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ABSTRACT

Science “for all” programs have been advanced as the model for introducing and
maintaining high standards for science education in every classroom. While standards
documents have been an important equalizing force in education for the last twenty
years, disparities still exist across multiple student indicators in urban schools. Teaching
quality is one of the important factors that contribute to such outcomes and these
disparities raise the issue of equitable teaching practices, especially in science. A review
of the literature at the intersection of science education and urban education supports
the creation of a construct for equitable science teaching that goes beyond content-
narrowed “for all” pedagogies to more inclusive “by all” teaching approaches.
Scholarship on science teaching in urban settings frequently references reform and
efficacy beliefs to bound research questions. The task-specific nature of efficacy beliefs
as a construct makes it particularly useful for scrutinizing teaching practices. This
dissertation used case study methods to examine aspects of equitable science teaching
in an elementary school located in a small urban district in New Jersey. The research
design was based on models of collaborative action research. Three key informants in
two early childhood classrooms helped build understanding of teachers’ efficacy-related
beliefs about equitable science teaching over the course of one year (Spring 2008
through Spring 2009). Within case and between-case analysis of teaching beliefs and
practices were conducted. Key findings from the study suggest that it may be possible to

observe positive change in low efficacy in-service teachers’ beliefs and practices over



time. Data also suggest that providing non-evaluative support to teachers in the
classroom create optimal conditions for change toward equitable science teaching
beliefs and practices. Equitable science teaching challenges belief systems but allows for
practices to change organically and without prescription. Supports for equitable science
teaching that included immediate feedback, individual and small group reflection and
consistent use of specific tools designed to collect teacher-level data were shown to be
important elements for practicing teachers as they worked to build both efficacy beliefs
and equitable praxis. Implications for policy makers, teacher educators, administrators

and teachers are discussed.
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CHAPTER 1

INTRODUCTION

As the years go by it seems that | have done worst in the sciences, the
reasons being, my attention span and tolerance for being idle. When | say
‘my attention span’, | mean that when | get bored | acquire a short
attention span...when | say ‘my tolerance for being idle’, | mean my zero
tolerance for having nothing to do...In my science class no one helps me
other than to tell me to stay awake in class. But my friends help me to

stay on task... (Students, 2005)

There is mounting evidence from science education research that suggests that
teachers in many classrooms are not finding success when it comes to preparing their
students to do science in school or beyond. Even though students consistently take
college preparatory science courses during their pre-college years, fewer students are
motivated to take science classes, get involved in extra-curricular science programs or
reach a level of science proficiency as a result (Madigan, 1997). Fewer students are
persisting toward degrees in the sciences, technology and mathematics when compared
to other fields except for those related to careers in medicine (Committee on
Underrepresented Groups and the Expansion of the Science and Engineering Workforce
Pipeline, 2010; National Science Board, 2004; National Science Board, 2004; Vedder-
Weiss & Fortus, 2011). These data are especially true of impoverished, Black, Latino and
Indigenous populations in the United States (Darling-Hammond, 2007; Madigan, 1997;

National Center for Education Statistics, 2009). A strongly held view of school influence



on science participation suggests that teachers make the most significant impact on
student performance outcomes like motivation, proficiency on large-scale assessment,
sustained course-taking patterns, personal science agency or professional participation
(Aikenhead & Jegede, 1999; Alexakos, 2005; Barton, 2001; Haycock, 1998; Moore,
2002). Science teachers help shape students’ identity as doers of science (Beeton, 2007).
If the onus is placed on schools to develop the next generation of scientists, it becomes
clear that the teacher offers the greatest potential hope and the greatest potential risk

when it comes to creating high quality programs in effective schools.

In the debate over what constitutes highly qualified teachers for urban schools,
there is a significant body of theorizing and research that supports the need to integrate
subject-matter knowledge with culturally responsive pedagogies. This study is located
within that literature. Very little of this literature about subject-matter knowledge and
culturally responsive teaching, however, directly addresses science teaching. This
dissertation makes a small contribution in that direction. My awareness of this need (to
connect subject matter knowledge with culturally relevant pedagogy) grew out of my
experience as a science teacher in urban and suburban schools where minority students
consistently achieved and participated in science classes and programs well beneath
their White and Asian peers. Thus my discovery of academic literature that supported
my understanding was a pleasant confirmation that what | felt could be a legitimate
problem for reforms-based teaching. | was a science major in college and took an
alternate route to becoming a certified science teacher in the early-1990s, a time when

content standards for teaching were becoming part of the practical mainstream of



teacher expectations and daily language. | wanted to teach in ways that supported
young people from poor, minority communities and provided them the wherewithal to
be inquisitive young scientists, successful in science and pursue science-related
professions. | taught general science to urban students in federally-funded early access
programs for several years before becoming a fully-certified physical science teacher at

the school where | had received my high school diploma.

Over my seven-year tenure with my home school district, | saw a shift occur in
the recruitment of teachers to science that included me—I was probably among the first
wave of science-degreed teachers who was transitioning into teaching through an
alternate route program. As | developed my skills at teaching, | realized that what
worked in the classroom was a combination of science inquiry, cultural relevance and
relationship building—all things | later found in the literature. | used the ideas that were
emerging for me as viable teaching techniques as | served as cooperating teacher and
mentor to novice teachers. In the course of my graduate studies, | discovered both the
multicultural literature and the literature on teacher effectiveness, and realized that the
literature on teacher self-efficacy provided partial answers to the questions | had asked
myself as an urban science teacher, namely how was it that some teachers found ways
to engage, motivate and cultivate underrepresented students in science while others
could not. The questions this study addresses thus stand at the intersection between my
academic and experiential knowledge. That is, they arose out of my professional

experience and were confirmed as important issues in extant literatures.



RESEARCH QUESTIONS

One grand tour question frames the present study. How can science teaching in
urban schools be improved to reflect high quality practices? This question emerged
from conversations that school administrators had with me, a novice researcher,
experienced teacher and stakeholder in urban science education communities. As a
veteran teacher of science in urban and suburban teaching environments, | have gained
substantial experiences teaching science in diverse settings. Over the years, | have
adopted perspectives from my experience and from the research literature about what
works in urban classrooms. Wanting to better understand science teaching, | used the
invitation to come into an elementary school as an opportunity to test theories about
multicultural science education in this setting. | adopted a researcher-practitioner
stance, bringing my teacher self into the research context hoping to affirm my instincts
with empirical evidence. Two petit tour questions were used to examine science
teaching quality:

1. How can theories of equitable science teaching be used to promote change in
the classroom?
2. How do teachers’ efficacy-related beliefs about equitable science teaching

compare to their practices?

Literatures about urban classrooms sit squarely in the discourse about
differences. The various diversity ‘texts’ found in the “difference literatures” that define
urban science education (race/ethnicity, class, gender, ability/able-bodiedness, religion,

sociopolitical values or worldview and language diversity) formed the basis for my



examination of these questions. | served the research setting as a professional
development consultant and critical friend, a role which only became clearer as the
research progressed. The choice of using a methodology that involves interaction and
mutual learning between researcher and study participants was intentional. Largely
because collaboration is part of the ethical fabric of multicultural work, this research
study could fulfill the purpose of creating data that shed light on the research questions,
as well as support the professional growth of study participants as they worked to teach
science. Furthermore, research findings may be useful to many stakeholders—
administrators, policy makers, researchers and practitioners—as they work to make

sense of the complex milieu of science education reform.

Given the multifaceted nature of “science for all” teaching, two big ideas come
into focus when multicultural education literature is used as a lens on the problem of
science teaching in diverse contexts: equitable teaching practice and teachers’ efficacy
beliefs. Equitable teaching seeks to respond to multiple perspectives in the classroom by
creating an environment for student achievement and capacity building. The idea of
“equitable science teaching” is commonly bounded by a gender equity frame. Many of
the early work on equitable science teaching for example use gender as the primary text
for examining questions about representation (Bailey, Scantlebury, & Johnson, 1999;
Chatman, et al., 2008). Other texts have been made a part of the discourse including
language diversity (Lee, 2005) and even social-political dimensions of the teaching self
(Bianchini & Solomon, 2003). These “texts” (gender, language, social and political

beliefs), along with ability, religion, race, class and ethnicity have defined the field of



equitable education research in the last ten years. Looking at teaching and teachers may

be the best way to understand how these texts interact in the classroom.

MULTICULTURAL EDUCATION IN NEW JERSEY

New Jersey provides a unique context for studying problems associated with
equity in the schools. There is a long history in New Jersey of a policy response to
inequity that includes the formation of Abbott districts to address the disparity between
children educated in poor, urban school districts. Abbott districts are characterized by
their high-need status. Populated by students requiring “beyond the norm” educational
services, Abbott districts are mostly state-run schools with large percentages of poor
and minority students (Education Law Center, 2009b). Abbott districts were formed as a
result of litigation in the state on behalf of these poor students. Abbott districts are
characterized by community poverty and are closely monitored by state education
agencies. Two major policy strands of this litigation have particular relevance for the
present study: 1) policies that provide students with early exposure to science and 2)
standards-based education. In New Jersey, districts classified as Abbott districts have
full-day, state funded kindergarten for children who enroll (Education Law Center,
2009a). Additionally, kindergarten classes are formed for children that are three and
four years old. This gives students early exposure to formal school settings and multiple
opportunities to learn, early in their social and cognitive development. The second area
relevant to a discussion of quality science teaching in New Jersey relates to the
standards movement in New Jersey. Each strand will be discussed to help build

understanding about the research context.



State-supported preschool programs began in 1999 in the 31 former Abbott
districts [of NJ] as the result of a N.J. Supreme Court decision. Standards for the
preschool programs include a maximum class size of 15; certified teachers with early
childhood expertise; assistant teachers in every classroom; comprehensive services; and
a developmentally appropriate curriculum designed to meet learning standards. These
factors have been considered part of the best practices disposition in New Jersey
education (New Jersey, 2009b)

The second reason why the New Jersey context is so important relates to the
standards. In 1996, the State of New Jersey published and widely distributed a science
curriculum framework that included teaching resources designed to address the
specialized needs of diverse student groups. By 2010, the standards were revised to
reflect a clarification of the teaching standards that seems to have taken too much away
from the documents’ original strength, especially for urban schools. As the standards
documents evolved, clear differences in the language and structure of the documents
become apparent. Statements about expected learning outcomes from each publication
year are provided below:

e All students will develop an understanding of how people of various cultures
have contributed to the advancement of science and technology, and how major
discoveries and events have advanced science and technology (New Jersey State

Department of Education, 1996; 2004)



e All students will understand that science is both a body of knowledge and an
evidence-based, model-building enterprise that continually extends, refines, and
revises knowledge (New Jersey State Department of Education, 2009)
In the 2004 version of the standards, the authors write “science should be taught at all
levels with awareness of its connection to other subjects and the needs of society... The
standards also reflect the needs of the students and teachers of New Jersey...” (New
Jersey State Department of Education, 2004, p. E-2). Framing the changes to the
document as “habits of mind”, New Jersey follows principles advanced by national and
professional science learning communities to build change. Placing the needs of
students on par with needs of teachers makes New Jersey even more interesting from a

policy and education research perspective.

STATEMENT OF THE PROBLEM

Five key issues have informed the long-standing debate over science education
in urban schools: 1) disparaging impact of accountability policies (standards and
assessment) on science instruction in low performing schools; 2) multiple indicators of
low attainment among urban students in science and mathematics; 3) low incidence of
engaging (non-textbook based) science instruction at the elementary level; 4) consistent
and sustained underrepresentation of specific groups in STEM, especially low SES,
special needs and non-Asian racial/ethnic minority populations and 5) low science

teaching efficacy beliefs of urban elementary teachers. Teachers in urban classrooms



often find themselves on the ‘front line’ in the battle to improve science education in

the United States.

Teachers of science in urban classrooms have multiple indices to negotiate when
trying to ensure that all children learn science well. In addition to negotiating the
traditional references of race, ethnicity, gender and class differences, school-based
science programs must also take into account a new set of factors when trying to
guarantee equitable education for all students. These include socio-political value
differences that accompany immigration and regional fluidity, differences in student
ability/able-bodiedness, and worldview differences associated with both religion and
language diversity. | will refer to these factors as “diversity texts” to account for
symbolic and actual (implicit and explicit) beliefs and practices associated with them.
EQUITABLE TEACHING

In plain view is the need to “to ensure that poor or minority students are not
more likely than other students to be taught by unqualified or inexperienced teachers”
(Council of Chief State School Officers, 2010), a human resource related imperative in
the landscape of urban science education. However, an underlying issue is related to
how teachers deal with their own beliefs in light of these difficult teaching contexts.
What do teachers believe about their own ability to face and effectively address
challenges that emerge in the classroom? What do teachers believe about their
students? How do teachers build positive belief systems so that they can help promote

equity in the classroom?



In spite of a myriad of reform efforts to improve science education, there has not
been much positive change in twenty five years with regard to student outcomes. Over
the last twenty years, standards for content, facilities, teacher training, curricula and
technology have been put in place that are widely accepted as valid and have been
broadly implemented in the nation’s schools (Center for Science, Mathematics and
Engineering Education, 1996). These policies were designed to attend to at least two of
the dimensions—access and achievement—and serve as a precursor for the others.
“Science for all” initiatives however have not been the universal guarantor of quality
science they were anticipated to be for African American students or students of color
(Lynch S., 2001; Mtegi, 2011). Perhaps students do not consider science, technology,
engineering or mathematics (STEM) as viable career options because they do not feel
supported in the classroom—a factor of science identity formation that is facilitated by
teacher practices (Cooper, 1979). Perhaps they are not developing science habits
consistent with the nature of science or scientific methods because they have minimal
opportunities to learn authentic science in formal setting—a factor related to access.
“The science education community must shift from arguments for civil rights as shared
physical space in schools to demands for high-quality academic preparation that
includes opportunities to learn science” (Barton, 2002, p. 2). Perhaps urban students’
ability to apply science principles to complex natural and sociological problems is limited
because the funds of knowledge generated in out-of-school settings are not being
validated in school (Hammond, 2001; Mutegi, 2011; Rahm, 2008; Seiler, 2001;

Upadhyay, 2006). If the education research community is able to develop ways to
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support teachers so that they feel more prepared to teach in spite of difficult contexts, it

might be possible for them to develop this funds-of-knowledge approach.

TEACHER EFFICACY RESEARCH

Richard Sagor (2003) has described the feelings of impotence that struggling
teachers internalize as the “greatest single problem facing education today” (p. 111).
Potency as defined by the Merriam-Webster dictionary is the capacity to achieve a task.
Potency has as its secondary definition, efficacy. In an often-cited literature review from
more than twenty years ago, Woolfolk and Hoy conclude that “researchers have found
few consistent relationships between characteristics of teachers and the behavior or
learning of students. Teachers’ sense of efficacy...is an exception to this general rule”
(Woolfolk & Hoy, 1990, p. 81). Teacher self-efficacy has been studied as an individual
quality and as a corporate characteristic of schools and districts around two factors:
personal teaching efficacy beliefs and teaching outcome expectancy (Goddard, Hoy &
Hoy,2000). “The choices teachers make—the ways in which they exercise personal
agency—are strongly influenced by collective efficacy beliefs” (Goddard, Hoy, & Hoy,
2004, p. 3). Low teacher efficacy has been correlated to deficit models of education: as
Carter and his colleagues point out, “teachers with low efficacy will not take
responsibility for teaching all children” (Carter, Larke, Singleton-Taylor, & Santos, 2003,
p. 8). High efficacy beliefs have been correlated to positive change, goal fulfillment,
willingness to continue professional development and student performance (Berman &
McLaughlin, 1977) among many other important teacher qualities. When thinking about

the role of self-efficacy in the urban classroom, student diversity may influence how
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teachers perceive themselves and their students more than in homogeneous school

spaces.

We know that teachers’ efficacy beliefs are highly correlated with student
achievement; we also know that teaching practices matter when trying to develop
students for engagement in the science classroom. We have not been able to apply
what we know in such a way that the “perennial black-white achievement gap” in urban
science education narrows significantly (Brand, Glasson, & Green, 2006; Committee on
Underrepresented Groups and the Expansion of the Science and Engineering Workforce
Pipeline, 2010; Gutierrez, 2008; Moore, 2002; Norman, Ault, Bentz, & Meskimen, 2001).
These suppositions provide the social justice framework that grounds the problems
being explored in this study.

This study addresses teachers’ beliefs and practices in urban elementary schools
that support the goals of equitable science education. Equitable science education is an
important policy initiative that is contained in the statement of science for all. Equity is
implied in “for all” but has not been clearly defined. In particular, the literature is weak
on how to teach equitably in urban contexts characterized by diversities beyond gender.
This study creates a construct of equitable science education (ESE) that is relevant for
this context and is derived from a number of sources: (1) science for all (2) multicultural
science education (3) Banksian multicultural education--culturally responsive science
education) and (4) quality science teaching. Teachers’ beliefs, particularly efficacy
beliefs, describe beliefs about outcomes of their performance. Personal beliefs about
capacities to produce positive outcomes and outcome expectancies for diverse student

12



populations have particular relevance for the urban context. The urban context is
characterized by differences in race, class, worldview, and ability — all of these are
markers of cultural difference. There is a gap in the literature that addresses teachers’
beliefs and their practices and how these relate to science teaching in urban (diverse)
contexts. The study addresses this gap. Drawing from the literature that does address
equitable teaching in the science classroom, this study proposes that equitable science
teaching needs to understand the interconnection between teachers’ beliefs and

classroom practice in the urban context.

PURPOSE AND SIGNIFICANCE OF THE STUDY
The purpose of this study is to produce data that support the inclusion of

I”

diversity factors in “science for all” reforms as a twenty-first century paradigm. As
currently implemented, standards based reform aims to enhance quality instruction and
learning. The literature however suggests that it is an incomplete indicator of such
quality in the urban science classroom because it makes diversity invisible and thus only
partially addresses equity, or addresses it in ways that are not congruent with the
literature on teaching for diversity (Rodriguez, 1997; Settlage & Meadows, 2002). If we
say that equitable science teaching must meet standards based reform and we remove
diversity texts from the expectation of equitable science teaching then we change the
reason why teachers do what they do. In the evolution of the science teaching standards

from their conception in 1989 to wide scale implementation throughout the 1990s and

early 2000s, the science “for all” aspect of the discourse that includes cultural
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contributions has been extracted from documents that define quality science teaching.
For example, analysis of changes made in the science content standards for New Jersey
show how the (State of New Jersey Department of Education, 2010). This study hopes
to make a small contribution to putting it back into the agenda. It does so by addressing

the question at the level of the teacher and the classroom.

The present research design was developed to provide evidence of specific
classroom/teacher-level characteristics that have the potential to promote equity in the
urban science classroom. | have approached this study with a “funds of knowledge”
perspective (Barton, 2001), believing that multicultural science education—the use of
culturally responsive pedagogies in the science teaching context—offers the greatest
chance for equitable science teaching. Equitable science teaching provides opportunities
for students and teachers to build their beliefs about science and their capacity to do
science in school and beyond. Finding ways to support elementary teachers working in
an urban school was a primary interest of mine and is reflected in the methods | use to
examine and analyze data collected in this study. Realizing that equitable science
teaching must address access gaps, participation gaps and process gaps in urban
schools, results from the study may have great utility for district administrators and
policy makers who want to cultivate an environment where teachers feel empowered to
create change from their critical position as teachers. This study should have particular
significance to administrators seeking to develop professional development programs

for veteran teachers. Additionally, in-service teachers seeking to reflect on their own
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practice may want to apply the framework developed to further transform their

practice.

There are three major reasons why this study is important: 1) because science
education research should now be looking at the impact of twenty-five years of
concentrated reforms around national standards; 2) because science education research
often focuses on pre-service teachers and 3) because science education research should
probe why inequities and inequalities remain apparent in spite of years of policy
implementation around equity in the classroom. The importance of the study rests in
policies designed to create high performing schools in urban spaces at the classroom
level — school-level practices are impacted by larger efforts to see change. Simply using
reform policies without considering individual and collective cases limits the usefulness
of policy in the classroom. Teachers may adopt the vocabulary of change but fail to put

it into practice because there is no clear direction for implementation.

This study offers a holistic view of these issues from the vantage point of
teachers. In general, equitable education is defined by four dimensions: achievement,
access, identity and power (Gutierrez, 2008). There are multiple indicators in the
literature that suggest that science education is not equitable. In terms of achievement,
scrutiny of results from large scale assessments like the National Assessment of
Educational Progress (NAEP) reveal that “students in city schools score lower than
students elsewhere” (National Center for Education Statistics, 2011) in general but

especially in science. Equitable science teaching fits within the paradigm of “science for
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|II

all” education—a major reform movement of the 1990s. Over time, the movement has
matured to also reflect inquiry as the benchmark of quality science instruction. Inquiry,
the “gold standard” of science education reform in the new millennium (National

Research Council, 2000), is especially important when considering the needs of students

who enter the mainstream school science classroom from the margins.

Twenty-five years after the publication of Project 2061: Science for All

Americans, gaps in achievement between various critical populations of our society
continue to be a problem. “Given overall poor science performance and the persistent
gap in science outcomes between [White] mainstream and [Black, Latino, Indigenous,
impoverished and disabled populations] non-mainstream students in the United States,
there is a pressing need to address students’ cultural, linguistic and socioeconomic
circumstances in relation to science outcomes” (Lee & Luykx, 2006, p. 3). Much of the
research on science education in urban schools focuses on disparities in achievement
between groups of students (Norman, Ault, Bentz, & Meskimen, 2001). Additionally,
studies of urban science teachers tend to focus on pre-service teachers and/or teachers’
beliefs about various elements of science education, for example beliefs about learner
characteristics (Prime & Miranda, 2006, 2008). In general, there is a lack of research that
“guides the evaluation of teaching practices, planning and enacted curricula that
address the specific needs of urban classrooms” (Lavan & Beers, 2005, p. 147),

especially for in-service veteran teachers.
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Conducting research on what it means to practice equitable science teaching is
challenging because of the limited baseline that currently exists. Because “research on
diversity and equity in science education is a new and emerging literature” (Lee, 2005,
p. 512), studies that seek to demonstrate why this domain of the conversation on
science educational reform and policy deserves to remain a part of any viable research
agenda have great potential to help establish important policies for many years to
come. Much of the literature on equitable science teaching is theoretical in nature
making it difficult to make significant claims about keeping multicultural teacher
education in the foreground among a growing list of priorities for science teacher
training and a looming policy environment. However, this kind of research would seem
imperative if we consider how language diversity, ability differences, worldview diversity
and the ever-present gender, class and race differences interact to impact the
participation of all peoples in science classrooms. When all of these points are taken
together a research agenda for science teaching and learning in general (Kimble, Yager,
& Yager, 2006; Tatto, 1996), in the context of elementary school science (Stefanich,
1992) and more specifically for science education in a diverse/ multicultural post-

Industrial society (Atwater, 1996; Lee, 2005; Pomeroy, 1994) becomes clearer.

The next chapter examines literature that provides theoretical and research
perspectives on teachers’ self efficacy beliefs in the context of equitable science

teaching.
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CHAPTER 2

REVIEW OF RELEVANT LITERATURE

“Science for All”” appeals simultaneously to science educators concerned with
the inequitable practices and results of science education; as well as those who
view science education practice as a harmless victim of historical inequity rather
a dynamic contributor to it. What is more, who could (or would) argue against
““Science for All”’? In many ways it is a right-sounding slogan that appears to
contain all the political, social, and cultural ammunition for reformers to direct
the practice and policy of science education almost without question. This is,

however, exactly the problem (Mutegi, 2011, pp. 301-302).

As a society, most people understand why schools need to teach science to all
students; what we don’t know is how to teach science so that a critical mass of non-
White students will participate broadly in science, technology, engineering and
mathematics (Atwater & Wiggins, 1995; Mutegi, 2011). The above epigraph poses a key
qguestion; ‘who could or would argue against “science for all”’? This question implicitly
alerts us to the need to consider “science for all” in the context of “science by all” — that

is, a science education that is truly inclusive. Norton explains these concepts well:

To be inclusive means to invite in (emphasis added) all the many people who

have been shut out (emphasis added): Groups such as white women, women
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and men of color, lower class or poor people, LGBT people, differently abled
people, and those who are not inclined to be scientists but who need scientific
knowledge in order to make important decisions in their lives” (Norton, 2009, p.

ix).

Inclusive science education theory has its roots in feminist theory, critical race
theory and cultural studies of science education. The position | take as a researcher is in
full acknowledgement of my own bifurcated and multiple identities and the biases |
possess as a Black woman science learner and teacher located in an American middle-
class frame. | see examination of the question posed in the above epigraph (who would
argue against science for all) as being necessary for the twenty-first century transition
from “for all” science education to “by all” science education. A “by all” science teaching
paradigm combines standards-based education, inclusive school practices, culturally
responsive and transformative pedagogies as well as a dialogic and collaborative

approach to school reform and education research.

This chapter discusses these constructs and provides supports for a major
premise upon which this study is based, the paradigms of “by all” science teaching are
necessary in order to build teachers’ capacity 1) to work with a diversity of people and
2) to enact equitable teaching in the science classroom. This statement neatly describes
efficacy beliefs about and practices that endorse equitable science teaching, the major
ideas being explored in this study. The literature review that follows explores theoretical

and research perspectives for these two constructs using urban science classrooms as
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the context. First, | restate the problem as presented in Chapter 1 and crafted in the
literature. Then | provide details about two key studies related to urban science
teaching. Then | delineate the more general theoretical and research perspectives that

are presented in historical and recent literature.

THEORETICAL AND HISTORICAL PERSPECTIVES

The field of multicultural education emerged quickly and passionately... By the
early 1970s, ..., the field had embraced a set of core values and ideals that
provide conceptual clarity and power to its contemporary research and practice.
Yet, since its beginnings and continuing into the present, multi-cultural
education has been perceived as lacking definition and purpose posing a threat
to continued vision and accomplishment. The complexity seems invisible to
critics who ask for research studies to show that multicultural education works

(Bennett, 2001, p. 172).

In many ways, multicultural education has been orphaned by the contemporary
research community hoping to shed its image of being race and gender essentialist,
especially in the United States. In many other ways, multicultural education has been
adopted into a newer school of thought that casts the same work in a different light. For
the decades immediately following the Civil Rights movement in the United States
(between the 1960s and 1970s), multicultural education focused on race, ethnicity and
socioeconomic class. In the 1970s and 1980s, gender and able-bodiedness came into
focus because of a growing feminist movement and various forms of legislation
designed to secure the rights and safety of people with disabilities. In the late 1980s

through to the present, language diversity, political and religious worldview have
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shaped new discussions while also revitalizing old ones. These “diversity texts” are even
more impactful in the 21° century than they were in years past. The cumulative effect of
multiple texts stacked in the same body and magnified by the immediacy of technology
and information make the debate over multicultural education more relevant now than

in our recent history. Figure 1 provides a schematic view of this history.

1. Education for Equality/Equal
Education (1950s)
a. Socio-political reform of
schools
b. Contentreform
2. Multicultural Education
(1960s & 1970s)

a.  Waron poverty

Education for
Equality

Multicultural
Education

b.  Racially integrated schools
3. Science for All (1980s)

a.  Gender equity

b. Standards-based education
4. Equitable Science Education

(1990s)

a. Genderinclusion

h.  Ability awareness

c. language diversity

Equitable

5. Equitable Science Teaching Science
(2000s) Education
a. Beliefs

b. Practices]

Figure 1 Historical Context of Equitable Science Teaching (EST)

Sass (2011) presents a fairly comprehensive timeline that supports this view. The
reform of American schools that characterized education for equality in the 1950s
coupled science education content responses to Sputnik with socio-political responses
to Brown v. Board of Education. From the 1960s through to the 1980s, the education

reform landscape included residue of post-Civil Rights policies that were expanded to
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include gender and ability groups. The standards movement of the 1980s was the
solution that educators, policy makers, industrial scientists and academicians in
collaboration developed to respond to a growing concern over how to improve science
education. In the 1990s, widespread adoption of standards into the mainstream of
education research and policy implementation produced the “for all” movement that

remains today.

“For all” standards characterized pre-college education in the 1990s. Persell
(1994) advanced this argument for science education on the college level reminding us
that “however vague or divisive its language, the concepts of multiculturalism deeply
inform the current, still disparate efforts to improve science education” (p. 250) for
marginalized groups. His argument, based on dissimilar student participation in
academic or professional science, also applies to discussions about K-12 education and
the sixteen year “pipeline” required to grow science thinkers (Committee on
underrepresented groups, 2010; Greenfield, 1997; National Science Board, 2004;
National Science Foundation, 1996). Recent debates place teaching and teachers at the
center of this debate. According to the National Science Foundation (2010) teacher
quality is a major part of the challenge. They report a narrowing of achievement gaps by
race in general and at specific grades but confirm that underrepresented populations
are more likely to be taught mathematics and science by teachers that do not have
advanced or continued education beyond the bachelor’s degree. This report
underscores a few important contexts: the need to address the persistent gap in science
education resourcing in urban schools, the continual problem of student attrition for
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Black and Latino youth and the need for efforts to address science teaching in

elementary schools.

In the last ten years, the special demands, needs and interests of a society
increasingly dependent on technology where the population is characterized by
diversity—multiply different—have shaped new discussions. With a school population
formed by refugees and the children of undocumented workers, as well as the “familiar”
differences associated with racial, ethnic, class and linguistic diversity, contemporary
multicultural education must be defined differently. Equitable science teaching (EST) is a
construct that provides researchers with a context for understanding the beliefs and
practices, the choices and the responses that teachers make in light of the various

differences they face in the classroom must be reconsidered.

PARADIGM SHIFT FROM MULTICULTURAL EDUCATION

Equitable teaching fits along a continuum of ideas commonly associated with
multicultural education. In a comprehensive synthesis of scholarship on multicultural
education, Gay (1994, 2000) outlines the myriad of ways that multicultural education
(MCE) is described. Citing seminal works by James Bank, Christine Sleeter, Carl Grant
and others, Gay explains that whether constructed as an idea, a philosophy, a process, a
program, a reform or a set of priorities and practices, the definition of multicultural
education has evolved since its inception and is progressing toward clarity.

Among the most cited works on general multicultural education is the

scholarship of James Banks. His work is characterized by its typologies. Based initially on
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social studies education, his description of the various approaches to multicultural
education which were later called “levels of integration of multiculturalcontent (1993a)
helped the field understand the complex “Dimensions” (1993b) of multicultural
education, teacher stages of ethnicity (1976), and types of knowledge (1993b)
commonly developed by multicultural curricula and programs. Others have also used
what | call “Banksian Multicultural Education” as a basis for their own work including
Christine Sleeter & Carl Grant’s work on the “Approaches to Multicultural Education”,
Geneva Gay’s model of “Culturally Responsive Teaching” and Donna Ford’s model of
“Multiculturalism for gifted dducation”. Their works are commonly referenced for their
emphasis on educational equity and excellence, personal empowerment or attitudes
and value clarification particularly for students of color. An element that these works
share is their hierarchical organization. In each case a typology is presented that can be
used by theorists or practitioners to help organize discourse data—details about
interactions between teachers and students within a classroom. Table 1 below provides

a brief view of the development of Banks’ scholarship.
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Table 1 Banksian Multicultural Education Typologies: Short research timeline

Banksian Multicultural Education Description

The socio-cultural environment of e Bifurcated existence of ethnic youth

ethnic minority youth (1974) e School’s purpose linked to youth capacity
to border cross between sub-cultures

Levels of integration of e Contributions

multicultural content (1993a) e Additive

e Transformative
e Social Action

Dimensions of multicultural e Content integration
education (1993b) e Knowledge construction process
e Prejudice reduction
e Equity pedagogy
e Empowering school culture and social

structure
Types of knowledge (1993c) e Personal/cultural
e Popular

e Mainstream academic
e Transformative
e School

In 1974, James A. Banks set out to define contemporary multiculturalism as its
own discourse given the complexities of the changing sociopolitical landscape in the
United States. In a keynote address to the Association for Supervision and Curriculum
Development (ASCD), he indicated the need to establish “clarifying concepts” in the
debate over what multicultural education programs and curricula should be for ethnic
minorities enrolled in our nation’s schools. In the almost forty years since the need
emerged to establish this direction in the discourse, very little has changed in the way
minority children perform in schools. Multicultural education—in the form of inclusive

school practices—benefits all children but apparently not equally well; it may be argued
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that these practices have exacerbated the performance gaps between students. In
critical need content areas like science, inclusive school practices endorsed by
multicultural education may have had positive impact of some groups but minimal
impact on the intended population (Committee on Underrepresented Groups and the

Expansion of the Science and Engineering Workforce Pipeline, 2010).

The abbreviated view of the research and theoretical legacy James Banks has
provided to the field of multicultural education (described in Table 1 above) provides a
narrow view of the vast work that Banks has done. Perusal his personally selected

bibliography online (http://faculty.washington.edu/jbanks/selectpublications.htm)

underscores this point. His work helped establish the field early. Motivated by his
interest in addressing the needs of ethnic minority youth living and learning in cities at
the end of the Civil Rights Movement in the United States, Banks’ perspective was a
critical one. Sociology and research traditions that address specific conditions in urban
schools and Black students in particular rest on the legacies left by Carter G. Woodson

(Mis-education of the Negro, 1933), W.E.B. DuBois (Philadelphia Negro, 1899; Souls of

Black Folk, 1903), Kenneth B. Clark (Dark Ghetto: Dilemmas of Social Power, 1965) and

others throughout the late nineteenth and twentieth centuries. These researchers have
tried to understand education from within the Black community and have interrogated
power structures and hegemonic forces in place to subjugate minorities. Banks
represents for me a late twentieth century scholar whose work bridges two centuries.

His work continues to shape the research methodologies and theoretical underpinnings
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of work done to understand the education of Black youth in the same way that the

scholarship of Woodson, DuBois and Clark shape the sociological imagination.

Over the span of Banks’ research career, the shift in useful terminology to
describe/conceptualize the problem becomes clear. His work represents a necessary
synthesis of ideas at an almost grass-roots level. Banks was a theoretical pioneer for
multicultural education. He defined multicultural education as a viable means of reform
and helped scores of educational workers and researchers think about the unique
challenges that diversity presented from the perspective of a non-immigrant minority.
His work made room for a new lexicon that would come to include terms like “culturally
relevant pedagogy” and “equity pedagogy” among the various typologies he outlined
with his work. Besides providing the field with vocabulary to describe what was
happening and what should happen in schools, Banks took a typological approach to
theorizing that helped practitioners and key stakeholders use the theories being
developed in academic institutions. Several models of multicultural science education
have been presented that are clearly based on seminal works in Banks-informed
multicultural education research. For example, Martin & Atwater (1992) used Banks’
work to design a typology to identify and articulate characteristics of a multicultural
science teacher; they formed a hybrid model that combined much of Banks’ work on
culture and ethnicity. Martin & Atwater (1992) created a checklist of observable
characteristics to help delineate who multicultural science teachers are. The application

of this model to science teaching and learning makes this another important work in the
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arsenal of tools that researchers may use to evaluate socio-cultural elements in the
development of a competent and qualified science teaching force.
EQUITABLE SCIENCE TEACHING

The phrase “equitable science teaching” is relatively new in the language used to
describe science education reform. The earliest appearance of the term that | could find
among peer-reviewed literature appears well into the 1990s. Ardmbula-Greenfield &
Feldman (1997) of the University of Hawaii describe an in-service model of elementary
science teacher training that addresses effective teaching strategies for gender equity.
These researchers found that using a model of content and pedagogy training improved
teachers’ confidence in their ability to teach physical science while also improving
student performance. Another early appearance of the term is found in Bailey,
Scantlebury & Johnson (1999) in their study of equitable science teaching practices of
novice teachers. Like the previous study, Bailey et al. (1999) focus on gender equity.
These authors point toward a specific genesis to their research questions—professional
knowledge standards for science teacher education. By 2001, evidence of a research
agenda around equitable science teaching was apparent in the Journal of Research in
Science Teaching. In volume 38, the first of several publications co-edited by Angela
Calabrese Barton, a leader in urban science education research, address issues of equity
in the urban school context. Barton writes, “each article examines the extent to which
standards play a role in solving ongoing and pervasive problems of science education
such as access, motivation and engagement in urban schools” (Barton, Tobin, &

Gallagher, 2001). The literature reflects a reasonable lag behind the publication of the
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science education standards: from 1989 to 1997 the field had to catch up. This
movement however was not the first in science education reform. | have no doubt that
the movement was assisted by the legacy of a strong institutional memory embedded in
the work done by the American Association for the Advancement of Science. A short

review of “for all” science education history will help make that point clear.

“SCIENCE FOR ALL”: A HISTORICAL MOVEMENT OF SCIENCE EDUCATION REFORM

Sir Richard Gregory, long-standing editor of Nature magazine and president of
the British Association for the Advancement of Science wrote that “in science the most
appropriate instruction for a class as an entity must be that which expands the vision
and creates a spirit of reverence for nature and the poser of [humanity] and not that
which aims solely at training scientific investigators” (Gregory, 1922, p. 438). Gregory
realized the importance of cultivating student interest and creating opportunities for
school communities to build agency for the ordinary things that have a base in science
habits rather than science disciplines. Perusal of his writings and the catalogues
available for Science reveals that “for all” approaches to science teaching have been
around in the United States and Europe since the early 1900s. When the American

Association for the Advancement of Science published Project 2061: Science for All

Americans in 1989, they were in effect maintaining a view that they had held as an
organization for many years.

In 1993, the AAAS published Benchmarks for science literacy as a follow up to

the original work. This latter work transformed industry ideals into goals for K-12

schools. Since then, two publications have served as guides for standards-based
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education reform efforts in the United States and world, Benchmarks and the National

Research Council’s (1996) Science Education Standards. Three principles are advanced

by this movement: a principle of inquiry in science, a principle of equivocal achievement
through science literacy and a principle of equity--parallel participation—in science.
Formal science learning tends to start in elementary schools where “for all science”
teaching and learning is a standard for general education. Since the mid-1990s, the
National Science Teacher Association has centralized “Science for All” for the science
educator. In its Science Teacher publication, designed with a high school teaching
audience in mind, every volume has at least one dedicated issue for equity education
framed within the “for all” construct. This practice is demonstrative of NSTA’s
commitment to multicultural education and its belief in the value-added to the science
teachers’ tool box by being made aware of how equitable science teaching is
operationalized by other practitioners.

When formal science learning parallels early science learning, students have an
opportunity to learn science better. “When students’ own intellectual and cultural
resources are marginalized from the learning process, students may withdraw from that
process and have fewer and fewer opportunities to learn in school” (Lee & Luykx, 2006,
p. 78). All of these ideals are captured well by a recently published framework for
gender equity. In what the authors call “the triad framework” (Chatman, et al., 2008),
student goals, teaching goals and science goals interact to define quality science “for all”
and “by all”. This framework provides an action plan and rubric for key stakeholders to

follow as they build equitable science learning experiences for students. Simple things
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like using wait time, involving everyone in the feedback process, allowing students to
touch and feel and do, learning to see inequity and continually learning new things and
using them to improve teaching are among the most important teaching goals in the
triad framework. The idea behind the framework is this: as teachers accept this greater
responsibility to increase the decision-making capacity of students social justice
outcomes will emerge. The authors believe that students will become more scientifically
literate, critically aware of science uses in their everyday lives, technologically
competent and considerably more able to make informed decisions about their health,
the environment and their resources. Because early exposure to science in school is so
vitally important to building students’ capacity to do science outside of school, a focus

on elementary school teaching is important.

TEACHERS’ SELF-EFFICACY BELIEFS

Teacher efficacy is a pervasive construct in education research literature. It is not
uncommon for researchers to reference the thorough review of teacher efficacy
research published in 1998 by Tschannen-Moran, Hoy and Hoy for example. A more
recent review of teacher efficacy research problematizes the construct across several
domains and offers new insight relevant to the present study. Wheatley (2005) suggests
several limitations in self efficacy research including the predominant and often
exclusive use of quantitative measures and problems associated with self-referent
reporting, the improbable use of qualitative methods by researchers to build confidence

in quantitative data and the availability of few instruments to measure specific efficacy
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beliefs related to challenging teaching contexts like democratic teaching. In referring to
a highly specialized context like equitable science teaching, he writes “the vast majority
of scales do not explicitly reflect the goals and methods of democratic teaching. For
example, teachers could give themselves the highest self-ratings possible on the STEBI-
A, a popular science teaching efficacy scale, yet teach in traditional, teacher-dominated
ways. Thus, ‘science teaching efficacy’ may indicate nothing about teacher efficacy
beliefs regarding democratic, constructivist science teaching” (Wheatley, 2005, p.752).
Self-efficacy is a very well researched construct. The work of Albert Bandura to
understand the potential (and the limits) of research about efficacy remains among the
most often referenced works concerning beliefs. Bandura’s 1982 work “Self efficacy:
Mechanism of human agency” has been cited by 8482 publications according to Google

Scholar. His 1997 work, Self efficacy: The exercise of control, has been cited 16804

times. Gist & Mitchell (1992) do an exhaustive review of relevant literature concerning
self-efficacy. One thousand two hundred sixteen additional studies and conceptual
papers cite the Gist & Mitchell (1992) review according to Google Scholar (February,
2011). Numerous studies use the subscales of self-efficacy—personal self-efficacy and
outcome expectancy—proposed by Bandura to explain how subjects feel about their
own abilities/capacities to perform. There are three characteristics of efficacy that are
important for consideration. Efficacy beliefs are self-referent and task-specific (Bandura,
1982). It has also been suggested that teacher self-efficacy can be developed and

sustained individually or collectively (Evans, 2009; Goddard, Hoy & Hoy, 2000).
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There exists a gap in teacher self-efficacy beliefs research with regard to in-
service veteran teachers. Very few studies in the last ten years have attempted to study
experienced teachers’ beliefs especially teachers of science. An “all fields” search of the
literature in Academic Search Premier shows only ten unique studies between 2000 and
2011 when “teacher efficacy beliefs” and “in-service” are entered as search terms. Of
these studies, only three investigate the science teaching context and only one is
conducted in the United States. If “pre-service” is added to the search terms 24 hits
result compared to only two for “in-service contexts”. Similar results are produced when
the search is repeated using the ERIC database. Table 2 below provides a short summary
of search results.

Table 2 Teacher self-efficacy research gap: Keyword searchresults (April 2011)

ERIC Database Academic Search Premiere

Teacher self efficacy = 1804 hits Teacher self efficacy = 195 hits

+ Pre-service =457  +In-service =131 + Pre-service =24 + In-service = 2
+ Science = 136 + Science = 27 + Science =9 +Science =1
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Both databases show similar trends. The first trend is that teacher self efficacy is a major research theme in current
literature. The second trend is that research concerning the pre-service context is conducted much more than that which
concerns the in-service context. The third trend is that the science context creates a very small field.

Table 3 provides a summary of important work being done to investigate self-efficacy beliefs of practicing teachers.
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Table 3 Important self-efficacy research, practicing teachers

Researcher
Fortino et al.,
2002

Lee & Houseal,
2003

Description Study population Method

Impact of Elementary Qualitative with
professional teachers (grades  quantitative
development on 3 through 6); elements
teaching and students N =30

learning (general)

Internal (content  Veteran fifth Qualitative case
preparation, grade teachers study
confidence, from rural and

identity) and suburban schools
external

(resources,

student diversity,

support)

constraints to

elementary

science teaching

Key findings

Quality of teaching improved and
sustained when two or more teachers
in the same school/grade participate
in the same professional development
program

Integrated instruction (science and
literacy) improves student
achievement

Expanded teacher capacity
encouraged by content trained,
increases teacher efficacy which
improves teacher performance

Teachers’ comfort levels with teaching
science vary

Teachers’ response to resource
availability challenges were related to
efficacy beliefs; high-efficacy teachers
created kits and used community
others as resources

Standards and benchmarks act as an
additional constraint for low-efficacy
teacher

Low efficacy teacher used ‘best
practice’ language of reform (an
indication of knowledge) but
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Paul, Johnsen &
Goree, 2008

Posnanski, 2002

Differences in
efficacy of high
and low scoring
teachers: impact
of mentoring
relationship

Impact of
reform-attendant
professional
development on
teaching and
learning (science)

Early career
teachers (1% or
2" year);
mentors and
principals

Urban
elementary
teachers (grades
K through 6)
enrolled in
professional
development
program

Qualitative with
quantitative
elements

n =10 (Five high
efficacy
teachers and
five low efficacy
teachers)

Mixed methods
(STEBI-A and
open-ended
surveys)

n=31

behaviors did not align with implied
beliefs

Typology of mentoring associated
with high and low efficacy teachers
Collaboration with other teachers
within the same subject or grade,
including mentors and other teaching
colleagues, impacted efficacy scores

Content training helped teachers
understand nuanced differences
between hands-on teaching and
inquiry

Attention to equity and diversity in
training helped teachers understand
appropriate modifications for own
classrooms

Changes in outcome expectancy were
not significant
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In general, self-efficacy is developed through enactive mastery (personal
attainment), vicarious experience (modeling), verbal persuasion and physiological
arousal (anxiety), ideas that have been discussed by several researchers (Bandura, 1977,
1982, 1997; Gist & Mitchell, 1992; Tschannen-Moran & Hoy, 2001). Self-efficacy
influences individual choices, goals, emotional reactions, effort, coping and persistence”
(Gist & Mitchell, 1992, p. 186) changing with every learning opportunity, experience and
feedback input. In the context of veteran classroom teachers who may not be fully
aware of the attitudes, behaviors or actions that limit their capacity to be effective with
their students, self-efficacy represents an important motivational construct. After
studying veteran teachers in Singapore for example, Yeo et al. (2008) conclude that
there is sufficient “need to support the renewal of mind and heart for teaching amongst
experienced teachers who have fought long and hard” (p. 202) in difficult teaching
contexts. Unlike their novice-teacher peers, this group of veteran teachers felt less able
to impact change with their students. Given this context, studying veteran and in-service
teachers’ efficacy beliefs seems critically important.

In a study of 188 general educators, Soodak, Podell & Lehman (1998) report that
“teachers with a high sense of efficacy were more likely to recommend regular
education placement and were less likely to be influenced by factors unrelated to
student achievement, such as student background (e.g., SES), when making placement
decisions”. There is sufficient evidence that teacher efficacy beliefs play a critically
important role in determining teacher qualities of particular interest and application for

the present study. Figure 2 summarizes the history of teacher efficacy research.
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Rotter (1966) Locus of control

Bandura (1977) Social cognitive theory

Gibson & Dembo

RAND Corporation *(1976, 1977) Teacher (1984) Teacher
efficacy, two-item instrument efficacy, sixteen-item
instrument

N

\_ r,"

Berman & McLaughlin Riggs & Enochs (1990) |

Ashton, Webb & Doda (1977) Surveys, Science teacher efficacy
(1982, 1986) Vignettes observations & beliefs instrument
interviews [STEBI]
A\ AN A

Ritter (1999) Self
efficacy beliefs about

Equitable Science
Teaching [SEBEST]

*RAND Studies of 1976 were conducted by Armor et al.

Figure 2 Studying self-efficacy

The first two levels of the diagram show overarching theoretical frames used to
shape teacher efficacy research. Work done by Rotter on locus of control informed
Bandura’s work on social cognitive theory. Locus of control is a construct that describes
a person’s belief about what happens in life and how these beliefs predict behavior.

Locus of control has two scales, internal and external. These scales are related to

38



outcome expectancy (Rotter, 1975). Rotter explains that “generalized expectancy is
arbitrary [and argues that] the more narrowly we define our generalized expectancy,
the higher the prediction that results” (pp. 58-59).

Bandura’s work on social cognitive theory helped distinguish learning from other
types of performance in the shaping of beliefs. Bandura (1977) explains that “not only
can perceived self-efficacy have directive influence on choice of activities and settings,
but, through expectations of eventual success, it can affect coping efforts once they are
initiated” (p. 194). Initial work done by the RAND Corporation (Armor et al., 1976) to
measure teacher efficacy with a simple tool led to additional work by two teams from
RAND working to establish the absolute the utility of teacher efficacy as a construct.
The initial instrument had only two items to help determine teacher efficacy. Other
teams worked to confirm initial findings: that teacher efficacy could be measured with
just two items. The earliest teams to publish studies about teacher efficacy included
Ashton, Webb and Doda (1982). This team of researchers helped create vignettes—
narrative descriptions of teaching—that are still widely used today. The vignettes allow
for simple data analysis of scores and detailed examination of thoughts and beliefs
about individual teaching scenarios.

A second team of researchers at RAND Corporation (Berman & McLaughlin,
1977) helped the field understand what measures of teacher efficacy mean. By studying
a purposive sample of teachers and collecting both quantitative and qualitative data,
Berman & MclLaughlin found that high efficacy was correlated to positive change, goal

fulfillment, willingness to continue professional development and student performance.
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The RAND work provided the field with new tools and strategies for looking at teacher
efficacy that remain useful almost forty years after the original work. The present study
is patterned after the early studies conducted by RAND. The research design includes
use of vignettes and mixed methods as tools for understanding teacher efficacy.

The work done by Gibson & Dembo (1984) also helped provide meaning for the teacher
efficacy construct. They worked to define general teaching efficacy and built a sixteen-
item instrument for their teacher efficacy scale. Using Likert scales for the items, their
work allowed for the measure of teacher efficacy quantitatively.The Science Teachers
Efficacy Beliefs Instrument (STEBI) was based on this model. Henson (2001a) makes a
strong point about self efficacy research and the development of instruments around
self efficacy. “As might be expected from an instrument that serves two theoretical
masters, the study of teacher efficacy has suffered an adolescent identity crisis as
researchers have struggled to clarify the construct” ( p. 6). Each iteration of the model
gets more specific, a quality that both Rotter (1975) and Bandura (1997) have suggested

is necessary to maintain validity of the construct.

SCIENCE TEACHERS’ SELF-EFFICACY BELIEFS

Riggs & Enochs (1990) helped change the way research is done about teachers’
beliefs by taking Bandura’s social cognitive model and applying it to the more narrowly
focused field created by scrutinizing science teaching, science teachers and their
beliefs. According to Bandura, “Cognitive models serve as guides for the production of
skilled action and as internal standards for making corrective adjustments in the

development of behavioral proficiency” (Bandura, 1997, p. 34). According to this model,
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there is an undeniable connection between what we believe, what we understand to be
true and what we do. Bandura’s work can be considered seminal because it is among
the most often cited reference of self-efficacy research (a February 2011 search reveals
that 15614 publications cite this title); even still, it is not without its critics. Most of the
critiques of the work challenge the inappropriate use of the model rather than as a
concept, suggesting that efficacy may not be the only mediator between beliefs and
behavior (Biglan, 1997) or that common and broad, uninformed uses misrepresent
efficacy as effectiveness (Tschannen-Moran & Hoy, 2001; Woolfolk & Hoy, 1990).

Based on scholarship reported by several researchers including Carter et al.
(2003), Chatman, et al. (2008); Haberman (2004), Tschannen-Moran & Hoy (2001), Kahle
(1998) and Settlage & Southerland (2007), | developed a side-by-side view of indicators
for each construct (see Table 4). Seeing school as a connector rather than as a displacer
(replacer) of personal knowledge and beliefs is one teacher action characteristic of high
teacher efficacy about equity. Having a list of observable characteristics for both
constructs is critical for building understanding. The lists include only those indicators
referenced in the literature over the last ten years. Because so many of these works cite
the seminal works and/or base their theoretical frames on the seminal works, they are

not referenced individually here.
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Table 4 Teacher Efficacy & Equitable Science Teaching: Capturing two elusive

constructs

Characteristics of High Teacher Efficacy as
described in Carter, Larke, Singleton-
Taylor, & Santos (2003), Haberman (2004),
Lee & Houseal (2003) and Tschannen-
Moran & Hoy (2001)

Characteristics of Equitable Science
Teaching as described in Chatman et al.
(2008), Settlage & Southerland (2007) and
Stephens (2001)

Accepts responsibility for teaching
all students

Values reading, inquiry, thinking
and reasoning

Challenges students to move
toward social justice penchant
Greater levels of planning and
organization

Open to new ideas

Open to instructional
“experiments” that show direct
student benefit

Less critical response to student
errors

Willingness to work longer with
struggling students

Fewer referrals to special
education

Greater commitment to teaching
More likely to stay in teaching
profession

High level of enthusiasm for
teaching

Willingness to continue
professional development activities
Use of media rich lessons and
formative assessment

Fun teaching/learning context

e Structuring activities to engage all
of my students in science talk

e Planning specific strategies for
small- and large-group discussion

e Creating opportunities for students
to share/compare results

e Answering questions with
questions

e Providing multiple exposures to
and opportunities to learn science
content through various content
areas, home and school contexts
(access/ instructional congruence);
multi-/ inter- disciplinary

e Multiple supports for student and
teacher learning and engagement
in science (retention)

e Based in strong policies like
standards-based instruction and
authentic assessment

e Similar and/or appropriate levels of
attention paid to student needs

¢ Involving local experts

Having a list of clear indicators of equity-attendant teacher efficacy behaviors and

practices makes classroom observation and transformation much easier for researchers
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and practitioners. Indicators from this list were used to judge both the teaching efficacy
beliefs and the teaching practices in support of equity at the current research site.

Lee & Houseal (2003) report interesting results about the relationship between
standards-based science instruction, efficacy and the elementary science teaching
context. In their case study of four teachers, they discovered that standards-based
reforms had a constraining effect on the efficacy beliefs and practices of teachers. Along
the continuum from high efficacy beliefs to low efficacy beliefs, they identify a unique
disposition associated with mid-range beliefs. The teacher whose beliefs and practices
were in the middle of the continuum felt “locked into the curriculum” (p. 51) in a way
that the high efficacy teachers were not. Content knowledge constraints were only a
factor in the case of the low efficacy teacher. High efficacy teachers were more likely to
create their own inquiry kits, engage authentic science activities, employ a diversity of
interdisciplinary teaching techniques and invite outside stakeholders into the classroom.
DIVERSITY “TEXTS” IN URBAN SCIENCE EDUCATION

In defining inclusive science education, Norton (2009) outlines several factors
that must be addressed in diverse settings which include institutional changes in the
way science, technology, engineering and mathematics (STEM) processes and products
are created by our society. These factors help frame “for all science”. When students
engage in school science in the twenty-first century, it almost always involves a regular
hands-on experience for students. When these experiences are based on scientific
methodologies and/or grow from students’ curiosities, they can be considered inquiry.

“Teaching science through inquiry shifts expectations of a student’s role in learning from
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that of consumer toward that of producer, sharing in the excitement of creating
knowledge through science” (Pelaez & Gonzalez, 2002, p. 161). Inquiry is the desired
norm of quality science teaching (National Research Council, 1996) and must be
factored into any appropriate definition for equitable science teaching. This kind of
school science is different from superficial hands-on science; it is a ‘minds-on’ science
that is cognitively rich while also physically engaging. Characterized by active
collaboration, inductive approaches to instruction that are based on students’ own
knowledge store (Settlage, Southerland, Smith, & Ceglie, 2009), rich questions and
relevance, a model of “for all” school science should increase student potential for

involvement in science.

RESPONDING TO SCIENCE EDUCATION CRISES WITH CULTURALLY RESPONSIVE
TEACHING

In urban elementary school settings, science consistently is among the lowest
resourced content area in terms of instructional time, highly qualified teacher
distribution, curriculum resources, technology or equipment (Haberman, 2004; Hewson
et al., 2001; Kahle, 1998; McMurrer, 2008). Added pressures being placed on teachers
to incorporate more language arts and mathematics instruction into the school day in
the high-stakes testing environments that typify the present school-society structure
also places limits on science instruction. In a study based on national data collected
from a variety of districts exploring instructional time, McMurrer (2008) explains that
since 2001-2002, 28% of the elementary schools studied (N = 349) decreased the

amount of time dedicated to science instruction. Almost 66% of the schools reported a
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decrease of between 25 and 49 minutes per week when science instructional time was
decreased AND mathematics/literacy instruction times were increased. Schools located
in impoverished communities where funding is calculated based on test performance
data are the most likely group to be represented in schools like those characterized by
McMurrer. Commonly referred to as ‘high needs’ schools (McREL, 2005) or ‘high
poverty’ schools (Aud, et al., 2010), many urban schools are characterized by limits and
constraints on a personal/family and community level; these schools are often times the
site of accountability conditions that require several rounds of high stakes testing as

part of their funding formula.

Resource distribution seems a reasonable organizing factor to describe
challenges faced in these environments. In a two-year case study in an urban school,
Maulucci (2010) identified several factors that may explain why science is marginalized
in urban schools: lack of material, cultural, social and symbolic resources, privileging of
literacy and math in the curriculum, limited school-based professional development and
the implied devaluation of science by administrators who urge teachers to do test
preparation during allocated science instructional time or by not holding teachers

accountable for student work in science.

NEGOTIATING DIVERSITY TEXTS IN THE SCIENCE CLASSROOM

Although Maulucci’s (2010) overarching research question interrogated how
urban teachers frame teaching for social justice in science education, additional

research might simply ask “how do schools divide resources to meet the tremendous
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needs of each constituency represented in the classroom”? The schools must rely on
teachers in order to do it. Teachers must learn to ‘read’ the various “texts” being
projected by a wide diversity of students and make choices about teaching and learning
as they respond. Issues of race and ethnicity, gender and class are major parts of these
texts that make up the multicultural context of urban classrooms. In recent years—
thanks in part to new technologies that enable global transience and access to
schooling, schools and teachers have to also think about issues of religious worldview,
language and ability, and able-bodiedness like never before. “The criteria for choosing
the appropriate teaching methods, that could aid children with intellectual disability
acquire and apply knowledge related to science in a functional way, is a major issue for
the teacher” (Stavroussi, Papalexopoulos, & Vavougios, 2010, p. 106). All of these texts
(race, ethnicity, gender, class, religion, language, ability and able-bodiedness) have
cultural norms—socially constructed ways of knowing and being—assigned to them.
“Across cultural groups, there is a broadly held public acceptance of supernatural,
spiritual, or animistic views of the working of nature. These views appear strongest
among non-mainstream [science] students” (Lee & Buxton, 2010, p. 47), students from
under-represented populations. Teachers must be more culturally responsive to these
norms in their thinking about teaching and learning. Using culturally responsive
teaching (Gay, 2000) as a guide for science education reform helps ground issues of this
discourse about access and participation for all in the context of by all education.

The race, culture, ethnicity, individuality and intellectuality of students are not
discrete attributes that can be neatly assigned to separate categories, some to

be ignored while others are tended to. Instead, they are inseparably interrelated;
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all must be carefully understood, and the insights gleaned from this
understanding should be the driving force for the redesign of education for

cultural diversity (p. 14).

When culturally responsive teaching is delivered, multiple strategies and various
curricula are engaged to facilitate learning. Culturally responsive teachers recognize the
multidimensional and dynamic nature of culture which they use to make choices in the
classroom. Culturally responsive teachers draw from formal plans based on education
standards, media messages and societal norms as well as symbolic curricula represented
by their selection of decorum, supplemental materials and bulletin board space. Gay
adds that “Culturally responsive teachers are critically conscious of the power of the
symbolic curriculum as an instrument of teaching and use it to help convey important
information, values, and actions...” (Gay, 2002, p. 108). Culturally responsive teachers
realize that cultural features are “approximations of reality [that provide] templates
through which actual behaviors of individuals can be filtered in search of alternative
explanations and deeper meanings” (Gay, 2000, p. 11). Although Gay describes race,
ethnicity, gender, socioeconomic status and language in great detail in most of her
works, other factors have emerged in related literature that include ability and able-
bodiedness, religion and socio-political values. Culturally responsive pedagogy fits within
the context of equitable science teaching. “Culturally responsive pedagogy works to
redistribute authority because it specifically recognizes and addresses systematic power
relations in the classroom and the larger social context” (Patchen & Cox-Petersen, 2008,
p. 996) associated with race and class, gender and language and the worldview

hierarchies that remain evident in our present social structure. Patchen & Cox-Petersen
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(2008) describe interactive constructivist and culturally responsive teaching in the
science classrooms for the two teachers they studied. This model of culturally
responsive science teaching includes a focus on language-oriented practices and multi-
disciplinary activities, and is inquiry-based, collaborative, rich in debate and discussion
while also allowing for private reflection and hands-on experiences. Perhaps what this
model does is begin to create a list of observable science teaching behaviors, practices
and events that may lead to equity in the classroom. Each of these factors attends to
diversity texts in meaningful ways. A short list of publications that address the diversity

texts in science classrooms is provided in Table 5.

Table 5 Research concerning diversity “texts” in science classrooms

Diversity text in the Citation
science classroom

Ability/able-bodiedness = Cawley, Hayden, Cade, & Baker-Kroczynski (2002);
Grubine & Alden (2006); Kirch, Bargerhuff, Cowan &
Wheatly (2007); Norman, Caseau & Stefanich (1998)

Religious worldview Fysh & Lucas (1998); Maulucci (2010) ; Wolff-Michael Roth
(2010)
Social-political self Bianchini & Solomon, 2003

Although the articles referenced in the table are not reviewed, each citation helps to
establish the relevance of these factors in the context of diversity while also providing a
perspective on each of the texts. Socio-cultural perspectives of science education are

the overarching theme under which these “texts” fall. “Viewing science, science
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education and science education research as human social activities within institutional

and cultural frameworks” (Lemke, 2001, p. 296) shape this perspective.

Among the more traditional views (race, ethnicity, gender and socioeconomic
class) are the more contemporary considerations of able-bodiedness and ability,
language, religion/spiritual value differences and beliefs. Teachers in urban settings
negotiate these texts and messages about their students even as they reconcile their
own beliefs about themselves and the conditions their schools create (Bianchini &
Solomon, 2003). In recent scholarship, the urban science education context is getting
much more attention. Ohkee Lee, whose research examines linguistic differences in the
classroom, has assembled several research teams to examine language as a diversity
text. Another researcher, Wolff-Michael Roth has compiled twenty-one articles that
explore the topic of science and religion across content domains and from an

international perspective in a special issue of Cultural Studies of Science Education.

Changes in reporting categories on the most recent publication of the Nation’s
Report Card (also called A Report on the National Assessment of Educational Progress,
NAEP) in Science incorporate information about special needs populations that had not
been previously integrated into general reporting categories; language and special
education resources are now reported adjacent to race, gender and class data. Inclusion
of data about English Language Learners and children with disabilities among data
reported around race/ethnicity, gender, socioeconomic class and region (urban versus

non-urban schools) in the NAEP reports has been in the making for many years. Perusal
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of a list of publications available about the NAEP in Science reveals that as early as 1996,
reports about increasing the participation of special needs populations have been
published. It has taken until now with the most recent reporting based on 2009 data to
include special needs groups (English Language Learners and Special Education
students) in both the national and trial urban data sets (United States Department of
Education, 2011). Moving from the general view to the specific context of multicultural
science education is important and has become more prominent in the literature about
special education and science education (Committee on Underrepresented Groups and
the Expansion of the Science and Engineering Workforce Pipeline, 2010; National Center
for Education Statistics, 2011) and in the context of globalization (Alexakos, 2009; Carter
L., 2010; Soodak, Podell, & Lehman, 1998; Tobin, 2008). Teachers in global cities will
have the task of addressing these texts in novel ways if they hope to establish equitable

education in the 21 century.

Urban teachers of science: managing beliefs, resources and building capacity

Lynch (2000) described how teachers’ challenges in urban schools are both
varied and complex: resources and capacity building represent one type of challenge.
Teachers’ diminished self-efficacy and insecurity represent another type of challenge.
Citing several studies, Finson (2001) reports that when science teachers, particularly at
the elementary level, have negative attitudes and low comfort levels with content or
pedagogies associated with science teaching, this discomfort “tends to lead to the

sporadic teaching of science, the teaching of science during inadequate blocks of time,
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or the omission of science instruction from the school day” (p. 31). In general,
elementary teachers are responsible for teaching all content areas; yet their beliefs
about their own ability to impact student achievement in science (or any other student
outcomes in science) do not suggest high expectations for their students or high
outcome expectancy for themselves, especially when working in diverse settings.
Brophy (1983) explains that teachers’ conceptual views about and definitions
concerning their role as teacher shapes their expectations. He describes that because
elementary teachers tend to see themselves mostly as socializers (or having the
responsibility to socialize students) in the classroom, their behaviors may lead to fewer
opportunities to learn science but also greater student achievement, a key finding with

significant implications for the present study.

Over the years, many of the benchmark behaviors associated with Finson’s
(2001) model have come to also be associated with poverty pedagogies (Haberman,
1991; 2004). Benchmark behaviors like increased degree of student participation,
greater student interactivity with content, slower and more intentional delivery of
content are promising and point to a teacher model Haberman (2004b) describes as
STAR teachers: teachers who are avid learners, work with others and recognize the
imperative for student success “who see their classrooms as laboratories rather than

museums” (p. 50).

Studies of teachers in urban school environments often place priority on the

evaluation of teaching quality or teacher effectiveness. Sachs (2004) for example
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studied the relationship between teacher attributes and teacher effectiveness. In his
comparative study of urban elementary teachers identified as effective and ineffective
by school administrators, seven teacher attributes were found to be related to specific
urban teaching qualities: risk to personal safety, risk-taking, socio-cultural awareness,
contextual interpersonal skills, cultural responsiveness, self understanding and
perceived efficacy. Of these factors, socio-cultural awareness, risk to personal safety and
perceived efficacy showed the greatest reliability as measured by Cronbach alpha
scores. These factors measured 0.80, 0.72 and 0.80 respectively. Defining urban teacher
effectiveness using these factors seems a reasonable strategy for defining this quality.
Sachs also argues that less effective teachers may develop strategies for resilience and
survival in the classroom while highly effective teachers use the challenges they face to
create positive learning environments. He draws this conclusion because he found that
both ineffective and effective teachers say the same things when asked about their
beliefs. He provides several explanations for this unexpected result including the
possibility that “ineffective teachers may give socially desirable responses regarding
their beliefs that do not match their practice” (p. 184). This finding raises particularly
important questions about how research of urban teaching should be handled,
especially when it concerns beliefs and practices.

Brophy (1983) reports that teachers with higher expectations know their
students better and integrate opportunities for fun into their instruction but not without
its consequences. In this kind of classroom (where the teacher defines the teaching role

around socializing) there were fewer opportunities to learn content because of the
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emphasis on supporting students. Supporting students in the ways described might be
considered culturally responsive scaffolding. In order to transform culturally responsive
scaffolding into equitable science teaching, ways to develop STAR teachers (Haberman,
2004b) must be uncovered.

Professional development is an established base for building teachers so that
they can impact student achievement (Bianchini & Brenner, 2010; Joyce & Showers,
2002; Loucks-Horsley, 2003). When teachers feel prepared they exhibit traits of high
guality teachers (Lewis, et al., 1999) and feel more efficacious (Riggs & Enochs, 1990).
Finding ways to help in-service elementary teachers of science feel better prepared to
do the work of urban science education, engaging each domain of the diversity texts
above, has the potential of deeply impacting the science learning experiences of urban
students in the classroom for positive change. Unfortunately, the “science for all” ideal
is jeopardized in classrooms where teachers do not believe that they have the capacity
to affect student learning. Perhaps the field should follow the argument made by Sachs
(2004) that suggests “it may be more productive for researchers to focus on how to
affirm, support and develop culturally relevant pedagogy to increase the effectiveness
of all urban teachers” (p. 185). The next two sections of the chapter present my
approach to the literature search around urban teacher efficacy, science teaching and

equity.
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Setting the stage: extant research of urban teacher efficacy, science teaching and
equity

Equity is a rather amorphous term in the body of scholarship that addresses
education; in many ways, what equity means is determined by the user of the term.
Nevertheless, an important idea to keep in mind is that in spite of not having an
essential meaning, equity like democracy can be defined in real social contexts that are
largely based on power relations (Apple, 1995).

In the science classroom, students and teachers interact in ways that may either
build understanding or contribute to misconceptions; students will likely either develop
skills and habits that support life-long learning and capacity building or develop
attitudes and beliefs about science that harbor fear and ignorance. Teachers leverage a
tremendous amount of power in the classroom. Equitable systems of science education,
which include the teacher, will create opportunities for students by providing resources,
access and opportunities to learn quality science without regard to class, gender, culture
or able-bodiedness/ability allowing for high achievement and retention of students in
science throughout their education (Bay, Staver, Bryan, & Hale, 1992; Kahle, 1998; Kahle
& Kelly, 2001) and life. Equitable systems of science education will provide the same
opportunities afforded to students to teachers through quality professional
development, reasonable expectations and fair policies.

Equitable science teaching “a situation in which all children have access to the
knowledge, resources and experiences that will contribute to their genuine

understanding of the culture of science” (Settlage & Southerland, 2007, p. 352) fits
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within the theoretical paradigm of education for social justice between policies about
science education and practices that endorse ‘quality science education for all’. Social
justice, “the elimination of institution-alized (emphasis added) domination and
oppression” (Young, 1990, p. 15), is an ideal goal for schooling. After all, next to family,
school probably has the greatest daily and long-term impact on children than any other
social institution. Schools operationalize the responsibility to treat everyone according
to their individual needs while also working to treat all groups the same by creating
tracks for students—every child has a track (Tate, 2001); unfortunately, not all tracks
will give every child an equal opportunity to learn and not all efforts to develop equal
programs can deliver equitable results. In thinking about the differences between equity
and equality, several scholars have talked about the need to re-examine the tenets of
equality in order to create greater equity. Perhaps standards exist among other barriers
to equitable education like invisibility and neutrality as suggested by both Mutegi (2011)

and Rodriguez (1997).

A particularly salient view of equitable science teaching is provided by at least
one example that draws from literature about culturally responsive teaching. Culturally
responsive teaching (CRT) as described by Geneva Gay, Gloria Ladson-Billings and others
is “validating, comprehensive, multidimensional, empowering, transformative and
emancipatory” (INTIME, 2002). The state of Alaska has adopted CRT as a model for all of
its instruction and teacher training. In the indigenous cultures of Alaska, cultural
responsiveness is critically important to education policy makers. Like Aikenhead &

Jegede before him, Stephens draws attention to the need to thoughtfully integrate
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Western and Indigenous knowledge and beliefs in science instruction. Cross-cultural
teaching—cultural responsiveness—is an expectation for teachers throughout the state
whether the border is linguistic, spiritual or based in the culture of science. Stephens

(2001) published a Handbook for Culturally Responsive Science Curriculum that provides

a context for engaging spiritual values as diversity texts in the science classroom.
Involving local experts and valuing student beliefs and skills are just two of the
characteristics described by Stephens. One of the more intriguing characteristics
outlined by Stephens parallels the views presented earlier around opportunities to learn
science. “The role of the school is not to ignore or replace prior understanding but to
recognize and make connections to that understanding...The culturally responsive
curriculum [advanced in the school then] devotes substantial blocks of time and
provides ample opportunity for students to develop a deeper understanding of
culturally significant knowledge linked to science” (Stephens, 2001, p. 7). Scholarship
presented by Kahle, Settlage and Stephens elevates opportunities to learn science in the
discussion of what equitable science education is. As part of a strong policy of
standards-based instruction for equitable student outcomes, OTL is constructed to be a
critical factor in diverse classrooms. OTL has particular relevance for equitable science
teaching in an urban school. With regard to OTL, a general belief is that when
instruction is designed well, delivered with great intentionality and exposes content for
personal meaning-making, students have adequate opportunities to learn (Gummer &

Champagne, 2004; Stevens, 1996).
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Jane Butler Kahle (1998) frames equitable science teaching quite well by the
development of a metric to evaluate progress toward equity. Inclusive of many socio-
cultural and socio-political markers, equitable science teaching addresses access
(resource) gaps, participation gaps and process (product) gaps with the hope of
retaining underrepresented populations in science lifestyles in and out of school (Kahle,
1998). She outlines more than twenty indicators of progress toward equity (called an
“equity metric”) in the context of systemic school reform which she asserts is not
equal—not all schools are applying principles of equitable education equally nor are
schools realizing equity equally as they adopt change. Kahle's “equity metric” was later
used in a multiple-case study design to measure five middle schools' progress toward
achieving equitable systemic reform in mathematics and science. “Two results occurred:
various equity issues were identified in the five case studies, and the metric proved
efficacious in identifying barriers to or facilitators of equitable reform in the schools”
(Kahle & Kelly, 2001, p. 79). According to the authors, the metric is useful as a tool for
self-evaluation and reflection. This element of the metric makes it particularly useful to
practitioners who want to measure the quality of programs and improve their own
practices. Characterized by five key ideas, high quality and equitable programs are about
access, retention and achievement.

1) Opportunities to achieve within the context of high standards

2) Equitable resource allocation without regard to difference

3) Participation is expected and facilitated

4) Access
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5) Policies and procedures are established to channel resources unequally to

compensate for subgroup differences

With Kahle’s metric the role of the teacher becomes even more pronounced than
previously thought. The teacher has a responsibility to know what accommodations

need to be made to attempt greater equity.

Using the variety of available scholarship as a guide, | determined that any study
of equitable science teaching in urban schools should probably have the following

characteristics:

1) Scrutiny of the teacher: teachers’ beliefs and practices in the urban context
2) Consideration of reform-based strategies specifically designed to meet the
needs of marginalized groups with regard to access, participation and

resource

3) Engage the research in a way that fosters participation/dialogue and

transformation

Guided research designs

After several rounds of “combing” the literature over several years, | decided to
telescope my research perspective by limiting my references to those obtained from the
Journal of Research in Science Teaching (JRST). | used a variety of other journals to
develop my theoretical perspective from both conceptual and empirical articles but felt
it necessary to filter the wide range of journals | could use against my own beliefs about
emancipatory research. From ‘fine grain’ searches of the literature meeting the
following criteria: 1) published in JRST between 2004 and 2011, 2) subject focus on

v/

“urban teacher efficacy”, “science teaching” and “equity” and 3) the teacher is the
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primary unit of analysis, | extracted two publications to help frame the present study:
Lee (2004) and Settlage et al. (2009). The first study was chosen for methodological
considerations. The second was chosen because of its epistemological stance. After
describing these two narrowly focused studies, a more general theoretical and research

perspective is provided.

Guide 1: Recording and reporting science education research in urban schools

Okhee Lee and Cory Buxton are among the leading researchers currently working
to illuminate issues related to science education and English Language Learners (ELLs) in
urban and non-urban school settings. In addition to two recently published volumes
(Lee & Luykx, Science education and student diversity, 2006; Lee & Buxton, Diversity and
equity in science education: Research, policy and practice, 2010) on the topic of
diversity and science education, Lee has authored/co-authored many papers to help
build understanding of the field. Cited by sixty additional publications, Lee (2004)
reports qualitative research findings from a three-year multi-case study of six Hispanic
bilingual elementary (fourth grade) teachers working in urban schools who were all
distinguished by their principals for high level teaching excellence and commitment to
student learning. The range in teaching experience for the participants was between
three and twelve years. The purposes of the research were to determine if instructional
congruence, intentional and skillful integration of content with culture, could be
impacted by professional development and lead to change in teachers’ beliefs and

practices. Lee recognized that “teachers may recognize that academic disciplines, such
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as science, and certain cultural values and practices are sometimes incompatible. They
need to develop a complex set of beliefs and practices to resolve such dilemmas and
challenges, as they promote academic learning along with English language and literacy
development” (Lee, 2004, p. 69). In order to meet the standards of culturally relevant
pedagogy and standards-based curricula, Lee described how she and the team of
researchers involved in the study had to develop instructional materials for the study.
They developed activities around two units: water and weather to address national and
local standards. She approached the research by first providing content professional
development then providing more narrowly focused support on the model of
instructional congruence—the culturally relevant content—before shifting focus toward
assessment and refining the model.

Three values emerged from Lee’s study of instructional congruence as being
important to the teachers: student motivation to learn science, instructional time and
home-school partnership. Lee reports the findings and implications of her study using a
beliefs-practices orientation around a) science instruction, b) students’ language and
culture, c) English language and general literacy and d) integration of science with other
subjects and within the contextual frame of science as a culture. Her findings have
critical relevance for the present study primarily because of the focus on in-service
teachers and because of the orientation toward an examination of beliefs and practices.
In later writings, Lee and co-authors Luykx (2005; 2006) and Buxton (2010) establish an
urban science education research agenda that challenges future researchers to “cross

borders between different theoretical and methodological traditions, if they are to
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disentangle the complex connections between student diversity and science education”
(Lee & Buxton, 2010, p. 182). Lee’s approach to data collection and reporting serves as a

guide for my own data write-up.

Guide 2: Problematizing theories

Like Lee, John Settlage has amassed a large number of publications over the
years that address science teaching and learning. Much of Settlage’s recent scholarship
looks at urban contexts and interrogates belief systems that help sustain marginality in
the science classroom. Cited by nine additional publications, Settlage, Southerland,
Smith and Ceglie (2009) report research findings from their mixed-method analysis of
pre-service elementary teachers’ self efficacy beliefs with respect to diversity. Using
both the STEBI and the SEBEST, researchers examined how science teaching self-efficacy

beliefs changed in general as a result of placement in diverse settings.

Banks’ Equity Pedagogy was one of the more important theories to inform the
study. During the pre-service teachers’ science methods courses, they were exposed to
Banks’ conception of transformative multicultural education—an epistemological stance
taken by the instructor. “Learning activities and experiences in the course were
purposefully designed, organized and presented to tacitly advocate the view that all
children from all cultural backgrounds could be successful students of science. Specific
teaching strategies and methodologies that are successful when teaching science to all
types of students were modeled and discussed” (p. 109). Bullough and Gee’s work was

used to help the researchers understand their surprising self-efficacy beliefs data. They
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found that teachers were less efficacious after student teaching according to the STEBI
and that they held very high efficacy beliefs about teaching science in diverse settings
(especially to non-native English speakers) both before and after student teaching. The
two development models provided a lens for the researchers to ask new questions
about the design and the outcomes that could be expected from efficacy research. The
pre-service teaching context is a significant difference between this work and the
present design. Nevertheless, this study has particular relevance to the present study
because it is a mixed-method approach to questions about beliefs that uses the SEBEST

and is grounded by Banksian multicultural education.

Guide 3: Self-efficacy Beliefs about Equitable Science Teaching (SEBEST) Background

The Self Efficacy Beliefs about Equitable Science Teaching (SEBEST) instrument
was used to gather information about teachers’ efficacy beliefs in the present study.
Psychometric details about the SEBEST and the instrument upon which it is based are
provided in Chapter 3. In this literature review, a brief description about how the
SEBEST is being used by science education researchers is provided. At least four
publications report using the SEBEST to date. In two different publications, Cone
(20094, 2009b) reports findings from studies of pre-service teachers’ efficacy beliefs
about equity when service learning in urban districts was incorporated into the pre-
service curriculum. Cone (2009b) found that the previously elusive ‘science teaching
outcome expectancy’ measure was impacted positively by community-based service

learning. In the fully-implemented study of community-based [science] service learning,
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Cone (2009a) found that when complemented by rigorous discussion about race and
equity in face-to-face teaching methods classes, pre-service science teachers become
much more efficacious in dealing with equity in the science teaching context.

The research group affiliated with John Settlage also used the SEBEST. One of his
publications has already been discussed (Settlage & Southerland, 2007). Settlage et al.
(2009) report findings from an exploratory study of pre-service teachers’ efficacy beliefs
at three different points in their teacher education program. An insight gained from this
study is that “...with the SEBEST items, the responses were much more genuine because
the student is not simply a gender-free, non-ethnic entity but someONE (sic) with
specific characteristics” (p. 113). In addition to initiating the challenge to conduct
additional research using the SEBEST, Settlage et al. (2009) expose the limits of the
SEBEST and limitations in their findings. Though this team of researchers was optimistic
that the SEBEST is worth using to contextualize teacher’s commitment to equitable
science teaching, they found that with the exception of language, many of the data
generated over the course of the study were not statistically significant, that is,
differences in pre-service teachers’ abilities to impact student success for ethnicity,
gender and socioeconomic class distinctions were not statistically significant.

In the next chapter, | describe in detail the research design, collaborative action
research. | describe the research setting and participants. | explain how data are
collected and analyzed before providing a tabular view of the data collection and

analysis framework.
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CHAPTER 3

RESEARCH METHODOLOGY

“In a co-learning agreement, researchers and practitioners are both participants
in processes of education and systems of schooling. Both are engaged in action
and reflection. By working together, each might learn something more about the
world of the other. Of equal importance, however, each may learn something
more about his or her own world and its connection to institutions of

schooling...” (Wagner, 1997, p. 16).

THEORETICAL FOUNDATIONS OF ACTION RESEARCH
Taking a socio-cultural perspective on science education research in urban

schools requires tenacity and resiliency on the part of the researcher. As my literature
review documents, characteristics of equitable science teaching and learning in urban
schools outside of the pre-service context fail to appear among very well-researched
topics until recently. This kind of research requires time and personal investment in
order to move beyond mere identification of gaps between students or reporting
exceptional cases that are hard to reproduce (Gutierrez, 2008; Rodriguez, 2001). | agree
with Lubienski’s (2008) analysis of research that scrutinizes participation gaps in
mathematics education: thoughtful analysis of persistent gaps has its place. However,

the present study hoped to carry out the suggestions made by Suter (2005), who argues
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that quality educational research requires attention not just to methods, but to
matching sound research questions with appropriate methods. He adds, further, that
“research questions should test theories of educational practice and obtain empirical
data to examine rival explanations for the observed practices” (p. 180). In addition to
heeding these concerns, this study hopes to advance strategies that empower school
stakeholders for change.

Equitable practices are both “social and institutional means to empowerment”
(Zozakiewicz & Rodriguez, 2007, p. 403). This statement is as true for teachers as it is for
students. Research into equitable practices is a socio-transformative and constructivist
approach to research that establishes a co-learning context for collaborative action
research. Models of research based on co-learning and collaboration embody what
Banks (1997) describes as multicultural education with the potential for empowering
school culture. This point is supported by Barton (2002), who argues that embracing an
urban studies perspective in the study of urban science education requires “moving
beyond simply being located in an urban setting to grappling with the constructs—the
people, the structures, and the cultures—which frame life in that urban centre” (p. 5).
Building on prior research done in the fields of multicultural education theory, teacher
education, science education and the intersections of these domains, this study was my
attempt to further extend understanding about multicultural education theory as
applied to science teaching in urban classrooms.

Creswell (2005) describes two types of action research—practical and

participatory. The present study hoped to be immediately applied toward developing
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teacher participants and so must be considered practical. However, “studying social
issues that constrain individual lives and focus on ‘life-enhancing’ changes that result in
the emancipated researcher” (Creswell, 2005, p. 552) also gives the study a
participatory tone. This social justice view of science education research is held by many
researchers working in cultural studies of science education (Barton, 2000, 2002;
Maulucci, 2010; Mutegi, 2011; North, 2006; Roth, Ritchie, Hudson & Mergard, 2011;
Tobin, 2008, 2009, 2010). This view is also maintained by the seminal work done by the
Association for the Advancement of Science (1989/1990) Project 2061: Science for all
Americans. Research that examines how to create opportunities for capacity building
and science agency for underrepresented groups can make a contribution to science
education for social justice paradigms and address the enduring legacy of the “for all”
reform movement that began more than twenty years ago. One area where the work
done with Project 2061 continues to impact change is with regard to improving teacher
quality (American Association for the Advancement of Science, 2010), an initiative with
direct implications for urban education reform.

Hence the research questions advanced in this study serve as a bridge between
science education reform, general education reform and policy studies. The grand tour
guestion considered in this study is scaffolded by two petit tour questions:

1. How can science teaching in urban schools be improved to reflect high quality
practices?
a. How can theories of equitable science teaching be used to promote

change in the classroom?
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b. How do teachers’ efficacy-related beliefs about equitable science
teaching compare to their practices?
The overarching question about quality science teaching emerged out of conversations
with school leadership and community stakeholders grappling with a policy
environment where science instruction was not a priority, a phenomenon described
often in the literature about urban school science (Lee & Houseal, 2003; Maulucci,
2010).

Some underlying assumptions about equitable science teaching inform this
study. The first is that equitable science teaching practices can be related to quality
science teaching practices. This assumption is implied by the grand tour question but is
supported by scholarship about multicultural science education and teacher
professional development (Zozakiewicz & Rodriguez, 2007). A second underlying
assumption about equitable science teaching is that it is a difficult reality in urban
schools. This assumption is born out of research that suggests that there are persistent
inequities with regard to science teaching and learning in urban schools (Barton, 2002;
Haberman, 2004a; 2010b; Kahle, 1998; Lee, 2004; Lee & Houseal, 2003; Lee & Luykx,
2006; Rodriguez, 2001; Settlage, Southerland, Smith, & Ceglie, 2009) and that teachers
may not feel like they have the capacity to bring about student success (Lee & Houseal,
2003; Settlage, 2004; Settlage, Madsen, Rustad, 2005; Settlage, Southerland, Smith &
Ceglie,2009; Tucker et al., 2005). A variety of data from multiple sources is necessary to
gain insight into these assumptions and the questions that they espouse. This study

takes uses a variety of data sources and research strategies to explore equitable science
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teaching in a single urban school. The remainder of the chapter is organized as follows:
begin by providing details about the research setting and key informants that make up
the study sample, and outline the research design. | then explicate briefly overarching
theories about action research before outlining the research procedures. Finally, a
description of techniques used for data collection and analysis is provided.
RESEARCH SETTING & STUDY POPULATION

The present study took place at James Harry Hero Elementary School
(pseudonym), a pre-kindergarten through eighth grade school located in a small urban
district in New Jersey. According to the Common Core of Data available through the
National Center for Educational Statistics, there are about sixty full-time teachers on
staff at Hero. Black students make up 84% of the population. Latino students make up
14% of the population. The remaining student population is mostly White. There are
slightly more boys in the school (52%) compared to girls and 83% of the students are
eligible for free or reduced lunch. There are two school administrators, an African-
American female principal who will be called Mrs. Maxson and a Caribbean-American
male vice-principal who will be called Mr. Russell.

| gained access to the research setting through a colleague and community
stakeholder familiar with my science teaching style, who was working as an
administration intern at James Harry Hero Elementary School (Hero). This mutual
colleague introduced me to Mrs. Maxson and Mr. Russell as a science education expert.
In this role as expert, | volunteered to work with upper-grade teachers to prepare

students for upcoming large scale assessments in science. Thus | was introduced into
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this school community six months before beginning any form of data collection.
Although | had not intended to conduct my research with elementary teachers, the
community of teachers at Hero Elementary School—a convenience sample—formed the
pool from which research participants were chosen. The study was conducted in
multiple stages over the course of the year. The research design consisted of three main
phases and a follow-up phase, which is described further in the research procedures
section of this chapter. With each phase, more focused study and collaboration were
expected. The first phase was intended to produce data to understand the culture of the
school. In this phase, | interviewed the administrators and collected information
anonymously from all teachers who agreed to participate (29). Recruitment of phase 1
study participants occurred during a whole-school faculty meeting. The principal, Mrs.
Maxson, encouraged teachers from the school to participate in a study about science at
Hero. Once | was introduced to the faculty, teachers could opt to participate in the study
by completing consent forms and a background survey (Appendix A). The invitation into
the school (and into partnership) was the first step in this collaborative action research

model.

A smaller number of teachers (9) consented to participate in the second phase,
which consisted of more intensive data collection about teachers’ beliefs. Five teachers
participated in the third phase, which involved intense classroom interaction and
observation as well as frequent communication through email and face-to-face
meetings. | established two criteria for participation in the third phase: 1) that

participants teach science at least three days per week for at least 30-minutes per day
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and 2) that participants be certified teachers in the state. The final phase of the
research allowed for verification of research findings during earlier phases of the study.
Three teachers participated in the last phase of the study. After deliberately reducing
the amount of contact time with teachers, | observed teachers only upon their request.
Two underlying ideas characterized the culmination of this study: control and
accountability. Research that is participatory and emancipatory is research with the
studied rather than just about the studied (Creswell, 2003), a critically important
perspective in the collaborative action research paradigm. Emancipatory designs give
the “studied” an opportunity to understand and reflect on the process and products of
research. | wanted to allow teachers to control the research. Giving participants the
opportunity to arrange the degree to which | would be involved in their classrooms was
in some ways validation of the research experience and its underlying theoretical
framework. The second characteristic, accountability, was an equally important element
of the research. | held myself accountable to the ethics of research, the process of
research and the interests of my participants. Before presenting the research to school
leadership or others, | met with all three principal informants to fact check and frame
next steps.
POSITIONALITY STATEMENT

In order to shape my developing thesis about equitable science teaching |
position my researcher-self within the interdisciplinary framework of “cultural studies of
science education” as advanced by Tobin (2009) and Stephens (2001). | position my

practitioner-self within a model of participatory research that is self-reflective and
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anticipates my own transformation (Creswell, 2005; Wagner, 1997). Prior to conducting
the present study, | spent five years working with high school students in an extra-
curricular enrichment program in the small urban disctrict in New Jersey where Hero
Elementary is located. As the science teacher for this enrichment program that meets
on Saturdays during the academic year and daily for six-weeks in the summer, |
developed strong relationships with other teachers, with the students and families
being served by the program and educational leaders who spent time in local schools.
As teachers involved with this extra-curricular program, we were expected to use a
variety of pedagogical and personal knowledges to present a standards-based high
school curriculum in a way that was distinctly different from the traditional presentation
students received in their schools. We measured our success by student engagement
and motivation to participate—when students attended regularly, we knew we had
made progress toward the larger goal of early access to quality school programs. The
program’s expanded resources provided students with opportunities to learn and
academic rigor, especially in mathematics, technology and science. Once the present
study actually began, | resigned my position as a teacher for the extra-curricular
program and concentrated on the research setting.

Wagner (1997) describes a typology of collaborative action research that
includes clinical partnerships, data-extracting agreements and co-learning models. Each
of these types of research is appropriate for looking at science teaching especially in
urban schools. However, the present study is an example of a co-learning model of

action research, largely because of my position as a practicing science teacher and
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teacher educator. Even though | am not a teacher at the research site, James Harry Hero
Elementary School (Hero), | have a vested interest in the at-large Hero community.
Because my work in the Hero community has always been at the secondary level, | was
able to maintain reasonable researcher distance and minimize bias by conducting the
study at an elementary school. Having the ability to conduct research in a non-
evaluative way characterized by “reflexive, ongoing and collegial communication”
(Wagner, 1997, p. 17) consistent with the co-learning research process was also an
important aspect of this research.
RESEARCH PROCEDURES

Data about efficacy beliefs and practices about equitable science teaching were
obtained using a variety of instruments over the course of one year (April 2008 through
April 2009). In the initial phases of the study (April 2008 through May 2008) members of
the teaching community at Hero (N = 29) were asked to describe their teaching
background and provide details about their general beliefs about science teaching in
urban schools. Between May 2008 and June 2008, a smaller sample of teacher
participants (n = 9) were asked to complete an efficacy beliefs survey. Details about the
Self Efficacy Beliefs about Equitable Science Teaching (SEBEST) instrument have been
described in Chapter 2. A smaller sample of teachers (n = 5) agreed to read and review
one of two researcher-developed science teaching scenarios for evidence of equitable
teaching practice. Classroom observations were conducted early in fall 2008 for each
participant who read and reviewed the science teaching vignettes. Although the original

intent was for all these teachers to continue to participate in the rest of the study,
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changing circumstances in the school meant that only 3 met the criteria as described
(taught science at least 30-minutes per session, three days per week and were certified).
The goal of observations conducted between September 2008 and December 2008 was
to formally document science teaching practice at least three times per participant with
at least three informal observations as well. The formal observations were described
using observation protocols developed to focus comments for feedback and debrief.
Each observation protocol was produced on carbonless duplicate paper so that teachers
were provided with immediate feedback from formal observations. Informal
observations served a different purpose. Informal observations were designed to
support teachers in the development of strategies and implementation of unfamiliar
content. In this way, my “context and stance” (Wagner, 1997, p. 17) of mutual
participation through action and reflection was made clear.

Between January 2009 and April 2009, teacher participants were also observed
at least once by arrangement. The primary purpose for data collection during this phase
was to confirm the integrity of the research. A secondary purpose for data collection
during this phase was to build supports for the establishment of a professional learning
community as initiated by the research participants. A third purpose for data collection
during this phase was to engage what Creswell (2005) calls the “action research spiral”
(p. 554). Along with the teachers, | wanted to reflect on the data collected, analyze and
interpret data and develop an action plan that included teacher participants’

perspectives before reaching out to other teachers within the school or community.
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PILOT TESTING THE EQUITABLE SCIENCE TEACHING CONSTRUCT
Based on two years of observations in urban schools, | developed a set of three

vignettes about science teaching in urban schools. The vignettes were written as
narrative text based on episodes from these observations. Morine-Dershimer & Kent
(1999) argue that using vignettes for narrative accounting is a type of case method
approach to teacher education that can “serve as proxies for experience” (p. 39).  am
testing the hypothesis made by Morine-Dershimer & Kent that suggests reflection on
context-specific personal pedagogical knowledge mitigated by personal beliefs,
perceptions and experiences will guide decision-making, choices and actions—
practices—in the classroom. My field notes and recall were used to create a composite
teacher and teaching story in order to present scenarios and maintain anonymity of the
actors in the schools. Each vignette was pilot tested for evidence of “beyond surface”
multicultural education with three separate groups: science teachers, experts in the
field of multicultural science education and doctoral students in an urban education
program. Science teachers with whom | had contact either as part of a formal training or
conference workshop were both in-service (professional conferences) and pre-service
(training sessions) educators. Seguin & Ambrosio (2002) report how vignettes can be
used to prepare teachers for multicultural teaching contexts. Based on feedback from
practitioners in the field and extant literature, | was satisfied that the vignettes
presented valid content.

In spring 2007, | sent copies of the teaching vignettes to fifteen experts in the

field of multicultural education. The experts were asked to identify whether or not there
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was evidence of “beyond surface” multicultural education in the scenarios. The expert
panel served to establish construct validity of the vignettes. Expert feedback
complemented empirical and theoretical perspectives presented in the literature about
best practice for the education of ethnic minority youth even though there was a
general consensus from the experts who provided feedback that evidence of
multiculturalism was only barely beyond a surface level. This list of indicators of
“beyond surface” multiculturalism was used to reflect on the equitable science teaching
construct at various stages of the study.

The vignettes were finally checked for readability and flow with a group of peers,
doctoral students in an urban education program. Because the doctoral students were
fairly knowledgeable about the sociology of urban education, the opinions of this group
helped me to affirm that equitable teaching itself had observable indicators that could
be summarized in a teaching scenario. In the end, two teaching scenarios (See Appendix
B) were retained from the set and used with study participants.

The first vignette “Music” highlighted the use of music in the classroom as a
dominant teaching style for promoting equity. The “music” vignette attempted to
capture what Boykin & Toms (1985) described in a model of Afro-American socialization.
The vignette capitalized on harmony, movement, verve and expressive individuality in
the classroom. These socialization styles of Black children and the learning styles of
Black children have been compared and correlated in newer theoretical models of
multicultural education for inclusive school settings (Bennett, 2010). The preference for

visual and aural reception of content over print has been reported for a diversity of
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ethnic and minority children (Barba, 1993; 1995). The second vignette “Math”
highlighted inequities in the classroom consistent with low expectations and
inappropriate content. In this way, equitable science teaching was being indirectly
measured against evidence of bias in the classroom. In 1997, the Government of
Saskatchewan, a region of Canada characterized by cultural diversity, especially among
indigenous populations, published important guidelines for teachers and teacher
educators to follow when trying to teach in diverse schools. Key indicators of
inequitable practice outlined in the handbook include stereotyping, imbalance,
invisibility of difference and isolation. Based on a variety of literature including the work
of James Banks these guidelines help elucidate what in-equity might look like in the
classroom. As a researcher, | realized that having a definition and a model for
inequitable teaching might be necessary to create observable qualities of equitable
teaching.

Once the vignettes were developed and pilot tested, | prepared to find a
research site. After volunteering at Hero as a community science educator, | realized
that conducting my study at Hero would allow me to better collaborate with school
leaders to support instruction. | did not realize that using the vignettes with elementary
teachers from Hero would be a problem until later stages of the study.

INSTRUMENTS

Data were gathered using a variety of instruments that had been previously

validated or researcher developed from combined instruments. The latter technique is

an attempt toward moving in a more progressive, postmodern direction of qualitative

76



research (Golafshani, 2003). Unfortunately, combining instruments (or portions of
instruments) may render the instrument invalid or unreliable (Seale, 1999). This is an
open admission of limitations in the research in part due to my status as a novice
researcher but also in full acknowledgment of my bias as a teacher-practitioner.
Combining instruments reflects common habits of combining resources to create

assessments. Psychometric analysis of instruments goes beyond the scope of the study.

At each phase, a different instrument was used. Table 6 provides an overview of

the instruments used for data collection over the course of the study.

Table 6 Research Instruments by study phase and date

Sequence Sample Instruments Data collection dates
size
Phase | N = 1. Background information survey  April 2008
29 2. Self Efficacy Beliefs about
Equitable Science Teaching
n=9 (SEBEST)
Phase Il n=>5 Vignettes interview April 2008 — June
2008
Phase lll n=4 Observation guide, naturalistic data September 2008 —
December 2008
Phase IV n=3 Follow up focus group and post study February 2009 — April
SEBEST administration 2009

The background survey instrument (Appendix A) combined questions and formats
employed by researchers working on teacher self-efficacy (DeSouza, Boone, & Yilmaz,
2004; Johnson, Borleske, Gleason, Bailey, & Scantlebury, 1998; Posnanski, 2002).

Developed by Ritter (1999) as a dissertation product, the instrument used to measure
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teachers’ self efficacy beliefs about equitable science teaching (SEBEST) was developed
and construct-validated by Ritter (Ritter, Boone, & Rubba, 2001) as part of doctoral
research. The SEBEST was described to teacher participants in this study as a science
teaching beliefs survey. This approach was also taken by de Laat & Watters (1990) in
their study of Australian pre-service teachers’ efficacy beliefs. Teaching scenarios were
used to probe teachers’ beliefs about equity in the science classroom and observation
protocols were used to document interactions, events and environment that inhibited
or facilitated equitable teaching for each participant. The SEBEST has received limited
attention outside of the authors’ home institution in the literature since its
development and validation in 1999. Two notable studies conducted in the United
States report using the SEBEST (Cone, 2009a; Cone 2009b and Settlage et al., 2009). It
would have been ideal to use a well-researched and often cited instrument for this kind
of study but an instrument that combined efficacy beliefs about equity in the science
teaching context was not available. Because the SEBEST is based on a widely used
instrument, the science teaching efficacy beliefs instrument (STEBI-B), | decided to use it
to gain telescoped insight into the elementary science teaching and learning
environment.
Measuring Science Teachers’ Self-Efficacy Beliefs

According to Bandura (1997) self-efficacy is a task-specific, self-referent
construct that describes what a person feels about her own ability. Not long after being
introduced as an important frame for general studies, education research integrated it

into its various discourses. Science teaching research began using self-efficacy beliefs in
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the late 1980s. By 1990, science teachers’ efficacy beliefs became an important
construct for study. The Science Teachers Efficacy Beliefs Instrument (STEBI) was
developed to be an “accurate predictor of science teaching behavior and thus more
beneficial to the change process necessary to improve students’ science achievement”
(Riggs & Enochs, 1990, p. 627) for two scales, personal science teaching efficacy and
teaching outcome expectancy. The 25-item instrument was validated using data from a
sample of 331 teachers with varying demographic qualities. Evidence of the utility of the
instrument is apparent in the number of subsequent instruments patterned after the
STEBI-A (the in-service teacher instrument) which include the STEBI-B (a pre-service
instrument), the Mathematics Teachers Self-Efficacy Beliefs Instrument (MTEBI),
Chemistry Teaching Self-Efficacy Beliefs Instrument for Middle School In-service
teachers (STEBI-CHEM) and various others (Enochs, Smith, & Huinker, 2000). Several
studies have been developed by modifying the original STEBI-A, a self-efficacy beliefs
instrument used with in-service teachers, including the study done to create the STEBI-

B.

The two subscales identified by Bandura were modified for the science teaching
efficacy studies and named, ‘personal science teaching efficacy’ (PSTE) and ‘outcome
expectancy’ (OE). Both the pre-service (STEBI-B) and the in-service instruments (STEBI-
A) return similar statistics on reliability studies (alphapste = 0.92 and 0.90, respectively;
alphaoe = 0.77 and 0.76). The authors explain that “this lower reliability might...be due
to multiple variables contributing to the construct as defined by the item set. For

example, teacher’s science background, inadequacy of student’s science background,
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and low-motivated students are variables which may have been experienced by the
same teacher in different ways. This contributes to the complexity of the construct.
Consequently, teachers may respond high to one item and low to another item resulting
in a less consistent response set” (p. 633). Analyses of validity coefficients for variables
of interest also produced strong results. Factors such as number of college science
courses, number of high school science courses, choice to teach science, use of activity-
based teaching, science teaching self ratings and subject preferences for each scale
were performed. Of particular interest to equitable teaching is the choice to teach
science (rpste = 0.58; ror = 0.34) and science teaching self ratings (rpste = 0.58; rog = 0.24).
SELF-EFFICACY BELIEFS ABOUT EQUITABLE SCIENCE TEACHING

The Self Efficacy Beliefs about Equitable Science Teaching and Learning (SEBEST)
instrument is a modified version of the STEBI-B—a pre-service instrument designed to
measure science teaching efficacy beliefs. The SEBEST was developed and validated by
Ritter (1999) to measure teachers’ beliefs about their ability to have positive outcomes
among students with regard to constructs of language, gender, class and race. The
SEBEST instrument is designed to measure beliefs about self efficacy in the context of
equity. Published reports that describe the measurement of teacher outcomes “related
to racial attitudes and perceived ability to work with diverse students” (Tucker, et al.,
2005, p. 30) are limited in the research about teacher efficacy and may be possible using
this instrument. Ritter (1999) used guidelines established by the “Science for All
Americans” movement to determine constructs of equitable teaching—language,

gender, class and race. The dimensions of multicultural education (equitable science
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teaching) measured were ethnicity, language minority, gender and socioeconomic
status: these dimensions correspond with four of the diversity “texts” being advanced in
this study. The SEBEST was developed by Ritter (1999) as a dissertation product. Validity
studies of the entire instrument generated a Cronbach coefficient alpha = 0.87. This
measure helps provide understanding about internal consistency and sources of error
within an instrument. If the alpha is greater than 0.7, per case decisions can be made as
long as they are substantiated by other measures. Alphas above 0.8 are considered
internally consistent (Creswell, 2005). Data for the subscales were also consistent with
the STEBI studies (alphapste = 0.83 and alphage = 0.78). Ritter, Boone & Rubba (2001)
measure science teaching efficacy beliefs (PSTE) and outcome expectancy (OE) as in the
other studies but they add dimensions of multicultural education as smaller subscales
under these two domains. The dimensions of multicultural education (equitable science
teaching) measured were ethnicity, language minority, gender and socioeconomic
status. Despite excellent data, very few studies make reference to this innovative
instrument. Attempts to contact Dr. Ritter were unsuccessful who upon completion of
her research became an administrator in a K-12 school setting according to her research
advisor. Because the SEBEST was not a source of significant explanatory power in this
study, its primary function was to provide a baseline quantitative view of equitable

science teaching efficacy beliefs for participants at the research site.
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PROFILING HERO
Gaining entry into Hero was assisted by my status as a community educator. This

status was affirmed by school leadership and resulted in an invitation into the research
site. Gaining entry into individual classrooms was more difficult. Reticence of teachers
to participate in research has been reported (Lee, Hart, Cuevas & Enders, 2004; Settlage
& Meadows, 2002; Settlage, Southerland, Smith & Ceglie, 2009). Reticence is attributed
to the context of accountability in our current history (Lee, Hart, Cuevas & Enders, 2004;
Settlage & Meadows, 2002) but also to teachers’ identity and beliefs about self
(Settlage, Southerland, Smith & Ceglie, 2009). Once | gained entry for research
purposes, | regularly visited the school as a community stakeholder. Between March
2008 and the end of the school year, | visited the school at least once per week to
simply serve as an “extra pair” of hands when needed. As | worked to gain entry into the
research site, | spoke to administrators, community members and teachers about
science teaching and learning at Hero. Early conversations with the vice principal, Mr.
Russell an Afro-Caribbean male administrator and Mrs. Maxson, an African-American
female administrator helped generate a picture of the core values concerning science
within the Hero from a leadership perspective. During this time, | collected artifacts
about school-community partnerships and events that reinforced school goals. When |
was formally introduced to the school faculty in April 2008, several adults in the
building, including the upper grades science and technology teachers, the school

librarian and a few others working in the building were familiar to me. Broader data
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collection in early phases provides context for understanding the in-depth teacher/
classroom data collected in later phases of the study.

Taking a more naturalistic approach to data collection early on allowed me to
capture elements of teachers’ beliefs without the pretense of a researcher’s gaze.
Artifacts gathered during those early days helped create an even more complete view of
Hero. Whole school data (about the school’s collective science teaching beliefs and
practices) are shared in Chapter 4. Full analysis of these data goes beyond the scope of
the present study; however these data shed light on some of the individual
characteristics for the key informants. Additional analyses of school-based data may be
explored in future work.

KEY INFORMANTS

The core of the study, in terms of intensive data collection, occurred in phase 3.
Data were collected from three key informants in two classrooms: Linda, Mildred and
Hattie. Linda and Mildred co-taught in a pre-kindergarten class at Hero. Hattie teaches
kindergarten at Hero. Linda is a veteran early childhood/special education teacher with
about fifteen years teaching experience. Linda is a graduate student working on
certification to become a learning disability consultant. Linda is white and is the parent
of a child with exceptionalities. Mildred is a veteran teacher who came to teaching from
the field of social work more than ten years prior to the study. Mildred is African-
American. Mildred co-teaches in an early childhood, special education/ESL classroom
with Linda and a bilingual aide. Hattie is a Black novice (second-year) teacher in a

kindergarten classroom. Hattie was very suspicious of the research process and did not
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disclose personal information forthrightly. During the early phases of the study, she
consented to anonymous participation and follow up but did not want me to use any
type of recording device during our interactions. Once | explained to her that | wanted
to give her quality feedback (after several weeks of participation in the study), she was
more willing to open up with me but she was still very tentative in her commitments to
the research. Only after seeing the benefits of participation—by hearing about in-class
activities that Linda and Mildred conducted during closed grade meetings (I was never
able to attend these meetings because of my own time constraints), Hattie realized the
“bonus” training that participation in this study provided.

Classroom #1 was Linda’s and Mildred’s pre-kindergarten classroom. In
Classroom #1, Linda, Mildred and a Latina bilingual instructional aide worked together
with a group of about ten students; general enrollment was about fifteen students. In
Classroom #2, Hattie taught kindergarten to about eighteen students. For three early
observations (September 2008 — October 2008), an African American male instructional
aide was paired with Hattie. Subsequent observations were taught without an
instructional aide.

Phase 4 of the study involved follow-up with Linda, Mildred and Hattie. During
the final phase of the study (February 2009 through April 2009), each teacher
participant was observed by arrangement. Allowing the teachers to control the degree
of interaction was a deliberate part of the research design during phase 4. Linda,
Mildred and Hattie were also convened for a focus group to debrief the study and fact

check in preparation for a graduate research conference where preliminary findings
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were presented. To underscore my intent to be transparent and present reliable data,
the teacher participants were invited to attend the conference. Each participant agreed
to attend the conference where they were able to see how | intended to present their
stories and also affirm or refute elements of the research if they wanted. This type of
interaction outside of the research setting and beyond my own institution affirmed the
importance of the work to the teachers.

Two additional informants, Edna and Faye, were key actors in the present study
because of their unique role in the research setting. As explained by Fetterman (1998),
“key actors can provide detailed historical data, knowledge about contemporary
interpersonal relationships (including conflicts) and a wealth of information about the
nuances of everyday life” (p. 48). One of Hero’s veteran teachers, Edna, had been at
Hero for forty years; eventually Edna was removed from the observation list because at
the time of active data collection her curricular focus was on Social Studies rather than
science. Nevertheless, Edna is a key informant because of her value as the ‘institutional
memory’ of Hero. Faye is the executive director for a science enrichment program that
operates independently but within the schools in this small urban school district. Her
science enrichment programs extend beyond the standard school day for traditional
public school students and are housed in both school and non-school settings. | met
Faye because of her work at the public library. She volunteered to teach science to area
students in the summer using Kemetic language and engineering as thematic foci for
student exploration. Faye also works to provide in-school science support for charter

schools in the city. Although Faye is not state-certified to teach science in public schools,
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she could be considered highly qualified because she has an undergraduate degree in a
natural science content area. Faye and Edna often work together on community-based
learning projects for children. Data collected from Edna and Faye are shared as part of
the general profile of Hero Elementary School.
DATA ANALYSIS

Over the course of the present study both quantitative and qualitative data were
collected. Quantitative data are presented largely as raw data with some instances of
transformation using descriptive statistics to establish a demographic perspective of
Hero Elementary. Contemporary approaches to qualitative research suggest that
trustworthiness and consistency are possible when raw data are reported (Golafshani,
2003). Additionally, Cooper & Good (1983) articulate the value of reporting raw data for
expectations research involving very small sample sizes, pointing out that “as evidence
in the literature accumulates, raw data from separate studies can be combined for
purposes of inference testing” (p. 50). Aware of the limits in using teacher self-efficacy
beliefs as a primary construct in a small study, | sought to explain the limited
guantitative data obtained about self-efficacy beliefs using more robust qualitative data.

Each set of data fit within a particular frame of interest which | label as
constructs in Table 2 below. Data obtained from the school teaching staff was classified
under the construct of school climate for science. School climate for science was based
on administrative and teacher perspectives about science teaching—quality, teacher
roles and responsibilities and science learning. Data obtained from the school leadership

was classified as quality science data. This distinction between teaching staff and school
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leadership is necessary in contextualizing how collaborative action research might be
used as part of systemic reform. Data obtained from Edna and Faye are classified as
knowledge because data were collected largely from interview (Phase Il) rather than as
a result of regular interaction or sustained observation throughout the study. Classifying
Edna and Faye’s data in this way reflects current scholarship about teacher knowledge
research. In a review of studies that investigate different teacher knowledges, Verloop,
Van Driel & Meijer (2001) report how semi-structured interviews are consistently used
to explore this construct. Data obtained from Linda, Mildred and Hattie were classified
as beliefs and practices because they were engaged fully in the study at all phases.
These data were analyzed against themes identified in the literature around equitable
science teaching and efficacy beliefs. A parallel view of the two constructs is provided in
Chapter 2, Table 2 “Teacher efficacy and equitable science teaching: Capturing two

elusive constructs”.
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Table 7 below provides insight on what types of data were collected for each of the key informants. It also shows

specific constructs that are assigned to the data for transformation and analysis.

Table 7 Data collection overview by key informant

Whole school Mrs. Mr. Linda Mildred Hattie Edna Faye
Maxson  Russell
Role Teachers Principal  Vice- Pre-K Pre-K Kindergarten Fifth grade = Community
principal teacher teacher teacher teacher science
education
advocate/
educator
Construct  School Quality Quality Beliefs & Beliefs & Beliefs & Knowledge Knowledge
climate for science science Practices Practices Practices
science
Data Demographic; General General Specific Specific Specific Specific Specific
collected General definition definition  beliefs beliefs about beliefs about beliefs beliefs
beliefs about  of quality of quality about science science about about
science science science science teaching; teaching; science quality
teaching; teaching; Artifacts; Artifacts; teaching science
Artifacts Artifacts; Field notes Field notes education
Field notes  from from
from observation  observation

observation
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SUMMARY
This chapter provides details about the research design. The present study was

conducted in several phases as part of a collaborative action research case study. Case
studies have been shown to be an appropriate method for studying complex research
settings (Kleinfeld, 1998). Collaborative and practical action research designs have also
been used to study teacher efficacy beliefs (Henson, 2001b) and practices (Lee, 2004).
The present study research design had practical purposes for all involved (practitioners
and researcher). The research question used to frame the present study emerged from
school leadership interaction with me as a community stakeholder: how can science
teaching in urban schools be improved to reflect high quality practices? Based on
extensive research into current scholarship about urban science education, reform-
based equitable science teaching was used to investigate this question. The state of a
school is determined by multiple indicators. In the present study, insights from the
collective teaching staff, school leadership and smaller more purposefully selected
samples of teachers build understanding about science teaching beliefs and practices,
particularly those that attend to equity in one urban elementary school. The quality of
the data generated over the course of one year went from very general to very specific.
The perspectives offered from practicing teachers individually and collectively allow for
within- and between-case analysis of a variety of different teaching constructs. In the
next two chapters, | will report findings about the whole school (Chapter 4) and then

specific teacher participants (Chapter 5) engaged in this work.
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CHAPTER 4

PHASE | AND II: PROFILING AND PROBING BELIEFS

JBJ: So what do you see as the limits to quality science instruction?

MR. RUSSELL: Teacher, teacher, teacher! (Emphasis)... [Science] should be
student centered versus teacher centered...we have textbooks but there is no
support [professional development] for the series we purchased. What we need
to know is how to do more inquiry based science: science through a cultural lens.
How do Black and Hispanic students learn science? What is problem-based
science? How do we set up a science fair? My wish list for science at Hero would
include the answer to one key question: how do we infuse science throughout

the curriculum? Early science education [exposure]...

(April, 2008; Preliminary interview with Vice-principal Russell)

In this chapter | will share data about the belief systems in place for the teachers
at Hero Elementary as a whole-school community. These data point to school climate
for equitable science teaching. From a philosophical perspective, beliefs are
propositions that are not necessarily universally true but instead accepted as true by the
one who holds that view (Perkins, 2007). Once an actor is able to articulate through
description what they understand to be true, this articulation constitutes the actor’s

belief.
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General profile of Hero’s teachers: Background data and beliefs

Details about number of years teaching, instructional time and general beliefs
about science teaching were extracted from data obtained during this portion of Phase |
data collection. Thirty-eight teachers completed consent forms (63% of the teaching
staff); twenty-nine teachers (48%) actually completed the background survey, including
eighteen self-identified women, three self-identified men and eight respondents who
did not indicate their gender. The mean years teaching was 16.4 years with a range of
one year to thirty-eight years teaching experience. Willingness to continue professional
development has been tied to teacher efficacy (Berman & McLaughlin, 1977). Graduate-
level schooling represents one type of professional development for teachers. Gaining
some perspective on the educational attainment of teachers at Hero may give insight

into collective efficacy of teachers there.

91



22

3 3
H B .
0]
I

Associates Bachelors Masters MultipleM Doctorate

Figure 3 Highest degree completed (N = 29)

Some of the respondents (n = 7 out of 29) had what | will call specialized content
knowledge because they have content backgrounds outside of education. Four
respondents had undergraduate majors in mathematics or science, four respondents
had undergraduate minors in mathematics or science (one overlap). All seven of these
respondents were either upper elementary (grade 5) or middle-years teachers (grades 6
through 8).

According to the State Department of Education website (2010), all of Hero’s
teachers had standard teaching certificates and were considered “highly qualified”
during the 2007-2008 school year, a factor related to teacher efficacy (Tschannen-
Moran & Hoy, 2001). Teachers who are duly certified have more confidence in their
teaching ability. When asked how much instructional time per week was spent on

science, respondents reported that science instruction was a consistent part of the
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teaching day. Only four of the twenty-nine respondents who completed the survey
responded that less than forty-five minutes per day were dedicated to science

instruction.

A critical part of creating a profile of the school involved defining teacher roles;
getting insight from teachers about what they think is very important in trying to
understand the classroom environment (DeBoer, 2006). In the background survey, one
of the questions that could be linked back to the original interview with the Mrs.
Maxson asked about the role of the science teacher. Respondents made remarks which
were coded as being responsible for inquiry (INQ), exposing students to scientific habits
of mind (EXP), cultural relevance (MCSE) or something else (OTH). Many of the teachers’
beliefs matched the beliefs of the school leadership, Mr. Russell and Mrs. Maxson.
Without knowing exactly what teachers meant in their open-ended responses on the
survey, | coded any reference to hands-on activity as inquiry. This decision was based on
the more detailed explanation of inquiry that Mr. Russell provided. When asked to
explain what meaningful goals for science instruction are he equated hands-on activities

with inquiry-based science.

MR. RUSSELL: Quality science instruction is research based, inquiry-based, asking
essential questions, extending the knowledge base of students, using the text as
a guide. A highly qualified teacher is determined by the activities that the science

teacher is doing: process science. (April 28, 2008)

Any reference teachers made to exposing students, | coded simply as EXP

(exposure) in a rather literal way. If teachers made any reference to the diversity texts
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of race, class, ability, language, able-bodiedness or gender, | coded the comment under
MCSE (multicultural science education). When teachers presented traditional views
that were neither obviously related to science education reforms nor recent best
practices, their responses were coded TRAD (traditional) and if the responses did not
seem to fit either of these categories, the response was coded OTH (other). This method
of coding exposes a limitation that | had not considered in the design. In the end, nine
respondents omitted the question but a general depiction of the science teacher’s role
emerges: at some level, urban science teachers describe their role as either as a
facilitator of inquiry (7) or culturally responsive teaching (4) and acknowledge
opportunity-to-learn-science principles as important parts of their role (2). Even the
traditional views (6) reflect the need to take responsibility for teaching science in ways

that foster curiosity.

Table 8 Sample responses to teacher role question

Role of Science Teacher/Teachers of Science Code

Expose students to as much as possible EXP
ENCOURAGE STUDENTS TO EXPLORE AND DEVELOP A NATURAL CURIOSITY  EXP
& APPRECIATION FOR THEIR ENVIRONMENT

ENGAGE THE STUDENT, USE HANDS-ON ACTIVITIES AND ALIGN TO INQ
STANDARDS

DO HANDS-ON SCIENCE INQ
PROVIDE HANDS-ON EXPERIENCES TO THE STUDENTS INQ
PROVIDE GOOD EDUCATION AND TO PROVIDE STUDENTS WITH INQ
OPPORTUNITIES TO EXPLORE THE CONNECTIONS TO THE OUTSIDE WORLD

GUIDE INQUIRY OF STUDENTS, SUPPLY OPPORTUNITY FOR RESEARCH INQ

TEACH SCIENCE WHILE BEING SENSITIVE TO THE DIFFERENCES OF URBAN MCSE
STUDENTS

BABYSIT AND KEEP THEM QUIET OTH
EDUCATE STUDENTS USING AS MUCH INFORMATION AS POSSIBLE TRAD
GUIDE STUDENTS TO HIGHER UNDERSTANDING OF SCIENCE TRAD
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Another view of science teachers’ roles is provided below by number of years
teaching. Veteran teachers (V) are defined as teachers who have been certified and/or
have been in the classroom for more than ten years; a novice teacher (N) is defined as a
teacher who has been certified and/or has been in the classroom for less than five
years; a mid-career teacher (M) is a teacher who has been in the classroom for five or
more years but less than ten years. If a respondent did not indicate number of years of
teaching experience, their responses were coded as NO. There appears to be no
relationship between number of years teaching and beliefs about science teachers’
roles. For each reporting category (except for exposure) in-service teachers without
regard to number of years teaching believe they have a role. Interestingly enough, two
respondents both veteran teachers believe that exposure is the primary role of a science
teacher in elementary school. Because seven respondents left this question blank, it is
hard to draw too many conclusions from this data. Instead, it is worth noting that there
is no apparent difference between the beliefs of in-service teachers. Another
noteworthy finding is that similar to results obtained by Haney, Lumpe and Czerniak
(2003), science teachers at Hero believe that their role is to expose students to engaging
science (EXP) that considers their interests (MCSE) and requires some form of research
activity (INQ). Haney et al. (2003, p. 372) report that a prominent view of teachers
from their study (N = 35) is as a facilitator of inquiry and relevant pedagogy.

The role of the teacher is to stimulate and guide research and then create and
or present opportunities for students to apply what they research in a laboratory

situation. The teacher must also use critical questioning to elicit reflective
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responses from students. Science learning is successful when students are
actually doing "real" science. Real science is the process of research beginning
with observations that lead to inferences that can be tested and resolved...

(Teacher)

The teacher creates the environment for learning, sets the stage, guides, helps
learners learn how to learn, provides materials/where to obtain them, assesses,
evaluates, helps learners to self-evaluate, encourages, appreciates, exhibits joy
in learning and leading others (students) to learn, respects students, must love

learning or learn to love to learn. The student is at the center. (Teacher)

Though slightly more elaborate these responses parallel those collected in the

present study.
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Figure 4 Role of science teachers based on years teaching/veteran status

96



When teachers were asked to describe the greatest limits to science instruction,
multicultural science education emerges as an outlier theme that may not be clear to

the teachers but becomes apparent to me.

Twelve of the respondents answered or attempted to answer al | of the open-
ended questions on the background survey. Scrutiny of these teachers’ open-ended
responses (Table 2) shows no apparent relationship between science teachers’ primary
roles and the limits to science instruction. Teachers’ responses reflect a full range of
possible responses without discrimination according to belief about primary role or
number of years teaching. Even though only the most senior teachers seemed to
pinpoint mandated testing as a limit to instruction (Respondent 1: 31 years teaching
experience; Respondent 2: 34 years of teaching experience), it is not immediately clear
if “time” limits exclude testing mandates. One response however is extremely different
from the others. An eight-year veteran teacher described the lack of collaboration with
other teachers as the biggest limit to science instruction. This respondent describes
three of the characteristics of equitable science teaching—standards-based instruction,

inquiry-based teaching and student engagement.
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Table 9 Critical factors to science teaching: instructional time, limits to instruction and
role of teachers of science from teachers' perspective (N = 12)

Anonymous

Limits to instruction

Role of Teacher

Participant 1

Participant 2

Participant 3
Participant 4

Participant 5
Participant 6

Participant 7

Participant 8

Participant 9

Participant 10
Participant 11

Participant 12

COLLABORATION WITH
OTHER TEACHERS

DISTRICT MANDATES FOR
OTHER AREAS, TIME

RESOURCES

RESOURCES

RESOURCES, TIME, SAFETY
TIME

TIME

LAB ACCESS, TIME

RESOURCES, LAB ACCESS

TIME

TIME

STATE REQUIREMENTS TO
TEACH READING

ENGAGE THE STUDENT, USE HANDS-
ON ACTIVITIES AND ALIGN TO
STANDARDS

EXPOSE CHILDREN TO DIFFERENT
AREAS OF SCIENCE AND TO MAKE
THEM AWARE OF THE DIFFERENT
FIELDS IN SCIENCE TO PURSUE IN THE
FUTURE

PROVIDE HANDS-ON EXPERIENCES TO
THE STUDENTS

EDUCATE STUDENTS USING AS MUCH
INFORMATION AS POSSIBLE
FACILITATE LEARNING

EXPOSE CHILDREN TO OBSERVATION,
REASONING AND WONDER

EXPOSE STUDENTS TO HANDS ON
EXPERIENCE AND MAKE LEARNING FUN
AND APPLICABLE TO EVERYDAY LIVES
ENCOURAGE STUDENTS TO EXPLORE
AND DEVELOP A NATURAL CURIOSITY
& APPRECIATION FOR THEIR
ENVIRONMENT

PROVIDE GOOD EDUCATION AND TO
PROVIDE STUDENTS WITH
OPPORTUNITIES TO EXPLORE THE
CONNECTIONS TO THE OUTSIDE
WORLD

GUIDE INQUIRY OF STUDENTS, SUPPLY
OPPORTUNITY FOR RESEARCH

GUIDE STUDENTS TO HIGHER
UNDERSTANDING OF SCIENCE

TEACH SCIENCE

Coupling these roles with collaboration was a unique response. This response may

reflect a broader knowledge base and suggests that perhaps this participant had deeper

understanding of culturally responsive science pedagogy. If this supposition is true, it
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might be possible to determine if this respondent had a higher self-efficacy belief than
colleagues who could only advance traditional views. Teachers seem to value inquiry
methods (hands-on experiences) but it is not clear how their beliefs translate into
practice. Even though the teachers report the same critical factors that appear in
journals about science teaching, administrators find little if any evidence of these beliefs
when they conduct their observations. This early profiling allowed me to focus more
sharply on the equitable science teaching construct. After the background survey was
completed, teachers who consented to subsequent phases of the study were contacted

by telephone or email within one week of the initial meeting.

SEBEST administration

In a similar case study of teachers’ efficacy beliefs in an Australian elementary
school, de Laat and Watters report using the science teaching efficacy beliefs instrument
for in-service teachers (STEBI-A) during a compulsory staff meeting as their survey tool.
Describing the survey simply as a “science teaching survey”, they were hoping to avoid
any perceived challenge to teachers’ status as professionals—a threat also reported by
Settlage & Meadows (de Laat & Watters, 1995; Settlage & Meadows, 2002). The SEBEST
generates two scale scores: the first considers personal science teaching efficacy (PSTE)
and the second describes outcome expectancy (STOE). In the present study, the SEBEST
was introduced during a compulsory meeting as a science teaching survey. If a teacher
granted consent to participate in the study, the teacher provided contact information

on the back of the survey. Nine teachers granted consent to participate in the next
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phase of the study. These teachers were asked to complete the SEBEST. They were given
time during and after the faculty meeting to complete the survey or could complete the
survey on-line. Eight of the nine teachers elected to complete the survey at the meeting.

One teacher completed the online version of the SEBEST.

Probable response of respondents for PSTE

Ritter, Boone & Rubba (2001) present efficacy beliefs data as “the most probable
responses” for each of the two self efficacy scales based on participants’ responses. The
most probable response represents the most likely response for a given question based
on patterns of responses generated from a large population of respondents. In this way,
Ritter assigns meaning to a particular score for one of the two sub-scales being
measured for each of the factors described by the SEBEST. “Horizontal lines predict the
distribution of responses for each subscale” (Ritter et al., 2001, p. 191). Because the
sample size used in the present study was so small, raw data are shared rather than a
probable response plot according to the recommendations made by Cooper & Good
(1983). The number of respondents (N = 9) is reflected in the horizontal lines. The
distribution of feelings are reflected on the Likert scale from strongly agree (SA) to

strongly disagree (SD).

The first three questions show responses related to gender as a factor. The next
set of three questions relate to race (‘children of color’). Questions seven and eleven

relate to socioeconomic class. Question eight is also related to race but is constructed
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based on White rather than non-White students. Questions nine and ten look at

race/ethnicity; the balance of the questions relate to linguistic diversity populations.

Response Plot for PSTE
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Figure 5 SEBEST Results: Personal Science Teaching Efficacy

With regard to gender, teachers’ beliefs were surprising. Four of the respondents
strongly agreed or agreed that they could teach girls whereas five of the respondents
disagreed or strongly disagreed. This finding is very surprising because almost all of the
teachers were female. Similar results present related to race/ethnicity and class. Equally
surprising is that there seems to be no consensus about gender, race or ethnicity.

Teachers either agree that they can teach girls or they don’t. There is no middle ground.
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When asked about English Language Learners however, teachers’ most probable
response was “uncertain”. Scrutiny of the bottom half of the “Response Plot for PSTE”
represents that finding. These findings raise questions about the scale itself; what does

it mean to be uncertain?

One purpose for collecting qualitative data would be to try to determine what it
means to be uncertain about working with specific populations in the classroom. Recent
studies of teacher efficacy and attitudinal beliefs about working with English Language
Learners suggest that expectations for student success (a link to the outcome
expectancy scale) and changes in personal teaching efficacy is mediated by teachers’
bilingualism, integrated literacy and student engagement among other factors in
general (Flores & Smith, 2008) and in a elementary science classroom (Reyes, 2008).
Perhaps being uncertain about this particular factor is directly reflective of the
demographics of the teaching staff. Perhaps being uncertain about this particular factor
is an indirect reflection of a belief that school science success does not require what
Barba (1993) has called “assimilation to Eurocentric/androcentric ways of knowing and

learning”.

The present view of efficacy response data positions the “most easy to agree
with” statements (according to the SEBEST author) near the top of the chart and the
“least easy to agree with” statements near the bottom, recognizing the very particular
challenge teachers have when working with linguistically different students (Ritter,

Boone, & Rubba, 2001, p. 192). Ten of the seventeen statements show some degree of
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uncertainty in the teachers’ responses for this group of urban, in-service teachers
surveyed five of which have significant uncertainty. All five of the questions that dealt
directly with ESL populations had more than four teachers feel uncertain about meeting
the demands of teaching in this context. This population of teachers feels fairly certain
that they cannot teach science to ESL students. Only one teacher consistently indicated
that s/he had the skills to teach science to English Language Learners. Teachers are
clearly uncertain about indicators of their own personal science teaching efficacy (PSTE)
in spite of their strong beliefs about the outcomes of science teaching as it relates to
English Language Learners, a finding that is consistent with work done by Lee and her
colleagues over the last fifteen years or so (1998; 2004; 2005; 2006). Researchers that
have used the SEBEST have explained that perhaps uncertain is the most interesting
“belief” to think about as it relates to equitable science teaching (Settlage, Southerland,
Smith, & Ceglie, 2009). Perhaps uncertainty reflects willingness to learn. Perhaps
uncertainty reflects an openness to learn about differences. Either way, one of the
recognized limits in the use of Likert scales for data collection is associated with
respondents tendencies to choose extremes (Clason & Dormody, 1994). The intentional

choice of “uncertain” is an interesting result.

Two scales for measuring efficacy beliefs were proposed by Bandura (1982):
personal efficacy and outcome expectancy. Science teaching outcome expectancy
(STOE) is a construct that relates a teacher’s belief that his or her teaching will impact

student understanding. A teacher that has a high science teaching outcome expectancy
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probably believes that students can learn concepts as a result of instruction and in spite

of external issues (like class or ability).

Response plot for STOE

Girls Can Learn Science

Girls Can Develop in Sci

Children of Color Can Learn Science
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Child of Color Can Learn Sci I
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Figure 6 Response plot for Science Teaching Outcome Expectancy

In stark contrast to the PSTE response plot, the STOE responses show almost no
uncertainty. Teachers clearly have a point of view, whether agreement or disagreement
with the statement, on what the outcomes of equitable science teaching are. What was
surprising about these data is the number of respondents who disagreed with
affirmative statements about girls’ long-term ability to participate in science as
measured by their ability to learn science. This result parallels the data taken concerning

the other scale of teach efficacy. Of the nine participants who completed the SEBEST,
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more than half disagreed that girls could learn (n = 6), develop (n = 5) or compete (n = 5)
in science. Another layer of surprise/complexity emerges from these data as well: when
race is factored into the statement (“children of color”, “white children”), about half of
the respondents disagree or strongly disagree that children of color can succeed in
science when effective teaching strategies are employed even if they have the capacity

to learn science.

Ritter et al. (2001) provide an analysis of the SEBEST score by explaining “most
probable responses” for teachers on each scale with a specific range of scores (high or
low). The present study does not wield the same statistical power as the original study
with only nine participants. Rather Ritter’s study (N = 90) helps to contextualize
participants’ responses. Respondents with low efficacy beliefs about equitable science
teaching tended to be positioned on the “SD” side of the continuum of responses
whereas those with high efficacy beliefs about equitable science teaching could be

found on the “SA” side.

More than half of the responses for the SEBEST were submitted anonymously. In
cases where the respondent agreed to participate in additional phases of the study, |
was able to record specific detail about the respondent. Raw scores and details are
provided for the nine respondents in Table 3. The shaded regions represent data for key
participants that self-identified. In the first phase of the study, only Mildred and Edna
indicated their name/status. Among anonymous respondents from phase | are Linda

and Hattie.
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Table 10 SEBEST Data by scale and construct (per participant, pre and post)

Participant #

PSTE
STOE
Total

PSTE-ETH
PSTE-GEN
PSTE-LAN
PSTE-SES
STOE-ETH
STOE-GEN
STOE-LAN
STOE-SES

Status
Grade level
Ethnicity

Participant

1
41
21
62

14
5
16

H 00 U1 O

unknown
unknown
unknown

Anonymous

2
31
24
55

11
5
13
2
10

H U1 n

unknown
unknown
unknown

Anonymous

3
38
26
64

12
9
14

AN 0NV W

unknown
unknown
unknown

Anonymous

4
41
22
63

13

19

A O UV NW

unknown
unknown
unknown

Anonymous

5
43
24
67

14
10
16

O LT NOW

unknown
unknown
unknown

Anonymous

6
62
69

131

21
16
17

8
16
21
16
16

Veteran
SPED
Black
Mildred

60
71
131

21
18
12

17
18
18
18

Early

White
Shirley

73
80
153

26
20
18

9
17
24
20
19

Midcareer

Second

61
79
140

22
17
13

9
17
25
19
18

Veteran

Black
Edna

66
71
137

23
14
19
10
18
18
17
18

Veteran
SPED-K
Black
Mildred

69
77
146

26
19
14
10
12
25
20
20

Early
K
Black
Hattie

In this sequentially designed action research study, phase Il asked participants to complete the SEBEST survey online

or in person with me. This allowed me to manually match the participant to results whereas the online survey administration

required disclosure on the part of the participant. This was a limitation in data collection. As a result, five of the nine

participants who completed the survey, could not be unequivocally matched to the data they generated.
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Hattie, a participant that agreed to participate in all phases of the study is included
among the anonymous participants who did not disclose status, current teaching grade
level or ethnicity during the first administration of the SEBEST. Her participation in the
online data collection was confirmed during phase Il of the study, semi-structured
interviews. The data above suggest that Hattie held beliefs about equitable science
teaching (SEBEST) that are consistent with other low SEBEST teachers. In general these
data show that teachers at Hero may be resistant to notions that define equitable
teaching. This suggests to me that perhaps the language that the academy is using to
describe equitable science teaching is different from that which practitioners use. Unlike
in the first phase where teachers had clear vocabulary to communicate what they
thought were teachers roles and limits in teaching science, they did not seem clear
about how the constructs measured by the SEBEST aligned with their beliefs or
understanding.
Conversations that frame the story: Examining beliefs about an elusive construct
Phase Il of the research involved conducting semi-structured interviews around
science teaching vignettes to which participants had been previously exposed. The goal
of this phase of the study was to determine how teachers’ assigned meaning to
multicultural science teaching. It was clear from the SEBEST administration, that
teachers were not using the same benchmarks to describe equity as researchers. It
seems fair to suggest that gaining insight into how practitioners use terms, might also
give insight into what they believe about the terms and ultimately how they realize/

operationalize terms. Research question 1 sought to compare teachers beliefs and
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practices about equitable science teaching. Phase Ill was a deeper exploration of this
construct.

Pajares (1992) describes the static nature of beliefs in adults but “double loop”
learning theory counters this view. In the latter view, change is possible when problems
are complex and ill-structured which gives the learner an opportunity to revisit and
modify initial perspectives. In spite of my inability to gather truly robust data in Phase I,
during the vignettes-based interview, | was able to recover from teachers enough
information about the teaching scenarios to extract some of their beliefs while also
gaining some insight into their own projected teaching practices. Emergent themes from
their interviews are emphasized in the text. Line numbers are used for easy reference.
Line break ellipses are used to indicate large edits from the responses whereas in-
comment ellipses are used to show short pauses or small edits that help improve textual
flow.

Linda

Linda is a veteran early childhood/special education teacher with about fifteen
years teaching experience. Linda is a graduate student working on certification to
become a learning disability consultant. Linda is white and is the parent of a child with

exceptionalities. When asked what the teacher in the vignette did well, Linda responds:

Linda: | think that she made attempts to break down the tasks. | think...that she had
some visuals that were good. She tried to utilize all the space in the classroom.

JBJ: Is there anything that you could see yourself applying in your classroom?

Linda: Well...we're talking about babies so...for the little ones, | might use more visuals
rather than the spoken word.
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Linda: OK...characteristics of instructional design and delivery...when she walks in the
class before the bell rings...a bell rings and a line forms in front of the desk...so there is
just too much wasted time. It is going to be real easy for them to get off task...although
she does have a lot of visual prompts, it sounds like her teaching style is mostly audio
and kinesthetic...| wasn’t sure what modifications were being made for the special ed
students ...since that is my forte (chuckling)

Linda’s comments address pedagogies that are consistent with best practices. She
acknowledges the need for teachers to address students individual learning styles by
adapting their teaching style (line 2, 4, 5 and 10). Her responses highlight her interest
and expertise in inclusive school practices (line 12). Reference to learning styles suggests
that Linda knows and understands theories of culturally responsive teaching (Atwater,
1996; Gay, 2000; 2002; Lee & Fradd, 1998).
Edna

Edna is a veteran fifth grade teacher with more than thirty years teaching
experience in Urban School District. Edna is African American and regularly wears
African clothing. She wears dashikis, cowrie shells on her naturally braided hair and
decorates her room with cultural artifacts and posters. Most of Edna’s teaching
assignment in the district has been at Hero Elementary School. Edna volunteered to
participate in the study immediately upon hearing that | would be conducting a study in
the school. She read the vignettes to her students in order to get feedback about the
quality of teaching in the scenario. When it was time to conduct the semi-structured

(vignettes-based interview) she wanted me to conduct the interview in the classroom so
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that students could better understand the research process, have an opportunity to
meet me as a “future doctor” and fact-check with her class. The interview was
conducted on the last official day of school before Summer Break. When asked what the

teacher did well, Edna responds:

..uh...we liked the way that she greeted the children at the door. We thought that that
was a positive. | really can’t think of anything else. | mean, she was prepared but we said
she was overly prepared. | know that she had good intentions but uh, uh, it sort of like
backfired on her because of her... her... her teaching skills were not what we would call
very positive. It was more a turn off than a turn on... A plus as far as she is
concerned...she did indicate that there was a preference for a little bit of lecturing and a
little bit of hands-on activities...you just can’t keep talking to children without them
having some positive feedback or hands-on activities to reinforce what is being told.
That was a good thing. Um...we also agreed that the “do nows” that she had was a good
thing but not immediately upon entering the classroom. There should be some
classroom interaction between teacher and children before you get started with a “do

g

now .

OK. She told the students to read the first page of that packet silently...based on this,
many of the students were already bored stiff from the beginning of class time. Their
interest level was extremely low.

Edna invited her students to help her make sense of the teaching scenario and
incorporated some of her students’ responses into her own. Edna’s teaching style

embraced participation and quality interactions within the classroom (lines 1 and 9).

Another characteristic of quality teaching interactions for Edna was engagement: for
her engagement took on two forms: physical activity in the form of hands-on activities

(lines 7 and 9) and interesting tasks (lines 15-17). Although Edna provides insight on
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equitable teaching in general, she was not observed teaching science in subsequent
phases.
Hattie

Hattie is a second year teacher working with an instructional aide in a
kindergarten classroom. Hattie is African-American and has switched careers. Hattie
wanted to participate in the study so that she could have support in developing science
lessons for her classroom. Hattie did not agree to be taped for her interview. Below are
transcribed field notes. To indicate the terseness of her responses, Hattie’s responses

are reported using bullet points.

Hattie:

e Good hook...music...giving the name of the lesson

e [She] asked a few questions that um...to get the kids thinking...didn’t seem
like there was a lot of teaching but the “lesson” was routine

e Seemed like an introductory lesson

JBJ: What are the weaknesses of the teaching in this vignette?

Hattie: That is a difficult question for me because...whenever | read something like
this...I think about things | could do because | haven’t been teaching that long.

JBJ: In an ideal world, what would science in an urban elementary school look like?

Hattie: Identifying a list of things to do...

Instruction involving hands-on activities

Instruction involving visual materials

In your classroom, not often (every other week schedule)
There are hands-on materials in kits but we’ve had no training on how to use the kit;
there is a music CD and flip chart with pictures
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Like Linda and Edna, Hattie seems to value student learning styles and teacher-
adapted lessons to accommodate student interest (line 17). Engaging students with
music from the beginning of the day was important to Hattie. She also seemed to value
the hands-on minds on approach to teaching and learning. Unlike the other teachers,
Hattie was open to learning from the scenario (lines 9-11) rather than simply critiquing
it. This openness to training and learning is also expressed in her comments about
curricular materials. Perhaps for Hattie, teaching is as much about content knowledge
experience and training as student learning. Hattie seems to be the only teacher so far
who related teaching to training (line 19). According to theories about efficacy, vicarious
experience and past performance are two of critical inputs in the development of
efficacy. Hattie’s responses were right in line with the idea of using a vignette as a
vicarious experience as first proposed by Ashton et al. (1982) but also as an opportunity
to have past performance.

Mildred

Mildred is a veteran teacher who came to teaching from the field of social work
more than ten years prior to the study. Mildred is African-American. Mildred co-teaches
in an early childhood, special education/ESL classroom with Linda and a bilingual aide.

When asked what the teacher in the vignette did well, Mildred responded:

Uhh...I didn’t really...I know that there’s something in there but | didn’t really take it
as...uhh...l didn’t see negativity in it...to me (emphasis on me, almost defensively)...you
know...I thought it was, you know...well done. The students are older and they, you
know...they (referring to the teacher in the vignette) could have given a model at the

beginning to let the students know that the do now was about to you know give them a
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little heads up. Um...It was sort of like a quiz type thing...you know, do what you know, if
you know about this then write about it. Some of the students didn’t know. | think a
little demonstration or model...just a sentence, about what was going on would have

been helpful but other than that...I don’t know (somewhat tentatively, shrugging).

Mildred’s response also reflects the critically important role engagement plays in
getting and keeping students interested in instruction. For Mildred, the model takes
precedence over the design. However these data expose a clear limitation in the use of
these vignettes with elementary teachers —they were designed for secondary teachers.
The teaching contexts and content did not provide a vehicle to understand what these
teachers might do in similar situations: For the most part, these teachers would never
design instruction using the content conveyed in the vignette. What it did provide
however was insight into how they believed instruction should be delivered—in a way
that teachers and students engaged with the content, together. For each teacher, there
was some indication that the quality of the relationship the teacher had with the
student was more important than the presentation of the content even though they
acknowledged the role of the content in establishing the context. For these teachers,
addressing the individual needs of the learners—either through learning style
preferences, cultural norms or science teaching best practice around inquiry methods—
was paramount to content drill and/or tight classroom management; instead it seems
that these teachers saw engagement as the primary tool for managing behavior and

content.
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Through various probes, | attempted to collect information about how the
elementary teachers constructed meaning for the terms “multicultural science”,
“culturally relevant science”, “equitable science teaching”, “inclusive science” and the
array of related terms, a goal of the first research question. | call these probes
“conversations about teaching”. For each teacher, responses to probes about what they
do to support science teaching “for all” are provided. These probes reflect a significant
portion of teachers’ espoused knowledge as opposed to their practice knowledge; some
details about how classrooms were organized might be related to practices however,
details about actual teaching practices could only be obtained later (Part Il) of the
research when actual teaching was observed.

Making meaning: Analysis of conversations about teaching

Each teacher’s response to the vignette during the interviews helped me to
know what she valued during teaching episodes. Another actor became part of this
phase of the research, Faye. Faye is a community educator whose work with urban
youth in science enrichment programs throughout the district qualified her as part of
the extended community of Hero. The conversation was not structured around any one
idea but rather became important because it provided insight into stakeholders’ views—
stakeholders outside of the formal structure of the school. As a research method, the
unstructured interview allows for free conversation in a way that embodies the goal of
the present study to be participatory, emancipatory and dialogic. A limitation in the use

of this informal interview is that the informant, Faye, fit into the category of

respondents called an outcropping (Fetterman, 1998, pp. 57-58); Faye is not a certified
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public school teacher but has a science background (undergraduate degree in science),
works with area charter schools and non-profit organizations to develop science
enrichment programs for members of the community that includes adults and children
and Faye is a resident of this community working on the grass-roots level to improve
science education. Though fortuitous, meeting Faye proved valuable in terms of
contextualizing this small urban environment. Faye is a part of the school culture and
the science education culture in the greater community; over time she would become a

part of the smaller school community as well.

The remainder of the chapter will provide evidence of what equitable science
teaching is from each subject’s perspective—Linda, Edna, Mildred and Faye—as
embodied by each subject’s practices. Hattie’s views were not captured completely and
have been excluded from this section of data. As | worked to draw out of teachers what
their espoused knowledge of multicultural science teaching, Faye’s perspective became
an important one. This section of the chapter will share excerpts from those
conversations. Because the vignettes remained the stimulus for the conversations, some
of their comments seem disjointed. To facilitate data coherence, ellipses are used to
edit from their comments specific references to the vignettes.

Linda

Characterized by collaboration/cooperation, technology and teacher-created
materials for in-class inquiry and discussion, Linda represented equitable science
teaching primarily in the context of special education. She minimized race and language
diversity in the classroom. Her primary emphasis in describing the best ways to promote
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equitable science teaching are consistent with literature from special education
including an emphasis on cooperative learning and tactile learning opportunities

(Brown, 2001; Furner & Duffy, 2002).

... made a note here...it says that the children lived in the same neighborhood and had
been in the school since 5" grade. If that’s the case, they probably know each other
quite well and should probably already know how to work together pretty well. She
should probably be doing a lot of cooperative learning and the student should
be....[reads notes page]...l just said that there appears to be an equal mix of kids (by
race)...

...it’s going to be a lot of hands-on. So if you’re dealing with science in three domains—
low tech devices: things that are already in place in the classroom that you can use to

help the student understand the lesson...

..when they’re involved in science...just pairing them up with one rather than a whole
collaborative grouping to do the science experiment. One that’s really strong and one
that...

...You might have to mix it up depending on that specific target is for that skill and what
you are looking to get the children to comprehend and so from there, you kind of have
to analyze what kind of low-tech...now when you’re talking mid-tech you might want to
look at word processors that are movable so that the child can stay within that
collaborative group but they’re not tied to a computer...that they would be able to
process or put in their answers and they would not have to go somewhere else so that
they could still be part of that collaborative group...

...They need visuals. If | was going to do something where | needed them to understand,

or break down a step, like, first we do...[participant is thinking out loud]...let’s do ‘sink
and float’. | am doing a sink and float and they’ve done a hands-on [experiment] but we
want to talk about what the results were. | might make some pictures of actual objects
and then they [the students] can say ‘ok, you know what: this one sunk. This one
floated.” You know and do some visuals so that they could remember and maybe even
make up a book for them so that they could then carry a library and say ‘remember
that?’! to prompt them to remember the experiment. At this level, it would be like a
board maker.
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...I have some things. E-text. Any book a student with a disability can have access to then
take it home, to then ...there are certain programs that will highlight the text...The
teacher can even go in and highlight the key terms. Another thing that you can do and
you can do it in [Microsoft] Word that | learned in one of my graduate courses is that
you can Auto-summary and break that down into chunks and keep summarizing the
summary! So that before long, you’ve got it [a text] down to a concise [passage], so that
for those students who can’t process all that information will have it broken down into a
level that they can handle it.

Linda demonstrates a ‘beyond surface’ understanding of multicultural science
education from the perspective of a special educator even though she does not engage
ideas related to race significantly (line 6). For her, the more significant diversity “text” is
able-bodiedness or ability. She repeatedly mentions the use of cooperative learning and
differentiation (lines 4, 11 and 13), technology (lines 8, 14-16 and 30) and inquiry (lines
7, 21-26) even integrating home-school partnership (line 31) and adapted teaching for
specific learning (lines 21, 33-35). This conversation also confirmed that Linda believed
in training and higher education for teachers (line 34). This conversation distinguished
Linda as a highly efficacious teacher—she knew a variety of strategies and could readily
recall teaching contexts with confidence, she demonstrated a commitment to training
and evidence was emerging that she knew how to use a variety of teaching skills to
engage content, a reflection of a large degree of pedagogical content knowledge. As
part of the original research team at RAND, Berman & Mclaughlin (1977) found that
high efficacy was correlated to positive change, goal fulfillment, willingness to continue

professional development and student performance.
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Edna
Edna readily contributed her feelings about race when probed about what

equitable science teaching in urban schools should be and how the teaching vignette
conveyed something less than equitable. The major theme in Edna’s responses to

probes about equitable science teaching was resistance to low expectations/deficit
thinking associated with urban spaces, urban schools and urban students. She used

the probe as an opportunity to invite students directly into the interview:

Edna: ...We also picked up a little form of racism did we not? [Students express
agreement.] Who was her favorite student? [Two students respond loudly and in
unison, Student X]. And we surmised, we weren’t there; we did not see but we surmise
that Student X must have been of what...uh...racial background? [Directed toward
students. Several students responded “white”...students respond...Edna engages in a bit
of dramatization of the vignette, getting more students involved in the discussion before
redirecting her attention toward me.] ...we weren’t there but that’s what we surmised.
[Slight laughter]...and we surmised that those three students in the back were
probably...[students respond, “black”]. Unhn huhn...(indicating agreement with students
response)...and they left their packets...I think some of my kids said they would have left
their packets there too.

Edna: OK...what should science...what turns you on in an urban setting, a city setting if it
was presented in a certain manner. Outside of me and the techniques | have, ‘cause |
make everything...you’ve got to have fun.

Student: Mixing like chemicals and stuff making stuff. ‘Cause it would be better
if we don’t always work in a book so we can experience it ‘cause it is better

Edna: | am going to interject and [say]...more hands-on experiences instead of just

reading about it. | would also like scientists to come in and we could go and arrange field
trips. Even our environmentalists. | would like to go with [local community

organizations]; they do a lot out in the Big Local Park. [Student shouts out Arbor Day].
This has to do with trees...the children know where sap comes from and what can come
from sap...and you can go out in the woods and you could go to uh, uh, ...[the local
town] | think there is a place where children can go out and explore nature. | would love
that!
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Edna believes in student voice. Even though our interview was private, she
wanted to include her students and their perspectives during debrief and probes. The
protocol asked teachers to read the vignettes in advance and take notes. She disclosed
that she included her students’ perspectives in her responses. She saw this activity as an
opportunity to have students participate in an authentic research project, a critical part
in the science identify formation and achievement of students in urban science
classrooms (Tobin, EImesky & Seiler, 2005). Edna openly acknowledges race (lines 1-6)
and speaks indirectly to outcome expectancies (line10-12) of teachers for Black
students. In terms of hands-on experience/inquiry, Edna’s responses delineate the
difference and value of in-school and out-of-school experiences, comments that her
students also seemed to endorse (lines 16-18). In-school, reading is not seen as a
valuable activity (line 19) and out-of-school, field experiences (especially those in the
community) are viewed as valuable (lines 21-22). Adding to what might be constructed
as relevant pedagogy or appropriate teaching strategies for relevant pedagogy; Edna
describes “fun” (line 15) as a valuable property of teaching technique and like Linda
shows evidence of a commitment to training for this kind of teaching (lines 21 and 26).
Mildred

Mildred focuses on resources—making sure that equitable science teaching is
characterized by quality teaching resources that are relevant to urban conditions from

a child’s perspective.

Mildred: Um...in an ideal world...we would have microscopes that they can use...real
samples. We would have an area outside to do different experiments with real dirt!

(emphasis) You know? Just an area, you know, where we could plant. We can discuss
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the weather...you know...the frost...the grass coming up...you know...because it’s
not...even though we have grass out there, it is not ours (emphasis). We need it to be
ours because we could bring it down to their level. You know because we have furniture
at their level...we would have all sorts of experimental materials.

JBJ: So when you say “real samples” what exactly do you mean by “real samples”?

Mildred: Like...the little plate that goes on the magnifying glass (/ think she means the
stage of a microscope)...yeah, we would have more magnifiers. Like, | ordered a big dual
magnifier it just broke so easily.

JBJ: So...you would have durable materials?

Mildred: Un huhn (yes). And if we were going to plant seeds...the dirt. The samples that
can go under the microscope...

JBJ: ...like slides...

Mildred: Yes. So they can differentiate a few things...this is water...this is...like
DVDS...understandable DVDS...(She was referring to a variety in curricular materials that
could include videos.)

JBJ: To make it understandable, what would it need to be?

Mildred: Um...in an urban area...| mean, words that wouldn’t go over their head.
Like...words like...that can give them a relationship to what they’re saying...and | don’t
think that it should be like slang or ghetto...but | think it should be...take them from
where they are to where they can go. Start out low and then actively [build]...

Mildred needed a lot of prompting during our conversation. She seemed less
confident about her responses, a factor that could be related to her unfamiliarity with
the content (secondary science teaching) or possibly to her efficacy beliefs (Ashton,
1984). Limits in the instrument make it difficult to discern which is the more reasonable
assumption and go beyond the scope of the present study. However, Mildred’s focus on
resources is worth noting. From the very beginning of her response, she talks about the

need for equipment (lines 1 and 13), curriculum materials (line 19) and space (line 2).
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She hints at culturally relevant pedagogy by mentioning the need to develop materials
appropriate for students in urban areas (line 22) and having high expectations for
student learning (line 24). Lines 25 and 26 suggest that she had general pedagogy
knowledge as well, hinting at scaffolding processes and an understanding about
cognitive levels (Bloom’s taxonomic levels) in the classroom.
Faye

Faye is a community activist and education advocate whose work involves
science as a vehicle for service learning. When | met Faye, (Summer, 2008) she was
conducting a science enrichment program for public school students at the public library
that serves Hero. The main-branch location was one of two locations where Faye
coordinated activities for children in grades two through five. Children who participated
in the enrichment program had approximately four hours per week during the summer
of contact time working on science-related projects. They were also given opportunities
to study language (Kemetic languages) and engineering. In the summer program that
year, more than one-hundred elementary school-aged children were served. Faye
though new to the community having lived there for only a few months, had a visible
presence at the library. She forged alliances with the library and other agencies in and
around the city to raise money to take students on field excursions throughout the
state, the region and internationally. She was the primary science educator for the
enrichment program. Faye designed the curriculum largely from web-based materials,
commercially available science kits and self-developed modules that integrated the

social sciences with the natural sciences. A major focus of the curricula she developed
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was scientific methodologies—she wanted to develop science habits among the
students she served, an idea that is consistent with the national and state science
content teaching standards. Faye held the same view about science teaching that was
upheld in literature about ways to improve science education in urban spaces, “in a
society that focuses on technology and scientific advancements, skills such as making
observations, analyzing evidence and constructing logical arguments can help students
think critically about their world” (Beers, 2005, p. 132). Faye made a commitment to
guality science teaching but also to the affirming cultural norms consistent with
Afrocentric models of education. On a visit to her office she explained what she hopes
to accomplish in the schools; a major theme in her comments is the need for students
from urban schools to be competitive critical thinkers, a task they could accomplish
using science (lines 3-6):

Faye: we engender to go in to train children by using technology, [orient them] toward
science careers, get them ready for science fairs, [help them to] become competitive for
science competitions, [teach them] to create science portfolios, place politics in a social

context, go on field trips, do international service learning in a science context. We see
a practical application to science is to service your community.

We want children to open [their] eyes, understand who they are and remember to be
excellent.

After spending a few minutes talking casually about Hero Elementary School and how
we might actually work together, Faye consented to being recorded and be a potential

informant for my study of Hero School. The conversation/unstructured interview lasted
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for a little more than one hour. A transcript was prepared based on the recorded
conversation and field notes were typed from our preliminary (September 24, 2008)
discussion. We talked about many things but two themes related to teaching emerged,
professional development and collaboration. Of critical importance to Faye was the

integration of content disciplines:

As an educator and a professional, we want to be able to give our children scope, a real
broad scope in learning with our particular subject... so if a language teacher wants to
show a child what learning Spanish is good for, you might bring in a social studies
teacher because he would understand more of what is involved in the societies of
Spanish-speaking cultures...what kinds of environment, what kinds of social
environment, what kinds of government they have...what kind of...foods do they eat,
what kinds of dances do they do...that might interest the student more in learning the
language...something that would help them to understand. ...Not only the worth of the
subject that they’re teaching but maybe something that the child may be interested in
terms of a career that they otherwise would not have been interested in because they
didn’t know how broad the subject could be or how far the learning could go. And so,
um, we would like to take teachers abroad just as much as we would like to take
students abroad because we think that professional development in the education
system right now is a little archaic. Sometimes we have a cross-curriculum agenda but a
lot of time, those cross-curricular agendas aren’t really brought to the classroom. The
teachers don’t really collaborate in a very clear way or a strategic way that really links
one subject to the other. And, if we take teachers abroad, not only will we show them
how they all are related in terms of teaching children about global
ambassadorship/community service but they will also learn new ways to incorporate
other subjects because they’ll be on those tours with other teachers and when you
listen to other teachers in other subjects talk about what is important to them...you
start thinking about your curriculum saying ‘I didn’t really look at it from that
standpoint’, | can bring that into the classroom.

Teachers will be more encouraged to come to work every day and be more excited
about the new projects that they are doing. Which is all really important. We have a
serious morale issue that we don’t always talk about in the classroom. And it is not just
with students; it’s with teachers. Teachers don’t want to come to work. They are
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depressed many times with the situation that they have with the children. With lack of
support from the administration. With pressure from the curriculum standards. With
pressure from the standardized test and how to produce results and at the same time
keep the integrity of learning.

In her comments, Faye captures some of the most significant theoretical
concepts being developed in the present study. The first theme to emerge from Faye’s
comments about equitable science teaching is the idea that equitable teaching is
interdisciplinary and collaborative (lines 1-12). She describes collaboration and field-
experiences as a means for providing teachers with meaningful professional
development within a structured professional learning community (lines 20-25). She
describes characteristics of teacher efficacy (individual and collective) in lines 27
through 35. Without responding directly to my question about what multicultural
science or culturally relevant science is, she creates a clear picture of what equitable
science teaching is—global participation in science as a process (identify a problem,
think about a solution, design an experiment to confirm your thoughts, analyze
information using balanced evidence and if necessary revisit your assumptions to

engage new experiments).

JBJ: In thinking about your work—multicultural science or culturally relevant science—
how would you define that?

FAYE: (Slight pause) Well...I think that globally, if we don’t invest in science and the
scientific process as the backdrop to learning, then, we can’t make the argument that
we are committed to a future of cross curriculum (sic) learning and breaking down the
walls of discrimination and racial bias in the world. Science is the way—is the ‘great
equalizer’. The scientific process is the great equalizer across the globe and education is
that for us...
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Although Faye did not seem to have a firm handle on the jargon associated with
educational theory—multicultural science education or culturally relevant science
pedagogy—she clearly understand the principles. Her comments point directly to a
social justice/transformative multicultural education paradigm for equitable science
teaching even though she never uses that vocabulary. Over the course of the year, Faye
formed alliances with local organizations to bring science to the community—running
science activity booths at local museum events, hosting science and art exhibits at local
adult café venues and taking a cohort of area students on an international field
excursion. Her work in Hero was limited but she and | maintained contact for future

professional developments in this small urban community.

Next steps: Step Two—Shifting Research Focus toward Observation

| left Hero Elementary School on the last day of school in June, 2008 filled with
anticipation. From the conversational style interviews | conducted with teachers during
the last weeks of school, | was able to frame the work | would do during the next school
year. Their thoughts helped give me insight into their beliefs and their espoused
knowledge. Their comments also helped me to determine how to structure the
experience so that it was also providing them with training. Although not included here,
Hattie (the novice teacher) wanted training on how to use the curriculum because she
“liked science”. Each teacher left Hero anticipating our work in the next school year. The
conversations | had with Faye in August, 2008 and again before formal classroom

observations commenced in September, 2008 helped me to better understand what my
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role might be in the larger community but also at James Harry Hero Elementary School.
Shifting focus toward observations (step two in the sequential design) was as much
about meeting the needs of the teachers as it was about finding out how science
teaching was practiced. As | was being transformed, the teachers should be
transformed—the benchmark of participatory research.
General overview of findings: Phases | and Il

Equitable science teaching is only possible when teachers accept the
responsibility for developing lessons that engage all students in authentic ways
(Chatman, et al., 2008; Lee & Luykx, 2006). When teachers of science also believe in
their capacity to work with a diversity of students for positive student outcomes, then
they are teaching in equitable ways that support high efficacy beliefs. Efficacy beliefs are
developed through verbal persuasion, vicarious experience, task performance and
emotional cues (Bandura, 1977). As teachers work together in the research process,
they build clarity in their definitions and develop modified ways of knowing, especially

when they had low efficacy beliefs at the beginning of the research process.

In general, teachers at Hero Elementary School seem to believe that teaching
science in urban classrooms requires them to engage students in some form of science
inquiry. Based on definitions supplied by school leadership, ‘hands-on’ science parallels
‘minds-on’ science where students’ curiosities form the basis for science activity. Raw
data for the teachers surveyed for their efficacy beliefs about equitable science teaching
at Hero are surprising. Teachers seem terribly uncertain about their personal science
teaching to specialized minority groups, especially English Language Learners. Settlage
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et al. (2009) report a benefit to uncertainty (Wheatley, 2002) that provided to be
consistent with my own findings. When the low efficacy teacher —Hattie—persisted in
her participation in the study, she saw a shift in her teaching. She developed confidence
similar to that which was reported by Posnanski (2002). Without prompting from me,
she was able to and began to implement equitable science teaching strategies on her

own.
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CHAPTER 5

PHASE 111 AND IV: CLASSROOM PRACTICES AND REFLECTIONS

The teaching and learning of science is much, much more than simply fixing what
people do not know. What is known and affords life will be part of what is taken
away from any participation in science education and to resist this social fact is
as unwise as ignoring any of the facts of science... The bottom line for all
stakeholders is to engage in co-generative dialogues with representatives from
stakeholder groups chosen from across diverse social categories. The goal of
these dialogues is to cogenerate agreed to courses of action as collective
motives are negotiated and pursued. The purpose of the dialogues is not to
follow the truths determined by the most powerful stakeholder groups, but to
learn from others while teaching them, and iteratively to produce a set of agreed
to outcomes that define pathways to be pursued in the future (Tobin, 2008, p.
795).

Tobin (2008) neatly summarizes one of the benefits of doing research as

collaborative action research. From a research perspective, understanding how a small

sample of teachers’ beliefs about equitable science teaching compare to their practices

requires a richness and depth of information that is obtained primarily through

interview and classroom observation data. Subtext for research question two (what

personal teaching efficacy and outcome expectancy beliefs and behaviors do teachers of

science convey?) is addressed by this kind of rich data. According to Merriam-Webster

dictionary, to convey is to “impart or communicate by statement, suggestion, gesture or
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appearance”. Each action can be read as complementary to the other. In the same way,
qualitative data will be used to explain other data. These data will serve as a source of

triangulation but also as an additional source of construct validation.

The present study examines not only teachers’ beliefs about equity (construct
#1) but also their beliefs (construct #2) about their own science teaching in light of
theories about educational equity—diversity/multiculturalism. The set of beliefs being
examined relate to self efficacy, teachers’ belief in their ability to control the learning
environment and produce positive student outcomes. The present study engaged
teachers in the research process and created opportunities for them to reflect on their
beliefs and teaching practices and potentially build their personal teaching efficacy and
outcome expectancies with regard to equitable science teaching. To maintain the
integrity of the research process, teachers were not told that the study was designed to
explore equity as a teaching phenomenon per se but themes related to race, class,
gender and ability in the classroom were centralized in early phases of the study and

throughout.

The unit of analysis for this study is both individual and collective: teachers of
science that serve the Hero Elementary School community help me build a case about
equitable science teaching in an urban elementary school. The sequential mixed-
method design occurred in four phases. Demographic data and background information
about teachers at Hero Elementary School were collected in April, 2008. These mostly

guantitative data are reported in Chapter 4. In this chapter, | will share qualitative data
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collected at Hero Elementary School from September, 2008 through April, 2009. Five
key informants serve as the primary population for this study—two of the informants
(Mildred and Linda) are veteran co-teachers in a single mixed-age pre-kindergarten
classroom. Linda is a White special-education teacher. Mildred is a Black general-
education teacher. Together with a Latino instruction aide, Mildred and Linda are
responsible for teaching a class of about fifteen students in a full-day program. Hattie is
a Black novice (second-year) teacher in a kindergarten classroom. Mildred, Linda and
Hattie consistently taught science over the course of the study. Two other informants,
Edna and Faye also provide insight into teaching practices that support equity however
they were not observed teaching science. Edna, a Black fifth grade teacher was not
teaching science during the initial months of data collection (September through
December) because of a modified schedule. She was eventually excluded from
additional data collection even though | was able to observe general pedagogy in her
class on three separate visits. Faye, a Black general science educator and science
education community advocate, taught science in informal settings and as a charter
school consultant in the district where Hero is located. Although she worked with Edna
in various out-of-school science learning settings, she too was excluded from data

collection beyond the profiling stage of the present study.

New Beginnings: New School Year-New Expectations

In Fall, 2008, it became clear to me that my most robust data would be

gualitative and that any quantitative data | collected would be insufficient for making

130



generalizations given the small sample size. With that in mind, the research
methodologies employed became more qualitative. Embracing the ‘less is more’
principle of qualitative research, Hero Elementary School—its teachers, administrators,
setting and stakeholders—collectively represented a case for analysis of science
education in an urban school. Capitalizing on the “opportunity to glimpse the
complicated character, organization and logic of culture” (McCracken, 1988, p. 17)
associated with science teaching being played out in this small urban space, | wanted to
investigate the categories of science teaching (and learning) that took place here. | also
wanted to find out what kinds of assumptions were being made (and accepted) about
science education here. This approach to the research at this point allowed me to get
back to research question 1: how do teachers describe the concept of equitable science
teaching? With specific attention to the petit tour question ‘what strategies do teachers
believe attend to difference in the science classroom’? My focus shifted away from
beliefs toward practices—I| wanted to know what was happening here that could
reasonably be construed as equitable science teaching. | wanted to somehow match
respondents’ espoused knowledge as expressed in the vignettes-based interview
(conversations) with their teaching practices as a way to better understand how
teachers enacted equitable science teaching. Argyris & Schon (1974) postulate that
change is possible when problems are complex and ill-structured. The idea of equitable
science teaching (and its opposite, inequitable teaching) were loosely bound constructs
in teachers working vocabulary. None of the teachers was able to describe equitable

science teaching (from the vignettes-based interview) using identical vocabulary like
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they had done for their role as science teachers in the background survey. Teachers and
administrators seemed to be clear about what quality science teaching for diverse
students in urban schools was—inquiry-based, culturally responsive, student-centered.
This phase of the study allowed me insight into strategies or practices that advanced

equity in science.

Building on data collected during the first phases of the study (primarily at the
end of the school year in Spring, 2008), it was my goal to observe in all participants’
classroom at least five times. Because a critically important criterion for participation in
the present study was that each participant teach science, | had to drop two teachers
who had previously granted consent to be observed including Edna, the popular fifth
grade social studies teacher who also taught science. Edna was observed three times
between September, 2008 and October, 2008 however her teaching schedule and plan
did not have her teaching science until spring. She explained how the schedule had
changed to accommodate district demands to emphasize mathematics and language
arts literacy in the classroom. Hero had been placed on the corrective action list for
inadequate yearly progress on standardized tests for the previous academic year. Fifth
grade is a critical benchmark year for state testing. In casual conversations with each of
the three teacher-participants, they regularly expressed how happy they were to be
teaching in an early childhood environment. They felt that there was less pressure to
follow a curriculum in the lower grades because in effect, it was their job to simply help
socialize the children for school and to develop their number and letter recognition

(instead of reading). These comments supported the views of Mrs. Maxson and
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captured the risks of NCLB stated in the literature (Rodriguez, 1997; Settlage &
Meadows, 2002). In working with these three teachers, | saw the potential of Faye’s
idea—build cross-curricular units where science was the context for mathematics,

language arts, visual/ fine arts, history and all of the students would have to study.

The remainder of the chapter will share details about observations made in each
classroom observed where science teaching was occurring. Details about specific
teaching strategies and episodes will be shared. Three principle informants, Hattie,
Linda and Mildred helped shape this story about teacher efficacy and equitable science

teaching.

Phase lll: Classroom observations

Rich general qualitative data were collected during the observation phase of the
present study. Qualitative data were obtained using several observation protocols (See
Appendix D) and basic field notes. Data also included pictures, classroom discourse
transcripts and personal communications. Three participants, Linda (a White veteran
special education/pre-Kindergarten teacher; co-teacher with Mildred), Mildred (a Black
veteran pre-Kindergarten teacher; co-teacher with Linda) and Hattie (a second-year
Black kindergarten teacher) were observed teaching science. At least five times during
the school year between October, 2008 and January, 2009, | visited the two classrooms.
From January, 2009 through May, 2009 teachers were supported in writing science
curricula (integrated lessons) in areas of interest to them. A general sequence of events
characterized this lesson support. First | observed the lesson as a peer. During my
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observations, | would audio record classroom discourse and take field notes. | took
notes about teaching events on forms that were produced in duplicate so that the
teachers had an immediately available copy for our lesson debriefing discussions and
personal reflections. Even though my primary role in the classroom was as a researcher,
| was not in the classroom to evaluate lessons. The kind of feedback that | provided was
informational and was never shared with the principals. Next, the teacher(s) and |
would sit down to discuss strength and growth areas in the lesson from my and their
perspective. From these conversations, we would discuss ways in which lessons could be
improved, repeated or extended. When | left the classroom, | would audio record
additional audio memos and reflections about the day’s research. Transcripts were
prepared from the audio recordings after each day’s observation. It was my goal to
observe teachers teaching science at least three times. Additional observations were
designed to document general pedagogy practices (September 2008) or as a follow-up
to earlier observations (November 2008 through February 2009). | observed seven times
in Linda’s and Mildred’s pre-kindergarten classroom between September 2008 and
February 2009. | observed four times in Hattie’s kindergarten classroom between
September 2008 and February 2009. | conducted two additional observations in Hattie’s
classroom between February 2009 and April 2009. Linda, Mildred and Hattie were
invited to attend an off-site/out-of-state graduate research conference (April, 2009) as a
means to fact check and become familiar with the research process for teachers. |
wanted to make sure that the teachers knew how | anticipated sharing their story about

science teaching in urban schools. In preparation for the conference, all three
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participants and | sat down to discuss the research and how best to frame preliminary
findings. We decided to title the presentation “The Promise of Pre-School Science” to
help assert our general belief that early science learning had the greatest potential to
improve the overall quality of science teaching in urban schools. Throughout the
remainder of the school year, Hattie would periodically reach out to me via email for
lesson support or personal communication. Next | will describe the two classrooms
where | observed science teaching. Classroom #1 was Linda’s and Mildred’s pre-
kindergarten classroom. In Classroom #1, Linda, Mildred and a Latina bilingual
instructional aide worked together with a group of about ten students; general
enrollment was about fifteen students. In Classroom #2, Hattie taught kindergarten to
about eighteen students. For three early observations (September 2008 — October
2008), an African American male instructional aide was paired with Hattie. Subsequent

observations were taught without an instructional aide.

Classroom #1: Linda and Mildred, Pre-Kindergarten

Linda and Mildred had co-teaching responsibilities that included working with a
class of about ten students on any given day. Attendance during observations ranged
from a low of eight students (September 2008) to a maximum of fifteen (November
2008). Students in this pre-K classroom were from diverse racial, ethnic and linguistic
backgrounds. My third observation in Classroom #1 occurred on September 15, 2008 in
the second full week of school. The objective of this early observation was to gather

basic information about classroom interactions. During this observation | counted four
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African-American male students, two African American female students, one Latino
male and one racially ambiguous male student. In addition to Linda and Mildred, a third
Spanish-speaking adult instructional aide was a consistent presence in the classroom.
She was also present during this early observation.

The room was a resource-rich classroom for learning in all content areas. The
room was colorful and age/size appropriate. There were several activity centers in the
room that were attendant to specific content areas, including a science area, a play area
and a computer area. In the computer area, four stations were set up with software that
students could easily use independent of significant teacher intervention. The walls and
windows were decorated with student work and teacher-created posters. In the science
center, equipment, artifacts and books were abundant. These observations occurred
during the second week of school. Linda and Mildred had already begun science content
instruction. As | explain below, they used science as a context to build routines in the
classroom. They also used their resources well. Appendix C showcases my approach to
taking notes during this kind of early observation. Instruments like the Reformed
Teaching Observation Protocol (RTOP) are gaining popularity in the science education
research community. Developed by Piburn & Sawada (2000), the RTOP provides
feedback for use by teachers and administrators about best practices loaded for three
factors: classroom culture, inquiry orientation and content propositional knowledge.
The RTOP uses a variety of documentation styles including a running record and

checklist. Observation protocols used in the present study were patterned after these
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protocols. Teachers received notes generated during observations immediately after

teaching episodes. Below is an example of a description generated from these notes:

Room Description, September 15, 2008 (Observation 1)
There are lots of stations in the room. On the left wall area, there is a display of

student work. The teacher transcribed student responses to a writing prompt “if
| took a mouse to school...” that the students illustrated. There are both student
and teacher computer stations set up on this side of the room. There is a “Library
Center” in the room that contains a poster to communication expectations for
student behavior. On sentence strips, routines are listed. There are book racks
and a two bean bag chairs. One of the books out on display is “The Tiny Seed” by
Eric Carle. The front board area appears to be a messaging area: reminders to
“smile”, “believe”, a set of red, yellow and green clothespins (part of their
behavioral support system) were prominently on display. A “one hundred days

III

of school” counting activity was also on display in the front of the room with a

calendar, several commercially-made posters and a dream catcher wind chime.
The commercially-made posters reflect traditional September themes—apple

picking and back-to-school.

Classroom #1 decorum demonstrates a range of practices consistent with
multiple levels of (approaches to) multicultural education practice. Inclusion of
September theme-related materials for example demonstrate a contributions-level
approach to multicultural education. The inclusion of other cultural references (like the
wind-chime) in the decorum of the classroom also reinforce this idea. There is also
evidence of deeper levels of multicultural education—culturally responsive pedagogy—
in the room. At the additive level, the teachers displayed a wide variety of books and

resources by and about African-Americans and Latinos. The classic Snowy Day by Ezra
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Jack Keats was positioned next to A Snowy Day by Robin Nelson. | was compelled to
make an immediate and obvious comparison between the two books. The former had
very few words but clear images of a little brown child contrasted by the colors in the
book. The latter included many more words and had a bold term glossary at the end.
The glossary highlighted science vocabulary and basic functional literacy words. | am

eyes: ni macho by Leila Ward and Nonny Degrogrion was also displayed prominently on

the shelf. This bilingual text (Swahili) introduces vocabulary but also reinforces the first
stage of the scientific method: observation. In the story, a girl from Kenya recognizes
patterns and describes everything she sees. The text, images and illustrations in the
book provide a model for early readers and early science learners to follow. This
approach to multicultural education is the beginning of deep level multicultural
education that is also equitable science teaching: this level of curriculum development
moves toward what is called a transformative approach to multicultural content (Banks,
1996; Gay, 1994; 2000; 2002). In a transformative approach, the curriculum is changed
because students are encouraged to view issues, concepts and themes from new and

varied perspectives.

At the center of the instruction for the morning was the “discovery table” which
for this first observation (September 15, 2008) had four apple specimens labeled in Petri
dishes under magnifying lenses called a Discovery Tray. While Linda (Teacher 1, T;) took
the major role of creating a class data table on chart paper, Mildred (Teacher 2, T,) and
the Spanish bilingual instructional aide helped to facilitate instruction by posing

guestions, managing student behavior and routines for exploration activities, clarifying
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guestions and fielding student comments while also making a significant contribution to
the flow of the discussion. Before the activity formally began, Mildred conducted
morning circle by reviewing the colors—affirming students by pointing to a class poster
that referenced the colors. Mildred assumed an encouraging role in the class saying to

students “yay! You are reading”!

Below | provide an excerpt from the almost thirty-minute lesson. During this
observation, | was working to document the kinds of interactions that occurred between
students and teachers in the classroom during the almost thirty minute lesson (total
time recorded = 27:36). Flow of interaction was noted according to the actors during the
activity: individual students (S), teachers (T) or whole class (C). Interaction was coded
according to a specific purpose: Question (Q), Behavioral, corrective (B), Observation
(0), Response to question (R), Behavioral, affirmation (A). Direct quotes appear as
comments/description in the table. My observations are included adjacent to comments

and are reflected in italicized font within the description.

Table 11 Apple Experiment (September 15, 2008) Classroom discourse, excerpt #1

Flow of Purpose of | Comment/description

interaction | interaction:

T,2>C Q How about this one? Holding up an apple for students to
observe

T,2S B Sit down

T,2>C Q What’s different about these?

T,>C Q/B Calling students by name, what’s different about these?

S=>T, R The color is...red!

T, =2S A Yeah!

T,2>C Q What about these two? How are they different?

S=>T R/O One is green, one is red

T,2>C Q Without acknowledging the student’s response, Linda asks
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Flow of Purpose of | Comment/description

interaction | interaction:
the class “what makes them different”?

S2>T, R/O They’re the same.

T.>C Q ..there is one thing different, can you figure out what it is?

S2>T 0] The other one is not ...(incomprehensible). Neither the
teacher nor | understood what the student said.

T,2>C Q What about the size? Linda offers a key difference between
apple samples. “Are They the same size”?

C R (choral) Nooooo....

T,2>C Q How are they different?

S->T R/O ‘Cause that one’s little and that one’s big! The student
pointed to a large variety apple (red delicious) and a smaller
(gala) apple.

T,2T,/C | Q So which one should we start with? The first one? The
second one? The third one or the fourth one? I could tell that
Linda was reviewing ordinal vocabulary while also modeling
shared-decision making for students.

T,>C B Back up. Students were starting to move toward Linda and
the front of the classroom nearer to where Linda was
preparing apple slices (samples for tasting).

T,2>C B You're going to try them all. As you try them, | want you to
think of ways to describe it so that | can write it down
because | am going to write down what you say about
it...how it tastes.

T,=2>S B Mildred redirects several students and asks them to sit

down.

From this short excerpt, Linda’s primary role—asking questions—becomes

apparent. She asked nine questions in the first three minutes of this activity captured

above. | was concerned that Linda was not addressing students’ responses as they were

being generated. My concerns subsided when a few minutes later Linda comments to

the class “It might be easier now that you have another apple to compare with”. By the

end of the lesson, when a student gave an awkward response about what an apple

tastes like (for example saying that an apple tastes like mustard), Linda challenged the
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response and started building schema for students to actually describe things so that

others understood.
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Table 12 Apple Experiment, Classroom Discourse, excerpt #2

Flow of Purpose of Comment/description

interaction interaction

T, 2>C B As you’re eating, | want you to think about how this
tastes.

S=>T; o) It tastes like mustard! Mustard is sweet...

Linda pauses and thinks about what the students have said.

T,O2TL>T: |A

‘ They look at each other and being to laugh.

Linda notes the lack of consensus in student responses and explains that the common
taste is sweet. To bring the class back together, Linda focuses on an attribute that they
all agree on: color. After a few minutes, students begin to volunteer tastes about Granny

Smith apples.

S=>T, 0 It is sour!

T1 A Yay! | got a response.

T, Q So what other foods do you know that taste sour?

S 0 Spicy!

T, Q/B There is another fruit that you can squeeze and make
juice out of it...it"s yellow...

T, B L 1, 1,1, ...(making sounds from the letter “I” to guide
students)

T, B It’s real sour. After a few attempts, T, tells students

about lemons and lemonade.

Mildred (T,) assumed a primary role to manage behavior and often interjected

with questions to redirect students, calling them by name which is something Linda had

not done to this point. | realized that it was still early in the school year but Mildred

seemed to know all of the children’s names already. In my notes, | recorded how there

were missed opportunities for students to challenge student thinking and correct

misconceptions while knowledge was being constructed. The co-generative dialogue

paradigm (Lavan & Beers, 2005) associated with equitable science teaching in urban

schools was occurring at a surface level. Teachers were interacting with each other and

with me (the researcher) as they crafted instruction. Students were building schema to
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explain their observations and | had the general sense that teachers did not know exact
outcomes of their inquiries. During our debrief we talked about lesson planning. Linda
disclosed that she finds activities from the Internet but does not really use a script to
plan lessons at this level. She uses the content standards as her primary guide and
guidelines established by certain websites linked to the special education resources (for

example www.usurp.org) that she knows and values.

The instructional aide (Ts) also attempted to engage students by asking
guestions in Spanish. On three separate occasions during this lesson, she spoke directly
to one student in the class. Occasionally she would address the whole class in Spanish—
mainly by introducing parallel words in Spanish (colors: rojo, verde, amarilla, apple:

manzana)—but she worked primarily with one male student in the class.

The “apple” experiment, the second formal science activity of the year, was a
sensory experience for the children—they were asked to classify the apples according to
things they could discover by looking at, tasting, touching and smelling the apples. The
class had already conducted a bubble experiment during the first week of school and
had already gotten used to a routine where the teacher was the primary “experimenter”
and recorder but they would have the responsibility of stating observations; students
were polled to determine their favorite. The apples were observed over the course of

the day for changes.

Table 13, below is an abridged transcript of the apple activity from that day.
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Table 13 Apple Activity: Establishing routines around science content

Apple Activity Teacher Classroom Discourse (September, 15, 2008)

Linda (to Mildred): This one is mushy compared to the other one.

Linda: What just popped out of the apple? [Seeds came out when Linda cut the apple in
half.] Wow! | have a lot of seeds out of the Gala. By the time that Linda cut into the
third apple, it was clear to me that she was learning about the apples right along with
the students.

Mildred: How does it feel in your mouth?

Linda: Tell me about that one...so, it wasn’t as crispy as the other one. What did you
like about it...tell me why it was good. Tell me more.

Linda: So the honey crisp was sour...that is a word that we haven’t used yet.

Linda: Yours tastes like mustard! Why do you say it tastes like mustard? Does it taste
sweet? When students were naming other fruit/flavors (like strawberries and bananas
and cocoa butter) Linda probed students by asking additional questions. Her goal of
trying to develop students’ vocabulary was emerging.

Linda: What can you say about this one that you can’t say about the others? What color
do you see here? Linda is working to get students to compare the types of apples used
in the activity. She and Mildred probed the students about topics that they knew
students had experience discussing—colors.

Mildred: What other foods taste sour? Think about it...it is yellow and your mom might
use it to make lemonade... Mildred uses comparison as a basis for redirecting students
who now seem off task.

Linda: Tell me about the granny smith? Linda re-caps the lesson

Mildred: Which one did you like the best? Mildred starts a class survey so that Linda
can create a comparison chart.

Linda: Which is our favorite? Together students and teachers count together using the
tally sheet created on the class comparison/data chart.

By the end of the almost thirty-minute activity, students had categorized the apples
according to taste (sour and sweet) and by color. Students were also incorporating
numeracy skills in a way consistent with age-appropriate data collection (use of tally
marks) even though the chart was generated by the teacher—a scaffolded technique for
developing data analysis skills often evaluated in second and third grade (Early Learning

Standards: Creating the conditions for success, 2002).
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Figure 7 Apple experiment data display

Students were able to count the number of results they had for each apple type (red
delicious, gala, honey crisp, granny smith) and describe their favorites; this strategy was
consistent with state-level content and teaching standards for kindergarten
mathematics. For example, Pennsylvania has developed standards for mathematics
education for children during early childhood. As reported in Figure 1, The ‘big idea’ for
statistics and data collection during the early years states that “learners collect,
represent and analyze data to answer questions, solve problems and make predictions

using environmental (familiar) objects and create graphs and/or charts with adults or

145



other children” (Pennsylvania Department of Education and Department of Public

Welfare, 2009).

Table 14 Standards for Early Years Science Instruction

Big Idea: Learners collect, represent and analyze data to answer questions, solve
problems and make predictions.

Essential Questions: How do | collect data? How do | explore and display data? How do
| talk about data? What patterns can | create and describe?

STANDARD STATEMENT EXEMPLARS (EXAMPLES)  SUPPORTIVE
The learner will... PRACTICES
The adult will...
e Use Use collected e Engage the
environmental objects and create learners in

objects for data

a graph with the

activities by
adding his/her
input to a class
graph

activities that

collection class (green involve
purposes apples, red apples, collecting data
(¢0] e (Create graphs yellow apples; e Provide
E cooperatively velcro shoes, tie guestions
O with an adult shoes) during daily
and /or other Make tally marks routine that
ED child under yes or no on lend
P a clipboard while themselves to
"5 doing a survey of graphing
Q what the group e Collect objects
— prefers for snack to use for data
(@] Participate in collection
J group graphing

Review of the standards documents reveals that Linda and Mildred very early in the

school year had created learning contexts that were consistent with exemplary

practices.
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The classroom environment that Linda, Mildred and the bilingual instructional
aide created could easily be characterized as light-hearted; participation by all students
was facilitated by laughter, clear structure, routines and a sense of familiarity. Mildred
knew all of the students’ names and spoke to students in their home language when
appropriate. As the second science activity for the year, | could see how Linda and
Mildred planned to frame their science learning. During our lesson debrief, they
explained that their primary goals were to build student vocabulary and get students
used to doing organized learning in class. We began planning for another learning
experience for the next observation day that would further extend a theme that was
being developed around color recognition. | returned to the classroom three days later
for the color activity—students separated the colors of food dyes found in candies. After
debriefing this lesson, the activity was repeated with water soluble markers. After the
activity, student work was used as the basis for a display in the classroom, a consistent
practice in their classroom and among other teachers in their grade. Figure 2 is a display
that Linda created as evidence of learning and as a model for students to follow about
experimentation. Creating displays in this way fits within the construct of culturally
responsive teaching proposed by Gay (2000)because it uses student work and images as

a reference for future work.
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Figure 8 Color Testing Activity, Linda

Analysis of the transcripts prepared based on this observation, field notes and memos
from the color activity helped me to understand both teachers’ beliefs about science

teaching and science teaching practice.

Description: The class is investigating colors—building on previous lessons with
apples. Colored candies (Skittles) are used initially to trigger student recall of
colors. Markers are used to reinforce the colors. Paper chromatography
protocols are used.

The lesson opening is characterized by questions. Linda regularly poses questions
and records student responses. She uses student names to bring students into the
conversation. You can tell by the flow of the dialogue that Linda is learning along
with the students. She asks me questions about the results but clearly she has
already conducted a trial of the experiment on her own and has designed
activities to extend student understanding.
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S Oo...look. The pink is coming out of the red.

Linda Yes...(as she examines the chromatograms)...see, she said the
pink comes out of the red. We’re gonna become scientists!
Laughter

After modeling what students will do with a simply drawn line on the coffee filter
and a few drops of water from the dropper (glass pipette), she directs students
back to their seats where they will repeat the experiment using prepared filters
that contain the first letter of their name.When the Latino male student does not
seem to respond to the request to identify the first letter in his name, T;
(classroom aide) poses the question in Spanish. After the aide finishes the
statement, T, directs the student to look (as she points to the class border with
the alphabet) “E—elephant”, asking him to find this letter (T3 speaks to the
student in Spanish). After about 25 seconds total, the student has the letter and
the remainder of the class receive their filters. Periodically, you can hear students
talking and T3 speaking to the Spanish-speaking students (two: 1 male, 1 female).
I can hear T, helping struggling students by providing them with cues.

After about 23 minutes, Linda begins documenting student observations. With
each observation, she asks students more questions—rather spontaneously. She
practices think-aloud techniques. After 26 minutes, you can hear Linda and Mildred
recapping the entire experiment. Linda begins closing the lesson by coming back to the
original colors. Linda makes more explicit the role of the water in the experiment—
helping the colors to move away. She spends a considerable amount of time helping
students to make observations of samples created by other members of the class. She
provides very explicit feedback to one student who used yellow candies. As a primary
color, the yellow did not change colors. During our lesson debrief, she asked me why it
had not change colors but she recognized that it was a primary color, which is how she
explained the observation to the student. This activity was observed during the second

full week of school. Linda was the lead teacher for this lesson as well. She was not
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entirely satisfied with the lesson so we talked about extending the lesson another day. |

described a protocol that uses erasable markers as dyes. In our discussion we talked

about potential variables that could be explored during an extension activity based on

this one. Linda was excited to hear about another opportunity to generate expected

results. The candies did not have very dramatic visual results which she thought was

necessary to doing science. She referred to the need to use visuals during the vignettes-

based interview.

Table 15 Beliefs & practices: Clues about behavior from vignettes-based interview,

Linda

JBJ What do you think the teacher did well? If anything.

LINDA | | think that she made attempts to break done the tasks. | think...that she had
some visuals that were good. She tried to utilize all the space in the classroom.

JBJ Is there anything that you could see yourself applying in your classroom?

LINDA | Well...we’re talking about babies so...for the little ones, | might use more visuals
rather than the spoken word.

LINDA | OK...characteristics of instructional design and deliver y...so there is just too

much wasted time. It is going to be real easy for them to get off task quickly and
also there’s also...as a teacher...| would be stressed out...saying, ‘I've got to be
done with you because I've got a line going. So when the kids start acting up,
you start reacting rather than being proactive... [Reading/referencing notes] |
thought ‘what about the visual learners’? Consideration for the visual
learners...although she does have a lot of visual prompts, it sounds like her
teaching style is mostly audio and kinesthetic.
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Analysis of Linda’s comments about the teaching scenario used in the vignette
provide clues about the connection between what Linda values in teaching and what
she would do. Notes from the debrief reveal general pedagogical content knowledge
weaknesses (for example wanting to move the apple lesson from apples to oranges
around color). Using literary conventions and possibly socio-linguistic contexts, this may
seem logical but not from a science skills development perspective. If the goal in
designing the activity to examine a variety of apples was to have children learn how to
categorize apples and distinguish within broad categories, it would be difficult (though
not impossible) to classify orange types. Her desire to build lessons around color
seemed a better fit for lesson plan development within a sequence that started with
familiar fruit. The familiar descriptions of apples as red and oranges as orange could
work within the grade/age context but could lead to misconceptions in science. My role
as a science consultant and professional development guide was becoming clearer to

me after this second observation.

Analysis of field notes about Mildred reveal that she was potentially less
confident in her science teaching ability, especially with regard to older children. As a
co-teacher in that classroom, Mildred assumed responsibilities around management and

routines. While Linda prepared content, Mildred was usually organizing students.

Mildred: Leveraging the role of organization and routines

Over the course of the remaining months of data collection at Hero, | was able to

observe several other lessons in Linda’s and Mildred’s room where science was the
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primary basis for learning but both mathematics and language literacy were priorities in
both teaching and learning. In subsequent lessons, Mildred took a more assertive
leadership role instructionally planning nature hunts and leaf classification activities,
offering literary connections for science content and maintaining her dominant role in
the classroom as an organizer and behavior manager. Mildred opened the “Signs of

Fall” lesson by reading When Autumn Comes by Robert Maass. Her goal for this lesson

opening was to have students decode pictures and match them with text before going
outside to gather leaf specimens. Linda had prepared a class data chart with responses
to the question “what signs of fall might we see”? For this observation, it was my goal
to record the types of interaction between members of the classroom community
where Mildred was the lead teacher. This observation was similar to the earlier
observation of classroom discourse (Apple experiment) where Linda was the lead
teacher. Mildred and the classroom instructional aide readied children to go outdoors
by playing a song “Let’s go jump in the leaves”. Having outdoor experiences was
something that Mildred valued. Even in her vignettes-based interview, when Mildred
was probed about what pre-school science in urban schools should look like, she

described real-world contexts outside of the classroom.
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Table 16 Mildred Vignettes-based interview (June, 2008)

JBJ

So in an ideal world, what would urban preschool science look like?

MILDRED

Um...in an ideal world...we would have microscopes that they can use...real
samples. We would have an area outside to do different experiments with
real dirt! (emphasis) You know? Just an area, you know, where we could
plant. We can discuss the weather...you know...the frost...the grass coming
up...you know...because it’s not...even though we have grass out there, it is
not ours (emphasis). We need it to be ours because we could bring it down
to their level. You know because we have furniture at their level...we would
have all sorts of experimental materials.

JBJ

So when you say “real samples” what exactly do you mean by “real
samples”?

MILDRED

Like...the little plate that goes on the magnifying glass (I think she means the
stage of a microscope)...yeah, we would have more magnifiers. Like, |
ordered a big dual magnifier it just broke so easily.

JBJ

So...you would have durable materials.

MILDRED

Un huhn (yes). And if we were going to plant seeds...the dirt. The samples
that can go under the microscope...[we also need] professional development
in science. That is really not offered, especially for our...pre-K through
second. They always offer older...| mean, the guy came from...the tree guy.
You know who | am talking about right? He came over and did a little
something and it just so happened they made a mistake (emphasis) and
included our class. So, | mean, it was really good because they (referring to
students) could relate to it; he sang songs about the trees and all of that.
They always exclude us. But, | think what teachers need to know...you
know...what they’re gonna do next year and the next year...because we have
advanced students that you know can (emphasis) go a step higher or two, so
we definitely need a lot of PD, professional development...training in science
at our level...

Her comments point to limits in resources (facilities and instructional) but also to limits

in quality of teaching and teacher training.

One of Mildred’s strengths was her ability to rather spontaneously create

managerial songs that students and adults could follow with very little directions. During

one observation, Mildred created a song “We’re going on a nature hunt” to the same
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melody as “Here we go round the mulberry bush”. In the song, Mildred explained to the
children what we would be doing—collecting samples outside. She also used the song to

direct students on how to collect samples.

While Mildred and the instructional aide were managing the children, Linda was
following behind taking pictures, collecting additional samples and helping to direct
student questions. When students pointed out unfamiliar items, Mildred often asked
guestions of the children that would help them to recognize where they had seen the
objects before. When we debriefed the lesson, it was clear that Mildred was excited by
students’ responses to the activity. She was also excited about the prospect of teaching
the children how to use taxonomic charts. It was at this point that | explained that
simple categories were probably more age/grade appropriate for the class since the
children were not reading. To reinforce the idea of a dichotomous key (yes-no) was
instructionally more sound and consistent with effective science teaching for early

childhood classrooms.

Mildred’s enthusiasm was obvious—she wanted to do a dissection with her early
childhood class by the end of November. Before Thanksgiving, Mildred wanted to do an
animal dissection activity. We discussed the value of doing a chicken part dissection
using a chicken wing. She understood why doing a whole body animal dissection was
not appropriate. In a very short span of time, she started imagining a way to use the
chicken part dissection to position the class for readiness to incubate a chicken embryo

for lessons in the Spring. She made up a song called “hair, skin, muscles and bones” to
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help explain to students what they would observe when we did the dissection. She
created an ideal context for students to compare their own arm to the chicken wing—
building on her established routine of relating new vocabulary and new objects to
familiar objects. After talking about this unit plan, Mildred took the lead on the lesson
that would use the Hungarian folktale “Stone Soup”, an ethnic story book by Carmen

Lomas Garza called Family Pictures (Cuadros de Familia) and a hip-hop song called

“Chicken Noodle Soup”. Mildred designed a set of lessons to teach children how to
make soup from chicken. Seeing this unit as an opportunity to talk about nutrition and
build a coherent lesson around food, Mildred, Linda and the instructional aide created a

pot of soup with chicken wings we observed during class, carrots, onions and Sazon!

We created a class story called “Chicken makes soup” to help anchor student
learning. In a recent study of early exposure to science, Sackes, Trundel, Bell &
O’Connell (2011) found that in kindergarten classrooms they studied, cooking activities
had a significant, though weak, impact on sustained and retained student understanding
of science content. Sackes et al. (2011) report that the only other classroom
characteristic to have predictive power on student achievement was the presence of a
“science and nature space” in the classroom. Using this study to frame the present
research shed new light on Mildred. Two of the most important factors other than
demographics according to Sackes et al. were present and part of the pedagogical “tool
box” that Mildred used: child-centered exploration of natural environments and
cooking. This finding supports my classification of Mildred as a mid-range efficacy

teacher. | believe this is a distinguishing characteristic of the middle-range teacher:
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having enough general pedagogical and cultural knowledge to bridge personal content

gaps builds capacity for the middle-range teacher.

In my effort to support Mildred, | wanted to harness her enthusiasm and direct
in a way that was more consistent with effective science instruction and curriculum
design. | used Mildred’s creativity and ambition to build on the nature hunt activity. As a
basis for learning about plants and trees, | wanted to make sure that children realized
that plants are living things—an often taken-for-granted assumption in the classroom.
The critical lesson from a professional development perspective in this lesson was to
make sure that Mildred learned how to harness big ideas that were not necessarily
age/grade appropriate and scale them to fit the level she was teaching. We classified
plants into categories based on their leaf type and fruit. | gave Mildred a field guide to
trees in North America and challenged her to classify the plants on her own. She created
a display of the artifacts that students collected and showcased the work in the main
entrance to the school building. The display was showcased for the weeks between
October 31% and November 22", After the nature hunt activity, other classrooms in the

lower grades conducted similar activities and hung artifacts in their hallways.
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Figure 9 Nature Hunt Display, Mildred

This display shows how Mildred organized the samples collected during the class
science activity outdoors. Mildred valued time outside of the classroom, a belief that
she expressed during the interview. She saw the space and facilities outside of the
school and around the community as a resource to help students understand the

environment and their family histories.
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Figure 10 Replicated display from another Pre-K classroom
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In the building, the precedent that was being set by Linda and Mildred was clear.
Linda and Mildred were emerging as instructional leaders. Figure 4 is a display made by
other early grades teachers at Hero Elementary School. This display was at the
beginning of the pre-K through grade 2 wing of the building. Mildred’s display was
located in the school gateway hall across from the main office. While Mildred’s display
contains actual samples collected by students during their “nature hunt” experience

outdoors, these displays show similar content with contrived materials.

Classroom #2: Hattie’s Kindergarten classroom

Hattie was a second year teacher who was very uncertain about teaching. Early
into the cycle of observations in her room (October 10, 2008) she commented during
lesson debrief that “we don’t do science”. This lesson debrief was after a third visit to
her classroom and only a surface level attempt at science teaching was done. Paired
with Hattie was an African-American male instructional aide. Early observations in her
classroom usually centered on mathematics or literacy instruction. The first few
observations in her classroom did not showcase science even though science skills like
classification and science vocabulary were being developed (See Appendix F). |
encouraged her to talk to Linda and Mildred about things we were doing in class. To that
point, she had not been aware that Linda and Mildred were participating in the study as
well. She had been used to working in isolation and was just learning how to use all of
the human resources available in the building. By late October, 2008, Hattie was
following the lead being set by Linda and Mildred in their pre-kindergarten class. Hattie

had students collect leaf samples on a “field trip” around the building. Hattie and her
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instructional aide allowed students to observe their specimens using magnifying glasses
at their desk. Hattie was adamant about organized activity—most of her activities were
prepared in advance for easy materials distribution. She had shoe boxes with students’

names on them that included equipment that students would use for the activities.
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Figure 11 Studying leaves, Kindergarten (Hattie) Hattie's Kindergarten Classroom Leaf
Activity (October 2008) Students explore the characteristics of leaves using magnifying
glasses.

By mid-Fall and after several planning meetings with Linda and Mildred, Hattie
reached out to develop lessons that incorporated more science. One of the lessons that
Hattie wanted to do was an extension of the dissection that Linda and Mildred had
done. Teachers at Hero Elementary met once per week according to grade level to plan
activities and collaborate. We sat down to plan a dissection with chicken wings as well. |
forwarded to Hattie a chicken dissection guide via email that she could use to create an

age/grade appropriate lesson.
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When | came into the classroom, students were sitting in a circle waiting for me
to come in. As we had discussed, Hattie had prepared a graphic organizer on chart paper
to prepare students for the inquiry activity. The two-column chart asked students to list
words that described what they felt, saw, smelled and heard. This same graphic
organizer was a tool that we would use for all science activities that engaged the senses
in data collection. With the kindergarten class, the content focus was on building good
science habits that could be used to conduct additional experiments. At this point, most
of the students could write their names and needed few directions with regard to
drawing pictures based on what they saw (even though most drawings were difficult to
decipher), students also were able to explain their drawings without significant
prompting from adults. A few students benefited from probing questions but in general,
the entire class was able to recount meaning behind their drawings. | noted during the
lesson, that Hattie introduced the word “tendon” to students during their observations.
Hattie was building on the letter of the day (T) and saw the experience as an
opportunity to integrate new vocabulary—even though most students were not able to

recall the term.

Field notes, November 18"

Ok...I went to...today is November 18" 2008. 1 am culminating this phase of the
study at Hero and we did a chicken wing dissection in Hattie’s class. Her
instructional aide was not present today. There was a team of monitors visiting
today who are preparing for state monitoring.

Two of my three participants, Hattie and Linda, are part of the | R & S team who
are being held accountable to this group of consultants.
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Based on our lesson today in the kindergarten class, | decided to create or tailor
the lesson around the idea “muscles move bones”. Unlike with Linda and Mildred
where there was substantial conversation about what to expect and what we
could do, Hattie expected me to actually come up with the lesson. So she is
treating me like a specialist and therefore treating science like a “special” which
was confirmed which is a very interesting approach to her [participation]...I
thought about that as part of my analysis.

I am resisting it but finding it very difficult because something needs to be
done...so in the course of reflecting on the lesson itself, | thought the best way to
actually engage students beyond what we did in class was to actually create a
children’s story and follow the pattern that we have been creating with science
experimentation around the senses: What did you see, what did you feel, what
did you hear, what did you smell and always limiting what we taste, reserving
that for pre-kindergarten.

We would need to repeat this activity. It was clear to me that the rapport that | had with
Linda and Mildred, | did not have with Hattie. After being in Linda and Mildred’s room
every other day for several weeks (seven formal observations were transcribed: four
lessons for Linda and three lessons for Mildred), we had developed a collaborative
exchange that allowed me to simply observe and support teaching. | would need to re-
affirm what my role is with Hattie. | observed in Hattie’s classroom three more times in
January, 2009 providing only written feedback on the lesson—I found that Hattie was
less responsive to the running record approach than Linda and Mildred had been. By
March, 2009, we attempted another chicken dissection, this time with a full chicken and
she felt ready to take the lead. During this second dissection, Hattie used the graphic
organizer and reinforced discoveries that we had made during the first activity. The
focus of the earlier activity had been on the structure-function relationship between

muscles in the chicken. Students were able to recount the big idea that was presented in

161



that lesson—muscles move bones! One week after the dissection, all three participants

and | sat down to debrief the study.

The primary benchmark of improvements in
Hattie’s science teaching was her
willingness to actually design and deliver
this kind of scaffolded instruction. Hattie

used language from the earlier lesson to

Figure 12 Spr;ng 2009 Chicken remind students about the function of

dissection, Hattie _ _
muscles—muscles move bones. Like Linda

and Mildred, Hattie created a children’s story with her class based on the chicken wing
dissection activity. Hattie used images from science activities to create a web page for

the district website.

Field notes, March 3", 2009

I am just leaving my research site. In Hattie’s class, we did the chicken dissection
again at her request. She wanted to actually be the one doing the dissection,
which | am very happy about. During that time, what | heard happen was some
additional questioning based on what we had already done. One of the questions
that she posed (which was really kind of cool) was what would happen if we
didn’t have bones based on student responses that...when they felt the bones
(which she called vertebrae), they were very hard. Her comment actually spoke
directly to that [student] observation that bones are hard. So she is taking clues
from the students on how to improve instruction.

What I also saw was a tremendous amount of recall and understanding
demonstrated by the students (three students in particular) about the purpose of
muscles, why we have bones, and the relationship between fat and oil...so future
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lessons could actually speak directly to diet and nutrition which is where they are
likely to go with the first grade class.Yay!!!

Emergent themes
Observations in these two classrooms helped me to better understand two

constructs: teacher efficacy in practice and effective science teaching for diverse
classrooms. Teachers’ self-efficacy, their belief in their capacity to do a specific task and
cause positive student outcomes as a result of that task, is related to several factors.
Highly efficacious teachers exhibit behaviors distinct from their lower efficacy peers
including greater levels of planning and organization, openness to new ideas; openness
to instructional “experiments” that show direct student benefit; less critical response to
student errors; willingness to work longer with struggling students; fewer referrals to
special education; greater commitment to teaching; greater likelihood of staying in
teaching profession and high level of enthusiasm for teaching according to several
researcher perspectives (Carter, Larke, Singleton-Taylor, & Santos, 2003; Haberman,
2004 and Tschannen-Moran & Hoy; 2001). Using these observable indicators as a guide,
differential efficacy between Linda, Mildred and Hattie can be determined. Linda was
the more efficacious according to these general indicators. However she may not have
been the most efficacious with regard to equitable teaching. Mildred demonstrated
great facility with teaching and learning considered culturally responsive and adaptive to
the particular learning needs of students of color (Atwater M. M., 1996; Banks, 1996;
Carnes, 1998; Haberman, 2004). Hattie on the other hand, demonstrated the least

efficacious beliefs in the beginning of the study—waiting for me to deliver instruction or
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no depth of science teaching—but ended up demonstrating some very efficacious
beliefs—regular and open communication with me (a factor | relate to enthusiasm to do
science), unscripted science that was less dependent on commercially produced
curriculum materials and increased willingness to do more inquiry in the classroom.
USING THE FINDINGS TO DEVELOP AN ACTION PLAN

One of the reasons why action research is so often used in education is the
expectation for immediate application to the in vivo research setting (Creswell, 2005;
Sagor, 2010; Wagner, 1997). For the present study, the development of practical tools
for creating and evaluating quality instruction were important. In this study, quality
science teaching was connected to equitable practice. Quality science teaching was also
linked to teacher efficacy. Figure below was developed to visually represent the

relationship between these two constructs in terms of the classroom community.
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Figure 13 Equitable Science Teaching Continuum in Urban Classrooms

The first feature represented in this schematic is the dynamic nature of equitable

science teaching. Even though it is based on a beliefs-practices system, it is not static.
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Rather, equitable science teaching can be fostered and supported. The second feature
of the schematic worth describing is the terms used to describe the continuum: from
improbable to likely. Even though these terms have quantitative undertones, they are
used instead to frame observations and most likely teaching behaviors or practices. This
does leave room for additional studies and data collection to clarify what these terms
mean. The third feature of this schematic implies the differences between teachers and
students in the classroom. Further examination of this quality of the continuum might
take each of the diversity texts described earlier and develop activities (training and

implementation) that are designed to force specific actions.

In thinking about categories of equitable science teaching (EST), it is helpful to
think of the dynamic nature of the science classroom. This study shows that efficacy can
be developed over time with appropriate supports. Along this continuum, the most
favorable state is the EST condition: high efficacy students and high efficacy teachers.
The least favorable conditions exist when students feel incapable of finding success,
whether the teacher feels capable or not. When the student is the low efficacy actor in
the classroom, equitable education is constrained. In cases where the teacher is the low
efficacy actor, it may be possible to overcome this constraint. Efficacy is developed
through experience, mastery, verbal persuasion and psychological response (Bandura,
1977, 1982, 1997). Each of these factors shapes beliefs about self. When these beliefs
are substantiated by practices, realization of observable equity is possible. Citing several
works, Sackes et al. (2011) argue that “children’s motivational beliefs facilitate their

engagement with learning activities, thereby increasing the likelihood of successful
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learning” (p. 219). When teachers find ways to use students’ own belief systems to
motivate learning, students can be successful. Drawing from the funds of knowledge
available through student diversity texts may allow teachers to stimulate rich
experiences in the classroom. Because teachers have generally had a broader range of
opportunities to develop their beliefs and their practices (through multiple and varied
inputs) the cumulative effect of challenging teaching contexts may be overcome. The
same is not true for students. In a report of the cumulative effects of teaching quality,
Kati Haycock (1998) reports that students who started out at similar achievement levels
showed significant performance differences after multiple and consecutive years with a
teacher considered by administrators to be effective versus a teacher considered to be
ineffective. | use the terms likely, approaching, improbable and unlikely to describe
equitable science teaching for urban contexts to frame my argument but realize that
future work should be done to gain validate the use of these terms.

Table 17 below provides a perspective on the data. Because teaching and
learning are not mutually exclusive, a short perspective of student observable behavior
is provided based on in-class observations. The table approaches the beginning of a
typology of equitable science teaching (EST) for the urban teaching context.

Table 17 EST Continuum: Typological view

o LET/LESQ HET/LES O LET/HES O HET/HES O

Continuum

Description of Low outcome High outcome  Low outcome High outcome

type expectancy or  expectancy expectancy or expectancy and
personal and personal personal science  personal
science science teaching efficacy  science
teaching teaching but high efficacy  teaching
efficacy and efficacy but beliefs of efficacy beliefs
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esT @ @ O @
Continuum LET/LES HET/LES LET/HES HET/HES
low efficacy low efficacy students and high
beliefs of beliefs of efficacy beliefs
students students of students
Observable Low level of Self-perceived  Diminished self-  Self-perceived
characteristics student capacity for perceived capacity for
engagement positive capacity for positive
and student- student positive student  student
teacher outcomes outcomes among outcomes
interaction; among teacher; lack of among teacher;
poorly teacher; confidence or high degree of
structured espoused feelings of confidence in
activities; knowledge of impotence in the the classroom;
superficial best practices  classroom; high collaborative;
attention to for teaching; level of student use of multiple
standards- some evidence engagementand resourcesto
based of attention to  participation build lessons;
instructional diversity but characterized by  cultural

best practices

may be
incomplete or
unbalanced;
low level of
student
engagement or
participation in
science
activity; few
opportunities
for student-
centered
learning and/or
student-
directed
science “play”

guestions and
frequent positive
student—>teacher
and student-
student
interaction

awareness and
competence of
the teacher;
interdisciplinary
lessons; equal
instructional
status to
science-related
activities; high
level of student
engagement
and
participation
characterized
by questions
and frequent
positive
interaction

Effective science teaching for diverse classroom settings—“for all” science

teaching—was also taking shape at the end of observations. Features of co-generative
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dialogue between teachers, students and researchers are an increasingly promising lens
being used to investigate science teaching in urban settings (Lavan & Beers, 2005).
Seeing research itself as an important part of the process is important. Another
important characteristic is the inclusion of critical others in the classroom. As a critical
friend to the science teaching process, | captured for teachers pictures—literally and
textually—of their teaching and student learning that resulted or was inhibited by it.
When trying to conceptualize how efficacy beliefs about equitable science teaching
inform practice, the key to establishing understanding is knowing that in a dynamic
classroom, everyone must see herself as a learner. Each person must be open to the
possibility of learning something new, in unconventional or unfamiliar ways and
potentially from the most unlikely person in the room. This is the beginning of a “by all”
paradigm of science learning appropriate for urban classrooms. Honoring the traditions
of multicultural education that seek to classify learning into types, the schematic below
provides one perspective on the issue.

In the next chapter, | discuss teachers’ final thoughts about the research process

and the products we generated as a result of this work.
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CHAPTER 6

CONCLUSIONS AND IMPLICATIONS FOR FUTURE RESEARCH

Science education, as all education, should lead to independent self-activity. It
should empower individuals to think and to act. It should give individuals new
ideas and investigative skills that contribute to self-regulation, personal
satisfaction, and social responsibility. Knowledge that is richly interconnected,
intellectual skill that allows individuals to work with what is known, and an
awareness of the contexts within which that knowledge and those skills apply—
all of this should be part of science education...The science education community
would lose a great deal of its vitality and enthusiasm if an attempt were made to
narrow the range of either goals or strategies. We need the advocates of
process, of social relevance, and of disciplinary study, and supporters of each
need to make their arguments as convincingly as possible. What each individual
teacher needs to do is to make decisions about how much time to spend on each
of the many worthy goals. How much on the history of science? How much on
process? How much on discovery? How much on social issues? How much on
ethical decision making?...These are difficult decisions but ones that need to be
made with intelligence and an understanding of the basis for each approach

(DeBoer, 1991, pp. 240, 241).
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The attempt to describe equitable science teaching is not an attempt to
constrain science education or rob it of its vitality or enthusiasm but instead an attempt
to describe specific decisions that support many of the worthy goals DeBoer (1991)
describes. If science education should lead to independent self-activity, so too should
science education research. Multicultural science education ideals are goals that
teachers and administrators should constantly strive to achieve. Over the last fifty years
of American history, this nation has gone from needing affirmative action to deliver
(emphasis added) equity in the 1960s and 1970s, to valuing diversity in the 1980s, to
managing diversity in the 1990s to /iving diversity in the 21* century (Rosado, 1998). In
spite of a slowly evolving social justice disposition in the United States, multicultural
education remains disconnected from a larger sphere of influence that has the power to
change the course of education, especially in science. Ideally, a multicultural science
classroom is a place where science is centered on the lives and cultures of its students,
content is interdisciplinary, students solve a variety of real-life/intellectually challenging
guestions and these questions provide the context for beginning instruction, the teacher
communicates the expectation that all students can learn and the teacher embraces the
idea that teaching must evolve from telling to coaching and mentoring students

(Johnson, Mitchell, & Kean, 1994).

Transformative multicultural science education embraces the idea that “the
facts, concepts, paradigms, themes, and explanations that challenge mainstream
academic knowledge and expand and substantially revise established canons,

paradigms, theories, explanations, and research methods” (Banks, 1993, p. 7) will lead
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to knowledge construction by giving students access to appropriate methods of
engagement, raising the bar of personal expectations and creating pathways for
students to participate in science at high levels—equitable science teaching. At the
heart of problems in urban science education is a tendency to accept “for all” teaching
as a favorable end rather than aggressively challenging a system of education that still
does not find equal learning outcomes for marginalized groups. There is no change in
the way teaching and learning happens. Traditions are not challenged and results
remain the same, year-after-year. A greater end would be “by all” teaching—a more
holistic approach to a high quality democratic education. A goal of “by all” instruction is
to develop “students' ownership in their education and [the removal of] conditions that
alienate students from the study of science...it [requires] active, collaborative student
work [that] culminates in visible, high quality performance” (Johnson, Mitchell, & Kean,
1994, p. 37); positive student outcomes, achievement and educational excellence are
normal rather than exceptions. Embracing the principles proposed by Griffiths (1998)
concerning social justice in education research, a “by all” orientation along with a “for

III

all” orientation to the work provides the most likely chance to observe improvements,

build knowledge, promote change and/or participate in a truly transformative process.
Re-statement of research questions

American life in the 21% century is characterized by human diversity along many
lines: diverse political and religious views, diverse languages, differently able people,
people from diverse racial and ethnic backgrounds, different socioeconomic status and

varying social identities have shaped our schools in the same ways that our society is
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being shaped. The present research study engaged one grand tour questions and two
smaller questions in an effort to understand multicultural science education applied to
these 21 century contexts. The larger question emerged out of conversations between
practitioners about science teaching in urban schools. How can science teaching in

urban schools be improved to reflect high quality practices?

1. How can theories of equitable science teaching be used to promote change in
the classroom?
2. How do teachers’ efficacy-related beliefs about equitable science teaching
compare to their practices?
These questions have given me the opportunity to interact with teachers and school
stakeholders in an urban elementary school in ways that | had not imagined at the
conception of the study.

Over the course of one year (Spring 2008 through Spring 2009), | was able to
gather information about the efficacy-related teaching beliefs and practices of members
within this community and watch them change as a result of participation in the
research process. The mixed-method sequential explanatory design helped to uncover
what teachers called “the promise of pre-school science”, inquiry-rich science learning
that they could do and believe in. In this chapter | will summarize the research findings
for each phase of the study. | will then discuss the assumptions | made during the
research process. The limitations of the research will also be discussed. Finally | will
offer a few ideas about next steps for research and a few concluding thoughts about

research that examines praxis in urban schools.
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Phase | Summary

James Harry Hero Elementary School is located in a small urban school district in
New Jersey. New Jersey provides a unique context for studying elementary schools
because for most urban schools there is a legacy of inequity that has resulted in district
classification as Abbott districts. These schools receive a considerable amount of
funding and entitlements that include full-day kindergarten and state-supported pre-
school for young children (aged three and four). In an age of increased accountability, a
designation as an Abbott school means that teachers and administrators will likely feel
pressure to perform at high levels (Education Law Center, 2009). Some might argue that
these entitlements are not just. | disagree. These entitlements help revitalize cities by
providing early opportunities for children and their families to envision change. As
teachers work to build partnerships inside and outside of the school building, the
potential to realize change increases. Even in the school, teachers forge alliances and
develop small-scale partnerships with other teachers. These collaborations become
models for students to follow and create opportunities for systemic change one micro-

system at a time.

| gained entry to the research setting as a professional developer. Having been
invited into the school by school leadership, | was introduced to teachers and other
stakeholders as a science specialist. In this role, | was seen as a member of the at-large
community but also as someone who could train teachers. This role at first was an

incidental part of my findings. Over time however, | realized that in the case of the
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lowest efficacy teachers, perhaps this role played an important part in the study. |
became a type of mentor to these teachers in the same way that two other research
teams—Lee, Hart, Cuevas & Enders (2004) and Paul, Johnsen & Goree (2008)—
described in their studies of science teaching in urban schools. During phase | of the
present study, | was able to document some of the beliefs that support these kinds of
small-scale change. Teachers and administrators (twenty-eight teachers and two
administrators) looked outside the school to initiate and sustain change. On the part of
the teachers, they often used curriculum materials that they harvested from other
sources (graduate readings, professional development resources). They reported
wanting more resources to teach. Administrators also looked outside of the school for
resources. There was a ready supply of critical friends available to support the schools,
including community educators and researchers like me. Faye, a community educator,
took an all-hands on deck approach to science teaching in this community hosting
science teaching events at the public library and at local school and community centers.

Other educational leaders were available too.

Teachers and administrators spoke the same language about what they need
suggesting that considerable work had already been done to create the conditions for
positive change. Teachers also seemed extremely uncertain about their capacity to
effect change with diverse populations. Of the two self-efficacy dimensions, personal
efficacy beliefs and outcome expectancies, teachers were most uncertain about
outcomes. Perhaps a school climate where meetings are run by district-level

administrators precipitates uncertainty. Perhaps school climates where varied others
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join the community as professionals learning together helps encourage personal efficacy
when it is not possible to know what to expect. Either way, profiling a school must be
holistically based on a variety of information from a variety of stakeholders in order to

be representative of the school.

Phase Il Summary

Phase two of the present study provides insight into how vignettes (textual case
studies) may be used to build teacher efficacy and understanding. According to Bandura
(1997) efficacy beliefs are shaped by vicarious experiences, verbal persuasion,
performance mastery and emotional responses. The vignettes offered a potentially
meaningful way for participants to develop their own beliefs using all of these means
while also providing a glimpse into practices. Five participants reviewed a science
teaching scenario and gave details about what they believed constituted equitable
teaching practice from the vignette. Two vignettes were used, one that uses verve
(Bennett, 2010) as the basis for engaging “beyond surface” multicultural teaching
strategies. The second vignette uses content standards (American Association for the
Advancement of Science, 2010) as the primary basis for engaging equitable science
teaching. Edna, a thirty-four year veteran teacher at Hero, felt very strongly that the
latter vignette was closer to inequitable teaching. Linda, a seven year veteran special
education teacher at Hero, felt strongly that the former vignette also fell short of
equitable teaching. In both cases, these teachers could have easily been seen as highly

efficacious for general pedagogy (Kahle, 1998; Tschannen-Moran, Hoy, & Hoy, 1998;
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Wheatley, 2005). They were open to personal growth (Henson, 2001), they knew a
variety of teaching strategies, they used culturally responsive strategies (Gay, 2000) and
in Linda’s case she employed science teaching techniques that match the standards for
quality science teaching that have been set by the National Research Council (1996). The
other participants did not seem as sure about the content (science) or the pedagogy
(equity) in their responses. Perhaps when teachers demonstrate high efficacy beliefs,
they are able to distill research jargon better. Perhaps when teachers are less certain of
their beliefs, they need more support—Ilike that which is supplied in focus groups and
cooperative settings—in order to build their beliefs. This second supposition lends
credence to the work done that compares collective efficacy and individual efficacy of
teachers (Tschannen-Moran, Hoy, & Hoy, 1998; Wheatley, The case for

reconceptualizing teacher efficacy research, 2005).

Phase Ill Summary

Classroom observations generate volumes of data that must be filtered in order to be
meaningful. Having specific observable traits to look for during observations was
particularly helpful when trying to make sense of things happening in an active
classroom. Having observation protocols prepared in duplicate also helped me to give
immediate feedback to teachers and build their trust in at least one classroom in a very
short amount of time. By the third day of visitation to Classroom 1 where Linda and
Mildred co-taught a pre-kindergarten class, | was able to capture rich details about the

room and the teaching that may have been taken-for-granted elements of the teaching
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environment for them. To Linda and Mildred | was an extra pair of eyes that could see
what needed to be changed about lesson design and delivery. Realizing that my
background is science, | not only provided eyes but | also provided hands and brains to
think about and interpret unfamiliar events in Hattie’s classroom. Over time, Hattie took
increasingly more responsibility for teaching science and planning lessons that were
engaging and distinct from the textbook curriculum. Bandura (1977) describes this
phenomenon as self directed mastery explaining that “incapacitated people rapidly lose
their fears, they are able to engage in activities they formerly inhibited, and they display
generalized reductions of fears toward threats” (p. 197). He also describes the role of
modeling and capacity building through early support in helping the low efficacy person
reach self-directed mastery. In an effort to understand ways to improve science
teaching, collaborative action research has emerged as an ideal paradigm for this kind of
study. The protective factors suggested by Bandura more than thirty years ago,
“including preliminary modeling of threatening activities, graduated tasks, enactment
over graduated temporal intervals, joint performance with the therapist...” (p. 196) are

the precise tools that | used to support teaching in both classrooms.

Phase IV Summary

The final stage of the study allowed teachers to reflect on the research several
weeks after semi-daily visits from me stopped. In the final phase of the study between
February 2009 and May 2009, | visited Hero only when invited by the teachers and to

verify that | was representing research data appropriately. When we all met (focus
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group), we discussed the benefits of participation in the study and what each participant
had learned from being involved in the research. In general, the three research
participants were having an impact on the whole school. When | came into Hero after
having been gone for several weeks teachers who had at once been hesitant to
participate in the study started to inquire about continuing the research into the next
academic year. As much as | wanted to say yes, | knew that it would be difficult to invest
the same amount of time with them as | had invested with Linda, Mildred and Hattie.

Nevertheless, | felt the potential for change in praxis.

Assumptions and Limitations—A General View of the Study

“Reforming science education with a “science for all’”” core commitment is
difficult for so many reasons and on so many levels. We have a relatively large
body of literature that has helped identify a dizzying number of variables that
affect the difficulty of reform; for example, teachers’ knowledge, skills, and
beliefs; policies that limit teachers’ agency; testing pressures that limit time for
meaningful science instruction; historically enduring meanings of schooling;
students’ resistance to more demanding roles; the science curriculum’s
relevance for a wide range of students; misunderstandings about the nature of
science; and on and on. This study, however, points to an overlooked, but
substantive aspect of the difficulty of reform. When examining science education
reform with a cultural lens, we do not view the endeavor as a matter of solely
tweaking political and institutional variables or actors’ behaviors, values, and

beliefs...” (Carlone, Haun-Frank, & Webb, 2011)

Instead, | view the endeavor as a tremendous exercise in knowing how to

analyze actors’ behaviors, values and beliefs. Because this research is my first attempt at
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creating and conducting a full study in the field of urban science education, | admit that
my methods were clumsy yet focused. | wanted to investigate the categories of science
teaching that took place here. | also wanted to find out what assumptions were being
made by research/researchers and practitioners as they worked to understand and
implement reforms-based science teaching in urban schools. My focus on beliefs and
practices was an attempt to somehow match respondents’ espoused knowledge (as
expressed in our conversations) with their behaviors. Part of my responsibility as a
researcher and practitioner is to be transparent about my position. | am science teacher
working with under-represented students in urban and suburban classrooms at the pre-
college level. | am a science student; even as an adult, | conduct my own experiments at
home and in my classroom/lab with technology and without. | am a science teacher
educator working with teachers in mostly urban schools to improve teaching praxis. It is
always my goal to find ways to help teachers teach urban children. | realize that in order
to do that | need to understand not only what teachers say but what they do. For me, it
has been impossible to remain unchanged by my research setting. Part of my
transformation has been understanding my own assumptions and how these
assumptions limited or enhanced the data | could collect. The present study was
designed to be patterned after other powerful studies of social justice in education.
“Respect for particularity and diversity” (Duncan & Watson, 2010, p. 53) are the
pinnacle of participatory designs that endorse social justice. Taking a mixed-method
approach to this case study was part of this commitment to participatory research

design. The two constructs being explored were urban teacher efficacy efficacy and
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equity practices. The rationale for collecting both quantitative and qualitative data was
two-fold: to highlight the complementarity of the data but also to develop
understanding about the data, that is to “use the results from one method to inform the
other” (Onwuegbuzie, Slate, Leech, & Collins, 2007, p. 13). Over the course of the study,
| discovered multiple limitations in the initial research design including my choice of
instruments which jeopardized my social justice stance. To address these limitations
directly, | engaged qualitizing habits in order to make sense of the quantitative data and
guantitizing habits for qualitative data. Qualitizing habits transform numerical data into
codes whereas quantitizing habits transform codes into numbers like frequencies or
scores (Hesse-Biber, 2010). Over the year-long time frame that | was in the school, | was
able to realize the benefit of this kind of design.At each phase of the study, | was
transformed. | will discuss assumptions | made and limitations | discovered for each.
Phase | Assumptions and Limitations

In trying to determine how teachers describe equitable science teaching (RQ1), |
probed what teachers thought their role is in the science classroom as well as a number
of teaching characteristics that have been reported as related to teaching efficacy. |
used a background survey instrument to collect this data in the same way that de Laat &
Watters (1995) had reported doing for their study of Australian teachers in a primary
school. One of the underlying assumptions in following this protocol is that teachers are
completing the survey individually and honestly. Self-reports always pose this limit. To

address this limit, | conducted the probes first with administrators (as a preview of what
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teachers might believe about science teaching in their school) and with a smaller sample
of teachers from the larger population of teachers who completed the survey.

In addition to collecting data using the background survey, in Phase |, | collected
data from teachers about their specific beliefs about equitable science teaching as
defined by the SEBEST instrument. Ritter (1999) developed a construct-valid instrument
to measure the self efficacy beliefs about teaching and learning in diverse contexts. She
defined these contexts along the traditional lines that have been established by many
science education reforms: race, language, gender and class. Data were collected from
pre-service teachers being prepared in a college setting. These teachers were enrolled in
a pre-service teacher education program and all had taken classes in multiculturalism.
One cohort of teachers that was tested were a special interest cohort whose primary
teaching assignments would be in urban schools. The instrument was considered
reliable with both populations at various administration times throughout their
programs. Because the SEBEST was based on the STEBI-B and the STEBI-B was based on
the STEBI, an instrument designed for in-service teachers, | made the assumption that
using the SEBEST with in-service teachers would provide good data. The limits of this
logic are two-fold. It is not entirely true that instruments used with one population will
be useful with other populations, even though they seem similar, especially in the case
of efficacy beliefs. The highly specific and context-laden nature of efficacy beliefs merely
underscores this point. However, because the SEBEST represented a previously
validated tool that was available to measure both efficacy beliefs and equity factors, |

decided that the limits were worth tolerating. In the end, | knew that my sample size
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would be small and that | could report raw data for use later. | also knew that data
generated from the SEBEST would merely serve as a baseline for other questions. The
sequential explanatory design was selected intentionally to embrace this limit rather

than ignore it.

Phase Il Assumptions and Limitations

Munby, Kitto and Wilson (1976) offer a strong critique of a “construct view of
science” in science education research. According to the authors, construct research
often proceeds without a strong theoretical framework if one exists at all. They also
note that dissertation research often falls into this category of research. In their view,
poorly designed instruments with suspicious validation methodologies limit the
usefulness of research findings. | acknowledge limitations in my vignettes along three
grounds: the scenarios project teaching events outside the expertise of elementary
teachers’ daily curriculum and “deep level” (or “beyond surface”) multicultural
education may not be a useful term for teachers to use when thinking about teaching in
diverse contexts, especially if the teachers are veteran teachers who may not have a full
command of current research lexicon. To that end, three separate strategies were used
as part of my validation methodology. First, | submitted the scenarios to researchers
working in the field of multicultural education (as generalists and science educators).
None of the researchers know me personally. All were contacted through e-mail
communication. In only one case, did | ever meet any of the experts that | contacted.

That meeting was by chance while attending a symposium on urban science and
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mathematics education at a near-by institution other than my (or his) own. Secondly, |
pilot tested the vignettes with other doctoral students enrolled in an urban education
program. Familiar with the sociology of education in urban schools, the group of about
ten colleagues were able to identify issues of power and pedagogical differences that
might suggest whether equity was being supported or inhibited in the scenarios. My
peers in the program helped me to edit the scenarios for clarity and offered suggestions
for the organization of the text and notes pages for use with a general audience of
teachers. Finally, | tested the actual vignettes with a wide range of practicing teachers in
the field. At every workshop or conference where | was a lead facilitator or presenter, |
used the vignettes to see if teachers were able to identify instances where equitable
teaching was being demonstrated. In all cases, experts, peers and practicing teachers
were able to point at instances where the teacher went beyond the surface in lesson
content or character to address inequities in the classroom.

Only after engaging participants in a single context—an elementary school—was
| able to see the limits in using the vignettes. | identified two limits: the first limit was
obvious immediately. The second became obvious only much later, after data collection
and formal analysis and as | was writing up the full study. The first limit related to the
use of mostly secondary teaching topics in the vignette with elementary teachers. In the
“Music” vignette, the content focus on dimensional analysis used elements of Boykin’s
African American culture/socialization frame. Of the nine dimensions in this model,
movement expressiveness, verve, affect, communalism and orality were all apparent. In

particular, verve, “the especial receptiveness to relatively high levels of sensate
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stimulation” (Bennett, 2011, p. 223) was a recurring theme of “beyond surface
multiculturalism education” being projected. Boykin’s work has particular relevance in
assigning meaning to this vignette. Because Boykin’s research suggests that when
aspects of Black culture are integrated into classroom pedagogies Black children learn, |
made what | think was the fair assumption that this model applied to science teaching is
a measure of equitable teaching practice.

In the second vignette “Math”, the content focus was also on dimensional
analysis. Instead of using a socio-cultural model of equity, | used a reform-based
teaching model of equity. Reform-based teaching that is also standards-based is multi-
or inter- disciplinary and allows for student independence from the teacher (Chatman,
et al., 2008). This view of equitable teaching places distance between teachers and
students that may not support equity at all, especially with Latino and Black students. In
effect, what | was doing with this vignette may have been better assigned to in-
equitable teaching, an idea that occurred to me as the data unfolded. The focus of the
vignette was content not culture: “privileging knowledge and skills as primary outcomes
of science education misses other, more subtle, but critical, outcomes indexing
inequitable science education” (Carlone, Haun-Frank, & Webb, 2011). However there
were other teacher characteristics and teaching qualities that could be seen as biased in
the vignettes—namely the accepted invisibility of student groups in the classroom—
pose a threat to equitable practice (Saskatchewan Education, 1997). Perhaps this kind of
indirect measurement of equitable science teaching is even more problematic than

initially thought. This raises concerns and implications for future research.
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Nevertheless, because | did not use vignette scores in my final analysis for the
reasons | discovered early on, this latter issue does not seem entirely important for the
present study. Using the vignettes as a basis for examining general beliefs and in effect
serving as a semi-structured interview protocol was to me a creative and appropriate
use of the vignettes. From the vignettes-based interviews, | was able to understand not
only whether teachers were resisting elements of equitable science teaching (unreality
or fragmentation), whether they were unaware of elements of equitable science
teaching or whether they rejected/supported elements of equitable science teaching. In
Linda’s case, she often rejected the elements that are consistent with Boykin’s model of
equitable teaching but clearly and emphatically supported the use of learning styles in
the classroom. Faye, Mildred and Hattie did not seem to know what | meant by the term
“equitable science teaching” even though in Faye’s and Mildred’s case, there were clear
indicators of equitable science teaching practice in both of their classrooms. In Faye’s
case, her classroom and student-produced artifacts demonstrated how students were
building knowledge, conducting authentic inquiry and employing transformative level
science in and outside of the classroom. In Mildred’s case, her collaboration with Linda
enhanced her teaching but as she talked about her teaching, she was able to convey in
great detail why culturally responsive praxis was important for the education of Latino
and Black students. She believed that English Language Learners should be taught in an
environment that was bilingual and traditional. Mildred was less confident about her
own science teaching ability but was extremely confident in her ability to support

science teaching in a way that would help students bridge their home lives with their
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school lives. Hattie on the other hand engaged the symbols of multicultural education—
posters representing culture and holidays—however she stopped short of using those
symbols to ask new questions in the science classroom. Hattie’s initial approach to
science teaching was neither equitable nor efficacious.

Research question 1 sought to find out how teachers describe equitable science
teaching. The petit tour questions help grow understanding about those descriptions:
are teachers more likely to describe equitable science teaching as a paradigm of
diversity in the classroom or are they more likely to describe themselves as teachers of
others (an approach explained by Sleeter and Grant’s model of multicultural education)
or are they more likely to talk about specific teaching acts? Descriptions however are
not always texts that are spoken or written. | believe that texts are sometimes acted: |
believe that actions, practices and behaviors communicate beliefs.

Research question 2 sought to find out what efficacy-related (personal teaching
and outcome expectancy) beliefs urban elementary teachers conveyed either in word or
action. In Phase 2 of this study, | got to explore both. Conducting interviews in the
research setting where | could see teachers’ classrooms, hear their students and see
their students’ work provided me insights that | never could have gained if | had
conducted the interviews outside of the school. The hallways leading up to the
classrooms had large windows that allowed me to see the context in which the children
and their teachers were working. Because each corridor in the building was a grade
corridor, teachers often collaborated and the sights and sounds were the same from

one class to the next. A sense of collective efficacy and shared beliefs was apparent as |
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walked from classroom to classroom. Separated by only a few doors in the same
hallway, Classroom #1 and Classroom #2 were part of a larger case of teachers who
were trying to raise the level of student performance for all of the students at Hero
Elementary School.

Several teachers were able to articulate the need for real-world science but it
was unclear what that could mean without greater participation. This exposes another
limitation in the present design. Studies like this need to employ purposive sampling in
order to get a complete view of teachers’ beliefs. Without the benefits of a larger
sample population, probing questions and participant-identification integrity, it is too
difficult to make definitive claims about the data. Fortunately, reporting raw data is an

appropriate strategy for studies as small as this one (Cooper & Good, 1983).

Phase Il Assumptions and Limitations

Observing teachers in their classrooms, while they are teaching provides the best
evidence of their efficacy beliefs. Specific efficacy beliefs attendant to equitable practice
come into sharp focus during observations that may not be entirely clear during
interviews. During phase three, | used several methods to capture the teaching and
learning environment. All of the observation protocols available in the appendix
(Appendix D) were based on methods suggested by literature around structured
observations (Johnson, Borleske, Gleason, Bailey, & Scantlebury, 1998) and appropriate
themes for measuring equity (Kahle, 1998). Ethical considerations about the children in

the research setting, the teachers in the setting and my role as researcher in the setting
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influenced my decisions to provide formal and informal feedback to participants, to
carry a field notebook and a camera (or not) and/or to record my own hunches and
memos. As | worked to gain entry in the school and in the classroom, | rarely used a
notebook or a tape recorder even though | was granted consent to collect data by the
district, the school leadership and the teachers. Because | wanted to get to know the
school, | wanted to become a part of the community so at times, | accepted the role of
another pair of hands in the classroom. On these days, the only notes | have are the
ones | was able to transcribe based on memos | recorded once | got outside of the
research setting. Collecting artifacts from the school, spending time working with all
stakeholders within the setting and leaving the research site empty handed is a sacrifice
| accepted because | wanted to gain the trust of the participants. Choosing not to invoke
any kind of status over the teachers with whom | worked, | came to them as a fellow
teacher and critical friend. | did not want school stakeholders—students, teachers,
administrators or visiting others—to see me as an evaluator or as a potential threat. |
was heavily dependent on memos | generated during my visits on days when | did not
use an observation protocol. This decision was prompted by Hattie’s initial reaction to
the research process. During the early phases of the study, she consented to anonymous
participation and follow up but did not want me to use any type of recording device
during our interactions. Once | explained to her that | wanted to give her quality
feedback, she was more willing to open up with me but she was still very tentative in
her commitments to the research. Only after seeing the benefits of participation—by

hearing about in-class activities that Linda and Mildred conducted during closed grade
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meetings (I was never able to attend these meetings because of my own time
constraints), Hattie realized the “bonus” training that participation in this study
provided.

This proved to be a necessary step in the research process in Classroom #2.
Hattie demonstrated behaviors consistent with teachers with low efficacy (Tschannen-
Moran, Hoy, & Hoy, 1998): she did not believe that she was necessarily able to teach
science so that students would learn it and she was very suspicious of the research
process. In the end, her efficacy beliefs seemed to improve. By the end of the study, she
was more willing to participate in active teaching. Hattie was more open to full
participation and engagement in the study. Hattie invited me into her classroom more
often and was willing to take an active leadership role in science instruction for longer
periods of time. What started out as low-level activities for a few minutes in the
morning, turned into sustained teaching and learning around themes that could be
supported using science content. This finding confirms what Appleton & Kindt (2002)
report about low confidence in science teaching for novice teachers, “Unless something
triggered further professional development to encourage them to start teaching
science, there is the real possibility that some teachers would never progress beyond
seeing themselves as teachers of only a limited range of subjects” (p. 52). Details from a
conversation we had via email in February, 2009 shows a shift in her beliefs about her

personal science teaching capacity.
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TABLE 18 PERSONAL COMMUNICATION, FEBRUARY 2009

Hattie to me

Hi, I viewed the video at home, but did not see how to capture the
pictures. | like the video but wish we had gotten more. Also, |
really don't have enough pictures to make the book. Perhaps we
could do a re-teaching next week (PLEASE). One chicken would be
sufficient, | think. Let me know your thoughts.

Me to Hattie

OK. If you do the actual dissection, | can record. | can come on
Tuesday. We can do the dissection (around the same time--9:30a)
and debrief while students go to lunch. Let me know your
thoughts. | will also bring a lab coat and gloves--your class always
has different numbers of students--for how many students should
we plan? They should also have goggles on. Do you have enough
for your students--if not, maybe you can borrow from Linda (mine
are too big). | will bring my laptop so we can capture video. Let me
know.

Hattie to me

Tuesday at 9:30 is fine. | will do the dissection, but you may have
to talk me through portions of it. | have 20 students on my list - I'll
check with Linda for goggles. Can you put the current video on a
CD/DVD? I'd like to have that one too in addition to the new one.

Also, could you email any pictures of my class from your previous
visits? Thanks!

reinforce student learning—conduct an engaging science activity based on student prior

knowledge and questions, collect student responses as data, collate data in a book that

Hattie had internalized the process we were developing to evaluate and

can be referenced later with guided vocabulary elements.

Implications for future research

is in the use of critical friends and neighbors to support equity in the science classroom.
Many science education researchers in urban school contexts (Barton, Gutierrez and

Tobin) are using critical others to shape a “funds of knowledge” approach to research

There are three areas that | think this research can and should go. The first area
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communities. This is a field that embraces the nuances of the cultural lens because it
provides important perspective on the diversity texts of the classroom. Mrs. Maxson,
Mr. Russell, Linda, Faye and Edna saw me as a critical friend upon meeting me—my
involvement in the James Harry Hero Elementary community over the years has been
varied but constant. Being invited into the school was an opportunity to find out if
equitable science teaching could be used as a paradigm for change. | think it can.

The second area where this study makes a contribution is in the use of teaching
tools. Teachers who have weak content background or demonstrate behaviors of low
efficacy teachers want tools to help them address their deficits. They want to tools for
reflecting on their praxis and tools for building better praxis. In this study, | gave
participants copies of field notes on the same day that | collected them. | prepared the
observation protocol forms in duplicate which allowed me to give them immediate
feedback during our debriefing sessions. In many ways, my role as peer observer helped
them to know exactly what they were doing. Often times, teachers are completely
unaware of their student-limiting or praise habits. My own experience in the classroom
helped me to know the value of immediate feedback from a non-evaluating observer.

| think it is a widely held view that urban teachers don’t care about their praxis
or don’t know how to execute quality science education. This is a terribly limited view.
Over the course of this study, | saw examples of urban teachers who took their own
professional development very seriously. These teachers voraciously pursued
information—albeit mostly in isolation or in the safe settings of a closed planning

meeting. Teachers in urban schools may have significant barriers to trust and the
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cohesion that collaboration and whole-group processes create might be a better way to

influence change in research settings. An example from our post-study focus group

conversation demonstrates that point.

Question 2: What do you remember about feedback from the observations?

Linda °

Mildred

Hattie

Reflecting on questions asked

The enrichment of knowledge that you shared with us was
greatly appreciated

Children need more opportunity to explore/study science at
the kindergarten level

Find more opportunities to incorporate science through the
day rather than keeping the subject for a specific time in the
day

More opportunities for children to explore provides a better
foundation

Interestingly enough, Hattie had the most comments about the feedback forms even

though she resisted using them as a basis for our conversations during the study.

Question 3: What did you learn about culture and science?

Linda )
Mildred °
Hattie °

Some children have more opportunities and experience than
other children

Science is very cultural and that’s why it is important to be able
to teach science to a child at a very young age. Talking about
dirt (the color, the texture and so on) in different countries
allows the children to see and feel the same when they play.
Although the children were excited, the opportunity to explore
in this way seemed foreign. We need to ensure our children
have many opportunities for science to build a solid foundation
for future learning AND improved test scores.
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Mildred remained the only teacher-participant willing to draw direct connections
between culture and science. Both Linda’s and Hattie’s responses suggest overall
resistance to any argument about science teaching deficits in the classroom that are

based on cultural roots.

Question 4: What are (should be) the next steps in urban science education

research?
Linda e To have the opportunity to continue collaboration between
teachers on science projects
Mildred e The need to teach science in the elementary school grades is
greater than we realize
Hattie e Work with teachers who [want] to participate in projects

e Seek funding for [everything]
e Incorporate science education training for teachers in district-
level professional development

Responses to question 4 could be used to frame professional development for Hero
Elementary School and other elementary schools in urban settings. | felt gratified by
their comments—on some level, the teachers felt like they benefited from the study
(the project). Two themes emerged from these data that are consistent with successful
models of professional development in multicultural science education: collaboration
and alternatives. Teachers seemed to want to participate in a professional learning
community that gives them experience developing a collaborative learning environment
and teachers have opportunities to create alternative curricula relevant and appropriate
for their context (Johnson, Mitchell, & Kean, 1994). These themes are principles of social

justice in education research (Griffiths, 1998) with direct implications for change. These
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themes form the perfect conditions for a paradigm shift from “for all” to “by all”
teaching.

Key participants developed routines that worked for them and their students,
promoted literacy and numeracy and engaged students in authentic science
experiments that were fun and interesting and emergent from their own curiosities.
Template-planning worked well for the participants in this study. After only a few
lessons, teachers were able to reproduce and extend learning activities in ways that fit
their classroom dynamics but also had students actively participating.

Being uncertain is an important catalyst for learning. Overcoming the discomfort
and frustration associated with disequilibrium pushes the individual to reconsider
assumptions” (Settlage & Southerland, 2007, p. 66) whether they are on the part of the
teacher or the student. This principle underscores the strength of dialogic practice in the
science classroom—shared authority and openness to discovery are benchmarks of
collaborative, equitable science environments. Being uncertain and unsure is a quality
of openness that may be necessary for change to happen. Other research has reported
high degrees of teacher uncertainty when trying to evaluate beliefs; training to address
uncertainty is a reasonable research response (Song, 2006). At the beginning of the
study, Hattie was resistant to elements of the research that made it hard to include her
completely. She completed the first part of the study—the demographic profile phase—
anonymously. She did not consent to be recorded during interviews. She did not
respond during debriefs to written feedback. For the most part, she did not trust the

research process. It took the example of colleagues and the exchange of closed
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meetings—grade planning meetings from which | was excluded—to convince Hattie that
| was not coming into the classroom to evaluate her teaching. Even though she wanted

to participate in the process, it took a considerable amount of time for her to trust it.

TABLE 19 HATTIE'S POST-STUDY SEBEST SCORES

Construct P1 P2 P3 P4 P5 (§| Hattie
PSTE 41 31 38 41 43 69
STOE 21 24 26 22 24 77
Total 62 55 64 63 67 146

“A central challenge for researchers interested in the use of teachers’ efficacy
beliefs in teacher education is to identify teacher education practices that lead to
changes in teachers’ efficacy beliefs which in turn support meaningful changes in actual
teaching” (Wheatley, The case for reconceptualizing teacher efficacy research, 2005, p.
762). The phase of the study that required participants to complete the Self Efficacy
Beliefs about Equitable Science Teaching (SEBEST) survey granted participants
anonymity. Although | am not sure which anonymous respondent is Hattie, she is one of
the five from that initial administration. From Figure 2 growth in efficacy beliefs about
equitable science teaching is obvious. The range of difference in scores (79-91 points) is
substantial. Utilizing the qualitizing principles advanced in contemporary approaches to
action research analyses, there were observable changes in teaching practices over time
as well.

Hattie’s comments during the focus group also helped to confirm the shift in her

beliefs. In response to question 1, what you learned about science teaching, she replied:
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Hattie e |t's fun. Hands-on is the only way to go
o The children remained engaged the entire time
e A literacy connection is essential

Question 3, what did you learn about culture and science was constructed to relate
culture and science teaching to science teaching outcome expectancy based on my own
knowledge and beliefs. | view the problems in urban science education (access and
participation gaps) as a social justice issue related to low or no expectations for urban
students. Hattie’s response to the question demonstrates the impact | may have had on

her over the course of the study.

Hattie e Although the children were excited, the opportunity to explore
in this way seemed foreign. We need to ensure our children
have many opportunities for science to build a solid foundation
for future learning AND improved test scores.

FINAL THOUGHTS

The word promise has meaning that dates back to the 15t century according to
the Merriam-Webster dictionary. Promise is a “reason to expect something; especially:
ground for expectation of success, improvement, or excellence”. If we adopt ways of
teaching science that build on equitable practice—full collaboration, accountability with
positive expectation, support for teaching and learning—1 believe it will be possible to
reform urban school science teaching. As part of the action plan that | put in place to
support teachers, | developed a lesson planning template for teachers to use to
intentionally plan equitable lessons that almost always ended in some form of literary

connection. For the early childhood context, it made perfect sense for sophisticated
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dissections to end with a story book about how we use the things we learn about or
what the structure-function relationship is. Using Linda’s strategies for recording all
student comments in a class data chart provided the class with an introduction to
scientific writing and data representation that incorporated habits of strong
mathematics learning, strong literacy development and common science practices.
Using Mildred’s strategies of singing songs to manage behavior and communicate
directions was an important complement to Linda’s content-driven techniques.
Mildred’s songs injected elements of fun and surprise into the teaching and learning
context that kept students and teachers engaged. Using Hattie’s disposition of doubt
and unknowing allowed the students to actually feel like they were learning along with
their teacher. Of course, this is the case more commonly than not in classrooms of
novice teachers! Being transparent about the learning process opened up the class to an
entirely different learning experience. Equitable science teaching challenges belief

systems but allows for practices to change organically and without prescription.

Activating teachers so that they are aware of (in-)equity-related issues and have
a schema for addressing these problems is crucial. What the teacher does to initiate
change at the classroom level tends to reflect a wide array of inputs—what
administrators and policy makers want, personal interests, background and know
ledges, student interests as well as resource and facility constraints. Researchers have
come to focus almost exclusively on the teacher because of the local attention teachers
give to students—daily and sustained interaction, support and challenge. With that in

mind, work being done to develop effective models for teacher education, especially in
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science, has moved to the center of the discourse on how to create opportunities for

student achievement—through teacher achievement.

Emergent from the literature about increased student achievement in science
are themes that relate teacher actions to teachers’ personal efficacy beliefs. Several
studies of teachers’ efficacy beliefs, including those of science teachers, report that high
levels of personal efficacy and outcome expectancy are correlated with student
engagement, student achievement, constructivist practices and teacher commitment to
improving their teaching, while also being correlated with teachers’ feelings of
preparedness (de Laat & Watters, 1995; Ross, Cousins, & Gadalla, 1996). These
researchers discovered the critically important role of student engagement in helping to
build teachers’ efficacy. Despite these insights, the directionality between causation of
student achievement on efficacy or efficacy on student achievement is not completely
clear. “To [conduct] research on teacher practice in isolation from research on self-
efficacy, teacher beliefs about science and [teacher] knowledge of science will
necessarily result in an incomplete picture” (de Laat & Watters, 1995, p. 461).
Furthermore, the issue is compounded when scope is provided by a limited review of
the literature—self-efficacy beliefs of veteran teachers, veteran teacher practices and
professional development. “Teachers with a great deal of confidence may not feel the
need for new strategies and do not attempt to implement what they have learned
(Tschannen-Moran, Hoy & Hoy, 1998). As a stable teaching workforce, veteran teachers
have developed schema to manage challenges in the classroom: content knowledge,

classroom management and pedagogical challenges may be muted by the experiences
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of the teachers. In spite of the wealth of information available about teacher efficacy,
scholarship that couples teachers’ efficacy beliefs with specific multicultural
competency knowledges is minimal.

Many researchers theorize about the conceptual voracity of teacher
development as it relates to self efficacy, diversity and reforms but the empirical
evidence to support these claims is far less robust. Garet et al. (1999) conducted a study
to measure the effectiveness of Eisenhower fund-assisted professional development
activities. In this study, math and science teachers’ self-reported benefit of participation
in Eisenhower professional development activities related to technology and diversity
training were reported at the lowest level of benefit. Teachers reported the greatest
benefit from content knowledge, assessment, curriculum and instructional methods
training. A more recent study of pre-service (N = 28) and in-service (N = 26) urban
teachers’ beliefs about teaching and learning has even more alarming results: “the in-
service teachers in this study did not believe...they could develop urban students
academically” (Song, 2006). This finding raises many questions about whether the
teachers report in this way because of the quality of the training, the complexity of the
training (dealing with diversity issues) or some other methodological issues associated
with self-reporting. Additionally, these findings confirm evidence about the limits of
teacher self-reports of beliefs about democratic teaching (Wheatley, The case for
reconceptualizing teacher efficacy research, 2005).

| believe that more research can be and should be done about “by all” science

teaching—teaching that incorporates teachers voices and curiosities without judgment
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of person but instead process. Imagine a world where teachers (we) are able to look at
our teaching selves in its most pure form—as we are doing it. Research conducted by
equity-minded researchers creates opportunities for that to happen. Promising
methodologies that capture classroom discourse with video cameras are helping to
shape the field of science education research. Novel techniques for modeling construct
relationships are also giving new insights into the volumes of information now available
through national and local databases. A new crop of publications have been introduced
about equitable teaching approaches to science education in urban schools. Eco-justice
(Maulucci, 2010) and even laughter (Roth, Ritchie, Hudson & Mergard, 2011) are being
used to frame arguments for equity in the science classroom. The harvest is ripe for
examining this issue.

| close then with both a historical view of the issue of science teaching that also
embraces my own beliefs and philosophy on the subject. It combines the classic
perspectives of Gibran “On teaching” and Gregory (1922) on “the teaching of science”:

...It should conform with Kant’s view that the ultimate ideal of education is
nothing less than the perfection of human nature, and not merely a goal to be
obtained by the select few. The sum and substance of this [paper] is a plea for
the expansion of scientific instruction in this humanizing spirit, for widening the
gateway into the land of promise where the destinies of the human race are
shaped. It is the privilege of a [leader] to be to some extent pontifical —to
express opinions which in other circumstances would demand qualification—and
to leave others to determine how far the doctrine pronounced can be put into
practice in daily life. | do not, therefore, attempt to suggest the outlines of
courses of science teaching for pupils of different ages, or for schools of different

types; this has been done already in a number of books and reports...| want

200



science not only to be a means of stimulating real and careful thinking through
doing things, but also a means of creating interest and enlarging the working
vocabulary of the pupils and thus truly increasing their range of intelligence

(Gregory, 1922, p. 438).

As a career teacher and novice education researcher, | know that teachers
benefit from being exposed to and engaged in research but we get the greatest utility
from research that allows us to use the findings quickly and practically. Future research
on teaching practices that support equity might look at specific strategies for ‘by all’
science teaching. Typologies designed in the traditions of multicultural education
advanced by James Banks that also engage the learning cycle paradigm for inquiry
approaches to teaching are extremely promising as tools for school science

stakeholders.

The content standards are a critically important document in establishing what
teachers should do to create equitable classrooms. Over the last twenty years, the
content standards have been working their way into the working vocabulary of teachers
in the United States. These policy documents guide many of the activities teachers will
do and serve as the metric upon which teachers are commonly evaluated at the
classroom level. When standards documents degrade the value of equity and cultural
responses to teaching, urban classrooms may suffer. Equitable science teaching in the
urban context is based on subject matter knowledge and habits of quality science

education but it also places value on collaboration and participation. Benchmarks that
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address the cultural contributions of diverse peoples and the historical perspectives on
science that are prominently factored into school science in early documents have been
removed from the most recent content standards documents in New Jersey, the home
state for the research site (New Jersey State Department of Education, 1996; 2004;
2009). Twelve standards of science education in the 1996 document are collapsed into
ten standards in 2004 before finally being represented in four content-specific domains
in 2009. The perspective being advanced in the State suggests that the standards have
been clarified. Unfortunately, | think that clarification has displaced culturally responsive
pedagogies from the science teaching context. The promise of science education for
social justice is lost in such models. The diversity texts that characterize urban

classrooms are silenced by such an approach.
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Appendix A

Background Information Sheet
Study Phase 1

1. Please indicate the appropriate response by circling

Male 1 What grade(s) do you teach? Please circle all that apply
Female |2 PK |K |1 |2 |3 [4 [5 |6 |7 |8
2. Are you: (Circle One) Arranged in alphabetical order

African-American or Black 1 Hispanic or Latino

Asian or Pacific Islander 2 Native American or Alaska Native

Bi-/Multiracial 3 White or Caucasian
4

Other (describe)

0O N O U»n

Decline response

3. What is the highest degree you hold? (Circle One)

AA or AS (Associate’s)

BA or BS (Bachelor’s)

MA or MS (Master’s)

Multiple MA or MS

PhD, JD or EdD 5

None/Still a student (please circle # years in program) 6
Yrl Yr2 Yr3 Yr4 Yr5+

SO0 Qo0 T o
A WN R

g. Other (describe) 7

4. Did you/do you have an undergraduate major in math, science or a science-intensive
field (e.g., pre-med, engineering)? (Circle One)

No 1

Yes 2
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5. Did you/do you have an undergraduate minor in math, science or a science-intensive

field (e.g., pre-med, engineering)? (Circle One)

No 1

Yes 2

6. Have you ever

...enjoyed science in school?

...had a student teaching field experience in an urban community?

...done service learning in an urban community?

...conducted observations in an urban classroom?

No 1

Yes 2

Please describe:

7. What type of teaching certification do you hold? (Circle One)

Q

Not certified 1
Temporary, provisional, or emergency certification (requires additional
coursework before standard certification can be obtained) 2
Probationary certification (the initial certification issued after satisfying all
requirements except the completion of a probationary period) 3
Regular or standard certification/Years teaching 4/ (Years Exp)
Administrative certification 5

8. Do you hold a specific certificate or endorsement for teaching science? (Circle One)

No 1

Yes 2 In what area?

9. Have you ever taken classes that deal specifically with addressing race or diversity in

the classroom?

No 1

Yes 2
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How many Please indicate the number of each type of course taken (0 is an
classes on acceptable response)
race or
diversity?
Semester- Workshop- Other (please specify)
long style

SCIENCE TEACHING & LEARNING IN YOUR CLASSROOM
10. Do you have a science curriculum? Yes or no Please explain
11. Do you use the science content standards in your state as the curriculum?
12. Do you use a text book for science instruction?
13. From where do you gather resources to build science lessons?
Internet
Textbook used in class
Supplementary textbooks
Non-textbook texts (e.g., science magazines or periodicals)

Other:

14. Approximately how many minutes per week do you dedicate to science instruction?
0-45

46-90

91-120

121+

14. Do you assign science homework? Yes or no
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15. Do students work on science projects?
If so, are they mostly in class or at home?
If so, are they mostly independent or working with other students?

16. What would you say are the biggest limits to your ability to do science with your
students?

17. Please complete this statement: “The role of a teacher in the urban science
classroom is to...”

18. When it comes to your capacity to teach science where do you fit on this
continuum?*

Doubtful that Confident that
students will < > students will
like science? like science?

1 2 3 4 5

! This construct seeks to confirm the theory advanced by Settlage et al. 2003 that high efficacy is related
to confidence while low efficacy is highly correlated to doubt. Implications for broader understanding of
the second sub-scale may be possible (outcome expectancy) by asking this question. Note: capacity was
chosen rather than ability. Future studies might interrogate whether there is a difference between
capacity and ability.
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19. Think about things that you need help with in order to improve the quality of your
science instruction design and delivery. In terms of importance, how would you rank
them? Most important = 1, least important = 6 Listed in alphabetical order

Rank Element
General teaching strategies

Cooperative learning
Differentiated instruction
Questioning strategies2
Technology integration
Use of graphic organizers
Other: Please indicate

\ Integrating additional content areas

‘ Lesson planning

\ Other: Please indicate

\ Science content

‘ Science curriculum sequencing

2 The work of Johnson, Borleske, Gleason, Bailey, Scantlebury (1998) with structured observations
included questions and interactions as an indicator of quality science.
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Appendix B
Vignette #1: Math
In a 75-minute science class of thirty five students a physical science certified teacher in
an urban high school is assigned to teach freshman general science topics consistent
with the state and national standards for students enrolled in grades 9-12. The teacher

believes in an inquiry-approach to science but struggles to define what that means.

Characteristics of the classroom:

= Anagenda is posted on the board
=  Textbook page references for the lesson are written on the board
= Commercially manufactured posters (evolution, dinosaurs, human body systems,
solar system, careers in science) are displayed at different areas of the room,
primarily on the wall
= Textbooks are stacked at the rear of the room
= There are three bulletin boards in the room
o Bulletin board #1: Covered with blank construction paper with a banner
that says “Science Word Wall”
o Bulletin board #2: Classroom rules, school goals/messages, bell schedule

o Bulletin board #3: Student-generated graphs (from a previous lesson)

Insert Comments Here
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= The very large classroom has six tables (that can accommodate six students) on
the left side of the room and individual student desks on the right. In addition to
the tables previously described, two large tables are arranged with resources
(balances, masses, goggles, folders) in the rear. Individual student desks occupy
most of the remaining usable floor space.

= Thereis a lecture platform and demonstration table at the front of the room.

= There are no computers in the classroom.

= Students in the class represent members from four racial/ethnic groups: Asian

(8), Black/African American (15), Latino (5) and White/European American (7).

Insert Comments Here

Characteristics of the instructional design and delivery:

= When students walk into class, each student is greeted at the door by The
teacher and told to start working on the “Due Now” posted on the board.

= When asked in a pre-observation meeting about instructional/teaching style and
preferences, the teacher indicates a preference for lecturing but feels that

students need to have a balance between lecture and hands-on activities.

Insert Comments Here
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Once the bell rings, the teacher closes the door and reminds students
that they will check the “due now” in two minutes (in accordance with the
agenda). While students work to complete the “due now”, The teacher walks
around the room to monitor student progress, distributes a work packet and
takes attendance. After two minutes, the teacher begins calling the names of
students already “checked in” and asks them to provide their response to the

“due now” prompt:

“When have you ever encountered a time when you needed to
convert one thing to another? Explain your answer. Give at least
one other example that you can think of when it is important to

know how to change from one thing to the next.”

Each of the first three students called respond by saying “l don’t know.” The
fourth student (Student-X) gives an example. Students stop to listen to Student-
X’s response while the teacher continues to circulate throughout the room. Once
the teacher has finished taking attendance and handing out the work packet for
the week, students are directed to look at the agenda on the board. The teacher

reviews the time-labeled agenda.

Insert Comments Here
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The teacher begins lecture by restating Student-X’s responses to the “due
now” and writes a summary of student responses on a graphic organizer on the
board. In spite of the lack of participation during oral debrief, the teacher
developed the text for the graphic organizer based on what was shared during
one-on-one “check-ins” at student desks. The teacher points out that each
example is an opportunity to “translate the units” between systems of
measurement. The teacher continues class discussion emphasizing key words.
When students hear the phrase “translate the units”, several students look up
and begin to pay attention to class discussion. After 15-minutes of teacher-led
discussion, students are asked to look at the first page of the packet, which
explains dimensional analysis. Students are told to read the first page of the

packet silently.

Insert Comments Here

The teacher refers back to the examples given by students earlier and moves
closer to the graphic organizer still shown on the board. The teacher asks
individual students to identify the units for each of the earlier examples
provided. As students provide the answer, the teacher changes the words to

o3 n o_n

mathematical representations of the words by changing “is” to an and

writing fractions to represent equivalent measures. As an example the teacher
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states “one week is the same as seven days was “translated” into 1 wk =7 dy =
1 wk/7 dy or 7dy/1 wk where the units are wk (week) and dy (days). When we
say 1 week over 7 days it is the same as saying 1 week per 7 days which we know

has equivalent meaning as 7 days per week.”

Insert Comments Here

Over the course of the lecture, the teacher posed the following questions:

? When do we “translate units” in our everyday lives?

? In what room of the house are we more likely to “translate
units”?

? Who has ever been to another country?

? If on the back of a candy bar you see the nutritional value
measured in kilojoules, what can you surmise about the
candy? Kilojoules is a measure of what? What is the American

English equivalent of kilojoules?

Insert Comments Here

When a student (Student-Y) poses a question, the teacher asks Student-X to
respond; Student-X responded satisfactorily. The teacher moved on to the first

problem on page 1 of the packet: Convert 12 days to hours. The teacher started
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posing questions intermittently during the solution of the conversion. (How
many minutes would that be? How about seconds?) The teacher writes the
problem on the board and asks for a student volunteer to come to the board to
answer the question. Student-X volunteered to solve the problem on the board.
After completing the conversion on the board, the teacher asked if there were
any questions. Students were then given thirty minutes to complete the first
three pages of problems in the packet. While students worked independently,
the teacher circulated throughout the room. The teacher circulated to all of the
students during “independent practice time (forty minutes) except for three

students in the back.

Insert Comments Here

Fifty minutes into the period, the teacher announced a five-minute
warning to complete the first three pages. The teacher moved to the front of the

III

room to pull out several “manipulatives” to use to close the lesson for the day.
The teacher placed a milk carton, a juice bottle, an empty potato chip bag, a
bottle of household cleaning products and a nutritional fact guide on the
demonstration table. One-by-one, the teacher called a member from each row

to the front of the room to get a household product container. Each group leader

(including Student-X) was given the task of writing a “conversion factor” for their
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product. Group leaders were also instructed to prepare to present to the whole

class.

After five minutes, each group leader was called to the front of the room
to record their responses on the board. The teacher then directed students to
turn to page 6 of the packet where they could write down the appropriate
conversion factors for the product labels used in class. Page 6 contained
scanned, copied and pasted pictures of the products used in class on the
handout. The bell rings and the teacher says goodbye. The teacher walks through
the room to clean-up as students leave and discovers that three students in the

back of the room left their packet.

Insert Comments Here
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Vignette #2: Music
In a 75-minute science class of thirty-five students a physical science certified teacher in

an urban high school is assigned to teach freshman general science topics consistent
with the state and national standards for students enrolled in grades 9-12. The teacher

believes in an inquiry-approach to science but struggles to define what that means.

Characteristics of the classroom:

= Objectives for the lesson are written on the left side of the board
= Alesson title “U-N-I-T-Y: ’Cause that’s how we do!” is written just above the
objectives
= On the right side of the board is a summary of expectations for the week:
o Homework assignment, textbook problems with page number references
o Reminder about project deadline
o “See me” list with individual student names (4)
o “Word of the day” section
o “Problem of the day” section
o “Joke of the day” section
= Onthe center board space, a “do now” activity is written:
D.E.A.R.: Pages 245-246 “Science journalism” (students are expected to
read four columns of text from the textbook during attendance; D.E.A.R.

stands for “Drop Everything And Read”)
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= Wall space above the board has school mission information (messages related to
student safety, respect, readiness and proficiency)
= There are three bulletin boards in the room:

o Bulletin board #1 displays three separate templates/samples to show
procedure for completing class notes, lab reports and homework
assignments

o Bulletin board #2 is a large-scale poster of classroom rules in the form of
a contract for behavior. It details what The teacher will do and what
students are expected to do

o Bulletin board #3 displays student work (that has been graded with
comments). The opposite side of the board is decorated with a map, a
periodic table and magazine clippings of various celebrities.

= The classroom has several rows of tables; three individual student desks are
positioned at different corner locations in the room. On the wall space directly
adjacent to each student desk is a chart paper poster that says “U-N-I-T-Y”, the
date, the objectives and specific problems to solve.

= One side of the room has an arrangement of four computer work stations. Two
work stations have internet access, one station is set to run a school-based
remedial math program, one station is set to run textbook companion software.

= Adjacent to the chalkboard is a large television with a DVD/VCR that conceals

one of the bulletin boards (Bulletin board #3)
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Students in the class all live in the neighborhood where the school is located and
have been in the school since 5™ grade.
Students in the class represent members from four racial/ethnic groups: Asian

(6), Black/African American (10), Latino (9) and White/European American (10).
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Characteristics of the instructional design and delivery:

= When students walk into class, the teacher is already in the classroom with
popular music playing at a low volume. Before the late bell rings, several
students walk up to the teacher with questions about last night’s homework. A
line forms at the teacher desk.

= When asked in a pre-observation meeting about instructional/teaching style and
preferences, the teacher indicated no particular teaching preference but
described a learning style preference that was audio and kinesthetic.

Scenario:

Once the bell rings, The teacher turns the music off, indicates to students that
they have three more minutes for D.E.A.R. and asks students to think about what the
lesson title might mean for today’s lesson. The teacher walks around the room to check
homework and take attendance. After an additional five minutes of silent reading, a few
students start to chatter on one side of the room. The teacher asks the chattering
students to refocus, gives the class a one-minute warning and continues to check
papers. The teacher goes to the board and announces the title of the lesson for the day:
“U-N-I-T-Y” (sung to a melody) before pausing and saying “’cause that’s how we do it!”.
The teacher asks students what they think today’s topics might be. A student responds
by giving the name of the artist whose melody was used to introduce the lesson. The

teacher laughs and takes another suggestion (also incorrect).
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The teacher offers, “It is a lesson about units” as an anticipated desired response
before asking “Why?” and quickly responding, “‘cause that is how scientists do it! With
U-N-I-T-S, units!” The class sighs in audible amusement. Students begin writing down
the objectives for the lesson in individual notebooks in a way consistent with the

template for note taking (posted on Bulletin board #1).

Fifteen minutes into the period, the class phone rings requesting that the
teacher meets with a parent in the office. The teacher is advised that a colleague would
be sent up to cover the remainder of the class in ten minutes. The teacher finishes
drawing a model of a triple beam balance on the board (as a follow-up to an
introductory/review question). The teacher asks the class to determine the mass of an
object if the riders were placed similarly to the diagram model. Students respond with

confidence and accuracy to the question.

The teacher explains that the lesson is about units and that for the remainder of
the week, the class would be working on problems that use units. The teacher asks
students to brainstorm a list of units that they use in everyday life. At the front board,
the teacher creates a web to record student responses. The teacher asks students to
match their list of units with quantities that are measured in science. Students are

directed to record their matched lists in their notebook.

The coverage teacher arrives at the door. The teacher directs students to “take
their corner” while she identifies the “corner ring leaders” for the day from her roll

book. The teacher calls four students to the front of the room to get directions. Student
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leaders were each given a photocopy of solutions from the teacher’s manual that
explained problems from the textbook. Each group was directed to read the textbook
and answer a selected number of problems at the end of the chapter. The leaders were
to make sure that each member of their corner group got the answers and take final

attendance at the end of class.

Before leaving the room, the teacher turned the radio back on and reminded
students to work at a level that did not rise above the level of the music. They were
informed that they could work individually or in groups until the end of class corner roll

call.
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Over the course of the opening presentation, the teacher posed the following

questions:

? What units can we use to measure weight?
? What is the difference between mass and weight? How does
that change the kinds of units we use?

? What instruments do we use to measure mass?
The meeting with the parent ended before the class period was over. When the teacher
returned to the class, student leaders were taking end-of-class attendance. The
coverage teacher reported that students were working throughout the period even
though the noise level was considerably higher than the volume of the radio. As the bell
rang, students said good-bye and exited the room with three students (two of the
students were from the “See Me” list posted on the board) remaining afterward to

speak to the teacher.
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Vignette Notes and Comments

L Yes Evidence/Description
Specialized
No Use this space to document line
Knowledge or
skill Strong Weak numbers, texts or personal notes to
ills
Evidence | Evidence support your response.
PCK
Pedagogical
Content
Knowledge
DLME

“Deep level”
multicultural
education

SCK

Science Content
Knowledge

OTH

Other Inclusive
School Practices
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Theme

Inclusive
School
Practices

Pedagogi
cal
Content
Knowled

ge

Inclusive
School
Practices

Pedagogi
cal
Content
Knowled

ge

Pedagogi
cal
Content

Indicator

Objectives
posted

Standards-
based
lesson

Differentiat
ed
instruction

Appropriate
assessment
s

Inquiry
opportuniti
es

Appendix C

Deep level
multiculturalism
Transparency on the
part of the teacher

Empowering school
culture and social
Structure

Research-based;
may indicate higher
level of pedagogical
content knowledge

Empowering school
culture and social
structure

Diversity of
approaches to
teaching that may
attend to individual
student needs

Equity pedagogy
Research-based

Empowering school
culture and social
structure

Research-based;
may indicate greater
level of content
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Indicator

Objectives
met/referenc
ed

Appropriate
technology
used

Cooperative
learning

Appropriate
T-S
interactions

High level of

accountability

Indicators of Deep Level Multiculturalism/Banksian multiculturalism

Deep level
multiculturalism
Time-on-task; may
provide evidence of
greater level of
management
expertise

Empowering school
culture and social
structure
Research-based; may
indicate greater level
of expertise

Empowering school
culture and social
structure
Developmentally
appropriate
strategies; greater
participation

Empowering school
culture and social
structure

Generally indicative
of commitment to
establishing
community in the
classroom

Empowering school
culture and social
structure

Attention to time-on
task; may indicate
teacher commitment




Knowled expertise to professionalism
ge
Equity pedagogy
Knowledge
construction
Inclusive | High order | Research based Diversity of Research based
School thinking questions
Practices | questions Equity pedagogy Equity pedagogy
Deep Real world | Social justice Cultural Contributions
Level examples approach references in | approach
MCE provided decorum
Empowering school
culture and social Content integration
structure
Deep Cultural Contributions Comfortin Transformative
level references | approach expressing (dialogic) approach
MCE contextualiz cultural
ed references* Prejudice reduction
Content integration
Deep Classroom Transformative Bilingual Social justice
level community | (dialogic) approach references/
MCE apparent* experiences*

Prejudice reduction

Empowering school
culture and social
structure

* Indicator added to observation protocol for analysis based on in-vivo study
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Appendix D: Observation protocols

Types:

1) Running record

2) Seating chart/interactions

3) Supports for Equitable Science Teaching

4) Key indicators of Equitable Science Teaching
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Observation Type: Running Record

Teacher ID:

Date:

Start time:

Finish time:

Clock Time

Description of events







Observation type: Seating Chart

Basic: Indicate student race &
gender of student; tally number
interactions

Type of interaction: Indicate student race &
gender; indicate level of question (K:
knowledge level or U: upper level); indicate
quality of interaction (P: procedural, D:
disciplinary, N: non-academic)

Initiation flow: Indicate student race
& gender; indicate level of question
(K: knowledge level or U: upper level);
indicate quality of interaction (P:
procedural, D: disciplinary, N: non-
academic) and direction of initial
interaction (Teacher to Student,
Student to Teacher)




Observation Type: Supports of Equitable Science Teaching

Teacher ID:

Date:

Start time:

Finish time:

Construct

Evidence

Pedagogical Content

Knowledge

“Deep level” Multicultural

Education

Inclusive School Practices

Other
Obiective Objectives Standard Differentiat Cooperativ
J referenced/ s-based ed [] P . []
s posted ) . e learning
met lesson instruction
A i A i High level
ppropri . ppropri Inquiry igh leve
ate Appropriate ate T-S oobortuniti of |:|
technolo assessments interactio esp accountabil
gy ns ity
High . . Real-
D ty of Cultural
order |vers-| yo world Decorum [] uitura []
. guestions references
guestions examples




Observation type: Key indicators of Equitable Science Teaching

Scoring guide:

1=no activity

3=uneven intensity

2=minimal intensity, limited to the teacher or to a few students

5=very intense/most (if not all) students affected

4=substantial intensity/many students affected

Learnin Learnin . . .

. & . 8 Standards- Differentiated Cooperative
objectives objectives . . .

based lesson instruction learning
posted referenced/met
Appropriate Appropriate Appropriate T-S | Inquiry High level of
technology assessments interactions opportunities accountability
High order Diversity of Real-world Cultural
. . Decorum

questions questions examples references

Strong: 54+ indicators

Moderate: 31-53 indicators

Emergent: <30 indicators

Narrative: Indicate level of proficiency of teacher (Strong, moderate or emergent) with

regard to multicultural science education for student success




