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The 2005 KSI Diversity Strand brought into focus the need for engagement of a broader spectrum of

our nation’s youth in learning science.  In a phrase, there was concern about emphasizing the “all” in

Science for All Americans.  This paper presents the results of interviews that were conducted with the

leaders of Centers for Learning and Teaching and related projects having diversity as a central part of

their work. Review of the interview transcripts revealed a number of recurring themes. Interview 

quotations of interest to curriculum developers, teacher educators, and policy personnel are presented 

along with relevant citations from the literature. The paper concludes with a discussion of some of the

obstacles and unanswered questions requiring further investigation.

     “Science for all” is considered one of the key principles behind the most recent National Science Education Standards (National Research Council, 1996). In order to ensure all students access to science understanding, the nation’s teachers must be prepared to engage a student body that is increasingly diverse culturally, economically, and linguistically (National Center for Education Statistics, 2006). This research sought to understand the roles that curriculum materials, teacher education programs, and professional development activities might play in supporting teachers to achieve this engagement.
     Ten interviews were conducted in person and by phone between November, 2005 and May, 2006 with personnel connected with various Centers for Learning and Teaching (CLT) and other research projects. The CLTs that were contacted all claimed interest in the education of diverse students in science and/or mathematics. The varied location of the CLTs resulted in focus on quite different populations of students (rural, urban, African American, Latino, Native American), which often lead them to focus on very different problems.  In addition, the CLTs chose to approach these issues from different perspectives, including the design and implementation of curriculum materials, preservice teacher preparation, or inservice teacher professional development.

     The interviews elicited information about what these CLTs had learned from their experiences with diverse student populations and suggested actions that could be taken in the design of science curriculum materials and teacher education. From this information, a number of recurring themes became evident that might hold promise for improved engagement and attainment in science learning. These themes are presented below as bulleted statements organized into four categories of issues: for both curriculum developers and teacher educators, those primarily related to the work of curriculum developers, for teacher educators, and for policy makers. For each bulleted theme, corresponding quotations from the literature have also been given.

Curriculum developers and teacher educators should support teachers in:

●  valuing science for all students 

Though the current national science standards were designed with “all” students in mind (National Research Council, 1996), actual education policies and classroom instruction may not provide equitable opportunities for a diverse range of students to experience academic success and develop acceptable levels of scientific literacy.

“We have a model of science that is focused on producing a scientific elite … We still have kind of a post-Sputnik model of science ed at a policy level. Policy makers rarely privilege public informed decision making as a goal of science education … Do you think our bakers and our auto repair people and our entrepreneurs and all of the other parts of the economic engine of the state, don’t you think that those people could benefit from having a better understanding of science in their own lives? … There’s a need to remember the obvious - that science is good for all Americans not just a means for producing this elite.”

Chris Hoadley, TELS, interviewed May 02/06

“We basically now have a high school curriculum that is really about preparing kids to pursue some or more mathematics, or some science and we aren’t designing things for kids who aren’t going to go there or don’t want to go there.”

Sandy Wilcox, MARS, interviewed Feb. 13/06

__

“All students, regardless of sex, cultural or ethnic background, physical or learning disabilities, future aspirations, or interest in science, should have the opportunity to attain high levels of scientific literacy. By adopting this principle of equity and excellence, the Standards prescribe the inclusion of all students in challenging science learning opportunities and define a high level of understanding that all students should achieve. In particular, the commitment to science for all implies inclusion of those who traditionally have not received encouragement and opportunity to pursue science – women and girls, students of color, students with disabilities, and students with limited English proficiency.”

(National Research Council, 1996, p. 221)
“Mathematics and science have become so pervasive in daily life that we tend to overlook them. Literacy in these areas affects the ability to understand weather and stock reports, develop a personal financial plan, or understand a doctor’s advice. Taking advantage of mathematical and scientific information does not generally require an expert’s grasp of those disciplines. But it does require a distinctive approach to analyzing information. We all have to be able to make accurate observations, develop conjectures, and test hypotheses – in short, we have to be familiar with a scientific approach (emphasis in original).”

(Glenn, 2000, p. 14)
“Breaking the cycle of low academic performance so that all students can participate in science requires consideration of the students, their teachers, and the resources and support both require to successfully engage in science.”

(Fradd, Lee, Sutman, & Saxton, 2001, p. 481)
●  seeing all students as capable learners

Persistent expectations for high performance can be crucial to student success (Bryan & Atwater, 2002). These expectations, as well as explicit support and encouragement, can be manifest in curriculum materials as well as teacher-student interactions. Unfortunately, many teachers maintain low expectations for ELL and culturally-diverse students based on based on common beliefs and misunderstandings about these students’ abilities (Gay, 2000). Students in schools with a predominantly low SES population are often the most affected by low expectations. Positive interpersonal relationships between teachers and students are important in supporting high expectations.

“I think issues of trying to make the materials make sense to the students and then make them help teachers to understand how to attend to and value the kinds of knowledge that their students bring and to recognize that their students are capable of doing substitutive mathematics.” 

Tom Carpenter, DIME, interviewed Feb. 10/06

“One of the barriers we’ve identified is a language barrier … Most of the teaching force is from white, middle class background and a lot of us will look at, or listen to kids of color talk and we will make assumptions about intelligence.” 

Phyllis Balcerzak, CISTL, interviewed on Nov. 15/05

“A lot of what is critical is teachers being able to connect with students … I just have seen so much of where you couldn’t even get to the mathematics, because of teacher’s expectations of kids, they didn’t treat them well, there was no wonder that kids were turned off.” 

Sandy Wilcox, MARS, interviewed Feb. 13/06

“One of the mistakes that is made in the development of curriculum is the idea that it should never be frustrating because that’ll turn kids off. Now, if it’s never frustrating, it’ll never be challenging.  And if it’s never challenging, for sure, it will turn kids off. In developing curriculum materials, there needs to be the expectation that sometimes you get stuck.  Sometimes the problem is hard.” 

Jerry Goldin, MetroMath, interviewed Dec. 15/05

__

“Unfortunately, all teachers do not have positive attitudes toward, expectations of, and interactions with students of color. Racial biases, ethnic stereotyping, cultural ethnocentrism, and personal rejections cause teachers who don’t care to devalue, demean, and even fear some African American, Latino, Native American, and Asian American students in their classrooms. These devaluations are accompanied by low or negative expectations about their intellectual abilities, which have deleterious effects on student achievement.”

(Gay, 2000, p. 46)
“Culturally relevant teaching requires that teachers attend to students’ academic needs, not merely make them ‘feel good.’ The trick of culturally relevant teaching is to get students to ‘choose’ academic excellence.” 

(Ladson-Billings, 1995, p. 160)
“Teachers’ attitudes toward students significantly shape the expectations they hold for student learning, their treatment of students, and what students ultimately learn (Irvine, 1990; Pang & Sablan, 1998). Affirming attitudes, for example, have been shown to support student achievement (Ladson-Billings, 1994; Lucas, Henze, & Donato, 1990; Nieto, 1996). Teachers who respect cultural differences are more apt to believe that students from nondominant groups are capable learners, even when these children enter school with ways of thinking, talking, and behaving that differ from dominant cultural norms (Delpit, 1995).”

(Villegas & Lucas, 2002, p. 23)
“One of the most commonly held beliefs by both practicing and prospective teachers is the belief that students from culturally diverse background are less capable than other students. When student characteristics such as racial origin or social class influence teachers’ perceptions, the consequences adversely affect these children.”

(Bryan & Atwater, 2002, p. 827)
“The standards for science teaching require building strong, sustained relationships with students. These relationships are grounded in knowledge and awareness of the similarities and differences in students' backgrounds, experiences, and current views of science. The diversity of today's student population and the commitment to science education for all requires a firm belief that all students can learn science.”

(National Research Council, 1996, p. 29)
●  considering students’ language skills in classroom interactions

The distinct conventions that govern school talk and science talk may be sufficiently daunting that children may be prevented access to science education. English Language Learners (ELLs) face additional language demands. Lacking understanding of the ways in which these students might communicate, teachers may ignore their scientific knowledge and see their participation patterns as disruptive. Some of the literature focuses on bridging the incongruence between students’ home language practices and those of the school (Lee, 2004), while other authors emphasize the similarities between the two (Warren, Ballenger, Ogonowski, Rosebery, & Hudicourt-Barnes, 2001).

“I think there are two schools of thought about this … You can try to strip away as much of the language demands as you can because you care about English language learners and you don’t want to overwhelm them with input or language.  And then there is the other school of thought saying if you devoid the richness of the language in the problems then how are they going to develop the content, the language of science, the language of math, if you completely take that away? So you have to think about if you are going to require students to communicate their understanding through writing or orally.” 

CEMELA group, interviewed Feb, 28/06

“One very clear cut example is how hard it is for language learners in the United States to learn science and I think it’s a very good example of how people don’t understand how many influences interact to determine whether or not a student is going to be successful.” 

Chris Hoadley, TELS, interviewed May 02/06

“The other area we’ve addressed is that students who’re academically unprepared. And of course, disadvantaged students, socially or by family background, are disproportionately represented in students who’re underachieving.  And we’re focusing a lot on reading and the challenges of learning science from texts. So a big part of my strategy for increasing the pool of students who do even moderately well in science, and take science, feel connected to science, is to help students with the reading and writing skills that they can use to learn science through textual materials.”

Danny Edelson, CCMS, interviewed June 06/06

__

“The language of school science is often more complex than the language students encounter in other areas of the curriculum … Moreover it is frequently depersonalized … humorless, remote from real life, and uninviting. Emphasizing the formal language of science to the exclusion of everyday ways of speaking and writing, and insisting too early in a child’s science education on careful and precise language, may help promote an ideology of authority concerning science and lead students to believe that scientific knowledge is fixed and certain (Lemke, 1987). By contrast, more familiar vocabulary and language forms help students to see the relationship between science and the real world and to appreciate how scientific knowledge derives from and complements everyday, commonsense knowledge.”

(Hodson, 1999, p. 786)
“In addition to the natural difficulties of using a language that is not their native language, students who are tested in a second language must deal with the fact that there is a specialized knowledge within that second language that is specific to the discipline. Students who may understand a scientific phenomenon or mathematical principle may still not being [sic] able to demonstrate that knowledge because of the lack of appropriate academic vocabulary.”

(Solano-Flores & Nelson-Barber, 2001, p. 559)
“In summary, to establish instructional congruence, teachers need to integrate science, students’ language and culture, and English language and literacy in ways that are meaningful and relevant for the students. As the teachers in the research reflected on elements of shared language and culture with students, they emphasized the importance of cultural congruence. They also realized that students’ language and culture was sometimes incompatible with science disciplines. The teachers struggled to negotiate areas of incompatibility and bridge cultural views with science disciplines. Gradually, they embraced the notion of instructional congruence as a guide for their instructional practices.”

(Lee, 2004, p. 85)
“We are arguing for the need to analyze carefully on one hand the ways of talking and knowing that compromise everyday life within linguistic, racial, and ethnic minority communities, and on the other, the ways of talking and knowing characteristic of scientific disciplines … This analysis assumes that what children from low-income, linguistic, racial, and ethnic minority communities do as they make sense of the world – although perhaps different in some respects from what European American children are socialized to do – is in fact intellectually rigorous and generatively connected with academic disciplinary knowledge and practice (cf. Lee, 1998).”

(Warren, Ballenger, Ogonowski, Rosebery, & Hudicourt-Barnes, 2001, p. 546)
●  relating the curriculum to students’ prior knowledge, interests, and experiences
According to The Glenn Commission Report, the nation’s schools are “failing to capture the interest of our youth for scientific and mathematical ideas” (2000, p. 4). The National Research Council (NRC) promotes science programs that students find interesting and relevant to their personal lives (1996). Approaches to motivate learning and connect with students’ lived experiences through curriculum materials include the use of “discrepant phenomena” (Edelson, 2001), “anchoring events” (Reiser, Krajcik, Moje, & Marx, 2003), and “driving questions” (Marx et al., 2004). Culturally responsive teaching demands that teachers know about the lives of their students and design instruction and assessment that both values and builds on students’ prior knowledge and experiences (Solano-Flores & Nelson-Barber, 2001; Villegas & Lucas, 2002). When teachers are unfamiliar with appropriate strategies for understanding students’ lives outside of school, important resources may remain untapped (Moll, Amanti, Neff, & Gonzalez, 1992). 

“I think that we have to differentiate the instruction not just across learning styles, or prior experience, or ability … these are kind of race-neutral statements … but we have to actually 

differentiate them across cultural differences and bring in not just the ways that kids from different cultural groups learn, but we have to have cooperative learning, for example, we also have to bring examples from their lives that matter.” 

Phyllis Balcerzak, CISTL, interviewed on Nov. 15/05

“There are ways to connect with issues that affect young peoples lives and if you have a teacher who is able to discuss both the richness of the science but also its connections as to how this may affect the communities that they live in their own lives, then I think you have more of a chance to engage students … You can study science through community issues that are important to the kids and part of that is getting it from the kids, part of that is asking them what is important to them.”

CEMELA group, interviewed on Feb. 02/06

“You have got to teach science and mathematics that’s interesting … and really challenges the students. I think the biggest motivator to keep people invested in something is that they understand it … Through my experience … the best motivator is understanding, and understanding comes by being able to connect what you are learning with what it is that you already know … This sort of gets down to your professional development part … trying to help teachers build upon what students know, what students bring to class.”

Tom Carpenter, DIME, interviewed on Feb. 10/06

“One of the major problems that we have is to actually create from the curriculum developers’ point of view … interesting, exciting, investigative experiences for students in mathematics and in science. In other words, we don’t have prayer with the kids if what we offer them doesn’t hook them in to wanting to find out, to wanting to think, to wanting to reason, to wanting to solve problems, to wanting to know.” 

Glenda Lappan, CSMC, interviewed on Dec. 07/06

“In order to engage kids, curriculum materials really have to be question driven and the questions really have to some way be able- and I’m going to stress the be able—have to be able to connect to the kid’s life.  But it’s not automatic that the kids are going to say ‘This is something I’m immediately interested in’, right? But it’s sort of like this ability to get interested in. And then we also try in our curriculum materials to sort of get kids to ask questions related to this driving question and … as they go through the unit, explain the driving questions, hopefully some of the sub-questions get answered.  So we think trying to create context the kids find motivating and interesting are critical to sustaining kids in trying to learn science.” 

Joe Krajcik, CCMS, interviewed Jan. 17/06

__

“Culturally responsive pedagogy … requires a combination of curriculum content, school and classroom learning climates, instructional strategies, and interpersonal interactions that reflect the cultures, experiences, and perspectives of different ethnic groups of color… It creates cultural bridges, or scaffolds, between academic learning in school and sociocultural lives and experiences of different groups of color outside of school.”

(Gay, 2000, pp. 213-214)
“[Culturally] responsive teachers strive to know as much as possible about the children they teach to facilitate their learning. But even when they are highly knowledgeable about their students, teachers may not be able to make productive use of what they know without some frameworks for interpreting this information – frameworks that come largely from a grounding in academic disciplines during their undergraduate education.”

(Villegas & Lucas, 2002, p. 27)
“Current approaches to handling cultural diversity do not focus on understanding student thinking and the sociocultural influences that shape thinking. As a result, the assessment of cultural minorities is guided by simplistic assumptions about language and culture and cultural misconceptions and stereotypes, and gives little consideration to the context in which students live.”  

(Solano-Flores & Nelson-Barber, 2001, pp. 566-567)
“Culturally sensitive Rekindling Traditions units were designed to help Aboriginal students feel that their science courses were a natural part of their lives. Students participated in those units in ways that were culturally meaningful. The units gave students access to Western science and technology without requiring them to adopt the worldview endemic to Western science, and without requiring them to change their cultural identity … In our cross-cultural approach, Aboriginal knowledge and languages are treated as an asset in the science classroom, rather than adopting a deficit model (emphasis in original).”

(Aikenhead, 2001, p. 349)
“… in contrast to the households and their social networks, the classrooms seem encapsulated, if not isolated, from the social worlds and resources of the community. When the funds of knowledge are not readily available within households, relationships with individuals outside the households are activated to meet either household or individual needs. In classrooms, however, teachers rarely draw on the resources of the ‘funds of knowledge’ of the child’s world outside of the context of the classroom.”

(Moll, Amanti, Neff, & Gonzalez, 1992, p. 134)
“A challenge facing many educational institutions, especially those in urban setting aiming to serve culturally and linguistically diverse populations, is the disconnect between schools and students’ home communities. Schools are in communities but often not of communities. That is, teaching and learning are often disconnect from the day-to-day life of the community, and students don’t see how the skills they acquire in school have currency in business, at home, and in other communities beyond school (emphasis in original).”

(Bouillion & Gomez, 2001, p. 878)
“To capitalize on the strengths students bring to class, teachers must respect and appreciate differences. They must accept all students as learners who already know much, and who have experiences, concepts, ideas, and language that can be built upon and expanded to help them learn even more.”

(Zeichner et al., 1998, p. 167)
“By grounding curriculum content in socially and personally relevant contexts … an issues-based approach can provide the motivation that is absent from current abstract, decontextualized approaches and can form a base for students to construct understanding that is personally relevant, meaningful, and important.”

(Hodson, 1999, p. 787)
“We use several strategies that make instructional materials accessible to students and that teach science in deep and meaningful ways. The strategies draw from, incorporate, extend, and challenge students’ community-based ways of knowing and funds of knowledge, such as 

locating community problems related to the concepts under study.”

(Reiser, Krajcik, Moje, & Marx, 2003, p. 5)
●  interpreting and adapting curriculum materials 

All curriculum is eventually enacted through individual teachers, which inevitablely leads to differences in implementation (Remillard & Bryans, 2004). Teachers also purposefully adapt curricula. Productive changes are those that help teachers overcome the typically poor quality of many curriculum materials (Kesidou & Roseman, 2002) or effectively adapt materials to local contexts (Barab & Luehmann, 2003). Appropriate levels of flexibility in curriculum materials and teacher training may increase the likelihood of effective adaptations.

“Teachers can reduce the cognitive demand, the exploratory excitement of curriculum materials to the dull routine of, ‘Here’s what you do, this is what you’re going to find, etc.’ And it takes out all of the engagement and all of the excitement for kids. So, in the production of curriculum materials that have any of the potential that I’ve been trying to talk about, the teacher is a major player.”

Glenda Lappan, CSMC, interviewed Dec. 07/05

“One of the things teachers do is take materials and actually modify them or adapt them to their classroom. So in some respects, you hope that teachers will be able to say, ‘My kids aren’t going to get this example’ or, ‘My kids really lack some of this background so I have to bring something in’ … We know that a lot of teachers don’t do that, but a lot of teachers do.”

Joe Kracjik, CCMS, interviewed Jan. 17/06

“You can have certain curriculum materials that are trying to make links, perhaps. I think it’s harder when it’s artifacts like a text but those things are going to be mediated by an instructor or a teacher.  And they are also going to be mediated by parents. So there’re adults that help mediate what kids learn … The artifact is part of this social interaction and construction of knowledge. So sometimes it’s hard for me to think about curriculum materials in a vacuum, because I don’t think they are used in a vacuum.”

CEMELA group, interviewed Feb. 02/06

__

“… although curriculum designers aim to create particular kinds of learning experiences for students, they can anticipate only partially what particular children will bring to instruction and how easily they will learn. Teachers necessarily select from and adapt materials to suit their own students. This creates a gap between curriculum developer’s intentions for students and what actually happens in lessons. Developers’ designs thus turn out to be ingredients in – not determinants of – the actual curriculum.”

(Ball & Cohen, 1996, p. 6)
“Clearly, adoption of a curriculum is not a one-to-one mapping of the designed environment to the K-12 classroom. Instead we have argued that teachers must always adapt the curriculum for their local use … Therefore, a central challenge for designers is how to develop curriculum and teacher scaffolds that support teachers in the adaptation of these curricula to meet the needs and goals of their local context and culture … The challenge is to support the integrity of the intervention, at the same time meeting the felt needs of the teacher.”

(Barab & Luehmann, 2003, p. 461)
“Our analysis of teachers’ orientations toward curriculum materials and their relationship to teacher learning reveals the power that teachers have in shaping their own learning experiences even unintentionally. Through the particular ways the teachers read and used the Investigations curriculum, they generated individualized learning opportunities. While we did 

find relationships between particular tendencies in use and opportunities to learn, the variation among teachers is significant because it suggests different learning trajectories across teachers using the same materials.”

(Remillard & Bryans, 2004, p. 384)
“Many states and school districts have made science education a part of their overall reform efforts to improve instruction for students in their schools. However, reform-based curriculum designed to support students’ construction of knowledge in science through inquiry relies on teachers to fulfill this vision for our students. For many teachers this will mean substantial changes in instruction practices. Since what teachers so in their classrooms depends largely on their knowledge, teachers will need to learn a great deal to be able to enact reform-based curriculum.”

(Schneider, Krajcik, & Marx, 2000, p. 3)
 “Effective teachers use curriculum materials as a guide. Adapting curriculum materials is especially important when teachers face the challenges of meeting crucial content and inquiry standards and teaching an increasingly diverse population of learners. Expert teachers, therefore, refine curriculum materials to be appropriate for their own students, contexts, objectives, and styles. New teachers need to learn to make the same kinds of adaptations, both while planning and during enactment, so preservice teachers need to be supported in developing beginning levels of proficiency with this task of teaching.”

(Davis, 2006, p. 349)
Curriculum developers should design materials that:

●  are educative of teachers 
Lynch et al (2005) cited statistics indicating that more than half of 8th grade science teachers rely primarily on textbooks to guide instruction. Ball and Cohen noted that this extended use, along with their concrete form, afforded curriculum materials a “uniquely intimate connection to teaching” (Ball & Cohen, 1996, p. 6). Despite these attributes, and for a variety of reasons, curriculum materials have not contributed to teachers’ professional practice as might be expected. Recently, attention has been focused on the role that curriculum materials might play in teachers’ learning during curricular enactment (Ball & Cohen, 1996; Davis & Krajcik, 2005; Schneider, Krajcik, & Marx, 2000). Educative qualities include explicitly helping teachers to anticipate and interpret student thinking including misconceptions, to relate different instructional units to each other throughout the year, to answer the question, “Why teach it this way?” Educative materials also provide suggestions as to how the materials can be adapted to better align with students’ prior knowledge and experiences. 
“It takes writing materials in such a way that they’re educative of teachers. Writing really substantive teachers’ guides that [say], ‘Now, I’ll tell you how we think about it and I think this is a good way to think about it.’ What you’re trying to do in the teachers’ guide is use classroom vignettes and things like that to open the teacher’s mind to the set of possibilities that a particular investigation has for kids.”

Glenda Lappan, CSMC, interviewed on Dec. 07/05

“So we do try, particularly around key situations, we try to be really explicit about things. We also try to provide a rationale … For me the educative thing isn’t just putting what you want the teachers to do in the materials, it’s really explaining why it’s important so that they’re left with some kind of cognitive residue with it.”

Joe Krajcik, CCMS, interviewed on Jan. 17/06

“It’s also important to have in mind what it is that one wants to be understood. And the curriculum materials need to be able to highlight what the understanding is that one is trying to build. And the biggest flaw in much of our curricular materials … is the inability to carry forward from one section to the next … And so we need to have curriculum materials in which ideas are developed and explicitly developed where later activities refer back to earlier activities and earlier activities anticipate later activities and the student knows this.”

Jerry Goldin, MetroMath, interviewed on Dec. 15/05

“We now have annotated versions of our teacher materials for the high school environmental science that would say, ‘This is an important and challenging reading.  Here is why it’s challenging for your students … And here are the reading-to -earn strategies we recommend you to use, or recommend you do, – a couple-entry journal on this reading, or you do annotations on that readings, so that’s the beginning of that kind of a thing.”

Danny Edelson, CCMS, interviewed on June 06/06

__

“To turn curriculum materials into a site for teachers’ learning would require a basic reconception of the designers’ work. Rather than conceiving the curriculum as ‘something for the students’ and the teacher’s guide as a merely and instructional manual for teachers, both would have to be considered as terrain for teachers’ learning. This would require learning how to design and develop written materials so as to be educative for teachers as well as students.”

(Ball & Cohen, 1996, p. 8)
“Educative curriculum materials should help to increase teachers’ knowledge in specific instances of instructional decision making but also help them develop more general knowledge that they can apply flexibly in new situations. Such a focus distinguishes educative curriculum materials from typical teachers’ guides, which include supports for teaching strategies but not for teacher learning, and from typical K-12 curriculum materials more generally, which aim mainly at promoting student learning.”

(Davis & Krajcik, 2005, p. 3)
“No program [of the nine selected for review] provided help for teachers to interpret student responses or specific guidance on how to make use of the information. Without explicit knowledge of the problematic ideas and reasoning that students have, it is unlikely that teachers will address student difficulties (Smith et al., 1993). The student texts did not explicitly address student ideas (Guzzettit et all., 1993), nor did teacher’s guides suggest activities that could help students with their difficulties, such as challenging student ideas in appropriate ways (Chin & Brewer, 1993); or extending commonly held ideas that have limited scope (Brown & Clement, 1992).”

(Kesidou & Roseman, 2002, p. 533)
“What are alternative ideas? 

     ▪They are scientifically inaccurate ideas that students hold. Some people call them misconceptions. 

     ▪They are based on previous experiences students have had. 

Why is it important to know the alternative ideas my students hold? 

     ▪Students often hold alternative ideas about science topics (also called misconceptions). These ideas are based on previous experiences they have had with the topic. 

     ▪Students tend to hold on very tightly to these ideas. In turn, these ideas greatly influence their learning. 

     ▪If alternative ideas are not addressed through instruction, they tend to remain.”

Curriculum Access System for Elementary Science (CASES), [http://cases.soe.umich.edu/]

●  are culturally accurate and authentic

Diverse groups of students should be represented realistically in curriculum materials. Accurate cultural information serves to fill in knowledge gaps as well as correct existing distortions (Gay, 2000). Though the initial burden rests with curriculum developers to design appropriate materials, teachers and students have important roles in interrogating the curriculum for “inaccuracies, omissions, and distortions” (Villegas & Lucas, 2002).

 “There are certain kinds of curriculum materials that I have seen that are insensitive to certain populations … I just felt that that particular context [voice mail] was not appropriate.  It was appropriate for a different population than the book was being used with. And there was an assumption made about who was going to be using that. I just think that in those cases you have to check your assumptions, when you are developing curriculum, who are you aiming at, who is this for.” 

CEMELA group, interviewed Feb. 02/06

__

“The quantity and quality of instructional materials play significant roles in shaping the student’s beliefs and attitudes. If curricular materials were developed with equity as their premise, then materials would present the pasts as well as the potential futures of their audiences with equal respect to women and men of diverse ethnicity. Illustrations and print would present modern women and men with equal frequency and in a variety of nontraditional roles. Language would not favor one gender over another. However, examination of curricular materials among researchers has revealed some disheartening information.”

(Bullock, 1997, p. 1022)
“Students who see their ethnic groups portrayed negatively in literary and trade books, television programs, movies, newspapers, and advertising may not value themselves or trust that schools will do anything differently. Unfortunately, their suspicions have been too often confirmed by racially biased instructional materials … All sources of curriculum content, both within and outside of schools, should be revised to be more accurate and inclusive in their representations of cultural diversity. Good information is a necessary element of culturally responsive teaching and the improvement in student achievement.”

(Gay, 2000, pp. 144-145)
●  consider the irregular attendance of some student populations

Certain groups of students are more likely than others to demonstrate variable school attendance. Recent data indicates that the children most likely to miss three or more days of school were those eligible for free or reduced-price lunch as well as ELL and Native American students (National Center for Education Statistics, 2006). Special consideration will be needed to provide a sense of continuity and autonomy in the curriculum for these learners.
“Our native students tend to maybe like inner cities students be very mobile and so and that partly has to do with their cultural heritage that they were people that traveled during the year and it partly has to do with economics … When we think about developing a science or math curriculum that it be developed in ways that somehow it goes with the student and even though we want a scope and sequence, but the truth of the matter is that these students are highly mobile and we’re probably not going to change that anytime very soon.” 

Elisabeth Swanson, CLT-West, interviewed Dec. 02/05

__

“Besides having different opportunities to learn [OTL] by being in different classrooms taught by different teachers and by being in different schools, students also differ in their opportunity to learn at the individual level. In this study, students’ attendance rate is treated as a student-level OTL variable. A student who is absent on the day of instruction has less opportunity to learn than his or her classmates even though it is generally assumed that they have the same opportunity.”

(Wang, 1998, p. 139)
 “In the few places where textbook evaluation is taken seriously, one can observe [that] textbooks are reviewed from the student's perspective as well as the teacher's. The evaluators address such questions as: ‘Would a student voluntarily read this book?’ or ‘If a student missed class, could he reasonably be expected to learn the missed material by reading the book? … The best textbook is a waste of time if the students cannot or will not read the book.”

(Tyson, 1997)
Teacher educators should:

●  examine ways to address issues of diversity with preservice and inservice teachers 

Teaching diverse students successfully encompasses, but is not limited to, adapting instructional practices and curriculum materials (Gay, 2002). Reflective and critical analysis of teacher beliefs and attitudes are also required (Bartolome, 1994; Bryan & Atwater, 2002; McGee Banks & Banks, 1995). Preservice teacher education and inservice professional development are important sites for acquiring important knowledge and facilitating desired transformations. Despite this, the needs of culturally diverse and ELL students are among the topics least frequently addressed in teacher professional development activities (Lynch, Kuipers, Pyke, & Szesze, 2005; National Center for Education Statistics, 2001)
 “[We are] trying to engage in professional development that makes good teachers more sensitive to what students know and what they bring to school.  Our emphasis has been a lot more on professional development than on curriculum. So, we really think the issues have to do a lot with the professional development of the teachers.” 

Tom Carpenter, DIME, Feb. 10/06

__

“Cultivating the competence and confidence needed to implement culturally responsive teaching should begin in preservice education programs and continue in inservice professional development programs. During preservice it should include acquiring information about culture characteristics and contributions, pedagogical principles, and methods and material for ethnic and cultural diversity. This knowledge should be complemented with learning experiences for teacher education students to critically examine existing paradigms of thought and practice to determine whether they can be modified to accommodate ethnic and cultural diversity, of if they need to be replaced.”

(Gay, 2000, p. 210)
“The disturbing reality is that many teachers continue to respond in ways that inadequately address the complexities of teaching and learning in a multicultural nation (Grant & Tate, 1995; Howard, 1999). When science teachers fail to appropriately respond to issues of diversity, they fail to provide equitable access to opportunities for achieving scientific literacy … Teacher educators bear in part the responsibility to assist teachers in examining their beliefs, helping them make explicit and become cognizant of those forces that have shaped the way they respond to increasingly diverse classrooms.”

(Bryan & Atwater, 2002, pp. 822-823)
“It would be unrealistic to expect teachers-to-be to develop the extensive and sophisticated pedagogical knowledge and skills of culturally responsive teachers during their preservice preparation. Such knowledge and skills develop only with experience. It is realistic, however, to expect prospective teachers to come away from their preservice teacher education programs with a vision of what culturally responsive teaching entails and an understanding of what culturally responsive teachers do.”

(Villegas & Lucas, 2002, p. 30)
“It seems difficult to generalize about modifications that should be made to curriculum materials for culturally and linguistically diverse students. Rather, the literature seems to suggest that the most promise lies in altering or tailoring the instructional environment in which curriculum materials are delivered to meet the needs of the students in a particular environment.”

(Lynch, Kuipers, Pyke, & Szesze, 2005, p. 916)
“Self-understanding, and knowledge of the histories, modal characteristics, and intragroup differences of ethnic groups are important competencies required for teachers to implement equity pedagogy. They provide a foundation for teachers to identify, create, and implement teaching strategies that enhance the academic achievement of students from both gender groups and from diverse racial, ethnic, and cultural groups. Equity pedagogy is not embodied in specific strategies. It is a process that locates students at the center of schooling.”

(McGee Banks & Banks, 1995, p. 157)
“The historical and present day academic underachievement of certain culturally and linguistically subordinated student populations in the United States … is often explained as resulting from the lack of cognitively, culturally, and/or linguistically appropriate teaching methods and educational programs … That is, the solution to the current underachievement of students from subordinated cultures is often reduced to finding the ‘right’ teaching methods, strategies, or prepackaged curricula that will work with students who do not respond to so-called ‘regular’ or ‘normal’ instruction … Although it is important to identify useful and promising instructional programs and strategies, it is erroneous to assume that blind replication of instructional programs or teacher mastery of particular teaching methods, in and of themselves, will guarantee successful student learning, especially when we are discussing populations that historically have been mistreated and miseducated by the schools.”

(Bartolome, 1994, pp. 173-174)
Policy makers should:

●  address the unequal distribution of resources adversely affecting minority students

Data analysis reveals that high-poverty schools are populated by disproportionately high numbers of Black, Hispanic, and Native American students (National Center for Education Statistics, 2006). Students who attend schools with high minority enrollments have a lower chance of getting a science teacher with desired teaching credentials (Glenn, 2000). Inadequately prepared science teachers tend to make poor use curriculum materials (Lynch, Kuipers, Pyke, & Szesze, 2005; Tyson, 1997). In combination, these conditions have a negative impact on student motivation and academic performance.

“Part of the problem with the students who are currently underserved by our schools is that it is a question of resources … Students of color attend schools where, for a variety of reasons, they have … more limited resources than students in wealthier districts.  This constrains the curriculum. It makes the curriculum much narrower and doesn’t deal with the deeper issues of developing really conceptual knowledge of mathematics and I presume science.  So I think a lot of the issues of trying to engage students is to try and provide more equitable situations for their schooling.” 

Tom Carpenter, DIME, interviewed Feb. 10/06

__

“The less skilled and experienced the teachers, the more they are likely to rely upon textbooks, and such teachers are concentrated in school districts where there is both more student diversity and poverty. Therefore, diverse learners are most apt to be at the mercy of poorly written tests and curriculum materials, and their teachers are least able to compensate for these weak materials due to lack of content knowledge and pedagogical skills.”

(Lynch, Kuipers, Pyke, & Szesze, 2005, p. 914)
“The achievement gap between English learners and their English-only counterparts can be attributed, in part, to a number of inequitable conditions that affect their opportunities to learn. Our own research  … leads us to identify … areas in which these students appear to receive a significantly inferior educational experience, even when compared to other low income students in the public schools.”

(Gandara, Rumberger, Maxwell-Jolly, & Callahan, 2003, p. 8)
Discussion

     This study has collected information and recommendations that will be of benefit to teacher educators, curriculum designers, and policy makers. Most of the bulleted themes have been clustered into the group that represents concerns of both curriculum designers which emphasizes the need for these two groups to work in a complementary way. Assessment development is an example of one such concern. Curriculum designers and teachers need to be sensitive to the way in which skills and knowledge are evaluated since the way in which academic success is defined may be culturally biased to the disadvantage of minority groups (Lee, 1999; Solano-Flores & Nelson-Barber, 2001). Assessment should support learning rather than point up differences. Therefore, formative assessment should be included as a central part of curriculum materials. Correspondingly, teacher educators should help prospective and practicing teachers learn how to use formative assessment to diagnose students’ stumbling blocks in learning science content and then identify and enact appropriate actions to support students in advancing past them.

     Close examination of the literature reveals other obstacles to developing curriculum materials and teacher education programs that address the science learning needs of diverse learners. For example, curriculum developers must decide what is the appropriate amount of teacher guidance to include in their materials (Davis & Krajcik, 2005). Offering choice provides teachers with the necessary flexibility to adapt materials to the needs of the local context. However, there is always the risk of deleterious adaptations that deviate from the materials’ intended instructional purposes. Though potentially helpful, extensive suggestions for modification will add significantly to the physical bulk of the materials. The level of scaffolding required will depend on the creativity of individual teachers as well as their prior teaching experiences and education. This degree of variation points to the need for further research into educative materials that addresses “which kinds of supports teachers want, need, and are willing to use” (Davis & Krajcik, 2005, p. 10). Again, curriculum developers can help teachers avoid creating damaging adaptations by including sufficient guidance about the ideas that constitute the essential elements of understanding of the particular concepts that comprise a unit or a sequence of lessons.


     Teacher educators face significant challenges in creating programs that develop meaningful and lasting effects. One problem with existing programs is that teachers’ negative attitudes and beliefs about students and their home environments may be left unexamined. Another obstacle is that, even when specifically addressed, teachers’ prejudices can be highly resistant to change. Bryan and Atwater noted that “despite instruction, teachers remain oblivious to the lives and communities of certain students” (2002, p. 832). Among the suggestions for research that the authors suggest is a search for activities that facilitate an explicit declaration and examination of beliefs among preservice teachers.

     To realize the vision of “science for all”, teacher educators, curriculum designers, and policy makers must articulate and confront remaining obstacles. An action plan is needed for foster additional research and to stimulate appropriate responses on the part of each of these three groups. A starting point for both curriculum developers and teacher educators is Project 2061’s categories and criteria for evaluating science and mathematics textbooks. This will enable a deeper understanding of the complexity of teachers’ work and how it can be enabled.
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