially how the nature of science relates to and is 

influenced by the worldviews of the teacher and of the students.  

Culturally Relevant Pedagogy 

The teachers attempted to create a bond with all of the student's, rather 
than an idiosyncratic, individualistic connection that might foster an 
unhealthy competitiveness. This bond was nurtured by the teachers' 
insistence on creating a community of learners as a priority. They 
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encourage the students to learn collaboratively, teach each other, and be 
responsible for each others’ learning. (Ladson-Billings, 1995, p. 163) 
 

 One of the positive and most consistent themes within this research was 

that these teachers were changing elements of their instruction and assessment 

to accommodate their perceived needs of students from different cultures. These 

efforts were very individual responses and were probably not part of a developed 

pedagogical approach to science instruction. Just as language may be an entry 

point to evaluating the teachers multicultural perspective, these changes in 

instructions provide a scaffold upon which these teachers can build a coherent 

concept of culturally relevant pedagogy. 

Inquiry-based instruction. Multicultural science education places a strong 

emphasis on constructivism and the conceptual change model of instruction with 

a focus on inquiry-based science. Many teachers regard hands-on science as 

being inquiry-based instruction yet such activities often disregard the level of 

student involvement required for inquiry learning. And the conceptual change 

model risks alienating students if the goal of the instruction is to change the 

student’s beliefs into a concept advocating WMS (Cobern, 2000). Professional 

development re-enforcing CCM and inquiry-based instruction is an essential 

requirement if teachers are to be expected to transform their classrooms into 

arenas of multicultural science learning. 

Cooperative learning. Cooperative learning offers all students an opportunity to 

participate in the classroom dialogue and to inject their ideas for debate, and 

appeals to the learning styles of students from many different cultures (Gay, 
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2002). However, if poorly managed, cooperative learning can't alienate some 

students, such as those from cultures that do not encourage such social 

discourse, and those students whose language and academic abilities impair 

their opportunities to contribute (Ladson-Billings, 2006). Therefore it is likewise 

essential that classroom teachers receive instruction on how to implement 

cooperative learning effectively. 

Implications for Teacher Education 

NOS in Science Teacher Education 

 The key researchers in the nature of science are consistent in expressing 

that effectively teaching the nature of science is an elusive goal that has been 

evading teacher educators for over 50 years (Bell, Abd-El-Khalick, Lederman, 

McComas, & Matthews, 2002). However, as NOS research has even evolved 

over the past 50 years, researchers are moving closer to a consensus on key 

items (Lederman, 2007). From a seeming myriad of elements that contribute to 

the nature of science, researchers have narrowed the elements down to a set 

that would define the nature of science appropriate for K-12 education (Clough, 

2000; Elfin, Glennan & Reisch, 1999; McComas, Clough, & Almazroa, 1998; 

Smith et al., 1997).  

Instruction in the nature of science must be explicit (Lederman, 1992, 

2007) and the instruction must occur within more than a single science methods 

class (Akerson, Buzzelli, & Donnelly, 2008). There has been some success in 

improving teacher's conceptions of the nature of science when that instruction 
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includes historic aspects of scientific knowledge (Lederman, 2007). And, as was 

strongly indicated by this research, it is important to differentiate between the 

epistemological belief that science is empirical and the empirical process that 

scientists, and science teachers, used to examine science (Lederman, 2007). 

In order for a teacher to successfully incorporate nature of science within 

the instruction, that teacher must possess both a strong science discipline 

pedagogical content knowledge (PCK) and a strong NOS PCK (Schwartz & 

Lederman, 2002). Embedding NOS instruction within content classes would help 

improve the learning of NOS and the likelihood that the teacher would 

incorporate NOS into curriculum planning. There has been some success in 

improving teacher's conceptions of the nature of science when that instruction 

includes historic aspects of scientific knowledge (Lederman, 2007).  

Implications for the Science Community 

Philosophy of Science 

Positivists argue with radical constructivists, who argue with empiricists, 
not to mention the realists, feminists, Marxists, multiculturalists, 
Universalists, logical empiricists, radical empiricists, scientific realists, 
instrumentalists, idealistics, and so on, and ad infinitum. (Smith & 
Scharmann, 1999, p. 494) 
 
The philosophical stance of science, which is currently under much 

examination (Bauer, 1992; Cobern, 2000; Cobern & Loving, 2000; Matthews, 

1998; Stanley & Brickhouse, 1994; Siegel, 2002) and the definition of belief and 

knowledge (Cobern, 2000a, 2000b; Southerland, Sinatra & Matthews, 2001) are 

beyond the scope of this research. However these concepts have significant 
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impact upon the structure and definition of science that we accept as a society 

and the structure and definition of that subculture of science called school 

science. Without a broader consensus on what "science" is, we cannot teach 

"science" in our schools. Science is a culturally constructed concept and as the 

structure of our culture changes, a redefinition or a clarification of what we mean 

when we say science is necessary. 

Given the pending shift in the demographics of classrooms within US 

schools, science education researchers and science educators need to work 

towards a consensus on what science will work in the schools of the 21st 

century. The recent rise of other cultures in the world wide affairs is bringing the 

standard approach to science into more frequent conflict with alternative 

conceptions of science that evolved from cultures outside the European 

influence. The evolving nature of the world's power structure requires the 

evolution of a multicultural philosophy of science that is inclusive of alternative 

views of science and incorporates a nature of science that represents all ways of 

trying to know he world. As Hodson (1993) said,  

…when teachers talk of science education assisting children to greater 
understanding of the world they need to be clear whether they mean their 
world (the immediate world of the child), our world (our particular society 
and environment as perceived by ourselves – both as scientists and 
nonscientists), or the world (in the sense that each child is encouraged 
and enabled to take account of multiple perspectives) (p. 686, italics 
original). 
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Nature of Science 

 Closely aligned with the need for a consensus on the philosophy of 

science is the need for a consensus on what elements of the nature of science to 

include in that subculture called school science. Of particular interest within the 

context of this research is the need to more clearly recognize the role of culture 

in the nature of science. As discussed above a consensus on the nature of 

science to include in school science is near, however within this consensus there 

is variation in the treatment of culture as an element of science. Some 

researchers attempting to delineate the elements of the nature of science do not 

include any reference to the cultural influence on science (Osborne et al., 2003) 

Some listings of the cultural element of NOS state it is the culture of the scientist 

that defines science (NRC, 1989, 1993; AAAS, 1996) while others argue that it is 

the culture that defines science (Aikenhead & Jegede, 1999). This is a fine 

distinction but a fine distinction that must be clarified within the context of 

multicultural science. 

Multicultural Science Curricula 

 If there is to be a shift to a culturally relevant pedagogy and culturally 

congruent instruction then there must be a corresponding realignment of 

standards and curricula that support those standards. This shift to multicultural 

science should be an element of ongoing national and state evaluations of 

teaching standards. Appropriate curriculum and teaching materials to accompany 

the revised standards are also necessary and probably beyond the capabilities of 
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individual classroom teachers. Although Nieto (1994) declares there is no 

prescribed multicultural science curriculum, there are several researchers who 

provide approaches to developing such curricula (See Atwater, 2010; Banks, 

2003, Baptiste, 1994; Nieto, 1994). Their work provides a scaffold that local 

districts could use to assist teachers create appropriate multicultural science 

materials. 

Further research 

An implication of this study was that professional development programs 

for both pre-service and in-service teachers on a long term basis were necessary 

to assist science teachers in developing a multicultural science perspective. This 

researcher is aware of other school districts in a similar situation with respect to 

changing diversity that have implemented long term professional development to 

assist their teachers implement CCI. Duplicating this study in one such district 

and comparing the results to this research would document the effectiveness the 

PD program. If the PD proved effective then the program would provide a model 

program to be used in this and other districts. Ideally the research would include 

pre-and post-assessments of the teachers' perspectives and longitudinal studies 

to evaluate the teacher’s implementation of a multicultural science curriculum 

and to measure the effectiveness of such curricula in engaging students from 

diverse cultures and in measuring their achievement. 

 Similar research is necessary for school districts attempting to develop a 

multicultural education philosophy. School districts need to develop professional 
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development programs to support teachers as they evaluate the impact of their 

own worldview on their classroom instruction, and as they begin to develop a 

multicultural education philosophy.  

Multicultural education, multicultural science education, and the nature of 

science are all areas of intense research in education and a variety of viewpoints 

exist within each one. All three are areas of further potential research. Within the 

context of this study, the researcher proposes these areas of further research. 

 Lederman (2007), in his summary of 50 years of research on the nature of 

science, identified one of the critical lines of research as the influence of 

worldview on conceptions of the nature of science. This research is one such 

investigation that might imply further research on that topic. 

 This case study indicated a strong scientistic focus on these teachers' 

science instruction with the implication that this method of instruction impeded 

the ability of students from other cultures to introduce alternate conceptions of 

science. It also implied that a multicultural philosophy of science would elicit 

more participation from students with alternative views of science. It did not, 

however, observe classroom instruction to determine if this effect did indeed 

occur. Further research that includes classroom observations is needed to verify 

these assertions. 

 As an element of the nature of science, multicultural science with a 

concerted shift from a Universalist to a multicultural science perspective would 

need a specific curriculum within science methods courses and as embedded 
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elements in content area classes. Research would be necessary to evaluate the 

implementation and the effectiveness of this new curriculum.      
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