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ABSTRACT

In the mid-1990s, the Alberta government cut provincial spending substantially.
A Three-Year Business Plan to restructure education and a Quality Teaching initiative
were also issued by the provincial government. In 1995 a revised provincial elementary
school science curriculum was released. I was concerned with the number of changes
being made in a fairly short pericd of time, but uncertain if these changes posed any
problems for teachers or students. To ascertain if a problem or problems did exist. |
undertook this study.

Through my examination of elementary science curriculum documents, teacher
professional development in six Alberta school districts. and perceptions of exemplary
science lessons described by selected Albertans. the situation gained clarity. My
analysis. using the Dewey/Schwab theory of levels of intellectual space. indicated that
problems did exist. First. an analysis of the curriculum documents (the Program of
Studies. provincially-prepared assessment materials. and provincially-authorized teaching
resources) indicated a strong provincial emphasis was placed on students acquiring
Correct Explanations (Roberts, 1982). This is a problem as such lessons involve students
predominantly in procedural science, in activities located in the first and second levels of
intellectual space. Additionally. the science lessons described as exemplary by many
study participants would involve students predominantly in the first and second levels of
intellectual space. Finally, the professional development being offered to teachers was
also primarily procedural in nature, involving teachers, too, in activities located in the

first and second levels of intellectual space.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Through this research, problems and a desirable goal (support for students and
teachers to commonly operate in the third and fourth levels of intellectual space) co-
emerged. In order to help ameliorate the problematic situations identified, I conclude
with recommendations for conducting future deliberations on why science should be
taught in elementary schools, what science should be taught. and how best to teach that
science, “a process in which all pool their ingenuities, insights, and perceptions in the

interest of discovering the most promising possibilities” (Schwab, 1983, p. 255).
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CHAPTER ONE
INTRODUCTION

“Science is all the wonder things - all the things you wonder about. A scientist
studies everything almost, like all the wonder things. Like you wonder, ‘Is there an end
to space?’ It’s probably a scientist who discovered there’s no end to space” (McNay,
1985, p. 375). These are the views of eight year old Martin who is himself a wonderer.
Characteristically, young children start school curious and full of questions about their
natural world. At the end of elementary school they may be more fascinated, more
knowledgeable, and more capable of exploring this world, or, conversely, convinced that
science is dull, uninteresting, and difficult to learn.

In elementary school science children can be offered opportunities to explore and
make sense of aspects of their natural and technological world. Through their own
scientific explorations students can learn about the nature of science; that is, about how
science is done and how communities of scientists negotiate knowledge in their areas of
expertise. Science lessons of this type have been described by Reardon (1996) as
meeting the criteria of real (the problem is a real one for the students), relevant (the
lessons is relevant to the experiences of the students), and rigorous (“the children are
doing what real scientists do — asking questions, taiking, writing, challenging each other,
explaining, testing, comparing, thinking, confirming, revising, planning” [p. 18]).

Through investigating science topics related to their natural and technological
world, students come to better understand how science is related to their lives and to
issues of importance in that world (American Association for the Advancement of
Science [AAAS], 1994; Council of Ministers of Education, Canada [CMEC], 1997,
National Research Council [NRC], 1996). Reading about and discussing historical
developments in science also help students develop knowledge of both the nature of
science and of science concepts.

Elementary school science, thus, lays a foundation for future science learning and
can strongly influence children’s view of science and their future interactions with this

subject.
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This is a view of what science can be, and is in some elementary school
classrooms. I live in Alberta; I am interested in the science education received by
children in the elementary classrooms in this province. I am also interested in the
provincially written and mandated science curriculum and its effects on science education
in the province. It is this curriculum I will discuss briefly in the following section to help

set the context for this study.

Elementary School Science in Alberta

In Alberta the Minister of Education “may prescribe courses of study, including
the amount of instruction time, and authorize education programs and instructional
materials for use in schools” (Province of Alberta, 1988, p. 19). And, in fact, the
Minister does prescribe courses of study for all subject areas in grades one to twelve, and
orders revisions to these programs in a rather regular cycle. As part of this regular cycle,
in 1991 the Minister approved a proposal to revise the elementary school science
curriculum, leading the Curriculum Standards Branch of the Department of Education to
undertake a rewrite of the then current elementary school science curriculum, a
curriculum that had been developed in 1980 and revised in 1983'.

Four years later, after writing and circulating for comment a number of draft
elementary science curricula, the Alberta Department of Education sent a copy of a final
draft of the revised Elementary Science Program of Studies (Alberta Education, 1995a) to
all elementary schools in the province. In a slightly-modified form, this became the
official program in 1996 with full implementation mandatory in the 1996-1997 school
year. Hereafter I will refer to the 1996 elementary science program.

Comparing the new science curriculum to the old, teachers would have noted a
number of obvious differences. The 1980 elementary science curriculum (with minor
revisions in 1983) repeatedly stated that “The major emphasis of the Elementary Science
program is on the development of the process skills within the framework of an inquiry
approach to teaching science” (Alberta Education, 1983, p. 20). Skills development was

! While the term revision is used in government communications to describe a change in
curriculum, new curricula are often very different from the curriculum they replace, both in form
and in feature.
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also acknowledged as one of the three overarching goals of science education in the 1996
document, but much more emphasis was placed on the development of scientific content
knowledge, “building a foundation of experience and understanding upon which later
learning can be based” (Alberta Education, 1996b, p. A.1).

The 1983 curriculum document specified core topics to be taught in Division One
(kindergarten to grade three) and in Division Two (grades four to six) and, in a brief
paragraph, outlined the major conceptual underpinnings of each topic. Suggestions were
also given for elective components, meant to comprise 20-30% of the science program,
“to provide teachers with greater flexibility in planning their programs to meet student
needs and interests and to utilize local resources” (Alberta Education, 1983, p. 13). In
contrast, the 1996 science program, in response to educators’ suggestions gathered in a
Department of Education-sponsored Needs Survey, was a grade specific program listing
five topics to be taught at each grade level. Specific learner expectations were listed for
each of the 30 mandated topics, a list of between 4 and 14 statements of what students
will do while engaged in the prescribed studies.

Although science process skills had been emphasized in the older curriculum, the
list of authorized leamning resources included three sets of textbooks that could be used to
teach the science curriculum. In 1996, however, no student textbooks were included in
the list of authorized resources.

These differences represented a considerable change for teachers. All teachers
would be teaching topics of study they had never taught before, including one topic at
each grade level emphasizing “problem solving through technology,” topics intended to
involve students in designing, building, and evaluating different types of products. There
would be no textbooks to rely on; students were to be involved in hands-on inquiry and
problem-solving exercises. Such activities meant acquiring materials for students to
work with, finding places to store these materials, and finding teaching resources with
ideas for activities to teach students the science facts and concepts listed in the Program
of Studies. Also, a careful reading of the Program Overview would have revealed a shift
from the 1983 process skill orientation toward a more constructivist perspective on
children’s learning.
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Cutbacks in Spending on Education

During the time the elementary science curriculum was being revised, the
provincial government ordered substantial cutbacks in spending in all areas under
provincial jurisdiction. This, of course, included education. Then Minister of Education
Halvar Johnson wrote, “On January 17, 1994, Premier Ralph Klein announced a four-
year-reduction target for education of 12.4%, the lowest of the major spending
departments. .. The following day I announced plans for a major restructuring of the
education system to focus resources on students in the classroom, ensure more decision-
making at the school level, lower administrative costs, and put in place a fair system of
funding for education” (Government of Alberta, 1994, p. 2).

These restructuring plans were released in a Three-Year Business Plan (Alberta
Education, 1994b) created to provide “direction for the future of education in Alberta” (p.
2). One of the goals stated in that plan was to “improve teaching.” The impact on
teachers of the strategies taken by the provincial government to “enhance the quality of
teaching in Alberta” (Alberta Education, 1996¢) was of additional interest to me, a topic

addressed in the next section.

Quality Teaching
A 1994 news release by the government of Alberta highlighting details of the
recently released Three-Year Business Plan for education listed, under the heading of

Improve Teaching, three strategies:

- Update teacher preparation and certification requirements.

- Establish competencies for beginning and experienced teachers.

- Provide for flexibility and new initiatives in delivering teacher in-service.

(Government of Alberta, 1994, p. 3)

The last statement, however, did not actually appear in the 1994/95 — 1997/98 business
plan, but did surface in the 1995/96-1997/98 plan as “Develop a coordinated approach to
the delivery of professional development opportunities for teachers” (Alberta Education,
1995b, p. 15).

Having identified regional professional development consortia as a means “to
support the successful implementation of school jurisdiction goals... as well as the goals
and strategies of the Alberta Education three-year business plan” (Alberta Education,
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19964, p. 1), three year provincial funding for up to six regional consortia was announced
in June of 1995. The first joint proposal approved by the Minister provided for “in-
services to support the implementation of school councils in Alberta” (Alberta Education,
19964, p. 2), not an initiative for “the delivery of professional development opportunities
for teachers” (Alberta Education, 1995b, p. 15), the goal stated in the business plan.

To “establish competencies for beginning and experienced teachers,” the second
stated strategy to improve teaching, a Quality Teaching Standard and descriptors were
prepared and authorized under Ministerial Order. As well, the Provincial Teacher
Evaluation Policy was amended to require boards to “identify and allocate resources to
contribute to individual teachers’ professional development” (Alberta Education, 1996c¢,
p. 11) and all teachers with teaching contracts were to “be responsible and accountable
for developing, implementing, helping to monitor and reporting on their annual
individualized professional development plan” (p. 12), this plan being a new addition to

the list of teacher responsibilities outlined in provincial documents.

Approaching the Study
As a parent, as a teacher, and as a teacher educator I was concerned with the
number of changes to elementary school science education and to the teaching profession
being mandated in a fairly short time period and during a time of province-wide budget
cuts. But was there a problem? Seeking answers to that question set the purpose for my
study. Schwab’s (1978) statement expresses my quandary as I started this study:

We may be conscious that a practical problem exists, but we do not know what
the problem is. We cannot be sure even of its subjective side — what it is we
want or need. There is still less clarity on the objective side — what portion of the
state of affairs is awry. These matters begin to emerge only as we examine the
situation which seems to be wrong and begin to look ... for what is the matter.
The problem slowly emerges... (Schwab, 1978, p. 290).

Research Questions

First we need to decide why we want to teach science to our young people; from
that we can perhaps work out what we want to teach them. Then research, linked
closely to the development and evaluation of teaching materials and approaches,
may be able to help us discover how best to teach these ideas (Millar, 1996, p.

17-18, emphasis in original)
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Guided by a general unease with the environment into which the new science
curriculum was being introduced, I wanted to learn more about what was happening to
the science curriculum at the school district and school level. To that end the study was
designed to be exploratory; my intention was to gather data that could help me better
understand if there was a problem with the science instruction being offered elementary
students and the science education professional development being offered elementary
school teachers.

What was to be taught was quite clear; the provincial curriculum writers had
worked to fulfill their responsibility to “‘establish and communicate clear learning
expectations and standards” (Government of Alberta, 1994, p. 3). Less clear were the
beliefs held by Alberta educators about “how best to teach these ideas” (Millar, 1996, p.
17-18), an important consideration because educators’ beliefs can critically affect the
type of science education offered to students (Cronin-Jones, 1991; Haney, Czerniak, &
Lumpe, 1996; Yerrick, Parke, & Nugent, 1997). Since schools do not operate in a
vacuum, I also wanted to know the views held by other Albertans, those who had taken a
leadership role affecting science education policy, direction, or teaching practice in
elementary schools, regarding the teaching of elementary school science.

And, in light of the recent provincial emphasis on quality teaching and teacher
professional development, I was curious about the help being offered to educators as they
prepared to teach the new science curriculum.

These wonderings and concerns led to my formal research questions, questions
formed to help me better understand the dimensions of a conceivable problem in

elementary school science education in Alberta.

1. What do study participants believe constitutes an exemplary elementary school
science lesson?

2. What professional development was available to selected Alberta educators
responsible for elementary science education in the two years following the issuance

of the Elementary Science Program of Studies (Alberta Education, 1996b)?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8

While analyzing the data I had collected to address these two questions, I realized
I needed to set that data into a more detailed understanding of the Alberta elementary
science curriculum. The curriculum as defined by the Elementary Science Program of
Studies (Alberta Education, 1996b), the provincially authorized resource materials, and
the provincially-prepared elementary science testing materials would, I reasoned,
influence participants’ thinking about teaching science and the professional development
offered to help teachers implement the new science program.

Therefore, I added a third research question to the original two:

3. What messages about why science should be taught are contained in provincial

documents relevant to the teaching of elementary science?

Overview of the Thesis
In Chapter Two, I introduce the approach taken in this study and explain how
data were collected and analysed.

Using Schwab’s (1978) wording, Part Two is entitled “Examining the Situation,”
as that phrase exactly describes my intent. In Chapter Three I report on my review of the
literature, a review undertaken to develop my understanding of recent and current
discussions about why and how science might be taught and professional development
provided. In Chapter Four provincial documents with potential impact on the teaching of
elementary science are analyzed in order to detect the messages about why science
should be taught contained therein. Chapter Five is composed of case studies of the
formal and informal professional development offered to and sought out by educators in
the six school districts in which data were gathered. Chapter Six contains an analysis of
the participants’ descriptions of an exemplary science lesson. The constructs used for the
analyses are elaborated on at the points in the dissertation where they became useful tools
for me as one of my goals has been to give some sense of the process and progress of the
study as it unfolded for me.

In Part Three, “the desirable” (Schwab, 1978) is identified and problems that
block us from attaining that goal are discussed. This leads to the final chapter, a set of
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recommendations to move us toward action based on broad deliberation by those “who

must live with the consequences of a chosen action” (Schwab, 1978, p. 319).
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CHAPTER TWO

EXPLAINING THE STUDY

[ began this study aware of the existence of a possible problem (or problems) and
of a need to gain a better understanding of the possibly problematic situation. Schwab’s
(1978) statement about the emergence of the problem through an examination of the
situation started me thinking about how such an examination might be done; that is, about

how I might approach this study.

The Approach

The approach used in this study is best described as eclectic. Because I found
limited written guidance for examining a situation as broad as the one in which I was
interested, I had to design a flexible approach. That design incorporated aspects of
several approaches, as well as processes I had found personally useful in defining and
deliberating on problematic situations. The most significant influences are described
below.

Systematic Inquiry and Personal Experience

When I became concerned about the teaching of the elementary school
science curriculum and decided to examine the situation in more detail to try to determine
if I should be concerned (i.e., Was there a problem?), inquiry as I broadly understood it
from my past reading, discussions, and experience seemed a logical approach. This
approach can be described using terms from the science inquiry standard in the MNational
Science Education Standards (NRC, 1996). “To do science inquiry” (I mentally
substituted “systematic, intentional inquiry” [Lytle & Cochran-Smith, 1992] for scientific
inquiry), one (a) asks a question, (b) designs and conducts an investigation, (c) “uses
appropriate tools and techniques to gather, analyze, and interpret data” (p. 145), and (d)
develops explanations using evidence.

For this particular study, use of a broadly defined inquiry approach entailed first
posing a set of research questions to guide the design of the study and then planning
methods of data collection to gather information based on the questions I had posed.
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After data were gathered, data analysis and interpretation required the development of
analytic tools appropriate for understanding and explaining the data. Finally, for this
study, I prepared a set of recommendations intended to transform the knowledge I had
gained into practical knowledge, “knowledge that could be used to do something”

(Patton, 1982, p. 24).
Patton

A second influence on my thinking was the writing of Michael Patton. After
describing a variety of theoretical perspectives informing qualitative inquiry, he
concluded with the observation that

Not all questions are theory based. Indeed, the quite concrete and practical

questions of people working to make the world a better place (and wondering if

what they’re doing is working) can be addressed without placing the study in one

of the theoretical frameworks .... [T]here is a very practical side to qualitative

methods that simply involves asking open-ended questions of people and

observing matters of interest in real-world setting in order to solve problems,

improve programs, or develop policies (1990, pp 89-90).

My conception of examining the situation in order to determine whether a
problem existed did not seem far removed from Patton’s (1978, 1981, 1982) ideas about
utilization-focussed, creative, practical evaluation. In particular, I wanted my study to
generate practical knowledge, knowledge that “can be used to do something” (Patton,
1982, p. 24). Furthermore, the study was evaluative, in Patton’s (1982) sense of the term,
in that it involved the “systematic collection of information” about a topic (aspects of
science education and professional development) for use in making decisions for a
variety of purposes (in this case, for making recommendations with regard to elementary
science education in Alberta) (p. 15). Such evaluation, Patton stressed, requires
creativity, which I view as similar to Schwab’s (1978) description of the “complex, fluid,

transactional” (p. 291) nature of the practical.

Schwab
I have explained how Schwab’s statement on the necessity for examining a
situation in order to characterize a possible problem served as a guide for initially
conceptualizing this study. Schwab wrote, as well, of problems that “arise from states of

affairs in relation to ourselves.... They are constituted of conditions which we wish were
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otherwise and we think they can be made to be otherwise” (Schwab, 1978, p. 289,
emphasis in original).

This study grew out of personal concerns about recent events in Alberta related to
changes in educational policy and elementary science education. I had concerns about
the science education being offered to my elementary school son. I had concerns about
the help teachers were (or were not) receiving to help them better teach science. I had
concemns about the Elementary Science Program of Studies (Alberta Education, 1996b)
my university students were mandated to teach and the provincial Science Achievement
Tests grade six students had to write.

Furthermore, it has been my experience that, in Alberta, individuals can have an
effect on aspects of policy in which they are interested. Holding this belief, I approached
my study optimistically, believing that if an indication of problems emerged from the
research, there was a possibility that the situation could be made to be otherwise.

Summary

Based on the influences outlined above, I began this study by asking questions I
deemed important for examining and evaluating the situation in which I was interested.
The questions asked and the initial analysis of the data were not theory driven; however,
they did not appear out of nowhere, but were based on my perspective of what was
important to know about the science education and professional development being
offered. This perspective is briefly explained in the following section, allowing the
reader to be better prepared to interpret my interpretation.

Perspective
Research involves interpretation; interpretation involves a researcher’s point of
view (Peshkin, 2000). As the self as evaluator is necessarily present in inquiry (Guba &
Lincoln, 1989), it is important to understand that “acknowledged self” (Greene, 1994),
the viewpoint the investigator brings to an inquiry.
One phrase in particular grounds my perspective on education and helps to
explain the stance I took in this study. Dewey’s (1938/1967) phrase “educative
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experience” captures, for me, the essence of education as the promotion of intellectual
and moral growth, growth which, in turn, creates “conditions for further growth” (p. 36).
For Dewey, educators are responsible for using their greater maturity of experience to
shape and adjust experiences to meet these growth criteria for their students.

I view educative experiences as involving both the introduction of possibilities,
alternative ways of thinking about concepts and phenomena, as well as time and support
for a serious consideration of those alternative possibilities. This process may also be
thought of as being deliberative since it involves examining, comparing, and evaluating
alternatives. It is, in addition, an interactive process, one which may be inter- or intra-
personal. Thus, an educative experience involves active participation in a deliberative
process. Collaborative interactions with others can enhance a deliberative process by
allowing for, and encouraging, the introduction and consideration of additional
information and perspectives.

A second, more contemporary phrase illustrates what education as a consideration
of possibilities should accomplish. Cobb (1988) maintained that “A fundamental goal of
... Instruction is or should be to help students build structures that are more complex,
powerful, and abstract than those that they possess when instruction commences” (p. 89).
This, too, suggests growth. Additionally, it implies that different students will construct
different understandings, dependent on what they believe at the onset of instruction.

With Dewey (1938/1967), I believe that the role of the educator is to fashion
instruction that progressively develops experience “into a richer and more organized
form” (p. 74). Dewey wrote of form, Cobb (1988) of structures. Both terms imply that
leamning involves the development of complex cognitive structures. Engagement in
educative experiences may, at times, also lead to a reorganization of those cognitive
structures, a process Piaget (1976) referred to as accommodation. Learning, so
explained, is a much more complex process than accrual of ‘“knowledge bits.”

I am reminded, too, of the conditions Posner, Strike, Hewson, and Gertzog (1982)
suggested were necessary for major conceptual change (accommodation). Conceptual
change, they theorized, required that there be dissatisfaction with a current conception,
and that new conceptions must appear to be intelligible, plausible, and “have the potential
to be a productive tool of thought” (Strike & Posner, 1992, p. 149). That these conditions
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will not be the same for all students in a classroom adds even more complexity to a
teacher’s choice of educative experiences.

Education considered in these terms places the teacher in a position of great
responsibility. Dewey’s (1938/1967) writings remind us that teachers’ decisions, based
on the teacher’s knowledge of subject matter and individual students, affect the quality
of the educative experience for each of their students.

For me, knowledge is “objectively reasonable belief’ (Fenstermacher, 1994)
which entails belief in a proposition and “evidence to establish its reasonableness in
relation to other, competing claims” (p. 24). This again indicates the importance of
examination and evaluation of alternative possibilities in knowledge growth.

The role of the creator of educative experiences is one Schwab (1959) referred to
as “impossible.” Made less impossible, in my opinion, when teachers are introduced to
the possibilities developed through educational research. I believe that research generates
theories and studies of importance to the development of more complex pedagogical
understanding. I know that a considerable amount of research on teaching and learning
in science has occurred in the last two decades. However, just as we do not expect
children to spontaneously construct powerful understandings of complex phenomena and
situations, neither can we expect teachers to spontaneously understand new concepts
about teaching and learning, concepts which may be counterintuitive to their views of
education.

Thus, professional development, too, can be considered as educative experience —
introducing possibilities and providing support for teachers while they build
understandings of teaching and learning “more complex, powerful, and abstract than
those that they possess when instruction commences” (Cobb, 1988, p. 89) that will help
them grow in their ability to provide educative experiences for their students.

Details of just how this exploratory, practical, qualitative study was conducted —
how the data were collected and analyzed — are explained below.
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Data Collection

To help me better understand the situation as it existed in selected Alberta school
districts and the policy and resource context educators were operating in, I chose to
collect data from a number of different sources. First, I decided to interview educators
and others interested in elementary science education in Alberta. Field notes were also
taken at the time of the interviews. In addition, I collected documents related to
provincial elementary school science education policy with a potential impact on the
teaching of elementary school science. Data collection methods are first discussed,

followed by an explanation of the content analyses of the coilected data.

Interviews

To collect data concerning beliefs about the constituents of exemplary science
lessons and the professional development available to educators in selected school
districts, I had a choice between developing and mailing questionnaires or conducting
interviews. Semi-structured interviews were chosen for several reasons. First, semi-
structured interviews allow flexibility and sensitivity to one’s informants (Arksey &
Knight, 1999). Participants differ; even within a category of participants such as
principals there was considerable diversity. Through semi-structured interviews, one can
capture that diversity and tap the expertise of the individual respondent. It is also
possible in interviews to clarify and restate questions and ask for details (McMillan,
1992).

Interviews also allow for selection of participants meeting criteria established for
specific studies and afford a better response rate than surveys (Keats, 2000). For my
study, this meant that in the selected schools a high response rate of principal/teacher
pairs could be obtained. Almost every one of my participants was a very busy person
who made time for me. That time would likely not have been found to fill out a survey
form from an anonymous researcher, making the possibility of obtaining multiple sources
of data from the same schools also unlikely.

Third, interviews allowed me to become acquainted with people and their
contexts, important for developing a fuller understanding of the Alberta situation in these
districts. Furthermore, I had done a number of semi-structured interviews in past
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research projects and felt confident in my ability to conduct an interview; I am able to set
most people at ease and encourage them to respond to my questions, important
interviewing traits (Arksey & Knight, 1999; Keats, 2000).

For these reasons, semi-structured interviews were chosen for primary data
collection. Questions varied somewhat depending on the individual participant I was
interviewing; (e.g., the questions I asked professional development providers varied
somewhat from those I asked teachers and principals). Examples of the interview
questions asked the teachers are located in Appendix C. As the interviews were semi-
structured, questions different from the written protocol were asked whenever it appeared
that a somewhat different line of questioning would elicit information of greater use in
understanding the Alberta situation.

Because I had identified a number of topics as important for understanding the
situation (e.g., the participants’ professional background and current duties, their
professional decision-making practices, their views on why science should be taught in
elementary schools and the constituents of exemplary science lessons, and their views on
exemplary professional development), the interviews were designed to talk with the
participants about these topics, rather than to probe any one topic in depth. Thus, to some
extent, the interviews served as oral questionnaires reflecting the intent to survey opinion
and gather information rather than uncover in depth participant-held meanings about
science education and professional development.

Based on my previous experience interviewing educators, I designed an interview
that could be completed in approximately half an hour, the length of time [ had
previously found educators generally were willing and able to take out of a school day.
An interview protocol was written, piloted, and non-substantive changes made in the
wording to better reflect the language used by the educator in the pilot interview. When I
started interviewing I made a few more minor changes in question wording to better

communicate the intent of the question.

Participant Selection
As I was interested in obtaining data about the elementary science education
situation in a variety of Alberta localities, I decided to interview in six school districts:
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two urban (located in one of the two major cities in Alberta), two rural, and two suburban
(defined as a school district adjoining a major city). To better understand perceptions of
science education and the professional development available in each school district, I
chose to interview a principal and a teacher in two different schools in each of the
districts. Interviewing this number of educators, I reasoned, would be both possible to do
and give me the data necessary to identify possible problems and, ultimately, to suggest
considerations potentially useful in future decision-making processes.

Three districts, one urban and two suburban, were chosen for their physical
accessibility. The second urban school district was chosen to contrast with the first; it
was in the second major urban area in the province and differed in religious affiliation.
The rural districts had to be, first, at least three driving-hours away from a major city.
Secondly, I needed the name of someone to contact, an administrator or teacher, working
in the possible districts.

Having contacted and received permission from school district personnel to
interview a district curriculum facilitator, principals and teachers, I started the
participant-selection process. School names were suggested by an administratcr in three
of the school districts when I requested help locating a specific type of school (a smaller
rural school and a town school in the rural and suburban school districts, an inner city and
a middle-class neighbourhood school in the urban districts). In Spruce School District
this request was met with the names of two principals and two teachers working in four
different schools, one of them in an inner city neighbourhood. In the other two school
districts, I was able to achieve my goal of locating a principal and a teacher in each of
two different schools serving different types of student populations. [ requested names of
possible participants working in schools that met my specifications from a teacher or
principal in the last three districts.

After receiving the names of possible schools, I contacted the principal, explained
my study and requested an interview with him or her and with a teacher on his or her staff
who would be willing to be interviewed for this study. Principals then asked their staffs
if there were any teachers who would be willing to volunteer; there was no indication

during the interviews that any teacher was not a willing participant. No criteria other
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than willingness to be interviewed were used. A copy of the letter sent to potential
participants is found in Appendix A.

A number of other Albertans outside the school system but with an interest in
elementary science education were first identified by their inclusion on a provincial
mailing list for circulation of elementary science education curricuium materials. Three
participants were chosen from this list — one working for industry, one for a provincial
science organization, and one doing outreach in schools for a professional organization —
because they were reported to have responded to the invitation of Alberta Education to
critique draft copies of the elementary science curriculum as it was being developed (B.
Galbraith, personal communication, January 20, 1998). As well, elementary science
education instructors at two universities in the province, an elementary science
curriculum writer, the director of a regional professional development consortium, and an
Alberta Teachers’ Association professional development specialist were asked to
contribute their views on elementary science education and professional development.

A list and brief description of the participants who volunteered to be interviewed
is located in Appendix B. There were, in all, 37 participants: 6 curriculum facilitators, 11
teachers and 1 teacher/principal, 11 principals, 2 university instructors, 1 curriculum
writer, and 5 people involved in providing professional development or other science
services to educators. School district personnel are described in more detail in Chapter

Five.

Interview Transcription

The semi-structured interviews were audio-taped and later transcribed (by me).
As the sense of an utterance, not an exact rendering of it, was of greatest concemn, uh’s,
er’s and short repetitions were omitted during the transcribing. This resulted in a better
flow of thoughts and reasoning. However, when the sense of a sentence was not clear,
the original wording was transcribed verbatim. Meaningful features such as pauses of
any length were also included in the transcripts.

A transcript of the interview was returned to each participant and participants
were invited to add comments and clarifications if they wished. Desired changes were

made to the interview transcripts before the data analysis process began.
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Elimination of unnecessary verbiage may also make the transcription of an
interview more acceptable to those interviewed. Even after I had made the described
adjustments, two principals reported that while the transcript was an accurate
representation of their views, they feared that they had sounded very inarticulate. An
exact transcription, thus, might cause some people to be less willing to be interviewed in
the future if that interview is to be transcribed. Sample transcripts of two of the

interviews are found in Appendix D.

Field Notes

Following each interview, a short set of field notes was written to describe the
context of the interview. For example, I was interested in the books on office shelves,
and the contents of staff rooms — the notices on the bulletin board and the books selected
for teacher use. Teachers most often chose to meet with me in a conference room, so I
seldom had a chance to see their classrooms. I also noted signs of enthusiasm and fatigue
and circumstances that cut the interviews short.

While in the field I also collected, if available, copies of professional development
bulletins issued by the district or institution.

Documents

Guba and Lincoln (1981) wrote that the inclusion of data from documents “lends
contextual richness” (p. 234) to a study, as well as serving to extend the larger body of
research. These two purposes describe why I chose to collect, and then analyze, a set of
documents.

First, to better understand the elementary school science teaching context that
study participants operated in, it was necessary to be acquainted with the contents of the
documents outlining provincial elementary science education policy. These documents, I
reasoned, might also affect participants’ beliefs about exemplary science instruction.
Second, my third research question asked, “What messages about why science should be
taught are contained in provincial documents relevant to the teaching of elementary
science?” An answer to that question necessitated collecting and analyzing the content of

those documents.
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The Elementary Science Program of Studies (Alberta Education, 1996b) was an
obvious first choice. As educators had referred to the grade six science achievement tests
and the Classroom Assessment Materials Project (CAMP) tests in the interviews as
having an impact on their teaching, samples of these tests were also collected. The
Curriculum Standards Branch of Alberta Education had also authorized a number of
teacher and student resources for teaching the mandated topics. As I believed that these
resources could have a potential impact on the teaching of elementary school science, I
also collected a sample of the authorized teacher resources.

To ascertain if this collection of documents was complete, I contacted a program
manager at Alberta Education to ask if there were any other provincial documents
educators would have received or had ready access to that represented Alberta elementary
science policy. I was told that the list of documents described was complete (B.

Galbraith, personal communication, July 2000).

Data Analysis
This study was not initially guided by a designated theory; data analysis was, as
Schwab (1978) described, fluid and deliberative. Analysis of the data gathered to address
the three research questions can also be characterized, using Erickson’s (1984) term, as
“analytic detective work™ This detective work will now be described in more detail.
The concepts I used for analysing and interpreting the data (the components of an
exemplary science lesson, principled or procedural knowledge development, curriculum

emphases, and intellectual space) will be further elaborated on in later chapters.

What do study participants believe constitutes an exemplary elementary school
science lesson?

To analyze the interview data I had gathered to address this research question, I

turned to the participants’ responses to the interview questions asking them to describe
the most important elements of an exemplary science lesson and the teacher’s role at the
beginning, during, and at the conclusion of such a lesson.

The responses of each participant were listed under their identification (ID) code.
The listed responses were read and reread, abbreviated to phrases, and these phrases
combined into a long list. Typical phrases on this list included:
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- teacher gathers and organizes student material

- teacher decides on ways to involve/interest students

- teacher provides background information for the students when necessary

- teacher leads a discussion of what was done and what students found out;
What worked? What didn’t work?

Ambiguous phrases such as “the teacher guides the students” or “the teacher
facilitates learning” led to a rereading of individual transcripts to try to add clarity and
meaning to these phrases.

A final list of phrases describing teacher actions in sufficient detail to delineate
one action from another, or phrases lacking clarity but frequently used, was prepared.
This process corresponds to Huberman and Miles’ (1994) description of data display,
reducing data as an aid to finding meaning in the data. Next the ID code of each
participant whose statements appeared to support the action described in a phrase was
listed after each phrase.

Looking more closely at the descriptions of exemplary teaching practices over the
course of a lesson, I started to note consistencies in responses. These are described in
more detail in Chapter Six. Of importance to this explanation of data analysis, the
patterns discerned emerged out of the data after multiple readings of the transcripts,
reduction of the discourse to phrases, and a growing awareness that combinations of these
phrases described three different perspectives on the teaching of an exemplary science
lesson.

To check that the relationships discovered in the data display were an accurate
reflection of the meaning of the participants, I returned to the full transcripts. These I
read blind, then categorized each using the patterns I had discerned in the reduced data
display. After this categorization, I again returned to the interview data and prepared a
sheet for each participant (with each person’s code number listed on the back of the page)
on which I listed the interview statements I had previously judged to be relevant for this
classifying task. I then classified those sets of statements using the designated categories.
The views of most of the participants were consistent enough and in adequate detail to
allow easy and replicable classification. For those few participants whose statements

were not as easy to consistently fit into a single category, I reread the entire interview,
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looking for any additional insight into their views on exemplary science teaching. I used
this additional data to try to come to a conclusion on the person’s views. After this
exercise, I put the sheets aside while I worked on other aspects of my research, then
returned to this reduced, blind data, and reclassified the statements. When I was still not
satisfied that a participant’s responses allowed a clear distinction to be made between one
pattern and another, the participant was placed in the second pattern in alphabetical order.
That is, if there was a doubt about whether responses represented an A or a B-patterned
outlook on science lessons, the responses were judged to be representative of a B pattern.

There was, thus, a “multiple iterative set of tactics in play .... In this sense we can
speak of ‘data transformation’ as information is condensed, clustered, sorted, and linked
over time” (Huberman & Miles, 1994, p. 429).

Placing the interpreted patterns of participants’ perspectives into a figure, a more
powerful display, did, as suggested by Huberman and Miles, beget further analysis. The

explanations developed from this analysis are presented in the Discussion.

What professional development was available to educators responsible for elementary

science education in the two years following the issuance of the Elementary Science
Program of Studies (Alberta Education, 1996b)?

Interview data were gathered from five educators in each school district (four in

Clover School District as one participant was both an elementary school teacher and the
principal of a very small school). These multiple sources of data and the professional
development bulletins that I collected helped me write the descriptions of the professional
development available in each school district.

Again, interpretation was based on multiple readings of the interviews. Topics
that framed the descriptions of professional development in the six school districts were
suggested through these readings and were expanded on in writing the descriptions — a
lengthier and denser example of data display than that described for analyzing
perceptions of exemplary teaching practice. In a similar fashion, however, the narrative
data display suggested comparisons and relationships that required a return to the
interview texts and resulted in confirmation, elaboration, or elimination of certain display

items.
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Analysis of the narrative displays indicated that professional development had
been predominantly focused on an immediately practical goal — informing teachers about
resources and activities that they could use to teach the new science program of studies.
There were examples, however, of teachers being introduced in professional development
sessions to more theoretical concepts of science teaching and learning.

I differentiated these two different orientations to professional development on the
basis of the apparent focus of that professional development; i.e., by the type of teacher
knowledge development that appeared to be emphasized in the activities chosen. To
label the differences I chose the terms principled and procedural knowledge development.
Briefly, Spillane and Zeuli (1999) distinguished between procedural knowledge,
knowledge of structured ways to proceed, and principled knowledge, the “key ideas and
concepts that can be used to construct procedures” (p. 4 ). Edwards and Mercer (1987)
made a similar comparison. Procedural knowledge, which they referred to as ritual
knowledge, was defined as “knowing how to do something” (p. 97). This they contrasted
with principled knowledge, knowledge that is “‘essentially explanatory, oriented towards
an understanding of how procedures and processes work, why certain conclusions are
necessary or valid” (p. 97). (A more complete examination of the origins of these terms
is found in the review of the literature on professional development. The terms are, as
well, further elaborated on in Chapter 5 when I use them to analyze the professional
development described by study participants.)

I used these two concepts of procedural and principled knowledge to label the
kinds of professional development that had been available to study participants. Through
this analysis, [ also started to clarify a possible problem. If, as I assume, principled
knowledge is necessary in the planning of educative experiences, how do teachers
develop the key ideas and concepts necessary for constructing teaching procedures if
professional development is focused instead predominantly on procedural knowledge?

Returning to the interview data, I looked for further indications of learning
interactions that might have affected beliefs about science teaching and learning at the
time of the science curriculum change. I thought of these interactions as conversations,
“in its largest sense...[involving] readers and writers as well as speakers and listeners”
(Applebee, 1996, p. 40). To better understand ideas about science teaching and learning
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being exchanged, I asked, “Who was talking to whom about what?” and analyzed the

answers according to the criteria of procedural or principled knowledge exchange.

What messages about why science should be taught are contained in provincial

documents relevant to the teaching of elementary science?
The rationale stated in the Elementary Science Program of Studies (Alberta
Education, 1996b) reads: “The purpose of the program is to encourage and stimulate

children’s learning by nurturing their sense of wonderment, by developing skill and
confidence in investigating their surroundings and by building a foundation of experience
and understanding upon which later learning can be based.” (Alberta Education, 1996b,
p- A.1). In this statement, I recognized a goal statement common to many Alberta
curriculum programs: student development of knowledge, skills, and attitudes.
“Knowledge, skills, and attitudes for what purpose?” was my next question.

For analyzing the reasons for knowledge development, I chose to adapt Roberts’
(1982, 1998) curriculum emphases categories. As well as being an often cited means of
thinking about the knowledge base being developed in science education, Roberts’
emphases have also been used by Alberta curriculum developers in their own
conceptualization of science curriculum (B. Galbraith, personal communication, April 8,
1998; Jenkins, 1990).

As Roberts defined it, a curriculum empbhasis “is a coherent set of messages to the
student about science... which provides answers to the student question: ‘Why am I
learning this?”’ (1982, p. 245, emphasis in original). The concept of curriculum
emphases serves, as well, to provide answers to the teacher question: “Why am |
teaching this?” I found four of Roberts’ seven emphases useful for analyzing and
describing knowledge outcome statements in the elementary science program (Roberts’
work was based on an analysis of secondary science): Solid Foundation, Correct
Explanations, Everyday Coping/Practical Applications, and Science, Technology, and
Decisions.

As defined by Roberts (1982, 1998) a Solid Foundation emphasis stresses the
importance of a cumulative development of propositional knowledge. The message here
is that it is necessary to learn a particular concept because it forms the foundation for
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future learning and “that learning fits into a structure which has been thought about and
planned” (Roberts, 1982, p. 249).

Correct Explanations also stresses propositional knowledge, but the focus is
more on leamning a certain body of knowledge because “science presents a correct
interpretation of the world” (Roberts, 1998, p. 10). Curriculum statements were placed in
this category when there was no obvious indications of how the science content outlined
would help children make sense of their everyday world, but had more the sense of
science facts and concepts being learned, in the words of a student, “because the teacher
says we have to learn this.”

An Everyday Coping/Practical Applications emphasis puts stress on science
being “‘an important means for understanding and controlling one’s environment - be it
natural or technological” (Roberts, 1982, p. 246) and values an “understanding of
scientific principles as a means for coping with individual and collective ‘problems.” The
student must apply, indeed must learn how to apply, the principles and generalizations
learned in the science classroom, if the message is to get through” (p.246, emphasis in
original). In this emphasis, the student is socialized “to grasp science as a way to make
sense of objects and events of fairly obvious everyday importance, and therefore to
understand them better by understanding them scientifically” (Roberts, 1998, p.8).

Knowledge is also important for Science, Technology, and Decisions, preparing
students to “critically address science-related societal, economic, ethical and
environmental issues” (CMEC, 1997, p. 5). That is, students will learn to “engage
intelligently in public discourse and debate about matters of scientific and technological
concern” (NRC, 1996, p. 13).

Statements in the Elementary Science Program of Studies (Alberta Education,
1996b) pertaining to skills appeared to refer to two levels of skills: basic skills such as
measuring, observing and comparing, and more complex skills often referred to as critical
thinking skills. [included both in the skills category of curriculum emphases.

While both “positive attitudes toward the study of science and for the application
of science in responsible ways” (Alberta Education, 1996b, p. B.2) are to be developed, |
was unable to clearly differentiate between these different purposes for developing
attitudinal goals in the statements found in the Elementary Science Program of Studies
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(Alberta Education, 1996b). Therefore, any reference to attitude was simply categorized
as attitude.

Discussion

When the time arrived to discuss the findings revealed through a use of these
various analyses, I found Schwab’s (1959) theory of intellectual space to be a valuable
interpretive tool. As this theory is not relevant until much later in this dissertation, I have
chosen to detail intellectual space in Chapter Seven in closer proximity to my use of the

theory for interpreting the study findings.

Systematic and Rigorous Investigation

After reviewing numerous texts addressing the issue of research criteria, I
considered entitling this section, “Research in a Postmodern Era.” Positions taken over
the last two decades by Guba and Lincoln illustrate my dilemma. Guba (1981) and
Lincoln and Guba (1985) proposed that criteria of credibility, transferability,
dependability, and conformability be used to judge the trustworthiness of an inquiry. In
1994 they wrote that “although these criteria have been well received, their parallelism to
positivist criteria makes them suspect” (p. 114) and concluded that the issue of quality
criteria in constructivist research was not yet well resolved. By 2001, Lincoln and Guba
were asking, “Whither and Whether Criteria” (p. 179) and noting changes that they had
made, and were making, in their thinking about research criteria ‘“with many miles under
our theoretic and practice feet” (p. 180).

Despite the fascinating debate going on related to *‘the problem of criteria in the
age of relativism” (Smith & Deemer, 2001, p. 877), my immediate need was a practical
one: choosing terms for explaining the measures I had taken to collect data and construct
explanations that made sense and enhanced understanding. In the end I chose Bogdan
and Biklen’s (1998) statement that research involves “rigorous and systematic
investigation.” Under that banner I will explain the measures I took to collect data and to
analyze them.

To aid in the collection of data, I had a colleague preview the questions on the
semi-structured interview protocol I had written and comment on their perceived
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adequacy for eliciting responses useful for the study. Following a pilot interview, the
questions and responses were critiqued with another colleague to ascertain if the
interview questions and probes for furtl2r information appeared to elicit information that
was plausible, in that it made sense, and was dependable; that is, a similar answer would
probably be received by anyone else asking that question. Several questions were
rephrased to more accurately reflect the language used by principals and teachers.

I chose to collect data from several participants in each school district and I
succeeded in interviewing both a teacher and the principal in most schools I visited.
These actions were taken to gather multiple sources of information to help me better
understand and explain the local situations.

During the data analysis phase, I was in contact with a number of educators who
were willing to listen and comment on the plausibility of my developing arguments.
When questions were raised, I returned to the interview data to check if my analyses and
interpretations appeared to be true to that data. In addition, questions and notes I made to
myself while working with the transcripts and documents were used to guide further
readings of the data. Plausibility was also checked against personal experience as |
continued to work with teachers and visit in their classrooms.

To check if my analysis of the interview data related to the participants’
perceptions of exemplary science instruction made sense and was replicable by others, I
had three colleagues review the descriptions of patterns of science instruction discerned
in the interview data. Each of them then used the pattern descriptors to categorize a set of
four different interviews. There was agreement with my categorization of 9 of the 12
interviews. Discussions easily resolved the differences, as these differences were based
mainly on my colleagues’ categorization of the data according to conditions and practice
reported on by the participants, rather than on their descriptions of exemplary instruction.
For example, a teacher described both what she did in her grade six classroom to prepare
her students for the provincial achievement tests and how she thought science should be
taught. It was the latter description that was focussed on in this study.

Conclusions, in a qualitative study such as this one, are impacted by the
perspective of the researcher; that is, by that person’s experiences, beliefs, and
epistemological and ontological lens. In the end, the papers and books I have collected
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over the past three decades; my beliefs in participatory democracy; my experiences as a
teacher, parent, and researcher; and my involvement in both deliberative and non-
deliberative situations influenced my choice of analyses and the messages I perceived in
the data I had chosen to collect.

Limitations and Delimitations

As previously stated, this study was intended to be exploratory; I hoped to gather
data that could help me better understand and offer possible explanations of how a group
of selected Albertans conceptualized exemplary elementary science instruction and how
educators were being helped to understand science teaching and learning. Such a broad
goal necessitated the asking of many different questions during the interview, questions
focused on both science teaching and professional development, and on gathering
professional information about the participants.

[ was aware, as well, that the interviews needed to be limited in length as I would
be interviewing professionals with very real time constraints. This awareness of time
constraints was substantiated on several occasions; once, for example, a principal had to
curtail the interview in order to carry out his playground duties. Unscheduled meetings
with parents shortened the time allotted for interviews with two other principals. A
limited amount of teacher preparatory time abbreviated one interview when a teacher had
to return to class. After-school interviews often found teachers tired and not very
talkative. Two teachers, though, obviously enjoyed the chance to talk to someone about
their science teaching, and the joys and frustrations they had encountered in introducing
the new program. These interviews lasted more than 45 minutes, much longer than the
average teacher interview. And while I had indicated in an introductory letter that the
interview could last as long as an hour, most participants had set aside no more than half
that length of time for the interview.

Assertions in this dissertation are based, too, on data gathered in but 6 of the 63
school districts in Alberta. Furthermore, only 12 teachers and 11 principals were
interviewed. Additionally, this was not a random sample; participants volunteered to talk
to me about their views on science education. I assume that some educators who were

not interested in or were uncomfortable talking about science education simply did not
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offer to share their ideas with me. The sources of the interview data are, then, limited and
I do not claim they are representative of other Albertans. Therefore, analyses and
interpretations of these data can only indicate possible dimensions of the problematic
situation.

I agree, too, with Schwab (1978) that views and situations and problems “cannot
be taken as fixed” (p. 290). Thus, the interview findings are delimited to the situation at
the time of those interviews (1998), to elementary science education, and to the views of
the participants in this study.

For the reasons stated above, this study should be considered an exploratory
examination of a situation that is intended to provide a perspective on elementary science
curriculum, professional development, and views of exemplary elementary science

teaching practice in Alberta.

Researcher Bias

As qualitative methodologies became more commonly used in research, increased
attention was given to the role preconceptions held by a researcher might play in the
gathering and interpretation of data. Exploring this theme, Denzin (1989) wrote, “Value-
free interpretive research is impossible. This is the case because every researcher brings
preconceptions and interpretation to the problem being studied” (p. 23). Greene (1994)
questioned, “Is neutrality or lack of bias ever conceivable? Is disembodied inquiry, or
inquiry devoid of prejudgement, possible or desirable?” (p. 425). Bogdan and Biklen
(1998) attribute a shift from the assumption that it is possible to learn “what is true”
(p.20) if reason is properly used to a focus on the nature of interpretation and the position
of the qualitative researcher as interpreter to the growth of postmodernism. Denzin and
Lincoln (2001) also relate this shift to postmodern influences, writing that only by
embedding descriptions of research in reflexivity, “the process of reflecting critically on
the self as researcher” is there any possibility of “achieving a voice of (partial) truth” (p.
18).

Reflecting on my initial unease with the situation that existed reveals a number of
the assumptions with which I approached this study, assumptions certain to have affected
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the data gathering, in the field and in the literature, and the interpretations made during
the course of the study.

[ was concerned, first, about the limited professional development I saw being
made available to the teachers with whom I was acquainted. This troubled me as |
believe that teaching is very complex and requires an extensive knowledge of content,
pedagogy, and leamners if students are to have the “best opportunity to learn” (Alberta
Education, 1996c, p. 18), the last phrase coming from the standard set by the province for
quality teaching. I believe that professional development can offer teachers opportunities
for enhancing their professional knowledge base and for learning more about new
approaches and strategies; that is, about possible ways to help their students learn better.
Additionally, I believe that research is continually adding insights into teaching and
learning that can help teachers teach and students learn. Whether or not research findings
do help is dependent on teachers being aware of these findings and giving consideration
to them; that is, they need to enter teachers’ conversations and activity. And this, from
my experience, does not just happen spontaneously.

Through reflecting over the years on how I learn and observing the processes used
by my children, I have come to believe that people learn best when they are actively
engaged in making sense of events and phenomena they find of interest. (Active
engagement does not connote physical activity; activity over time is more likely to be
mental.) Because of these conceptions, I have been drawn to the explications of leaming
through inquiry found in both the science education and teacher research literature.

Reflecting further on my initial unease, I hear my mother saying, “If you’re going
to do something, do it well” (G. MacNey, personal communication, ca. 1947-1973). 1
realize that I expect actions, especially when these have the potential to affect the lives of
others, to be “done well.” Here personal experience has contributed to an understanding
of what “doing it well” means. Having been involved in a number of clashes with public
institutions that colleagues and I did not believe were making well-reasoned decisions, I
have come to believe strongly that long-term, deliberative processes are needed for
making the best decisions possible (Schwab, 1978). Only then, in my experience, is it
likely that the most important issues for all the parties affected by the decisions have been
identified and that actions and consequences have been adequately considered. When
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this reasoning is applied to making changes in provincial educational policy likely to
have a substantial impact on school district personnel and/or students, it means that
potentially affected parties would be invited to take part in meaningful deliberation early
in the change process. Consulted at that time, their expertise can help in the development
of the principles under girding the revisions. Being involved in on-going deliberation
will also enable the affected parties to contribute to discussions of alternatives and their
consequences.

While I was aware at the start of this examination that the assumptions about
teaching and learning that I brought to the study were likely to have an impact on my
choice and interpretation of data, it was only as I pursued the study that I started to realize
how much these and other personal experiences might colour my viewpoint and
conclusions. For, as Peshkin (2000) has observed, “phenomena associated with personal
perspective, dispositions, and feelings ... bear on the interpretive process” (p. 6).

Recognizing that these biases could affect data collection and interpretation
allowed me to build tactics “meant to ward off the most obvious biases” (Huberman &
Miles, 1994, p. 438) into my research effort. These tactics included, first, a search for
disconfirming evidence. For example, knowing my bias toward learning through inquiry,
when reading policy statements and the literature on science education and professional
development, I searched for evidence of principled knowledge development in activities
that did not meet inquiry learning criteria. In a similar fashion, I looked for evidence that
teaching elementary school science was really not as complex as I believed and of simple
ways that teachers had been helped to enhance their teaching practice.

A search for disconfirming evidence was also a tactic I used when analyzing the
interview and document data. After identifying possible themes from that data, I returned
to the transcripts and documents seeking evidence that the emerging themes did not
adequately represent the data. That is, I asked myself if the themes appeared to be too
broad, too narrow, inexact, or skewed to a particular point of view. Through this further
analysis, I was also able to adjust and more clearly specify the parameters of the
developing themes.

A too ready acceptance of one’s initial conclusions may also bias the conclusions
drawn from a study. To guard against this possible bias, researchers need to be sceptical;
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that is, they need to constantly question their own analyses. An example of the efforts I
made to check and recheck my own analyses is described on pages 21 and 22. I followed
a similar procedure in my analysis of the curriculum documents.

Overconfidence in some data and/or reliance on a limited amount of data can also
allow “insidious biases to steal into the process of drawing conclusions” (Huberman &
Miles, 1994). To help counter this form of bias, I have explained how I interviewed
several educators in each of the six study school districts in order to gather multiple
perspectives. This was done both to optimize the probability of identifying professional
development activities educators felt had helped them enhance their knowledge of
teaching and learning science and to be able to write a credible account of the
professional development made available to teachers in the six study school districts.

These, then, are some of the measures I took to reduce researcher bias, measures
necessary when one is trying to produce an interpretive account that will be judged
“useful, fitting, and generative of further inquiry” (Schwandt, 1994, p. 130).

Significance of the Study

The primary intent of this study was to “examine the situation” (Schwab, 1978) in
six Alberta school districts to gain a better understanding of the participants’ perceptions
of exemplary science instruction and of the science education professional development
being offered to elementary school teachers. The motivation was a desire to contribute to
the development of exemplary science education in Alberta elementary schools; I hoped
the data I gathered and interpreted could help inform future elementary school science
policy and professional development deliberations in Alberta. The extent to which the
problems and the desirable goal that I have identified and the recommendations for future
deliberations that I propose affect the process and discussions leading to the revision of
the elementary science program of studies (expected to begin in 2003), will mark, for me,
the significance of the study. Findings from this study can be used to promote
discussions among Alberta educators when preparing for curriculum revision, a time
when alternative actions will need to be envisioned, possible consequences considered,
and cost and feasibility estimated (Schwab, 1978) -- a deliberative process aimed at
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making the best curriculum and professional development decisions possible to guide the
science teaching of Alberta’s elementary school children.

Guided by Millar’s (1996) statement (see page 6), I focussed first on why science
should be taught, on the literature defining and discussing scientific literacy. As an in-
depth consideration of why science should be taught does not appear to have been a
major consideration in recent Alberta curriculum consultative efforts (Panwar &
Hoddinott, 1995), my literature review and the deliberations I propose on this topic can
help initiate, as indicated above, future curriculum discussions in Alberta regarding
scientific literacy.

My analysis of the current Elementary Science Program of Studies (Alberta
Education, 1996b) and provincial test items indicates there are problems, when these data
are compared to studies in the literature, with some of what is being taught.

Deliberations on what is taught might help ameliorate this situation, and I propose a
process by which this can proceed.

As regards how science is taught, approaches and strategies for teaching science
form much of the science education literature. However, as Millar (1996) and Millar and
Osborne (1998) have written, this how research needs to be adapted to local
circumstances. Again, | propose a deliberative process that can help us in Alberta plan,
test, and evaluate the efficacy of different methods for achieving provincially designated
science literacy goals.

The data and analyses that form this study also contribute to the growing body of
literature on the implementation of science education programs. Federal funding in the
United States for research into efforts to reform science education is resulting in a
growing literature on science teacher preparation (Simmons, et al., 1999), science
teaching practice and student outcomes (Kahle, Meece & Scantlebury, 2000; Vellom &
Anderson, 1999), teacher professional development (Radford, 1998; Supovitz & Turner,
2000), and implementation of the standards at the classroom (Roychoudhury & Kahle,
1999) and district (Spillane & Callahan, 2000) levels. From my examination of the
situation, interconnections among teacher beliefs, the teaching of inquiry science,
professional development, and policy emerged. The data and analyses produced in this
study add, then, to the knowledge base discussed above, most notably to a better
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understanding of aspects of teacher professional development (e.g., of educators’ beliefs
about exemplary science education that need to be taken into account in designing
professional development and of the challenges to science education reform faced by
teachers, principals, and school districts). Furthermore, analytic tools used in this study
to assess professional development (procedural and principled knowledge designations)
and learning activities (levels of intellectual space) are potentially useful to researchers,

administrators, professional development providers, and teachers.

Last, as | have indicated, I was able to locate only very limited written guidance
for designing a study of this nature. My study was obviously qualitative, but just what
kind of qualitative was not well documented in the educational research methodology
literature.

Eisner (1984), commenting on Schwab’s contribution to curriculum, wrote,

One of the persistent and nagging problems in the preparation of doctoral
students is the difficulty they have formulating significant and educationally
interesting questions germane to curriculum for their dissertation research. The
kind of eclecticism and organicism that questions of curriculum policy and
practice have are extremely difficult to couch within conventional models of
social science research (p. 206).

The questions I asked were, [ believe, significant and germane to elementary science
education in Alberta. The “eclecticism and organicism” of the process was fascinating to
me. Data analysis and interpretation unfolded like a mystery; each day promised the
possibility of gaining a more complete understanding of the situation which would enable
me to contribute insights and alternatives to future discussions in Alberta on elementary
school science and professional development. A characterization of the research process
outlined in this dissertation offers insight into practical graduate research nearly 20 years
after Curriculum Inquiry published a “dialogue” series of articles commenting on
Schwab’s contribution to educational theory and practice and the use of a practical

approach in curriculum development.
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We may be conscious that a practical problem exists, but we do not know what

the problem is. We cannot be sure even of its subjective side — what it is we

want or need. There is still less clarity on the objective side — what portion of the

state of affairs is awry. These matters begin to emerge only as we examine the

situation which seems to be wrong and begin to look, necessarily at random, for

what is the matter. The problem slowly emerges, then, as we search for data, and

conversely, the search for data is only gradually given direction by the slow

formulation of the problem (Schwab, 1978, p. 290, emphasis added).

In Part II of this thesis I examine the situation, first through a review of the
literature and then through an analysis of the collected data.

Although I have placed the literature review before the data analysis, this does not
reflect the fluid, transactional character of my examination. In actuality, data analysis
and a review of the literature occurred simultaneously, each contributing to a fuller
understanding of the problematic situation.

A personal need to understand the reasons given for teaching science in
elementary schools led me first to explore the literature pertaining to that topic.
Following that, | analyzed the participants’ descriptions of exemplary science lessons and
the professional development made available to educators following the release of the
elementary science program of studies. Over time, discrete strands of the investigation
began to merge and to indicate both the outlines of the desirable and of the problem.

In reviewing the literature, I identified a desirable goal for science education,
scientific literacy through inquiry, as well as one for teachers, “better teaching” (Baird,
1992). Means for achieving those goals were sought in the literature and the studies
influential in furthering my understanding are presented.

The data analyses consider the Alberta elementary science education and teacher
professional development situation in more detail.

Thus, in Part II of the dissertation, | examine the situation in order to clarify what
portion of the state of affairs might be awry and to identify desirable goals and alternative
solutions useful in future decision-making processes concerned with elementary science

education and teacher professional development.
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CHAPTER THREE

REVIEW OF THE LITERATURE

To help my examination of “the situation which seems to be wrong and to look ..
for what is the matter” (Schwab, 1978, p. 290), I turned to the literature on elementary
school science and teacher professional development. In particular, I wanted to know
more about current discussions and proposed theories regarding why and how science
might be taught and professional development provided. This search was not bound by a
particular theory nor intended to justify a theory or point of view. It was, inevitably,
affected by my perspective, described earlier, on educative experiences.

The results of my search of the literature guided by these considerations are
presented in this chapter under the headings: Why Teach Science?, Teaching Science,

and Professional Development.

Why Teach Science?

First we need to decide whay we want to teach science to our young people; from

that we can perhaps work out what we want to teach them. Then research, linked

closely to the development and evaluation of teaching materials and approaches,

may be able to help us discover how best to teach these ideas (Millar, 1996, p.

17-18, emphasis in original).

Agreeing with Millar’s statement, [ first reviewed the literature focused on
rationalizing the teaching of science; that is, literature answering the question, “Why
teach science?”

For the last several decades, the response to the question “Why teach science?”
has been, at least in the English-speaking world, “to develop scientific literacy.” In his
1983 discussion paper for the Science Council of Canada, Roberts referred to this phrase
as a “rallying symbol” allowing for “a diversity of interpretations.” At that time he
characterized the slogan as having “reached a point of maturity, or, perhaps, exhaustion”
(p. 28 emphasis in original). Later in the same paper he referred to it as “an aging
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slogan.”' This aging slogan, however, is still given primacy in the science curriculum
documents and discussion papers being currently prepared to guide science education in
the new millennium. To illustrate this, the following examples are taken from recent
science curriculum documents published in Canada, the United States, and Britain.

Recent Science Curriculum Documents
Although the term scientific literacy is not used in the Alberta Elementary Science
Program of Studies (Alberta Education, 1996b), the following program statement gives
the justification for students learning science:

Elementary and secondary science programs help prepare students for life in a
rapidly changing world — a world of expanding knowledge and technology in
which new challenges and opportunities continually arise. Tomorrow’s citizens
will live in a changing environment in which increasingly complex questions and
issues will need to be addressed. The decisions and actions of future citizens
need to be based on an awareness and understanding of their world and on the
ability to ask relevant questions, seek answers, define problems and find
solutions. (p. A.1)

In the Common Framework of Science Learning Outcomes (CMEC, 1997) the

authors described the framework as being

guided by the vision that all Canadian students, regardless of gender or cultural
background, will have an opportunity to develop scientific literacy. Scientific
literacy is an evolving combination of the science-related attitudes, skill and
knowledge students need to develop inquiry, problem-solving, and decision-
making abilities, to become lifelong leamers, and to maintain a sense of wonder
about the world around them (p. 4).

The goals for science education, meant to be “a key element in developing

scientific literacy” (p. 5), were then outlined. Specifically, science education would:

- encourage students at all grade levels to develop a critical sense of wonder and
curiosity about scientific and technological endeavors

- enable students to use science and technology to acquire new knowledge and
solve problems, so that they may improve the quality of their own lives and the

! While the term scientific literacy was used in 1952 by James B. Conant in the foreword
to General Education in Science (Cohen & Fletcher), Hurd’s 1958 article, “Science literacy: Its
meaning for American schools” has been cited (Bybee, 1997; Roberts, 1983) as the introduction
of this slogan into common usage.
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lives of others

- prepare students to critically address science-related societal, economic, ethical
and environmental issues

- provide students with a foundation in science that creates opportunities for them
to pursue progressively higher levels of study, prepares them for science-related
occupations, and engages them in science-related hobbies appropriate to their
interests and abilities

- develop in students of varying aptitudes and interests a knowledge of the wide
variety of careers related to science, technology and the environment (p. 5).

Science for All Americans (AAAS, 1994), the product of the first phase of the

Association’s long term curriculum project 2061, defined scientific literacy broadly:

Scientific literacy - which encompasses mathematics and technology as well as
the natural and social sciences - has many facets. These include being familiar
with the natural world and respecting its unity; being aware of some of the
important ways in which mathematics, technology and the sciences depend upon
one another; understanding some of the key concepts and principles of science;
having a capacity for scientific ways of thinking; knowing that science,
mathematics, and technology are human enterprises, and knowing what that
implies about their strengths and limitations; and being able to use scientific
knowledge and ways of thinking for personal and social purposes (p. 20).

While the Canadian curriculum framework mentioned economic needs to be met
by scientific literacy (careers and occupations), Science for All Americans (AAAS, 1994)
placed more stress on scientific literacy for humanistic and democratic purposes
(Eisenhart, Finkel & Marion, 1996). Thus, it is stated in Science for All Americans, that
the need for science education is to “help students to develop the understandings and
habits of mind they need to become compassionate human beings able to think for
themselves and to face life head on. It should equip them also to participate thoughtfully
with fellow citizens in building and protecting a society that is open, decent, and vital” (p.
12).

The second recent major American science policy document, the National Science
Education Standards, (NRC, 1996), gives more prominence to the idea of preparing
students for “meaningful and productive jobs.” In this document it is stated that in
addition to needing scientific information for making everyday choices and “to engage
intelligently in public discourse and debate about important issues that involve science

and technology” (p. 1),

Scientific literacy is also of increasing importance in the workplace. ... Other
countries are investing heavily to create scientifically and technically literate

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



work forces. To keep pace in global markets, the United States needs to have an

equally capable citizenry (p. 1-2).

Thus, scientific literacy was seen to be necessary for the economic health of the country.

A recent British report, Beyond 2000: Science Education for the Future (Millar &
Osborne, 1998) stated that one reason for teaching science “is to enable young people to
become ‘scientifically literate’ - able to engage with the ideas and views which form such
a central part of our common culture” (p. 4), an opinion in keeping with that of the
AAAS. This report emphasized science education aims similar to those advocated in the
Canadian framework, with less stress on the economic advantages to be gained from
science studies and additional stress on understanding scientific inquiry and why and how
scientific decisions are made.

These recent reports and documents recommending directions to be taken in
science education are a continuation of a longer discussion about why science should be
taught to children. In the next section I present the writing of three groups of researchers
who have attempted in the last decade to further this discussion of desirable science

curriculum aims.

Contemporary Studies Defining Scientific Literacy

Jenkins (1990), reviewing studies attempting to describe scientific literacy, noted
that a multiplicity of meanings exist, each defining some aspect of scientific literacy.
However, “little is known about the needs of students or adults for scientific knowledge
and about the ways in which such knowledge is acquired and used. It is also questionable
whether a number of different aspects of scientific literacy can be accommodated
satisfactorily within the same science curriculum” (p.49). “One alternative,” he
suggested, “would be the selection of a narrower, more positive and conventional range
of meanings of scientific literacy” (p. 50) which would include “an introduction to the
contemporary scientific understanding of the natural world” (p.50).

In 1992, Jenkins published further on the topic of reconstructing science
education, proposing that “such a curriculum must present science as one of the
supremely imaginative, creative and intellectual human achievements” (p. 243). As well,

pupils should leave school knowing what science has to say about some matters
of great interest and importance, e.g. about the nature and origin of life or the
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cosmos. It seems equally important that attention be given to the scientific

dimensions of the modern world, e.g. the manufacture of chemicals, the

distribution of electricity, with proper consideration of who gains and who loses

in each instance (p. 243).

Such science would be based less on laboratory work, but should include “some
insight into the difficulty of generating understanding about the natural world ...if
students are to be helped to understand that there is nothing inevitable about a now
standard scientific explanation and that such explanation requires agreement about what
constitutes reliable knowledge” (p. 243).

Atkin and Helms (1993) were persuaded that curriculum in a science for all
“should be weighted toward the kind of outcomes that foster a desire to engage with the
subject and to act discerningly with respect to issues for which science is relevant.
Engendering, sustaining, and heightening interest in science are paramount goals for the
general population” (p. 3). To this end, they suggested that subject matter (content) be
chosen to support and advance three priorities.

First, science should be understood as human activity, emphasizing “how people
generate, test and use ideas. Emphasis in the curriculum should be placed on justification
for scientific ideas (“How do we know?”), and the influences and processes by which
they are accepted or rejected” (p. 3).

Second, science should be seen as aiding in practical reasoning, reasoning used to
solve the “problems faced by human beings.” This would entail an understanding that
many different approaches can be taken in solving a problem and there might not be one
best answer.

Third, ““certain habits of mind’ are among the most important outcomes of
science education” (p.3). Among these habits of mind: a belief in one’s efficacy to cope
with a changing world; “a disposition to discuss science;” “knowing when one knows
enough about a subject to take reasonable action” (p.16); a judicious and informed
caution; as well as “the ability to identify a weak argument” (p.16).

Based on these priorities, content for learning could be chosen. *“This content for
learning (themes to explore, problems to solve, concepts for describing phenomena, and
for explaining questions about them) should, in turn, define the appropriate pedagogies”
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(p-81). Here, then, neither content nor processes, but purpose would dominate in the
making of curricular decisions.

Millar (1996) asked, “What would the science curriculum look like if it were
designed with the needs of the majority in mind?” (p. 10), observing “that the present
curriculum has evolved, in a fairly seamless line of descent, from curricula designed for
training in science” making “the 5-16 science curriculum less suitable as a preparation for
more advanced study, whilst largely failing to make it motivating or accessible to the
majority” (p.10). He suggested that,

[T]he science curriculum from 5-16 should have two aims as regards science content:
- to help students become more capable in their interactions with the material
world, by emphasizing a practically useful, technological way of knowing;
- gradually to develop students’ understandings of a small number of powerful
‘mental models’ (or ‘stories’) about the behaviour of the natural world” (p.12-
13).

In addition, Millar’s suggested science curriculum would include learning about
the methods of scientific enquiry, “the collection of empirical data which can serve as
evidence” and the use of ‘systematic enquiry’ (p. 15) as well as “the role of theory in
science... [that] involves understanding that the purpose of science is to generate
explanations of the physical world which account for observed phenomena, and may
predict others, or suggest phenomena to look for or create” (p. 15-16).

The third aspect of an understanding of science he proposed was that of
“understanding science as a social enterprise” which would include two key ideas. “That
scientific knowledge is the product of sustained social work. It is developed through a
struggle to understand, make sense and communicate and share ideas™ and “[t]hat there
are crucial differences between science in the laboratory and in the real world” (p.16).

I found strong similarities when comparing the statements made by Atkin and
Helms (1993), Jenkins (1992), and Millar (1996). In arguing for the development of
scientific literacy in school-aged students, all advocated the development of students’
understanding of science as a human enterprise. Additionally, they advocated the
development of students’ understanding of how knowledge is generated in science; that
is, through systematic enquiry, including the importance of “evidence in making or
supporting a case” (Millar, 1996, p. 15).
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As well, these authors saw an understanding of science and technology as being
an essential tool for living in and interpreting the natural and manmade world, providing
“a means of thinking about what is going on, accounting for the things we have observed
and imaging how things might turn out in new situations” (Millar, p. 13). Atkin and
Helms (1993) believed, too, that “students with an appropriate and desirable orientation
toward science believe that at some non-trivial level they can cope with a world that is
being changed rapidly” (p. 15).

On the subject of the scientific concepts to be developed in school science,
Jenkins (1992) argued for science content centered on “some matters of great interest and
importance, e.g. about the nature and origin of life or the cosmos” (p. 243). Millar’s
(1996) suggestions for science content, quoted above, would include “powerful
... stories’ about the behavior of the natural world” (p.13). Atkin and Helms (1993)
wrote that “the major concepts of science should be stressed” (p. 3), because “[students]
need a perspective about science more than they need detailed information in these
subjects” (p. 5).

All these aspects of science education would need to be considered in planning

exemplary science instruction.

Challenges to Reconstructing Science Education

A recent study acts as a reminder of the challenges faced by science educators
proposing innovations or a restructuring of science curricula. One of the case studies in
Bold Ventures (Raizen & Britton, 1997) documented the implementation of The Voyage
of the Mimi, a curriculum package combining a video series, computer software, and
print materials designed to “present an integrated set of concepts in mathematics, science,
social studies and language arts” (p. 409). Meant to supplement, not replace, curriculum
in the upper elementary grades, the designers aimed to ‘hook’ students on the story and
activities. They assumed the teachers would, in turn, be hooked by student enthusiasm.
“The developers report, however, that they did not sufficiently take into account teachers
beliefs, styles, and constraints, that they failed to find ways to overcome some teachers’
inability, unwillingness, and/or lack of support in allowing knowledge to be
‘constructed,’ rather than ‘transmitted’ and ‘managed’ (p. 419). The case study

]
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concluded that “Mimi did not substantially change the way teachers taught science -
science instruction continued to be short, mostly talk, and teacher-directed ... leaving
little time for reflection, the airing of different perspectiveness [sic], or expansion of the
topic. Additionally, hands-on activities — although more numerous than previously —
followed scripted material” (p. 505).

Thus, reconstructing science to develop a ‘scientifically literate citizenry,’ the
chief justification given for the teaching of science in pre-tertiary education for the last
several decades, continues to be a challenge.

Why Teach Science in Elementary Schools?

Answers to the question, “Why teach science in elementary schools?”, is less
clear in the cited literature. Much of the periodical literature on the topic of scientific
literacy emphasizes topics and thinking to be developed in the upper grades, rather than
at the elementary level. It is in the major policy documents that science at the elementary
level is given more recognition and justification.

The Common Framework of Science Learning Outcomes (CMEC, 1997) refers to
“a steady and gradual accumulation of knowledge” (p. 9) and moving “from simple,
concrete ideas to abstract ideas, ...from contexts that are local and personal to those that
are societal and global, and [in decision making] from decisions based on limited
knowledge, made with teacher guidance, to decisions based on extensive research,
involving personal judgment and made independently, without guidance” (p. 11).
Furthermore, “as students advance from grade to grade, the skills they have developed
are applied in increasingly demanding contexts” (p. 13).

Benchmarks for Science Literacy (AAAS, 1993) outlined what students should
know and be able to do in science, mathematics and technology by the end of grade 2, 5,
8 and 12. Beyond the benchmark statements of what should be learned (e.g., “By the end
of 2™ grade, students should know that — when a science investigation is done the way it
was done before, we expect to get a very similar result,” p. 6), discussion of why science
should be taught in elementary schools is limited. It was stated that “By gaining lots of

experience doing science, becoming more sophisticated in conducting investigations, and
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explaining their findings, students will accumulate a set of concrete experiences on which
they can draw to reflect on the process” (p. 4, emphasis in original).

The National Science Education Standards (NRC, 1996) also includes a set of
fundamental concepts, principles, abilities and understandings to be reached by the end of
different grade levels. Kindergarten to grade six teachers are “to lay the experiential,
conceptual, and attitudinal foundation for future learning in science by guiding students
through a range of inquiry activities” (p. 60). In pursuing these activities,

children compare, describe, and sort as they begin to form explanations of the
world. Developing a subject-matter knowledge base to explain and predict the
world requires many experiences over a long period. Young children bring
experiences, understanding, and ideas to school; teachers provide opportunities to
continue children’s explorations in focused setting with other children... (p. 123).

In the last document considered, Beyond 2000: Science Education for the Future
(Millar & Osbomne, 1998), primary science is described as providing a framework for
developing children’s curiosity about their natural environment and their skills of careful
observation and “precise language for descriptive purposes” (p. 2008).

More fundamentally, however, establishing any understanding of the world
requires opportunities to interact with the wide variety of natural phenomena that
exist, to investigate their behavior, and to learn how they are talked about. Such
experiences are essential to constructing the basic representations and concepts
on which a more sophisticated understanding of science and technology rests (p.
2008).

They described children’s learning in primary school science using such terms as ‘begin
to appreciate” and “become familiar with” (p. 2021).

Thus, science education in elementary schools has been viewed as building on the
innate curiosity of young children about their world. Through participating in inquiry
(explorations, investigations, or interactions), children can develop skills such as careful
observation, comparison, and description as well as developing understanding (or
familiarity) on which more abstract learning can be based. In several of the documents
the importance of developing positive attitudes such as enjoyment of and interest in
science was also mentioned.

These, then, are the views of what can be done in science in elementary schools to
help develop scientific literacy. Relative emphases vary. The emphases contained in the
Alberta elementary school science curriculum are detailed in Chapter Four.
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Having developed a broader understanding about why science should be taught
and a sense of curriculum emphases suggested for achieving that broad goal, I turned to
the literature focused more specifically on how this might be achieved in classrooms.

That is the subject of the next review.

Teaching Science

Guiding this review of the literature pertaining to how to teach elementary science
was the question, “What do teachers need to know to teach science that is consonant with
the scientific literacy goals?” My initial review, however, was much less focused, much
more practical. That is, I read widely, particularly in the elementary science education
literature, to learn more about advocated possibilities, best practices in the Schwabian
(1978) sense of best.

I have used Shulman’s (1987) concept of knowledge bases, the “categories of
knowledge that underlie the teacher understanding needed to promote comprehension
among students” (p. 8), to categorize the teacher knowledge that appears to be important
for the teaching of exemplary elementary school science. This knowledge base is the

topic of the following discussion.

Knowledge of Inquiry

As Shulman (1987) postulated, teachers need to have a knowledge of educational
ends and purposes. In the case of elementary science education, teachers will need to
understand the scientific literacy goals previously discussed and the justifications for
those goals. Such an understanding necessitates a knowledge of inquiry.

Inquiry (also referred to in terms such as investigations and explorations), widely
considered to be an important component of science education (e.g., AAAS, 1994;
Bentley & Watts, 1989; Gott & Duggan, 1995; Hodson, 1998; NRC, 1996), is central to
the development of scientific literacy as described in current literature.

The assumption underlying an emphasis on inquiry is that by doing science
inquiry, students gain an awareness of how science is pursued: how science demands
evidence, is a blend of logic and imagination, both explains and predicts, and how “no
scientist, however famous or highly placed, is empowered to decide for other scientists
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what is true” (AAAS, 1994, p. 7), because no one is believed “to have special access to
truth” (p. 7).

Inquiry, however, is a word used to describe a very wide variety of science
activities. Hands-on science activities that Tafoya, Sunal, and Knecht (1980) labeled as
confirmation or structured-inquiry are frequently equated with inquiry science
(Beisenherz, Dantonio, & Richardson, 2001; Brown & Hansen, 2000). In confirmation
activities students verify a concept or principle through following a given procedure. In
structured-inquiry students are presented with a problem for which they do not know the
results, but are given enough structure to enable them “to discover relationships and to
generalize from the data collected” (Tafoya et al., 1980, p. 46).

Neither of these limited “inquiries” conforms to the concept of inquiry being
developed in the science literacy literature previously reviewed. The Science Education
Standards (NRC, 1996) explains scientific inquiry as:

the diverse ways in which scientists study the natural world and propose
explanations based on evidence derived from their work. Inquiry also refers to
the activities of students in which they develop knowledge and understanding of
scientific ideas, as well as an understanding of how scientists study the natural
world.

Inquiry is a multifaceted activity that involves making observations;

posing questions; examining books and other sources of information to see what

is already known; planning investigations; reviewing what is already known in

light of experimental evidence; using tools to gather, analyze, and interpret data;

proposing answers, explanations, and predictions; and communicating the results.

Inquiry requires identification of assumptions, use of critical and logical thinking,

and consideration of alternative explanations. Students will engage in selected

aspects of inquiry as they leam the scientific way of knowing the natural world,

but they also should develop the capacity to conduct complete inquiries (p. 23).
Inquiry is obviously a complex activity, guided in the classroom by the teacher’s
awareness of the diversity found in scientific investigations.

The American Association for the Advancement of Science recommended that
science inquiry involve elementary school students in active exploration of “phenomena
that interest them,” in investigations that are both “fun and exciting, opening the door to
even more things to explore” (1993, p. 10). Communicating their findings, explaining
the evidence they have for their explanations, and beginning to use scientific argument

and debate are advanced as additional important investigative skills.
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Elementary school students, particularly ones in the primary grades, may not
consistently engage in all these aspects of investigation, but inquiry science lessons
require that the “real, relevant, and rigorous” (Reardon, 1996) spirit of this approach to
science education be observed. Bettencourt (1992) also commented that “understanding
starts with a question, not any question, but a real question ...[that] expresses a desire to
know” (p. 83).

Hodson (1998) described learning by inquiry as an activity initiated by a teacher
generating interest in and commitment to a topic of study. Through engaging in inquiry

students acquire and develop their own skills of inquiry ...: by trying to use
them; experiencing success, making mistakes and reflecting on them; gaining
feedback, advice and support from the teacher, and perhaps from other students;
reformulating their plans; trying again. Through these activities, student refine
and develop their existing understanding, learn new skills and acquire new
conceptual and procedural knowledge (p. 122).

Duckworth (1987) expressed it more poetically;

the development of intelligence is a matter of having wonderful ideas. In other
words, it is a creative affair. When children are afforded the occasions to be
intellectually creative — by being offered matter to be concerned about
intellectually and by having their ideas accepted — then not only do they learn
about the world, but as a happy side effect their general intellectual ability is
stimulated as well (p. 12-13).

It is this type of creative, reflective, interactive science — science as practiced by
scientists — that teachers need to understand if they are to design instruction consonant
with current, widely-accepted views of scientific literacy — to plan, that is, exemplary

science lessons.

Knowledge of Constructivist Learning Theory

Constructivist learning theory provides a perspective helping explain how and
why inquiry promotes growth in understanding. As Millar (1989) noted, constructivism
is readily accepted by science educators because its central tenets are so unremarkable.
Here Millar was referring to the theory that individuals construct their own
understandings of events and phenomena based on their prior ideas and experiences and
that these prior conceptions are often very difficult to change. Duit (1995), too,
emphasized that “at the heart of constructivism” is “the idea that perception and the
development of new theories is substantially influenced by the ‘old’ theories” (p. 274).
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Driver (1997) characterized constructivism as “a general framework theory to
provide science educators with a perspective on how learning in science occurs” (p.
1008). Quoting an earlier paper, she explained that “learning involves an interaction
between the schemes in pupils’ heads and the experience provided.... This process of
using and testing current ideas in new situations requires active involvement ... [and]
entails the progressive development and restructuring of learners’ knowledge schemes”
(Driver, 1989, p. 84).

Translating this theory into features “characterizing the constructivist perspective
on teaching,” Constable and Long (1991) wrote that

(a) The teacher starts a topic by eliciting learners’ existing ideas.

(b) The teacher provides practical experiences which relate to and extend the
learner’s knowledge.

(c) In addition to practical experiences, the teacher provides separate
opportunities for thinking.

(d) The teacher emphasizes collaborative learmning methods.

(e) The teacher helps students learn how to learn.

(f) The teacher provides a classroom environment which encourages the full
exploration of ideas and their critical review, but where premature
judgement is avoided.

(g) The teacher accommodates learners’ prior ideas in his or her teaching.

(h) The teacher recognizes, and intervenes to overcome critical conceptual hurdles to

help the learners restructure their knowledge (p. 408).

It would be helpful for teachers to have an understanding of the rationale for such
constructivist teaching features and a willingness to try to incorporate them into teaching
practice. This would include developing an understanding of students’ ideas about
science concepts, collaborative group learning, and situated cognition. How these
understandings might contribute to the development of pedagogical strategies
characterizing exemplary science lessons is explored in the following sections.

Students’ Ideas about Science

With its emphasis on the influence students’ prior ideas and experiences have on
learning, constructivist learning theory suggested a fruitful research program to many
science education researchers. Student ideas (referred to as alternative frameworks,
misconceptions, preconceptions, and children’s science) about a large number of science
subjects have been a major science education research focus for the last two decades. So
much preconception data have been gathered that listings and bibliographies of these
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studies have been published to help teachers and researchers access this wealth of
information.

This research was done to help inform science teaching practice. Teachers may
find it useful when planning instruction. However, if they are unaware of the
preconception research findings, these data will obviously play no role in their teaching

considerations; their choices are narrowed.

Collaborative Learning

A sociocultural perspective on learning, one emphasizing that “knowledge and
thought are not just to do with how individuals think, but are intrinsically social and
cultural” (Edwards & Mercer, 1987, p. 160), suggests a classroom emphasis on
“discourse and joint action [where] two or more people build a body of common
knowledge which becomes the contextual basis for further communication” (Edwards
and Mercer, 1987, p. 160).

Studies (Bianchini, 1997; Kempa & Ayob,1995; Blumenfeld, Marx, Soloway, &
Krazjcik, 1996) indicate that while students can enhance their learning of science and
other subject matter by participating in group work and being a member of a community
of learners, this does not just happen. “Leamning from peers in cooperative or
collaborative groups is difficult and complex to achieve” (Blumenfeld et al., 1996, p. 37).
It is careful planning by the teacher — the organization of the groups, the tasks assigned,
the sharing of ideas and insights, and the continuation of investigations based on student

input — that makes a real difference in what students learn.

Because inquiry science is also dependent on a number of these features, teachers
will need to take them into account in their science teaching. And, as Gallas (1995)
documented, in exemplary teaching, it is the teacher who helps students develop the

collaborative skills necessary for successful group discourse.

Situated Cognition

Studies of situated cognition have focused on “the critical importance of
considering pupils’ different experiences outside school and how these affect their
perceptions of tasks and learning situations in schools” (Hennessey, 1993), as well as
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ways that instructional situations might establish “an intelligible context of interaction...
since the learner’s assimilation of new information depends on its compatibility with the
learner’s existing knowledge” (Rogoff & Gardner, 1984, p. 97). Brown, Collins, and
Duguid (1989) warned that “by ignoring the situated nature of cognition, education
defeats its own goal of providing useable, robust knowledge” ( p. 32). Two ideas in
particular have been suggested for teacher consideration by those investigating situated
cognition: the provision of authentic activities and cognitive apprenticeship.

Authentic activities described as “coherent, meaningful and purposeful activities”
(Brown et al., 1989, p. 33) are perceived to occupy an important role in the development
of ‘useable, robust knowledge.” “When people learn new information in the context of
meaningful activities ... they are more likely to perceive the new information as a tool
than as an arbitrary set of procedures or facts” (The Cognition and Technology Group at
Vanderbilt, 1990, p. 3). For Van Oers and Wadekker (1999) it is important that the
concept of authentic not imply a narrow, individualistic approach; rather, “authentic
learning is a dynamic relation between a personality-under-construction and cultural
practices-being-reconstructed which is aimed at developing an authentic and autonomous
person able to participate in a competent yet critical way in cultural practice” (p. 231).

Two aspects of teacher action are discussed in the literature on cognitive
apprenticeship, teacher-as-model, and teacher-as-coach. In the former, teachers model
strategies for solving problems or making sense of an experience, initiating students into
ways of thinking about these situations. In coaching, teachers provide a ‘scaffold’ for
students. According to Bruner (Hall,1982), “learning is not a solitary activity, and
development does not consist of a lone person building a model of the external world.
Somebody provides a scaffold for the child to climb on - offers provisional hypotheses
that the child can use in a tentative way until he can climb on his own” (p. 59).

Hennessey (1993) tied this concept of scaffolding more directly to Vygotskian
theory, writing “scaffolding refers to the help which enables learners to engage more
successfully in activity at the expanding limits of their competence, and which they
would not have been quite able to manage alone, i.e. ‘within the zone of proximal

development’ (p. 12, italics in original).
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To offer exemplary science instruction, according to these criteria, teachers need,
first, to be aware of what rheir students consider to be relevant and meaningful. They
then choose activities, educative experiences, that involve students in meaningful
learning experiences leading toward the development of common knowledge (Edwards &
Mercer, 1987).

One message is clear in the literature on constructivist learning theory —
involving children in these types of leaming activities requires time, substantially more
time than a traditional, transmission approach or confirmation and structured-inquiry
instruction (Tafoya, Sunal, & Knecht,1980).

But this is not all that teachers need to know. Content knowledge is also
considered essential for good science teaching.

Content Knowledge

Shulman described content knowledge as “going beyond the knowledge of the
facts or concepts of a domain. ... [Teachers] must also be able to explain why a particular
proposition is deemed warranted, why it is worth knowing, and how it relates to other
propositions” (Shulman, 1986, p. 9).

Alexander, Rose, and Woodhead (1992) stated, “Opinion is divided about the
relative importance of the teacher’s subject knowledge, but few now dispute that it is
important. Our view is that subject knowledge is a critical factor at every point in the
teaching process: in planning, assessing and diagnosing, task setting, questioning,
explaining and giving feedback” (p. 25). The number of papers written on “the
importance of teachers’ content knowledge” (Parker, Wallace, & Fraser, 1993, p. 169)
indicates a strong acquiescence with this view by many in the field of science education.
Many of these authors also agree with Feasey (1994) that “to make sense of the content
of the science curriculum requires a more considerable science knowledge base than
many teachers possess” (p. 76).

Studies have indicated that an understanding of science content plays an
important function in the quality of questions asked by teachers (Goodrum, Cousins, &
Kinncar, 1992), and in their feedback to students (Feasey, 1994). As well, Osborne and
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Simon (1996) reported that teachers with better subject knowledge make greater

cognitive demands on children. Conversely,

for teachers lacking adequate subject knowledge, the nature of the teaching and
learning experience they offer to children is significantly inferior. Such teachers
display a closed pedagogy, based on the presentation of unrelated facts and they
fail to extend children since they lack the knowledge to see the significance of a
child’s questions, [and] why one topic is central and another peripheral (p. 133).

Lee (1995) contributed the observation that teachers with weak subject matter
knowledge rely more heavily on textbooks and lecture, rather than inviting student
questions and comments or engaging in discussion with students about science concepts
and ways of knowing.

Working with teachers, several research groups have come to the conclusion that
for teachers, just as for elementary school students, some science concepts are more
easily understood than others. Harlen and Holroyd’s (1997) research indicated that
teachers’ understanding of the “big ideas” in the elementary science curriculum could be
divided into three groups “those already understood by a high proportion of teachers;
those less commonly understood at the beginning but in which understanding was readily
developed; and those less commonly understood and which were not readily developed
(or resistant to change)” (p. 101). Summers and Kruger (1994) had earlier come to a
similar conclusion, noting that “Some concepts were more easily acquired than others ....
[and] teachers may retain misconceptions even when these are addressed intensively
during in-service training” (p. 516). The topic of concept difficulty will be discussed in
more detail later in this chapter.

The message from this literature is quite consistent: to teach science well, teachers
need content knowledge that includes a flexible, thoughtful, and conceptual
understanding (McDiarmid, Ball, & Anderson, 1989) of the basic science concepts taught
at the elementary school level.

They need, as well, what Shulman (1986, 1987) referred to as pedagogical content
knowledge.
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Pedagogical Content Knowledge
Shulman (1986, 1987) claimed that teachers need to develop pedagogical content

knowledge,

pedagogical knowledge which goes beyond knowledge of subject matter per se to
the dimension of subject matter knowledge for teaching. ... [which includes] the
most useful forms of representation of those ideas, the most powerful analogies,
illustrations, examples, explanations, and demonstrations - in a word, the ways of
representing and formulating the subject that make it comprehensible to others

(Shulman, 1986, p. 9).

The necessity for developing pedagogical content knowledge has also been
referred to by a number of other writers. Lloyd et al. (1998) advised that while the
“Identification of the key ideas and the depth to which they need to be understood” is
necessary in the design of courses for teachers, “this is not sufficient. ... Courses should
also focus upon specific pedagogical content knowledge” (p. 531). Parker and Haywood
(1998) found “making the teacher aware of the pedagogic content knowledge which
transcends mere subject knowledge a challenge that is far and away more complex than
the public rhetoric of developing teacher subject knowledge and understanding in
science” (p. 519).

After producing teaching materials and providing in-service training “to help
teachers develop their subject and teaching knowledge,” Summers, Kruger, and Mant
(1998) concluded that because the teachers they had worked with tended to transfer ideas
and strategies directly from in-service activities planned for teachers as adult learners into
their own classrooms, it was important in developing materials for primary science
teacher education that the approaches used were ones that could be so transferred. This
they referred to as subject-specific teaching knowledge, similar to Shulman’s pedagogical
content knowledge.

Furthermore, it is not just a knowledge of the major concepts taught in elementary
schools that teachers need to know. It is also considered necessary for teachers of science
to understand what is often referred to as the nature of science, the “complex intellectual
and social processes by which science knowledge is obtained” (Jenkins, 1996, p. 143),
those processes of inquiry and communication used to establish the guiding paradigms in

the science domains.
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This repeats the message that science education is considered more than the
teaching of science facts, but is tied to inquiry. Teachers can learmn more about this aspect
of science education by becoming conversant with some of the teaching approaches

developed to help students construct scientific knowledge.

Teaching Approaches
A number of approaches and strategies have been advanced in the science

education research literature in the past fifteen years to help make “available to young
people the benefits of scientific knowledge and ways of thinking” (Driver, 1997, p.
1012). These vary in several ways, one being the degree to which they engage children
in scientific inquiry.

Some approaches focus students’ attention quite quickly on a predesignated
science concept with lessons designed to lead students along a narrow pathway to an
acceptance of this concept, an induction ‘into’ science approach (Fensham, 1988,
emphasis in original). Other approaches attempt to broaden students’ perceptions and
thinking about a topic, what Driver, Asoko, Leach, Mortimer, and Scott (1994) referred
to as conceptual development, changing students’ understandings “foward (italics added)
those of accepted science™ (1995, p. 399).

A conceptual change model.

In one approach, labeled the Conceptual Change Model (CCM), a science concept
or concepts that students should learn is commonly specified prior to the lessons being
taught. For example, Neale, Smith, and Johnson (1990) described a unit plan that
provided

activities and discussions so that children could construct the following scientific

content: Light travels in straight lines in all directions from the source. Shadows

are places where light has been prevented from traveling (p. 112).

Introducing contradictory evidence, often referred to as discrepant events, is
advocated by many researchers working to effect conceptual change. It is reasoned,
using Piagetian theory, that such evidence will challenge students’ existing conceptions,

causing the disequilibrium necessary to start students thinking about a more fruitful and
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useful explanation, that being the scientific explanation designated for student
acceptance.

Others believe “not all preconceptions are misconceptions” (Clement, Brown, &
Zeitman, 1989) and have presented evidence of how ‘anchoring conceptions,’ *“valid,
potentially helpful beliefs of students” (p. 554) “in rough agreement with accepted
physical theory” (p. 555) can be built on in science instruction to help students come to
understand the targeted concept.

Whether using discrepant events or anchoring conceptions, the goal of instruction
appears to be students adopting a “scientifically correct conception” (Tyson, Venville,
Harrison, & Treagust, 1997), which may necessitate weak revision, referred to by Posner,
Strike, Hewson, & Gertzog (1982) as assimilation, or strong revision, similar to Piaget’s
definition of accommodation. It is important to note that in the conceptual change model,
the concept that students are to learn is targeted in advance of instruction.

A conceptual development model.

Driver and associates wrote more often about concept development than
conceptual change. Rather than outlining definite pathways toward a conceptual goal,
Driver, Guesne, and Tiberghien (1985) suggested strategies “which together could be
helpful in promoting conceptual learning,” because the choice of a teaching strategy is
dependent “on the nature of the students’ prior conceptions and the learning goals™
(Driver, 1988).

However, based on classroom research revealing learners’ ideas about particular
topics and the intellectual demand (the “learning demand™) of that topic for students of a
particular age, they published a set of teachers’ guides “providing opportunities for
building on and modifying these [pupils’ own ideas] towards the scientific theory ”
(Driver & Oldham, 1986, p. 116). At some point, “the teacher will present and explain it
{the scientific view], providing opportunities for pupils to construct meanings for it by
empirical tests and language activities” (p. 118). In the next phase, the application of
ideas, “pupils are given the opportunity to use their developed ideas in a variety of
situations, both familiar and novel. Thus the new conceptions are consolidated and
reinforced by extending the contexts within which they are seen to be useful” (p. 118).
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The language of concept development rather than conceptual change and of
helping students move ‘toward the scientific theory’ suggests a somewhat broader
approach to science teaching than that of the conceptual change teaching model.
However, there appears to be a very fine line between giving students the ‘right answer,’
the accepted scientific theory, after the students have engaged in a hands-on
investigation, and suggesting the ‘right answer,’ the accepted scientific theory, to help
students make sense of the results of their investigations.

As Driver et al. (1994) reiterated, “no easy rules for pedagogical practice emerge
from a constructivist point of view of learning” (p. 11). Rather “the teacher is the often
hard-pressed tour guide mediating between children’s everyday world and the world of
science” (p. 11).

Lessons in both these approaches work with students’ ideas. Through
explorations designed to direct student attention toward particular phenomena and in
discussions about these activities, student ideas are (to varying degrees) elicited,
examined, and/or challenged. Both approaches demand flexibility; as student ideas
emerge, these are used to guide discussions and future activities useful in
developing/expanding conceptual understandings. They differ in the extent to which
students are directed toward an acceptance of a predesignated science concept.

The difference in the end goal of these and other approaches, between the goal to
change or to expand student conceptual understanding, is important. Expansion reminds
me of Cobb’s (1988) statement that “the fundamental goal of mathematics is or should be
to help students build structures that are more complex, powerful, and abstract than those
that they possess when instruction commences” (p. 89). Conceptual change teaching
literature appears to advocate for what Anderson, Holland, and Palincsar (1997)
described as canonical science education where the primary focus is on the development
of students’ knowledge of “the key concepts, theories and habits of mind in the western
scientific canon” (p. 362).

Conceptual Difficulty
As just mentioned, Driver and her associates (Scott, Asoko, & Driver, 1993)

argued that the intellectual demand of a concept, or what Driver later referred to as
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“learning demand” (Driver, 1997), needs to be taken into account when planning science
instruction.

Sadler (1998) commented, “Efforts to revise or create new curricula ... do not
appear to take the extreme difficulty of scientific ideas into account. Many of the
astronomical ideas found in textbooks and the new standards are far too difficult” (p.
289).

Studies have been done outlining the conceptual difficulty of a number of topics
commonly included in elementary school science. This includes work on children’s
difficulties understanding evaporation (Bar & Galili, 1994; Russell, Harlen, & Watt,
1989); chemistry (Gabel, Keating, & Petty, 1999; Hesse & Anderson, 1992); light
(Guesne, 1985; Osbome, Black, Meadows, & Smith, 1993); and astronomical phenomena
(Baxter, 1989; Sadler,1998).

Gabel, Keating, and Petty (1999), after studying children’s understandings of
chemical and physical change concluded that “even at grades 4 and 5, the topic may be
too abstract for some children” (p. 14). “More appropriate instruction” they wrote,
“might help eliminate children’s reliance on memorizing science and instead build
appropriate foundations based on reason” (p. 15). Asked if it was, nevertheless, possible
to teach this topic to this age group, Gabel answered that if the goal was student
understanding, it depended on how long you wanted to spend on the topic (personal
communication, March 30, 1999).

This research indicates that an awareness of conceptual difficulty could help
teachers in their design of science lessons and in their interactions with students while

teaching these concepts.

Teaching Strategies

Although an awareness of different science teaching approaches can enrich
teachers’ deliberations on classroom instruction, the literature on strategies for teaching
science in elementary classrooms provides more direct examples of aspects of inquiry

science and actions teachers need to consider in initiating inquiry in their classrooms.
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Teacher-student interactions.

One area of study has been that of teacher-student interactions during science
lessons. Fleer (1992) wrote,

The teacher’s input into the child’s construction of knowledge is crucial to the

development of children’s thinking. ... [T]he teacher’s ability to assist, model,

and extend children at each stage of an interactive approach to teaching science

was fundamental to the whole process. The factor that influenced the ultimate

success and the depth of learning was the quality of the teacher’s interactions

with the children (p. 394).

Fleer (1995), describing the interactive approaches taken by two primary school
teachers, observed that the teacher-student interactions in a class with a procedural focus
resulted in children who were “unsure about what they had to do or how what they were
doing related to the unit of work they were doing” (p. 330). Conceptually-focused
interactions, with the “teacher continually intervening to focus the children’s thinking”
(p- 337) and “asking the children to consider what was happening and why it might be
happening (p. 339), “led to the overall development of ideas, and hence induced
conceptual change” (p. 339).

Segal and Cosgrove (1995) reported that in a year 3/4 classroom, students held
“animated, intellectual and motivating discussions” (p. 19) about the nature of light and
reflections, aided by the teacher’s scheduling of adequate time for such discussions and
the teacher’s ability to ask questions critical for furthering her students’ thinking and
reasoning about the topic.

Roth (1996), describing a teacher’s questioning techniques in a grade 4/5
classroom, similarly concluded that the teacher’s questions played an important role in
facilitating student learning. He concluded that “good question techniques require a great
deal of competence in the discursive practices of the subject-matter domain” (p. 731).
Scaffolding, too, was noted; the teacher “decreased her support as students’ accounts of
their work and plans became longer and more complete” (p. 730).

Flick (1995), analyzing an experienced fourth-grade teacher’s blend of teaching
skills in language arts and reading with hands-on science, concluded that this teacher’s
skill in initiating and sustaining student discussion about a science topic “helped students

interact with science concepts through their own language” (p. 1080). As well, “good
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teachers in these [upper-elementary and middle school] grades have skills and knowledge
that get students to think critically, sceptically, and cooperatively ... important for
helping students to see science as an interesting and viable alternative for further study”
(p- 1080). However, it appeared that had this teacher been more knowledgeable about the
science content being studied, she could have guided student attention more successfully
toward the concepts necessary to develop a robust understanding of the topic.

The teacher’s role in introducing students to powerful, generative science
concepts has been an area of interest for a number of science educators. Driver (1995)

wrote,

The teacher needs to provide the necessary experiences to enable students’

science understanding to relate to events and phenomena. However, experience

is by itself not enough. It is the sense that students make of it that matters. If

students’ understandings are to be changed toward those of accepted science,

then intervention and negotiation with an authority, usually the teacher, is

essential (p. 399).

Prawat (1993) also advocated “the teaching of the important ideas developed
within the disciplines” (p. 5). He argued that it is these powerful ideas that “help educate
attention,” as perception alone does not efficiently lead to an individual’s development of
these ideas. In support of his argument, Prawat cited Vygosky’s (1987) assertion that
“the unique form of cooperation between the child and the adult is the central element of
the educational process; it is explained by the fact that in this process knowledge is
transferred to the child in a definite system” (p. 169). To implement idea-based social
constructivism, teachers would work within a curriculum Prawat characterized as a
“matrix or network of big ideas,” rather than curriculum as “fixed agenda.” Big ideas, he
wrote, serve “as a kind of ‘cross-country guide’” as teachers and their students “explore
the territory mapped out by the network of big ideas” (p. 13).

Interactions, thus, enable teachers to introduce “big ideas” to their students.
Teachers subsequently use their professional knowledge and skills to help students

consider the explanatory power of these ideas.

Argumentation.
Research centring on “the place of argumentation in the pedagogy of school
science” (Newton, Driver, and Osbomne, 1999) has also contributed to an understanding
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of ways students may be helped to better understand both science concepts and how
science is done. Zeidler (1997) explained that this is accomplished because

Dialogic reasoning (argumentation) compels one individual to coordinate his or

her reasoning structures with those of another individual. The result is ...each
person is cognitively challenged during discourse to reflect on both his or her

own beliefs, assertions, and premises, and those of the other individual. The
resulting discourse leads to a joint construction of shared social knowledge

(though not necessarily shared beliefs) ( p. 485).

Kuhn (1993) proposed that a promising concept of science education has to do

with its role in “promoting a way of thinking” (p. 319). Science, she continued, can be
defined as argument, “a social activity ...in which ideas are articulated, questioned,
clarified, defended, elaborated, and indeed often arise in the first place” (p. 321). In her
view, such an approach might help students develop a more sophisticated epistemological
understanding of science, an understanding that is critical to meaningful science
education.

In a study by Meyer and Woodruff (1997), students engaged in a series of
investigations were asked to develop a consensus explanation of the phenomena being
studied. In building such a consensus, students “need to find and agree to a set of
‘collectively valid statements’ (Miller, 1987, p. 252),” a coordination that Miller defined
as one of the first rules of argumentation. In Meyer and Woodruff’s experience, “it takes
time for students to become accustomed to generating and evaluating their own ideas” (p.
191). Similarly, Kuhn (1993) asserted that argumentation requires students to be able “to
distance themselves from their own beliefs to a sufficient degree to be able to evaluate
them as objects of cognition. In other words, they must have the capacity and the
disposition to think about their own thought” (p. 331).

Newton, Driver, and Osborne (1999) also emphasized that “argument is a central
dimension of both science and science education” (p. 553) and “if pupils are genuinely to
understand scientific practice, and if they are to become equipped with the ability to think
scientifically through everyday issues, then argumentative practices will need to be a
prominent feature of their education in science” (p. 556).

As with other teaching strategies, educative discourse does not just happen, but is

fostered by teacher instruction and the fashioning of lessons that encourage dialogic sense

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



62

making. In all of these studies, the complexity of the task facing the elementary school

science teacher is underscored.

Knowledge of Curriculum Materials
Complexity can be alleviated by knowledge of curriculum material, teachers’
“tools of the trade” (Shulman, 1987). For many of the studies reported in the science
research journals, (e.g., Anderson & Roth,1989; Muthukrishna et al.,1993; and Palincsar,
Anderson, and David, 1993), the research team used curriculum materials developed for
the study, but these materials were described in too little detail to be of much use to
classroom teachers.

Roychoudhury and Kahle (1999) noted that the absence of commercially-
available curriculum materials was a problem for teachers wishing to implement inquiry
science. Faced with writing unit plans and lessons incorporating a questioning technique
they were unfamiliar with, the teachers in their study resorted to a traditional science
teaching approach. The National Research Council (2000) published a guide for inquiry
science teaching offering justifications for and vignettes describing classroom science
inquiry lessons, but few concrete recommendations of curriculum materials teachers can
order to help them implement inquiry science in their classroom.

This appears, at present, to be an important knowledge base teachers will find

lacking in substance.

Except for the realization that it is very complex, an understanding of how to
teach science to most effectively develop student understanding of science concepts and
the nature of science remains very much a work in progress. There is obviously no one
right way to teach science in elementary schools. The literature does, however, advance
a number of possible approaches and strategies worth exploring in the design and
assessment of science lessons. From the literature, too, one can extract indications of
components of exemplary science lessons, a topic of particular interest to educators in

schools.
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An Exemplary Science Lesson

A major constant in the current literature on elementary school science education
is an expectation that students will be involved predominantly in inquiry science. As
previously outlined, inquiry is considered to be “a multifaceted activity” (NRC, 1996, p.
23) that involves seeking answers to meaningful questions about the natural world,
science education Reardon (1996) referred to as “real, relevant, and rigorous.” A number
of teacher actions are proposed in the literature as important for encouraging inquiry
through which “students refine and develop their existing understanding, learn new skills
and acquire new conceptual and procedural knowledge” (Hodson, 1998, p. 122). Briefly,
lessons featuring the following actions have been repeatedly advanced as representing
best science education practice; that is, exemplary science instruction.

First, taking into account theory that claims knowledge construction is influenced
substantially by a student’s beliefs and past experiences, teachers will endeavour to find
out what students know/believe about a target topic prior to planning “educative
experiences” (Dewey, 1938/1963). Believing that engagement in meaningful activities is
important in the development of “‘useable, robust knowledge” (Brown et al., 1989),
teachers will also try to choose science topics and paths of inquiry their students will
recognize, possibly with the help of the teacher, as interesting and worth pursuing.

Second, teachers will help their students plan ways of exploring a topic. This may
include hands-on experimentation as well as reading, talking, and writing about the
phenomena being studied. While students are working, teacher-student and student-
student interactions are considered very important as it is through these interactions that
students are encouraged to conceptualize, verbalize, and defend their explanations and to
listen to and consider those of others (including the teacher’s). Teachers, in addition,
gain insight into students’ views and interpretations, allowing them to design future
lessons based on the ideas their students are forming.

A lesson (which is not necessarily just one class period in length) concludes, too,
with words. The literature reviewed is unclear about how many of those words are the
teacher’s. He or she may choose to supply a scientifically ‘“‘correct™ answer, or the

teacher and students may together review and “evaluate the status of the explanations and
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knowledge claims they have generated” (Bloom, 1998, p. 168). If inquiry as practiced by

scientists is a curriculum goal, the latter would be chosen.

Summary

To sum up the literature on the teaching of science, in the words of Greene
(1985), “In the sense that someone is teaching something to somebody, the teacher ought
to have the kind of engagement with the subject matter that entails not merely a
commitment to it but clarity about what needs to be made explicit at various moments in
the teaching-learning process... [as well as] what might be appropriate for different
pupils and for pupils at different stages of conceptual development” ( p. 23) — a complex
task, particularly for the elementary school teacher who is responsible for teaching a
number of different subjects.

Two recent reports by long-time advocates of a conceptual change model of
teaching demonstrate the complexity of the science teaching task.

Complexities

Anderson, Holland, and Palincsar (1997) wrote that while conceptual change
strategies “often raised the proportion of students understanding canonical scientific
concepts to 50% or more” far better than the “5%-20% success rates when teachers used
typical approaches and standard commercial products,” (p. 362), “conceptual change
researchers have consistently fallen well short of the goal of science for all Americans”
(p. 363). Wanting to teach science to all students, they developed a teaching approach
combining “insights from canonical and sociocultural approaches” (p. 364). They
concluded, at the end of the set of lessons they had designed and observed, “The story of
Juan and his group is not a success story. It is the story of one small group of students
engaged in a task that did not quite work in the way that we had intended, leading to only
partial mastery of our key learning goals for most members of the group” (p. 377-378).

Thorley and Woods (1997) reported on a case study they did to monitor the effect
of a conceptual change unit as students worked to develop an explanatory model of
electrical phenomena. “Overall, the evidence suggests that on the score of changing
conceptions we have achieved only a modest level of success” (p. 243). There was, they
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found, “no one best approach” as “any single model of curriculum will disadvantage
some proportion of the student body” (p. 240). “The price to be paid for probing so
deeply is the stark revelation of the limitations in students’ understanding and of the
instructional strategies in which much thought, effort and hope had been invested” (p.
242).

Anderson et al. (1997) concluded that “The story of Juan and his group, however,
helps us to see how difficult it will be to help all students connect their curiosity about the
world with our aspirations for their scientific literacy. ... [It] helps us to appreciate the
depth and difficulty of the craft of these teachers” (p. 381).

As both sets of authors quoted above have stated, classroom studies provide
insights into how elements considered integral to an exemplary elementary school
science lesson work in actual classrooms with diverse groups of students. These insights,
as well as the theories related to teaching and learning science, are topics that can be

investigated in professional development - the topic of the next section of this review of

the literature.

Professional Development

The focus of the literature review now shifts to the provision of teacher
professional development. Not the type of professional development Miles’ (1995)

referred to as
a joke.... It’s everything that a learning environment shouldn’t be: radically
underresourced, brief, not sustained, designed for ‘one size fits all,” imposed
rather than owned, lacking any intellectual coherence, treated as a special add-on
event rather than as part of a natural process .... In short, it’s pedagogically
naive, a demeaning exercise that often leaves its participants more cynical and no
more knowledgeable, skilled or committed than before (p. vii).
Instead, I was interested in professional development that is educative in a Deweyan
(1938/1963) sense -- professional development experiences that introduce teachers to
alternative ways of thinking about teaching and learning and create “conditions for
further growth” (p. 36).
The professional development literature selected for review is broad-based. Very

few studies document professional development introducing teachers to inquiry science
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instruction and fewer still focus on this topic for elementary school teachers. Where
possible, examples from science education professional development have been chosen to
illustrate the themes that emerged from reviewing professional development literature.

Additionally, the Alberta professional development to be analyzed for this study
had been planned for the generalist classroom teacher, not for any particular group of
teachers. Therefore, literature was chosen to indicate professional development practice
advocated in books and journals for teachers in general, literature I judged would help me
understand if a problem with professional development existed in Alberta and, if so, what
the dimension of that problem might be.

I was also interested in current rationale given for professional development; that
is, in the goals described as important for teacher professional development. It is this
topic I address first.

Rationale for Professional Development
During the 1980s’ call for educational reform (see Cuban [1990] on “Reforming
again, again, and again™), two reports were published in the United States by groups
formed to investigate the quality of education in that country. The Carnegie Forum on
Education and the Economy, consisting of members drawn from business, government,
and education asserted “that only by having the finest teachers obtainable can the country
address the problem it faces” (p. 11). Teachers, they wrote, are crucial because

a much higher order of [teaching] skills is required to prepare students for the
unexpected, the non-routine world that they will face in the future. And a still
higher order of skills is required to accomplish that task for the growing body of
students whose environment outside the school does not support the kind of
intellectual effort we have in mind (p. 25).

The second report, that of the Holmes Group (deans of education from fourteen
leading American faculties of education), came to a similar conclusion. “American
students’ performance will not improve much if the quality of teaching is not improved
.... And teaching will not improve much without dramatic improvement in teacher
education” (Holmes Group, 1986, p. 3).

The clear message in both reports was that good teaching is fundamental to
student learning; that is, teachers count. In their statements and those of others, the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



67

complexity of teaching in the current milieu was indicated. Darling-Hammond (1998)
wrote that “schools are being asked to educate the most diverse student body in our
history to higher academic standards than ever before” (p. 7). Borko & Putnam (1995)
observed that reform necessitates that teachers teach “in new ways — ways that differ
substantially from how they were taught and how they learned to teach” (p. 37).

Kennedy (1998) indicated that high academic standards did not mean students
should simply learn more science facts, but that they should develop a conceptual
understanding of science, as well as knowledge about and respect for how knowledge is
generated in the disciplines. Thus, teachers count and their jobs are highly complex as
they are expected to teach concepts, not facts, to an increasingly diverse group of students
using new approaches to meet shifting societal demands and needs, one of those demands
being that all students learn to their potential. In the opinion of William Kyle, Jr., writing
as editor of the Journal of Research in Science Teaching, “The current emphasis on
professional development comes from an emerging recognition of teaching as a dynamic,
professional field” (1995, p. 680), a field obviously faced with a professional task
requiring a complex knowledge of how to help students develop into thinking and
informed citizens.

As Eisner (1995) wrote, the literature on education is presently “pervaded by the
belief that central to the education of children is the competence of teachers.”

These statements reveal a recognition of the complexity of the professional task
faced by teachers. The previously outlined complex knowledge base needed for teaching
inquiry science adds details to this picture. How teachers may be helped to further
develop their professional practice given the complexity of their situations is the subject
of a considerable body of literature. Studies addressing this issue of professional

development are reviewed in the following section.

Developing “Better Teaching” Practice
The literature on how teachers may be helped in further developing their practice
does not stand alone. It is framed by broader issues, some of which are suggested by
titles of books on teacher development, titles such as Teacher Development and
Educational Change (Fullan & Hargreaves, 1992) and Teacher Development and the
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Struggle for Authenticity (Grimmett & Neufeld, 1994). Chapter titles suggest additional
issues: “Teachers’ Work and the Labor Process of Teaching: Central Problematics in
Professional Development (Smyth, 1995), “The Empowerment Movement: Genuine
Collegiality or Yet Another Hierarchy?” (Ceroni & Garman, 1994), “Dynamics of
Teacher Career Stages” (Fessler, 1995), “Development and Desire: A Postmodern
Perspective” (Hargreaves, 1995), and “Challenges” (Bell & Gilbert, 1996). In addition,
discussions of the nature of knowledge (Fenstermacher, 1994) introduce important
theoretical considerations into the discussion.

Recognizing the existence of these issues and outstanding questions, I decided to
concentrate here on literature focussed more specifically on how teachers can be helped
to enhance their professional practice. Baird’s (1992) goal of “ better teaching,” where
“the teacher knows more about what teaching is and how it best works for him or her, is
more aware of what is happening in the classroom as he or she teachers, and is more
purposeful in the pedagogical decisions that he or she makes” (p. 33) helped me select
studies to be reviewed and reported. First, however, I will describe the type of
knowledge considered helpful for making reasoned decisions -- and for pursuing “better

teaching.”

Principled and Procedural Knowledge

In examinations of learning, numerous terms have been used to describe
knowledge and knowledge development. Domain-specific principled knowledge, a
knowledge of the principles of a domain, is a term that appears in literature written from
the perspective of cognitive psychology. Davis (1996) and English (1993) shortened this
phrase to principled knowledge in their explorations of children’s learning in science and
mathematics. The term principled knowledge was used in a similar sense by Lampert
(1990) in her consideration of knowing and teaching elementary school mathematics and
was adopted from this mathematics literature by Spillane and Zeuli (1999) as a
conceptual frame for investigating mathematics teaching practice. Principled knowledge,
they wrote, “involves key ideas and concepts that can be used to construct procedures”
(p. 4). This they compared to procedural knowledge, knowledge of structured ways to
proceed.
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Such a differentiation is not unusual and, again, a number of different terms have
been used to label the differences. Hiebert and Lefevre (1986) contrasted conceptual and
procedural knowledge of mathematics. Conceptual knowledge, they wrote, “is
characterized most clearly as knowledge rich in relationships. ... Relationships pervade
the individual facts and propositions so that all pieces of information are linked to some
network” (pp. 3-4). Procedural knowledge, as they defined it, is composed of both the
symbol representation system used in mathematics and the rules for completing
mathematical tasks and implies only “awareness of surface features, not a knowledge of
meaning” (p. 6). This Carpenter (1986) characterized as “step-by-step procedures
executed in a specific sequence” (p. 113).

Edwards and Mercer (1987), in their study of children’s learning, made a
distinction between ritual knowledge and principled knowledge. Ritual knowledge, their
term for procedural knowledge, was defined as “knowing how to do something” (p. 97).
This they contrasted with principled knowledge, knowledge that is “essentially
explanatory, oriented towards an understanding of how procedures and processes work,
why certain conclusions are necessary or valid” (p. 97).

These studies were all focused on examining and analyzing children’s learning.
Differentiating between principled and procedural knowledge appears to be an equally
useful tool for analyzing what teachers learn through their professional development
activities; that is, their knowledge development as they strive for “better teaching.”

In reading through the literature on teacher professional development, it soon
became apparent that a number of aspects of this topic have been particularly well-
studied. Two of the more frequently addressed topics ~ teacher beliefs and teachers as
learners — will be reviewed here, the first briefly and the second in more depth.

Teacher Beliefs/ Existing Ideas

Just as children’s ideas about science phenomena are considered important
because these ideas are believed to have an influence on subsequent knowledge
construction, so, too, are teachers’ beliefs seen to influence teachers’ classroom actions
and their understandings of any new ideas advanced in professional development
activities (Haney, Czerniak, & Lumpe,1996). Yerrick, Parke, and Nugent (1997)
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described “the ‘filtering effect’ of teachers’ beliefs on understanding transformational
views of teaching science” (p. 137), again alerting “reform agents to the need for careful
evaluation of teacher beliefs” (p. 138). Briscoe (1996) came to the same conclusion:

Teachers construct their own interpretations of the [new] techniques and
implement them based on their prior knowledge and beliefs about teaching and
learning. Often these constructions are quite different than the ‘experts’ have
intended and the new methodology is doomed to failure (p. 189).

Cronin-Jones (1991), giving examples of the types of beliefs that influence
teaching, listed “beliefs about how students learn, about the teacher’s role in the
classroom, about the ability levels of students in the class, and about the relative
importance of content topics. ...[as well as] attitudes toward the curriculum package
itself and the implementation process” (p. 240). Bames (1992) suggested a rather similar
list: “perceptions, often implicit, about the nature of what they are teaching...; about
learning and how it takes places...; about students (and about the particular group being
taught) ...; beliefs about priorities and constraints inherent in the professional and
institutional context...” (p. 19). As beliefs of this nature are fundamental to teaching and
“beliefs are seen as critical determinants for teacher action” (Yaxley, 1991), it is not
surprising that the subject of teachers’ beliefs has become an area of research interest.

Louden and Wallace (1994) also reiterated that

new ways of knowing can only emerge from reconstruction of old ways of

knowing and teaching. Learning constructivist science is as difficult for

competent, traditional teachers as learning to think like a scientist is for students.

Clever books and well-organized workshops are not enough to convert chalk-

and-talk teachers. The process of becoming a constructivist must involve

teachers in reconstructing their own knowledge of science, and of science

teaching (p. 655).

This process, they stressed, was not helped by impatient principals, school board
officials, or researchers who would like teachers “to make the transition from traditional
school science to constructivist teaching in a single step” (p. 655).

If one accepts the importance of teachers’ beliefs on both their present teaching
practice and on their understanding of new approaches to teaching, there is a need to
incorporate this knowledge into professional development activities. Other aspects of
professional development are equally important for developing “better teaching” practice.

One of these aspects, engaging teacher/leamers in professional development is the topic
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of this continuing discussion. Four broad and often interconnected categories — catalysts
for action, teacher development programs/projects, the role of ‘the other,” and
“intentional learning communities” (Lieberman, 1996) — were selected to frame facets of
this literature.

Teachers as Learners

Catalysts for action.

Catalysts reported as successful in initiating teacher inquiry into better teaching
practice are varied. Van Wagenen and Hibbard (1998) and Wolf (1996) discussed how
building a teaching portfolio can “significantly advance a teacher’s professional growth”
(Wolf, p. 34). Sahakian and Stockton (1996) described how teacher-guided
observations, teachers observing each other, and their subsequent collaborative
discussions led to “in-depth curriculum analyses” and increased teacher involvement in
professional development programs. Teachers working to outline “ideal curricula”
(Prawat, 1993) or working together to design curriculum (Parke & Coble, 1997) have
also been advocated as methods for helping teachers think about the interconnections
between the ‘big ideas’ in curricula (Prawat, 1993) and about the “connections between
theory and practice and the value of continually testing, revisting, and reevaluating
curriculum and instructional issues™ (Parke & Coble, 1997, p. 773).

Others (Hand & Treagust, 1997, Ritchie, 1992) have involved teachers in
exercises using metaphors as a tool for helping teachers consider their science teaching
practice. MacGilchrist (1996), working with teachers in a school improvement project,
asked teachers to identify a specific group of children whom they were concerned about
and then to devise ways to improve the school achievement of these children. While a
target, student achievement, was set externally, it was flexible enough to allow teachers
in each of the four schools involved in the project to identify a goal that mattered to them.
In working together to set targets for student achievement, identify criteria for success,
and review and evaluate progress, “teachers made marked changes in their practice” (p.
74).

Research like this, done in classrooms by teachers, is often referred to as teacher
research, defined by Lytle and Cochran-Smith (1992) as “systematic, intentional inquiry
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by teachers about their own school and classroom work” (p. 450). Britton (1987) stated
that “every lesson should be for the teacher an inquiry, some further discovery, a quiet
form of research” (p. 13). For this form of research there is, again, the need for a
catalyst, a topic of adequate interest to make the time and effort expenditure necessary to
conduct systematic inquiry worthwhile. Dilemmas as catalysts have been the focus of a
number of papers.

Tomanek (1994) reported that through identifying dilemmas, “the instructional
contexts in which a teacher experiences indecision or dissatisfaction with the choices she
has make or is about to make” (p. 400), she was better able to examine, compare, and
rethink her own assumptions about science teaching practice. Brickhouse (1993)
discussed how David, a high school science teacher, faced dilemmas, “conflict-filled
situations that require choices because competing, highly prized values cannot be fully
satisfied” (Cuban, 1992, p. 6), as he attempted to provide “successful instruction” to his
students.

Dilemmas were also a central factor in the Lange and Burroughs-Lange (1994)
study of a set of experienced teachers. Asked to identify factors that had caused them to
significantly change their professional practice, teachers commonly referred to dilemmas
that had challenged their assumptions about good teaching practice. This had caused
each to seek a resolution to his or her conflict through a process of “refining their
professional knowledge and practice” (p. 627). Watts, Alsop, Gould, and Walsh (1997)
referred to “critical incidents” rather then dilemmas — “a classroom episode or event
which causes a teacher to stop short and think” (p. 1025). In their paper they described
how student questions can “raise teachers’ consciousness of both the nature of science
and the processes of teaching and learning” (p. 1025-1026) and force teachers to revise
their ideas about classroom science teaching practice.

McGonigal (1990), seeking to resolve a dilemma presented when she saw her
twin daughters reading and writing at a higher level in their kindergarten class than were
her own grade two students, sought help by enrolling in a graduate university course.
The literature on professional development programs/projects, both university and in-
service courses, programs that teachers like McGonigal have sought out, is presented

next.
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Professional development programs/projects.

A number of studies document professional development projects designed to
enhance teachers’ conceptual understanding of science content and pedagogy. The
varying degree of success reported in these carefully-designed programs further attests to
the complexity of teaching science and teaching teachers to teach science. The following
papers help illustrate this point.

Neale, Smith and Johnson (1990) reported on the extent to which eight
elementary school teachers were able to implement a conceptual change teaching unit in
their classrooms following a four week in-service program, monthly meetings during the
school year, and coaching as they planned and taught the prepared science unit in their
classroom. While teachers, to varying degrees, increased their use of conceptual change
strategies in the science units they had worked on in the summer workshop and during
the school year, none developed nor taught a conceptual change unit in any other topic.
This research convinced the authors “how difficult it is for primary teachers to
revolutionize their science teaching and to improve their subject-matter understanding
significantly” (p. 126).

Having worked with a group of teachers to “develop a special instructional unit
based on student ideas about a selected science topic” (p. 742), Shymansky et al. (1993)
reported on how teachers’ understandings of the selected science topics changed over the
course of the project. Results suggested that while the teachers’ understanding of the
selected science topic was enhanced in this process, “not surprisingly, it was discovered
that the teachers, like their students, harboured a variety of erroneous ideas about the
science topics and were inclined to hold on to them” (p. 753).

Robert, an enthusiastic participant in a 20 day in-service program spread out over
a 10 week period, agreed to share his classroom with Appleton and Asoko (1996) while
he taught a set of science lessons to his students. Appleton and Asoko found that
although he incorporated a number of features of constructivist leaming theory (the focus
of the course) into his teaching, those fitting most closely with his prior beliefs and
practice, several other features were harder for him to implement. They concluded that
teachers need long-term support if they are to continue to critically consider and make

changes in their teaching practice after the end of an in-service course.
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In contrast, Jean, recognized as a highly competent science teacher, had, at the
request of her principal, attended a seven day professional development program
designed in response to state-driven changes in elementary school science from “a
content-oriented, textbook-dependent way of teaching elementary science to a hands-on
problem-solving approach” (Martens, 1992, p. 150). Martens described how after
attending the workshops Jean included some new materials and strategies into her
lessons. However, nothing fundamental changed, especially the teacher’s belief that
students need “to get the right answer” in their science lessons. A seven day workshop
was inadequate, she concluded, for teachers to reconceptualize their roles, especially if
they are not supported by district and school administrators. Instead, teachers need a
chance to “define the problems they want to pursue” (p. 155) if they are to come to
understand the powerful learning that results from problem-solving exercises.

In another study, Watters & Ginns (1996) described the effect a series of eight
televised professional development broadcasts had made on the teaching practice of an
elementary school teacher. Anna, an experienced and enthusiastic science teacher, was
found to have enjoyed watching the teachers and the classroom activities shown on the
telecasts and had incorporated aspects of collaborative learning (children working in
groups) into her own classroom practice following these shows. However, “missing from
her practice was the extensive use of child-child interactions and reflective practice ...
there was little evidence of genuine sharing, discussion and consensus making” (p. 63), a
key feature of the cooperative learning philosophy of the program. From this, Watters
and Ginns concluded that to be successful, professional development programs ‘“‘require
collaboration and cooperation of whole school communities” (p. 65) and that “a critical
function of professional development agents is to establish reflective practices within
schools” (p. 66). Such involvement, they wrote, will only occur if both teachers and
administrators are convinced that long term benefits will accrue from being involved in

such a professional development program.

Conclusions to be drawn from these teacher studies are similar to those drawn
from studies of children’s learning in science: learning is hard work, ideas are resistant to

change, and there is no one best way to effect conceptual change or development.
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Rosebery and Puttrick (1998) suggested, based on their Scientific Sense Making
project, that to learn about and make changes to their practice, teachers need access to
tools (audio and videotapes and transcripts of their classroom activities), and intellectual
resources (articles, texts), and time, “time to discuss ideas, theories, and classroom data
and stories with fellow educators” (p. 674). Jones, Rua and Carter (1998), too, spoke of
tools, readings, and peers, but added students as additional mediating agents in teacher

learning.

‘The other.’

Support, tools, intellectual resources ~ these are examples of what I have come to
call ‘the other,’ using the Fenstermacher and Richardson (1993) term. While they and
Vasquez-Levy (1993) used this term to refer to a person helping a teacher form a
practical argument as a means of “deliberating on and evaluating their thinking and
action” (Fenstermacher & Richardson, 1993, p. 103), I will use it to categorize those
human stimulants to thought and action indicated in the literature as promoting teacher
development.

Both Erickson (1991) and Keiny (1994) referred to the dialectical discourse that
can occur between participants in a cooperative research group where critical colleagues
take the role of ‘the other.’ The role of dialectical conversations (although not commonly
referred to as such) is the subject of many of the studies of teacher professional
development. Keiny (1994), for example, designed a graduate seminar course to
encourage a dialectical process of reflection, starting with dilemmas identified by the
teachers involved. After working in pairs for a term, she reported that teachers gained a
heightened awareness of their teaching assumptions.

Such discourse can also provide teachers with important opportunities “to interact
and have conversations around standards, theory, and classroom activity” (Richardson,
1990, p. 16). Richardson also maintained that “a necessary element of the conversations
are discussions of alternative conceptions and actions,” thus adding the dialectical, and
deliberative, component.

After working with a small group of practicing teachers, Hodson and Bencze
(1998) identified the role of the researcher/facilitator to be crucial in helping teachers
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transform their theories about science teaching. They defined this role as one of
“encouraging and supporting reflection on current practice and its underlying rationale,
proceeds through critical consideration of alternatives, and culminates in deciding on,
implementing and evaluating curriculum actions” (p.693). “Because teachers’ views are
built up over a long period and are burnished in the furnace of everyday practice,
challenges must be vigorous and explicit if change is to occur” (p. 692). Hardy and
Kirkwood (1994) defined the basic task of the science educator to be one of structuring
situations that encourage teachers to explore their beliefs, assumptions, and practice “in a
challenging but continuously supportive manner” (234). This same theme of ‘the other’
providing support and challenge is evident in a study by Geddis (1996). Based on a
graduate course in science education, he suggested that coaching teachers in their own
classrooms might help these teachers because reading, thinking, and discussing, he found,
were not in themselves adequate for changing well established teacher actions.

Other studies document ‘the other’ as providing more support than challenge.
Loudan (1991), engaged in a “carefully developed collaborative partnership” (p. 194),
reported that his frequent questions to Johanna (questions he posed to allow him to better
understand her work and the meanings she made of her classroom experiences) gave her
a reason to reflect deeply on her practice. Roth (1998) and Ebbers and Cross (1996)
reported on cases of co-teaching and the benefit teachers can derive from shared teaching
experiences.

Boostrom, Jackson, and Hansen (1993) directed a three-year project intended to
establish a collaborative conversation between “two different kinds of knowers —
researchers and practitioners™ (p. 37) where “no one person - researcher or teacher —
dominated the conversation” (p. 42). This collaborative effort was achieved only after the
teachers’ wishes to centre the project on conversations about their own teaching concerns
and classroom practice, not on classroom research projects, were respected. Through
these conversations teachers generated new ways to think about teaching and to act in
their classrooms.

The PEEL project (Project for Enhancing Effective Learning) in Australia is
another example of a school-tertiary collaboration. Lessons learned from this on-going
project include the necessity for teachers to voluntarily participate in such projects since
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“change is hard work and high risk” (Mitchell, 1994, p. 607) and that teachers need time -
- time to meet, time to explore new teaching approaches, and an extended length of time
(certainly more than a year) to engage in these activities — if change is to take place.

Intentional learning communities.

Projects such as these exemplify what Lieberman (1996) termed intentional
learning communities and Shulman (1998) referred to as leaming and monitoring
communities, “helping practitioners overcome the limitations of individual practice and
individual experience... [so that] individual experience becomes communal, distributed
expertise can be shared, and standards of practice can evolve” (p. 520-521). Other
examples of intentional learning communities described in the literature include:
professional practice schools (Marshall & Hatcher, 1996; Nichols & Sullivan, 1992);
teacher networks (Lieberman & Grolnick, 1996; O’Neill, 1996; Pennell & Firestone,
1996); collaborative inquiry — teachers coming together to study a dilemma of common
interest (Halliwell, 1995); and teachers engaged in instructional conversations (Saunders
& Goldenberg, 1996).

The effects of collaborative teacher interactions, described in one paper as the
development of “cultures of collaboration” (Hargreaves, 1992), are discussed in three
recent studies (Goddard, Hoy, & Hoy, 2000; Langer, 2000; Wolf, Borko, Elliott, &
Mclver, 2000). In each, research into teaching practices in schools that ‘beat the odds’
(where students performed better than students in other schools that were
demographically similar) indicated a positive correlation between teachers engaged in
professional teaching communities and student achievement in schools where this
collaboration occurred.

Greene (1991) wrote, “I want to see teachers become challengers and take
initiative upon themselves” (p. 13), which “cannot be divorced from a concern for
cooperative action within some sort of community. It is when teachers are together as
persons, according to norms and principles they have freely chosen, that interest becomes

intensified and commitments are made” (p. 13).
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Summary
I will close this review of the literature on teacher professional development, a
mere sampling of literature focused on that topic, with a statement I believe succinctly
summarizes conclusions reached in the previously reviewed articles. Darling-Hammond
and McLaughlin (1996) wrote that “teacher development focused on deepening teachers’
understanding about the teaching/learning process and the students they teach,” teacher

development that involves “teachers both as learners and as teachers” must be:

- Experiential, engaging teachers in concrete tasks of teaching, assessment,
observation, and reflection that illuminate the processes of learning and

development

- Grounded in inquiry, reflection, and experimentation that are participant-
driven (that is, learners take responsibility for posing questions and
exploring answers)

- Collaborative and interactional...

- Connected to and derived from teachers’ work with their students

- Sustained, ongoing, and intensive, supported by modeling, coaching, and
collective problem solving around specific problems of practice ... (p. 203).

It is very clear from this literature that no one engaged in working with teachers
and writing about professional development aimed at promoting “better teaching”
(Baird, 1992) views professional development as an easy task. Rather, professional
development is a teacher activity requiring commitment, time, and support. There is also
a strong emphasis in current professional development literature on teachers as
collaborative inquirers into classroom teaching and learning. This, variously described as
establishing “cultures of collaboration among teachers” (Hargreaves, 1995) and “a
culture of continuous inquiry” (Lieberman, 1996), allows teachers to share and consider

alternative means “‘to promote comprehension among students” (Shulman, 1987, p. 8).
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Summary
Examining the Situation
Through a Review of the Literature

In examining the situation through reading the literature related to elementary
school science education and teacher professional development, I have gained a better
sense of advocated desirable ends and proposed alternative means for reaching those
ends; e.g., of current discussions concerning scientific literacy, science inquiry, and
exemplary science teaching. I also have a better understanding of the complexity of the
task and of practices that seem to offer promise in planning educative experiences for
students and teachers.

Common to all the research reviewed in this chapter, research that was published
in respected journals and by respected publishers, is the assumption that learners
construct, not receive, knowledge. Moreover, leaming, for the elementary school student
and for the teacher, is hard work and requires time and commitment. There is no easy
way. There is no one right way. However, there are a number of promising better ways.
Some of those better ways informed the recommendations I suggest at the end of this
dissertation.

In addition, a heightened awareness of possible means to desirable ends helped

me start to identify problems in the Alberta elementary science education situation.
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Data Analysis

In the next three chapters I will continue my examination of the Alberta situation
through an analysis of the data collected to address my three research questions:

- What do study participants believe constitutes an exemplary elementary school
science lesson?

- What professional development was available to selected Alberta educators
responsible for elementary science education in the two years following the
issuance of the Elementary Science Program of Studies (Alberta Education,
1996b)?

- What messages about why science should be taught are contained in provincial

documents relevant to the teaching of elementary science?

To contextualize this examination, I will first discuss the Alberta science
curriculum documents, examining the message about why science should be taught
contained in those documents.

Following this, the study participants will be introduced and their professional
development activities discussed.

Last, the participants’ descriptions of an exemplary science lesson are presented
and analyzed.
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CHAPTER FOUR

ALBERTA CURRICULUM INTENTS

Guided by Millar’s (1996) comment, “First we need to decide why we want to
teach science to our young people” (p. 17, italics in original), I collected Alberta
elementary science curriculum documents: the Elementary Science Program of Studies
(Alberta Education, 1996b), the list of provincially authorized resource materials, and the
provincially-prepared elementary science testing materials

In the following section I will describe the answers to the question “Why teach
science?” detected in an analysis of these science curriculum documents. Data from
those sources indicate a provincial stance on the understandings and skills viewed by
provincial curriculum developers as important for students to learn while engaged in

science studies in elementary school.

The Program of Studies

To discem curriculum intents in provincial documents impacting on elementary
science education, I started with an analysis of the Elementary Science Program of
Studies (Alberta Education, 1996b). This document is divided into two sections. In
Section A, entitled Overview (reproduced in Appendix E), the program rationale,
philosophy, and emphases are described. In the bulk of the document, entitled Learner
Expectations, are outlined the specifics of what students are expected to learn. An
indication of why is also discernible in these what statements.

As explained in Chapter Two, curriculum data were analyzed using a
modification of Roberts’ (1982, 1998) curriculum emphases. Accordingly, knowledge
outcome statements were categorized as emphasizing Solid Foundations; Correct
Explanations; Everyday Coping/Practical Applications; or Science, Technology, and
Decisions.

I will start with a short description of the revision of the elementary science

curriculum to give some indication of how this program was developed.
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Writing the Provincial Elementary Science Curriculum
The Alberta Department of Education typically revises or develops a new curriculum
document for each elementary school core subject (language arts, mathematics, science,
and social studies) every 10 to 15 years. Changes are meant to reflect enacted or
proclaimed provincial education policy changes, recently developed knowledge and
theories about subject area content and pedagogy, and an articulation with other
provincial curriculum documents. Additionally, after 10 years many of the provincially
authorized learning resources are out of date and out of print.

In 1989, in keeping with this timeline, an elementary science Needs Survey was
prepared and sent to all school districts and schools, to science educators, the Alberta
Teachers’ Association (ATA), Alberta universities, and science institutions. From the
500 responses received, a set of recommendations was made and the Minister of
Education was asked to approve an elementary science education program revision
process (Alberta Education, 1991a).

When ministerial approval was received, a program manager was named to head
the revision process and a Science Advisory Committee was set up composed of two
elementary science teachers appointed by the ATA, one elementary science specialist
from a provincial university, a representative sent by the College of Alberta School
Superintendents, a representative from an Alberta Education regional office, and three
additional representatives from Alberta schools who were currently teaching science.
This committee met three or four times a year over the next three years to review draft
curriculum documents with the program manager and to offer advice on topics and
pedagogy.

Program managers are authorized to prepare a program of studies reflecting, to
the best of their knowledge, current theories and knowledge about appropriate subject
matter and pedagogy (B. Galbraith, personal communication, July 2000) constrained by
provincial education policy. There were, as well, a limited number of curriculum branch
guidelines to work within (A. McGillis, personal communication, February, 10, 2001).
For example, the new science curriculum was to be skills-based (as recommended in the
Needs Survey) and was to be organized by levels of understanding rather than by grade

levels (echoing recent provincial curriculum development in elementary language arts
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and mathematics). The latter requirement was changed partway through the curriculum
development process to a grade level-based program that included “clear leaming
expectations and standards” (Alberta Education, 1994b).

Working drafts of the revised science curriculum were circulated widely to school
districts and schools with the request that the draft be reviewed and comments on the
draft proposal be sent to the program manager. Numerous drafts were circulated and
extensive revisions were made to reflect the comments received. As well, lobbying by at
least one interest group led to the addition of a new topic of study, rocks and minerals.

The final draft of the revised elementary science program of studies was sent to
schools in the spring of 1995. This program was slightly modified and authorized for
mandatory implementation in the 1996-1997 school year.

Program Overview

In the Overview to the Elementary Science Program of Studies (Alberta
Education, 1996b) are listed statements of

- program assumptions -- “Young children are natural inquirers and

problem solvers” (p. A.1),

- educational theory -- “Children’s initial concepts of the world influence what

they observe and how they interpret the events they experience” (p. A.1), and

- curriculum directives -- “Learning about science provides a framework for

students to understand and interpret the world around them” (p. A.1)
It is the last set of statements, the curriculum directives, that I analyzed for an indication
of program intent, the scientific literacy (although this term is not used) teachers are
expected to develop.

The stated purpose of the program “is to encourage and stimulate children’s
learning by nurturing their sense of wonderment, by developing skill and confidence in
investigating their surroundings and by building a foundation of experience and
understanding upon which later learning can be based” (Alberta Education, 1996b, p.
A.l).

The first reason given for learning science is one of attitude. Science in the

elementary years should:
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- “nurture their sense of wonderment” (p. A.1),

- develop student confidence in their ability to investigate,

- “nurture and extend [student] curiosity” (p. A.1), and

- encourage students to take initiative, be persistent, and become self-reliant.

Similar attitude goals are frequently listed in science curriculum documents; for
example, Millar and Osborne (1998) propose a science education that *“‘sustains and
develops the curiosity of young people about the natural world around them...[and] seeks
to foster a sense of wonder, enthusiasm and interest in science” (p. 12). According to the
Common Framework of Science Learning Outcomes (CMEC, 1997), science education
should “encourage students at all grade levels to develop a critical sense of wonder and
curiosity about scientific and technological endeavours” (p. 5). And the National Science
Education Standards (NRC, 1996), states that science education should *“offer personal
fulfillment and excitement” (p. 11).

Second, in learning science, children should be “developing skill and confidence
in investigating their surrouadings.” A reference to skill development was identified in
over half of the statements in the program Overview related to curricular intent. Some of
these statements explain which skills the curriculum developers considered important.

- “The skills of science inquiry include asking questions, proposing ideas,

observing, experimenting, and interpreting the evidence that is
gathered” (p. A.3)

- “Skills of problem-solving include identifying what is needed, proposing

ways of solving the problem, trying out ideas and evaluating how things
work” (p. A.3).

Other statements indicate why it was considered important for students to “‘extend
and sharpen their investigative skills” (p. A.1). Here the emphasis is on
- students developing “the skills of learning how to learn,”
- students continuing “to question, explore and investigate with increasing
levels of insight and skill,” and
- students asking relevant questions, seeking answers, defining problems
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and finding solutions.

There is a definite sense that students should be actively engaged in “‘open-ended
activities” to develop “the ability to make decisions, to plan and to evaluate their own
progress — skills that apply throughout life” (p. A.2).

The last phrase in the statement of purpose indicates that elementary science is to
build “a foundation of experience and understanding upon which later learning can be
based.” This adds the knowledge component, with an emphasis here on the provision of
a Solid Foundation (Roberts, 1982, 1998) of knowledge for future science learning.

The Rationale statement continues:

Elementary and secondary science programs help prepare students for life in a
rapidly changing world — a world of expanding knowledge and technology in
which new challenges and opportunities continually arise. Tomorrow’s citizens
will live in a changing environment in which increasingly complex questions and
issues will need to be addressed. The decisions and actions of future citizens
need to be based on an awareness and understanding of their world and on the
ability to ask relevant questions, seek answers, define problems and find
solutions (p. A.1).

Here we are given more indication why students should be developing scientific
knowledge, the stress in this example being on Everyday Coping/Practical Applications.
Additional Overview statements suggesting an Everyday Coping/Practical Applications
empbhasis include ones indicating that the science program is to help students

- understand and interpret the world around them,
- investigate their surroundings, and

- prepare for life in a rapidly changing world. (p. A.1)

As well, the reference to complex questions and issues suggests a Science,
Technology and Decision rationale for teaching science knowledge and decision-making
skills. This, again, is a goal for science education to be found in most current literature
focussed on preparing science programs with meaning for the general populace.

However, the majority of the statements emphasizing knowledge are vague as to
intent. These statements indicate that students will:

- “add to their knowledge”

- “modify their ideas and ways of viewing the world”

- “refine and consolidate their learning” (p. A.2)
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In summary, I judged over half of the statements in the Overview to indicate a
curriculum intent of skill development. A quarter more focussed on knowledge
development. The remaining statements referred to attitudinal development during the
study of science. Taken together, the statements indicate an evident emphasis on a hands-
on, investigative approach to science: students are to be involved in investigating and
exploring the world around them. The context in which this is to be accomplished, the

mandated leamner expectations, is the subject of the following section.

Learner Expectations

Each of the thirty topics of study outlined in the Program of Studies (five at each
grade level) is introduced by a paragraph giving an overview of what students are to learn
and do, the knowledge to be developed and the actions students should engage in while
studying a particular science or problem-solving through technology topic, followed by
General Leamer Expectations, one or two sentences describing, in general, what students
will do. Specific Learner Expectations (SLEs) are then listed, a set of between four and
fourteen statements specifying the content knowledge to be developed and the actions to
be taken by students. In combination, these statements outline the standards students are
meant to achieve. (A set of learner expectations for topics at grade four is found in
Appendix F.)

For each grade level, too, descriptions of the Inquiry Skills or Problem solving
through Technology Skills, and the Attitudes students are to develop while engaged in
their science studies are listed. (The Skills and Attitudes expectations for grade four are
also listed in Appendix F.) As explained in the Program of Studies, students are expected
to develop these skills and attitudes while they are engaged in developing an
understanding of the designated concepts (SLEs).

As teachers report (personal observation) that their teaching is guided, in
particular, by the SLEs listed under Understandings it was these statements I analyzed
for curriculum intent. I also referred back to the introductory paragraph and General
Learner Expectations for confirmation, disconfirmation, or extension of the curriculum
messages I was detecting. I randomly selected three topics from grade two, three from
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grade four, and three from grade six to analyze for indications of the scientific learning to
be developed through the study of these topics.

My analysis indicates that in grade two, science is to be taught predominantly to
help students better understand the world around them (an Everyday Coping/Practical
Applications emphasis), followed by learning science concepts (a Correct Explanations
emphasis), with learning science process skills a third goal. In grade four, the Waste and
Our World topic emphasizes a Science, Technology, and Decisions issue with a
concurrent emphasis on student understanding of their world, an Everyday
Coping/Practical Applications focus. In the other two selected topics the stress is on
content knowledge, with nearly three quarters of the SLEs having a Correct Explanations
intent. In the selected grade six topics, 60% of what students are expected to learn has a
Correct Explanations knowledge emphasis. The remaining 40% of the statements were
fairly evenly divided between a focus on skill development, both simple (construct...)
and more complex (problem-solving skills), and on knowledge for Everyday
Coping/Practical Applications.

I was struck by the limited opportunities students are given for developing skills
through engagement in scientific inquiry (NRC, 1996). Investigating “with guidance”
appears to be the norm for science in these years. Statements in the Program of Studies
indicate that students are to explore, compare, predict, and evaluate, but when the results
of those activities are predetermined and stated as learner expectations (e.g., “by testing
..., Students will learn that...), students are afforded little room for inquiry. Yet it is the
more open-ended investigations that enable students to “extend and sharpen their
investigative skills” and to “continue to question, explore and investigate with increasing
levels of insight and skill” (p. A.1), intents communicated in the program overview,

The extent to which students are engaged in relatively open-ended activities will
also affect the attitudes they develop. That is, if students are given a considerable
amount of guidance, there may be little chance or need for them to demonstrate such
attitudes as curiosity, confidence in their ability to explore, inventiveness, and
perseverance. As well, the amount of guidance students receive may have a considerable
effect on the attitudes about science, doing science, and applying science that they

develop.
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From this analysis of statements in the Elementary Science Program of Studies
(Alberta Education, 1996b) providing indications of curriculum intent, I conclude that
although the development of complex investigative skills appears to be the most
important curriculum emphasis in the Program Overview, this is not the case in the
Learner Expectations section of the document. In the nine randomly-selected topics I
analyzed, a Correct Explanations emphasis dominated (although not in every topic),
leaving the impression that the predominant intent of the Alberta elementary science
curriculum policy is development of knowledge of a body of science information, of

Correct Explanations.

The Elementary Science Program of Studies (Alberta Education, 1996b) is,
however, but one of the documents guiding the teaching of science and the development
of scientific literacy. Another set, to which I now turn, are the testing materials prepared
under provincial guidance for assessing “what students know and can do in relation to

provincial standards” (Alberta Education, 1998b) in elementary science.

Provincially-prepared Assessment Materials
Questions from the Classroom Assessment Materials Project (CAMP) and the
Achievement Testing Program were analyzed to gather further data to answer the
question, “Why teach science?”; that is, to try to discem the intents of the curriculum
developers as regards the scientific learning to be developed in Alberta’s elementary

science classes — intents which may have influenced the teaching of science.

Writing Provincial Assessment Materials
“The Classroom Assessment Materials Project (CAMP) was launched in 1994 in

response to Alberta Education’s goal of establishing and effectively communicating clear
learning outcomes and high standards for each area of learning” (Alberta Education,
1997, p. i). This was also the year the provincial government introduced a plan to
restructure the Department of Education and to *“establish a more accountable education
system” (Alberta Education, 1994, p. 10), a plan to be effected partially through

increased provincial testing.
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Tests were prepared for the core subjects for all grade levels not involved in the
mandated provincial achievement tests (i.e., for all but grades 3, 6, 9, and 12). For
elementary science, the CAMP materials contain two tests. The hour long end-of-year
exam is comprised mainly of multiple-choice questions as well as several short answer
questions. For each grade, there are also four performance tasks that require students to
work with materials and write about their observations and conclusions. Each task is
scored for problem solving and for communication

Provincial policy outlined in Alberta Education’s three-year business plan at the
time of the release of the elementary science curriculum stated that there should be
“increased testing” to “ensure that students, teachers, parents and other Albertans know
and understand what our young people have achieved and what they still need to learn”
(Alberta Education, 1995, p. 3). For elementary school science this mandate for
increased testing resulted in the development of science achievement tests that are written
every year by all grade six students (with the exception of those students excused by the
superintendent of his or her school district). “The purpose of the Achievement Testing

Program is to determine if students are learning what they are expected to learn, report to
Albertans how well students have achieved provincial standards at given points in their
schooling, [and] assist schools, jurisdictions, and the province in monitoring and
improving student learning” (Alberta Education, 1998a, p. 2).

A pamphlet on achievement tests further indicates, “Developers take into
consideration those important learnings that can be assessed through a paper and pencil
test, and within a given time frame” (Alberta Education, 1998b, non-paginated). Test
developers are also provided a blueprint to guide the design of test questions. This
blueprint indicates that 60% of the test items should emphasize the skills component of
the program, “the application of knowledge,” and 40% knowledge, “the fundamental
understanding of concepts and processes of science” (Alberta Education, 1998b, p. 43).

In the following pages I will discuss the curriculum intents I discerned in an
analysis of questions on these provincial tests, both CAMP exams and a provincial

achievement test.
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Classroom Assessment Materials Project (CAMP)

Questions assessing “students’ achievement of the leaming outcomes specified in
the Program of Studies” (Alberta Education, 1997a, p. i) for the grade two and grade four
randomly-selected topics were analyzed to ascertain the message about curriculum intent
suggested by the test questions. The categorization of each question on the end-of-grade
exam was based on the answer to the question, “What learning outcome -- knowledge,
skill or attitude -- would students need to have developed to successfully answer this
question?” In addition, I asked “What category of knowledge (for Everyday
Coping/Practical Applications, Correct Explanations, or Science, Technology and
Decisions) is implied in the wording of the question?”

For grade two, I judged 90% of the questions to be knowledge-based with over
half of these asking for responses exhibiting Everyday Coping/Practical Applications
knowledge. Over three-quarters of the grade four CAMP questions focussed on
knowledge, with over half of those testing for Correct Explanations.

For the performance tests, I judged the grade two problem solving tasks to
emphasize, on the whole, complex skill development, albeit guided, in that students are
allowed in two of the three tasks to work with materials, carrying out and drawing
conclusions from predominantly self-designed investigations. For grade four, the
performance tasks required students to observe and compare, design an experiment, and,
in one of the tasks, carry out a test and come to a conclusion about the best product for a
specified use. There was also a knowledge component at grade four. As in grade two,
the communication score appeared to be based on precise writing — clear and detailed
descriptions and explanations indicating an ability to communicate knowledge and
actions.

When totalling the performance tasks and the end of year exam scores, it appears
that slightly more than half of the total grade two CAMP score is based on skill
assessment. The remaining score comes from knowledge assessment, both for Everyday
Coping/Practical Applications and Correct Explanations. For grade four, the CAMP test
slightly decreases the emphasis on investigative skills and increases emphasis on Correct

Explanations.
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