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Abstract:

What is unique about secondary science teachers’ knowledge? The purpose of our current
study is to understand specificities of secondary science teacher knowledge. We argue
that to discuss effectiveness of secondary science teaching, science teacher knowledge
should be treated in a domain-specific manner: although there are relationships in the
teaching and learning of biology, chemistry, or physics, structural elements in teacher
education or certification programs need to take into account that teacher effectiveness is
domain specific—a teacher with a physics background, for example, may not be effective
in teaching biology. Therefore, it is important to investigate what kind of opportunities
are in place to assist science educators in teaching science subjects that are outside their
content preparations. In this article, we also examine a two-year post-college teacher
education program, and its methods of preparing secondary science teachers. Using our
case study findings, we discuss the design of a more systematic study in hopes of
understanding the structural elements of both teacher education and alternative

certification programs that impact on science teachers’ teaching effectiveness.
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Introduction

The Organisation for Economic Co-operation and Development (OECD) released a
report in 2002 which analysed data collected from 25 to 28 countries (the number varies
depending on the analysis). One relevant finding, which informs this essay, is a concern
over the quality of teacher supply across the participating countries. Descriptions of the
phenomena found in four reports by Preston [1], Canadian Teachers’ Federation [2],
France National Board of Education [3], and the Education Commission of the National

Commission for Education Statistics [4] are presented here as an illustration:

For example, in Australia, it has been estimated that the number of graduates
qualifying as secondary teachers will meet only 70% of projected new demand by
2005. In Canada, one in four teaching graduates do not become teachers, and an
estimated 25-30% of those who start teaching leave within five years. In Finland, it
has been increasingly difficult to meet target enrolments in certain subject areas in
teacher education programmes: in 1999 the shortfalls were 35% in mathematics and
chemistry, 50% in computer science and 65% in physics. The United States
Department of Education estimates that 2.5 million additional teachers will be needed
over the next decade, which is 200,000 more than at the present production rate of

new teachers. [5]

The OECD report conveys that teacher shortage is a worldwide issue. When the
demand is greater than supply, a concern over quality also arises. Such concerns over the
quantity and quality of teacher supply have brought tremendous attention to teacher
education. One proposed solution is to increase the number of institutions that can
prepare teachers. However, the traditional teacher education route, which takes 2 to 5
years for an individual for completion, may not satisfy the immediate high need of the
field, as in the example of the United States. Therefore, to meet the demand, the next
logical proposal is to establish alternative routes of preparation so that the time taken to
prepare or to certify a teacher can be reduced. But, can quality teachers be prepared
efficiently via alternative routes? What will such alternative routes look like?

These are not new questions. Hawley observed that there are practical and
philosophical rationales for alternative training routes [6]. According to Hawley, the
immediate high demand is a practical reason for alternative route. Whereas, the
dichotomous debate over whether teaching is an art or a craft would be considered a
philosophical rationale. It is beyond the scope of this essay to engage in the philosophical

debate, and Hawley and other researchers have discussed the issue eloquently. However,
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exploring the specificity of teacher knowledge required to teach secondary science, the
objective of this essay, is a direct challenge to the claim that teaching is a craft. To teach
secondary sciences, I argue that the pre-requisites are more than subject matter
knowledge and care for students.

To return to our questions: what should alternative training routes look like so that
both concerns of quantity and quality can be addressed? Hawley (1990), Zeichner and
Schulte (2001) [7] and various researchers of alternative programs have attempted to
describe what individual program has designed or defined. It appeared that program
designs are more or less a reaction to market demand rather than a thoughtful product.
This observation is supported by the careful analyses of the effectiveness of existing
alternative certification programs [6]; [8]. Thus, the question remains open: what will an
effective alternative route look like?

After examining previous studies of alternative certification programs, Hawley
concluded with three suggestions to improve alternative certification programs: (a)
increase the amount and quality of mentoring; (b) provide teacher candidates more
opportunities to witness, practice, and reflect on proven teaching strategies, and (c)
provide more instruction of teaching-specific skills. Have alternative certification
programs improved since Hawley’s study? More than ten years after Hawley’s study,
Zeichner and Schulte examined peer-reviewed studies on the effectiveness of alternative
certification programs. The methodological criticisms Hawley found in his research still
existed a decade later.

One critical suggestion that Zeichner and Schulte provide is the importance to take
into account teachers’ subject specialties when attempting to describe their characteristics
of teaching and career pattern [7]. They further suggest that it would be useful to focus on
gaining a better understanding of the components of good teacher education. These two
suggestions lead to the main focus of this essay.

The objective of our current study is to understand what the research community has
reported on secondary science teacher knowledge, and how does what is learned from the
current research translate into secondary science teacher education? The current

understanding of the specific knowledge science teachers are expected to have in order to
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become proficient in science teaching is sparse. What is unique about secondary science
teacher knowledge'?

Since the second half of 1980s, scholars and policy makers have asked: what
knowledge do teachers require to be effective in their profession? In the U.S., building on
the Knowledge Base for the Beginning Teacher [9], Teacher Educators’ Handbook [10],
professional standards documents, and handbooks for teacher educators, Darling-
Hammond and Bransford [11],writes about what teachers should learn and be able to do
in a changing world. In their book, careful reviews are presented in the areas of theories
of learning and their roles in teaching, knowledge and skills of students, knowledge of
educational goals and visions, knowledge of subject matter, knowledge of assessment,
and classroom management. Their work sparks a question for our research: To what
extent can we apply their recommendations to the design of science teacher education?

The study of teacher knowledge in the past two decades has been predominately
influenced by Shulman’s seven domains of teacher knowledge: content knowledge,
general pedagogical knowledge, curricular knowledge, knowledge of learners, knowledge
of educational contexts, knowledge of the philosophical and historical aims of education,
and pedagogical content knowledge [12]. Therefore, it is not surprising to see some
similarities between Shulman’s domains and the areas Darling-Hammond et al. have
described. When reviewing journal articles addressing teacher knowledge, it is not
difficult to find similar categories to the aforementioned domains. With consistency in
terms of areas of teacher knowledge studied over the past twenty years, can we now
claim that there is a confirmed set of teacher knowledge categories with which to study
teacher effectiveness (assuming that variances in students’ performance can be largely
explained by teacher knowledge)?

Four general principles provided by Campbell et al. [13] caution teacher educators to
take the following areas into consideration when studying teacher effectiveness:

¥ That teachers may be more effective with some students than with others,

¥ That teachers may be more effective within some teaching and organizational

contexts than others,

! Before engaging in this inquiry, one clarification is necessary; the word ‘knowledge’ being used here is
the same as Shulman’s (1987) domains of knowledge, which encompass what we currently describe as
knowledge, skills, and professional commitments or attitudes (KSAs).
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¥ That teachers may be more effective with some subjects or components than with

others, and

¥ That teaching effectiveness assumes particular values about learning and

relationships.

Today, one critical insight in the study of teachers is that teaching effectiveness is a
domain-specific matter [14]. This is congruent with Campbell et al’s four principles, and
the suggestion Zeichner and Schulte provide that it is important to take into account the
subject specialties of teachers when attempting to describe their teaching characteristics
and career pattern. This realization also implies that teacher preparation and certification
programs need to be domain-sensitive. One such implication is to understand how a
teacher with physics background can be effective in teaching biology. Guidelines for
constructing teacher education programs and the criteria of certification should reflect our
understanding of contextual factors that interplay with the effectiveness of teaching, as
well as the subject specificities teachers will face in their future profession. In our
analyses of the data collected in the 1995 Third International Mathematics and Science
Study (TIMSS-1995), we found that the study of biology teaching and learning is
different from the study of physics teaching and learning; although there are significant
correlations between the teaching and learning of sciences, science teaching and learning
is not uniform within all areas of science—such as biology, chemistry, earth science,
environmental science, or physics [15]. Our findings give empirical evidence to support
Shulman’s [14] and Campbell et al’s conclusions: teacher effectiveness is domain-
specific.

Across international science education communities, descriptions of proficiency in
science teaching have not yet been compiled, partially as a result of the difficulty in
defining proficiency, and partially as a reflection of how complex science teaching is as a
research field. One result of these missing proficiency descriptions is that there is a great
variance between science teacher preparation programs. This great variance also leads to
difficulty in understanding how national systems can be organized to support meaningful
science teaching. There is a need to compile descriptions of student teachers’ experiences
in their secondary science teacher education programs, so that the similarities and

differences between teacher preparation programs can be described. Then, researchers
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can begin to identify what structural elements are effective under what conditions in
assisting future science teachers become effective teachers.

Although the scope of this research is limited to issues relevant to science teacher
knowledge, we acknowledge and agree with other researchers who assert that to be a
successful or effective teaching professional, studying only content knowledge and
pedagogical content knowledge is insufficient. However, published research generic to
teacher education and certification, with little reference to subject matter issues is
abundant. Therefore, focusing the investigation on subject-specific issues, namely
secondary sciences knowledge, is necessary.

This article is divided into three sections; the first reviews past science education
research addressing contextual factors contributing to science teacher knowledge
acquisition. Instead of treating all sciences as one entity, the discussion is organized to
reflect findings in science teacher studies and studies addressing physics teachers
specifically. According to our search criteria, research focused on other areas of science
such as biology, chemistry, and earth science is lacking, hence our focus on physics.

The second section contains the findings of the first year Survey of Teacher Science
Opportunity (STSO) study, which includes (i) structural essentials of the teacher
preparation institution, (ii) the university-level science backgrounds of prospective
secondary science teachers enrolled into the post-degree teacher preparation institution,
and (ii1) classroom case studies of how prospective science teachers teach sciences that
are outside their formal subject education.

The third section is concerned with:

¥ How would an alternative certification program for science teachers recognize

and address the complexity of teacher knowledge?

¥ How might we initiate a cross-national framework to understand secondary

science teachers’ knowledge, so that it contributes to the conceptual framework of

constructing alternative certification programs for science teachers?
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Section One: Review of Science Teacher Knowledge Studies

Little research has been published addressing the backgrounds of science teachers
prior to entry into teacher preparation programs. In fact, Shulman identified this an area
in need of further investigation in 1993. Why is it important to know prospective science
teacher’s educational backgrounds? Is there empirical evidence to prove that there is a
correlation between background knowledge in science and how well teachers
subsequently teach?

We found that there are two commonly cited quantitative studies addressing these
questions, one was done by Goldhaber and Brewer [16], in which the National Education
Longitudinal Study of 1988 (NELS:88) data was used to understand whether a teacher’s
demographic, academic and professional background, plus the type of certification held is
related to student test score gains. The second study is reported by Monk [17] using the
Longitudinal Study of American Youth (LSAY) data.

Goldhaber and Brewer report “...in science there is no impact of teachers having
subject-specific degrees” (p.138). This finding has been widely cited in many policy
papers and literature such as Grossman and Schoenfeld [18], Floden and Meniketti [19],
and others. However, we have serious concerns with this study.

As we worked on TIMSS-1995 curriculum and achievement data, we found that it is
not sensible to treat science as one entity if one wishes to determine which curriculum
characteristics contribute to students’ learning gains: whether or not a topic is covered in
curriculum guides or science textbooks, whether a teacher taught the topic, or how much
time was spent to teach it. Our analyses led us to conclude that it is especially important
to determine the relationships between curriculum characteristics and student
achievement at the topic level, or at least at the level of big concepts of life science,
physical science, environmental science [15]. Our ability to differentiate the impact of
curriculum characteristics, including teacher impact, on students’ science learning is low
when we aggregate all disciplinary science achievement gains to just science learning
gain. This aggregation of disciplines was done in both Monk (1994) and Goldhaber and

Brewer (2000). This is one explanation why neither study found the impact of teacher



variables, such as subject matter background of teachers, on students’ science learning
gains.

Furthermore, in Goldhaber and Brewer’s study, information showed in their Table 1
and Table 2 reveals that, at best, for each teacher there were two students in the sample
for each group of non-standard certification in subject (i.e., probationary certification in
subject, emergency certification in subject, private school certification, and no
certification in subject). From grade 10 to grade 12, students in the United States may
have taken biology, chemistry, and sometimes physics. Looking at the limited sample, it
is difficult to identify any significant effect a biology teacher had on two students’
learning in either chemistry or physics over a two-year period.

Two additional studies that are around the understanding of science subject matter
and teacher effectiveness. One is done by Denton and Lacina [20] and another one is
done by Druva and Anderson [21].

In Denton and Lacina’s study, the researchers applied survey and comparative study
methods and found that across 55 education majors and 27 prospective teachers seeking
certification with majors other than education, there was no significant difference in the
rating of their planning effectiveness or little difference in instructional competency.
Denton and Lacina’s study is of little use to our study since we hesitate to infer planning
to teach or the rating of an observer’s evaluation of instructional competency using a
survey we don’t know the details of should be used to infer science teaching
effectiveness.

In 1983, Druva and Anderson conducted a meta-analysis of 65 studies of American
K-12 science teachers. Variables in their study included demographic variables,
education, experience, knowledge, and personality variables. Student variables included a
variety of achievement, performance, and attitude measures. Druva and Anderson found
that student achievement was positively related to the number of biology courses taken
for biology teachers. The more science training the teachers had led to increased
cognitive outcomes in students as the level of science course increased. This finding is
particularly important for our study as it concerns teaching of physics that we will discuss

shortly.
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Monk (1994) found that university-level mathematics courses taken by secondary
science teachers impacted their teaching of physical sciences. Furthermore, “having a
science major is positively related to pupil performance for juniors, even when controls
were included for content course-taking by teachers. This result suggests that the
coherence of a major contributes to pupil performance above and beyond simply
accumulating courses in a given subject area” (p.137).

Monk’s research was done using LSAY 1987 data. Except the limited findings in
Monk’s (1994) and Druva and Anderson’s (1983) studies, there is no newer empirical
evidence to support the notion that a major in one science discipline or a minimal of
number of science courses taken in teacher education contributes to teacher’s confidence
and competence in teaching science. There is a need for further research to determine
whether Monk’s, Druva’s and Anderson’s findings still hold true today, and how much
improvement we have made after years of educational reform. We currently have a
serious problem of teacher supply and a persistent problem of out-of-field teachers.
Ninety-three percent of middle school students in U.S. public schools surveyed during
1999-2000 had teachers who had neither a physical science major nor certification in
physical sciences; 67% of senior high school students are taught by physics teachers who
do not have a major or certification in physics [22]. It should be noted that, we are not
arguing that someone who has a major or is certified to teach physics is guaranteed to be
a competent physics teacher.

Around 1900, Stanley Hall, a notable figure in the American Psychological
Association, claimed that the trouble with physics is simply that it has failed to take
account of the nature, needs, and interests of high school boys and girls [23]. Today, the
pattern is very similar in both North America and the United Kingdom, and mainland
Europe. McDermott attributed the lack of interest in high school students to teachers
lacking physics preparation, which he left would enable them to teach with confidence
and enthusiasm [24]. If teachers lack the enthusiasm and motivation for a subject, then
ultimately students will lose interest in studying it. Klepper and Barufald saw lack of
confidence and low self-esteem as barriers to effective teaching practice [25]. Shallcross,

Spink et al. observed the fact that student science teachers who had not studied science
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since matriculation lacked confidence in their ability to teach the subject, thus impacting
their abilities within the class context [26].

One major concern is student teachers’ lack of in-depth knowledge of physics and,
therefore, a lack of understanding of the pedagogy concerned with the teaching of
physics. Furthermore, as Druva and Anderson found, a teachers’ training in science has a
direct impact on cognitive student outcome as the level of science course increases. This
implies that if teachers have had good training in science, their students would gain
higher cognitive ability in more advanced science courses. But, what is ‘good training in
science?’ This question is what drives our study.

Returning to the findings of Druva and Anderson, in the United States, physics is
typically considered to be a high level science course, meaning that students normally
take during grade eleven or grade twelve. Teachers of high school physics expect
students have sufficient mathematics knowledge and skills by that point. Physics course
in U.S. high schools is considered a more advanced science course, considering when it is
taught and comparing it with the content of physical science in middle school. Druva and
Anderson’s finding implies that if a science teacher does not have formal university-level
training in physics, we are less likely to see increases in student cognitive learning
outcomes at this level. These students may also have little opportunity to understand
physics conceptually due to their teacher’s limited physics knowledge.

Despite the difference between science teaching and mathematics teaching, Ma’s
study of mathematics teaching can be applied to our discussion of science teaching [27].
She asserts that a teacher’s subject matter knowledge may not automatically produce
promising teaching methods or new teaching conceptions. Without solid support from a
subject matter knowledge base, promising methods or new teaching conceptions cannot
be successfully realized. In the United States and other countries, it has been reported that
very few students take physics in high school — including those who go on to become
science teachers. It is therefore possible that a high school physics teacher may not have a
course that deals with physics since middle school. This may explain why these teachers
fail to give their students a interesting and cognitively challenging physics course.

In an ideal situation, recognizing the important role subject matter has on teachers’

confidence in teaching, prospective science teachers would be asked to take physics
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course(s) to fulfill their education degree requirements. However, McDermott, in his
reflection of teaching physics to pre-service teachers [24], described how ineffective
having teachers take the same physics courses as all other Engineering or science majors
students has been: “...traditional physics courses generally do not provide the type of
preparation high school teachers should have” (p.736). How should courses in teacher
preparation programs be organized to address the subject matter issues?

McDermott [24], like Clifford [23] and Windschitl [28], identifies and highlights the
need for a specific type of teacher preparation in the field of science. McDermott also
cautions that in-depth subject knowledge does not necessarily make a better science
teacher. Like McDermott, Koiraia and Bowman [29] assert that if university-level science
courses taught by science departments have not been found to be helpful to high school
science teachers, a different approach is required. But, unlike Koiraia and Bowman who
view subject integration as the way forward, McDermott sees the preparation for subject-
specific teaching as being more akin to the pedagogical content knowledge of Shulman
[12], which is essential in generating prepared, efficient physics teachers.

Secondary science teacher preparation programs need to incorporate content
knowledge, pedagogy knowledge, and pedagogical content knowledge into the design of
programs if improvement in practice and student learning is to be achieved. This view is
shared by findings in a primary science teacher study, secondary science teacher study,
and several biology and chemistry teacher studies [26]. In order for a teacher to become
truly effective, Shallcross et al. [26] identify the following categories of knowledge that
teacher preparation programs need to address:

¥ Content Knowledge,

Pedagogical Knowledge,
Pedagogical Content Knowledge — representation and analogies,

Knowledge of the broader curriculum and science’s place in it,

K K K K

Knowledge of educational contexts and classroom dynamics and management,
Knowledge of the epistemological roots of education.

The set of knowledge criteria identified by Shallcross et al. stresses the need for
integrating these knowledge areas in order for science teachers to feel empowered in their

teaching. This set is similar to Shulman’s domains of teacher knowledge.
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Previously, we have discussed the impact of science content knowledge on teaching.
In order to address Keller’s [30] accusation that teacher preparation is less than
appropriate both in terms of adequacy and challenge, it is necessary to examine not only
how to manage a classroom, but also how students learn, and how to teach to ensure
learning takes place [30]. This is a critical challenge of pedagogical knowledge [31], and
the preparation of secondary science teachers is not immune to this challenge. Lederman
and Gess-Newsom’s [32] study illustrates the implications of the design of secondary
science teacher preparation programs on content knowledge and pedagogical knowledge.

Lederman and Gess-Newsom devised a longitudinal investigation of secondary
science teacher preparation that focused on the following questions:

1. What is the nature/appearance of pre-service science teachers’ subject matter and

pedagogy structure?

2. What is/are the source(s) of these knowledge structures?

3. Are these knowledge structures stable during teacher preparation?

4. What is the relationship between these knowledge structures, and how do they

relate to the act of teaching? (p.206)

Lederman and Gess-Newsom then applied the above questions to two groups of
students; one group was composed of 12 secondary student science teachers, and the
study followed them throughout their subject-specific teacher education program. The
second group included 20 additional secondary science student teachers who were not
part of the longitudinal study. The student teachers in both groups were found to have a
subject matter structure which consisted of “listings of discrete topics/science courses
taken at the university” (p.207). After these student teachers had been given the chance to
plan and implement their science lessons in a classroom, the subject matter structures
were found to have changed into integrated and inter-related networks of topics. Changes
in pedagogical structure also occurred for the two groups. The pedagogical structures
shifted from being “ primary listings of the teacher-oriented components of instruction
with student-oriented components...” (p.207) to “...increasingly more complex; clearly
evident was a proliferating of student-focused components as well as additional teacher

roles and responsibilities...a general shift away from linear representations of
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pedagogical knowledge to more web-life frameworks, which placed the students and their
concerns at the center” (p.208).

The implications of Lederman and Gess-Newsom’s findings are two-fold. First, given
that the teachers claimed their subject matter structures were a result of college-level
content courses and then reinforced by the act of teaching, attention needed to be given as
to how college-level science courses are being organized. The authors further suggest that
if secondary science teachers are expected to teach science with a contextual emphasis,
making it more meaningful to the students they teach, their college science courses need
to be designed to model such an approach. Furthermore, the manner in which college
courses were taught to these secondary science teachers seemed to reinforce fragmented
subject matter structures. Thus, when redesigning college science courses, attention
should be given to enabling secondary science teachers to integrate content knowledge
with contextual variables (i.e. students’ preconceptions, relevancy of the concepts to
students, etc.). Since applying subject matter knowledge to teaching seems to assist the
teacher in integrating the knowledge, the content courses in college need to encourage
these teachers to apply their content knowledge to classroom setting.

The second implication of Lederman and Gess-Newsom’s findings was teacher
preparation programs’ pedagogical courses need to be designed with a mind to
integration and context as well. There is a need to provide a much more contextualized
experience with ample opportunities for secondary science teachers to reflect and receive
feedback on learning pedagogical knowledge in a more integrated fashion.

So far, many of the researchers cited in this article would agree with Buchmann [33],
Tobin and Garnett [34], and Cochran [35] claim that pedagogical knowledge as well as
content knowledge is essential to good science teaching and to student understanding. In
addition to content and pedagogy knowledge, sound pedagogical content knowledge in
teacher preparation is critical if students in schools are to achieve academic success [36,
37]. Cochran [35] suggests that pedagogical content knowledge should be seen as a
broader perspective with which to understand teaching and learning. Cochran also states
that pedagogical content knowledge is the synthesis of pedagogy knowledge and content

knowledge. It’s based on subject knowledge and what we know about teaching. A much
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more aggressive but somewhat accurate claim is that pedagogical content knowledge is
the form of knowledge that makes science teachers teachers rather than scientists.

Before continuing on with the discussion around pedagogical content knowledge, one
phenomenon needs to be mentioned here. There is an increasing impatience or
dissatisfaction with teacher education programs in terms of how teachers are prepared, or
the rate at which they are prepared. The National Commission on Mathematics and
Science Teaching for the 21* Century (2000) and the National Commission on Teaching
and America’s Future (1996) looked at another perhaps more pressing issue which lies in
the area of recruitment and retention of science teachers. Apart from highlighting this as
an area of growing concern, they also offered suggestions for moving forward, which
included changes to teacher preparation programs. One such change has led to closer
collaboration between schools and teacher preparation program providers. This may be
interpreted as a marrying of content knowledge and pedagogy knowledge through a
relevant, challenging, and supportive real life contexts where subject expertise as well as
pedagogical support is on hand on a daily basis through mentorship.

This aforementioned model to teacher preparation is disapproved by Brisard et al.
[38]. Brisard et al. argue that the model pays less attention to pedagogical content
knowledge and more to a practical school-based apprenticeship which is an atheoretical,
common sense activity; this model, Brisard et al. further criticize, negates the critical role
teacher education plays in “an elaborate dialogue between theoretical knowledge about
teaching and learning and practical experience” (p19). The model makes false
assumptions that are described by Darling-Hammond and Youngs [39] that are not
supported by scientific evidence.

However, Van Driel et al. [40], find that practicum experiences assist with the
integration of knowledge and pedagogical knowledge, resulting in the development of
pedagogical content knowledge. Classroom teaching was seen as having the strongest
impact on pre-service teachers’ pedagogical content knowledge development because of
the real life context where experimentation with teaching strategies could take place, and
where increasing awareness and cognizance of students learning styles and needs could
develop. Crucial to the development of pedagogical content knowledge is not only

practice in the real life context of the school, but also the support of a mentor to guide
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and develop the individual [40, 41], and having the opportunity to experience inquiry-
based methods in their own teacher preparation programs.

In the United States, since the release of professional science curriculum standards
such as the Benchmarks for Science Literacy prepared by the American Association for
the Advancement of Science in 1993 and the National Science Education Standards
prepared by the National Academy of Science in 1996, learning science through inquiry
has been presented as an approach that, if conducted appropriately, is an effective way to
learn. It is also an effective way to learn how to teach. The basic process of an inquiry-
based approach are: students are placed in a learning environment to examine what they
know; students articulate what they think about the phenomenon presented to them; they
predict what will happen based on information at hand; they then practice research and
critical analytic skills to test their thinking, and thus reflect on what has been learned.
Although teaching using inquiry-based methods is not a new approach, ever since the
How People Learn [42], document was released, science educators have attempted to
support inquiry-based approaches, which we shall discuss further shortly.

Most science educators will not argue that the scientific process is essentially a
process of inquiry. Inquiry-based science teaching has been advocated widely, and as a
result there is research available to assist science teachers in teaching with inquiry
approach. Luft et al. [43], when examining the needs of science teachers at the beginning
of their teaching careers, observed that those who received science-focused support were
more inclined to use inquiry-based learning than those in a general support program, or
those with no structured support program. The latter two groups tended to resort to a
more didactic style of teaching. Their examination of different induction programs
supports the view that those wishing to teach science need science based support [40, 41,
43, 44]. Teachers who participate in inquiry-based learning are likely, according to
Buxton [45], to have a deeper understanding of science and are more likely to employ
this inquiry methodology in their own classrooms.

Aiello-Nicosia and Serandeo-Mineo [46] stress the value of inquiry-based learning,
but point out the need for teachers to have a strong background and understanding of
their specific science discipline as well. In their work in Italy, they discovered that

college-level science courses and teacher preparation courses rarely overlapped and
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therefore, student teachers rarely got the opportunity to reconcile the two before entering
the classroom. Teachers need time in teacher preparation to learn how to learn, and this
can only be achieved through reflection and inquiry, according to Aiello-Nicosia and
Sperandeo-Mineo. Schlosser and Balzano’s [44] study supports Aillo-Nicosia’s and
Sperandeo-Mineo’s observations. They state that an inquiry-based learning methodology
should be the means by which teacher preparation programs help student teachers to
understand teaching and learning. Collaborative working environments and support are
necessary for educators as well as students, but it should be noted that educators need to
be prepared and ready to use inquiry methodology, or the impact on their classroom
practices may be negative [47].

Aiello-Nicosia and Serandeo-Mineo express dissatisfaction with current pedagogical
approaches where the teacher is seen as the dispenser of knowledge. We found that
current advocates of the ‘teaching for understanding” movement were largely aligned
with National Academy of Science’s publication, How People Learn [42]. This document
and the teaching for understanding movement recommends that student-centered,
knowledge-centered, assessment-centered, and community-centered educational
approaches be applied when designing teacher education programs [11]. Knowing what
we know about learners, the teacher education issue should be treated as a learning issue,
and therefore an inquiry-based model would support pre-service teachers in learning to
adopt an approach to teaching and learning which would ensure the active participation
of all learners. Moreover, in such a program, as many science educators have discussed,
putting science into a classroom context will make pedagogical content knowledge more
accessible to prospective science teachers. Furthermore, as Utely et al. [48] argue, it can
subsequently provide a model of teaching for understanding to the prospective secondary
science teachers.

With the above discussions of content knowledge, pedagogical knowledge
recommendations for teacher preparation programs and college sciences, and arguments
for learning sciences for understanding, it is then important to understand how all these
factors are enacted in teacher education programs. What will such a program look like? A
few points we learned from reviewing the literature on science teacher knowledge are

that science teacher education or certification programs need to:
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¥ Take into account the subject knowledge that science teachers have impacts on
students’ cognitive attainment especially as the level of science courses increase;

¥ Understand that it is crucial to differentiate the science teachers’ impacts on
student science learning needs at a disciplinary level (i.e. physics, chemistry,
biology, etc.), rather than just at an aggregated level called science;

¥ Address subject matter knowledge acquisition issues to ensure teachers’
confidence and enthusiasm;

¥ Design science content courses that are contextualized, where science teachers
apply science content knowledge to a classroom context;

¥ Allow inquiry-based pedagogical approaches be an integral part of science

teachers’ preparation.

Section Two: The Master of Teaching Program and Its Secondary Science Stream at

the University of Calgary

The BEd Master of Teaching Program (MT Program) offers a two-year program
leading to a Bachelor of Education degree, which is fully recognized as meeting the
requirements for certification in Alberta and other jurisdictions in Canada. The program
offers preparation in secondary education (junior high and senior high school in
Alberta—grades 7 to 12) in terms of the main school disciplinary areas, a generalist

preparation for elementary school teaching, and an early childhood stream.

The majority of teacher candidates are accepted into the program on the basis of a
completed 3- or 4-year bachelor’s degree. In addition, there are several 5-year joint
degree programs with other faculties at the University of Calgary (Canadian Studies,
General Mathematics, Physical Education, Developmental Art, Secondary School Drama,

Natural Sciences, and French).

The program promotes a view of the teacher as knowledgeable, thoughtful and,
deeply caring about the responsibilities of this vocation. It promotes the view that
becoming a teacher requires strong preparation in subject matter knowledge,

development of pedagogical skills, and acquiring the ability to make good judgments in
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practice. The philosophy of the program is that theory and practice are always
intertwined and interrelated and that one of the challenges of learning to teach is to
understand both the theory and practice of teaching as they are lived in classrooms and
schools. Therefore, the MT Program stresses ongoing and intensive integration of
university and field experiences. That integration is central to learning experiences in the
program, and for addressing knowledge, skills and attitudes such as those dealing with
understanding science curriculum and science teaching.

Learning experiences in the program emphasize inquiry into teaching practice and the
kinds of knowledge, experiences, and practices that are critical in learning to become a
teacher. Teaching requires certain skills and knowledge, but it is not simply defined or
experienced as the application of a set of skills or discrete disciplinary knowledge. The
practice of teaching is rather understood as a form of experience that is very complex,
dependent on context, laden with values and ethical intentions, and characterized by
actions that are often intuitively and tacitly enacted.

Understanding pedagogical knowledge, content knowledge, or pedagogical content
knowledge is a case in point. Secondary science students in the MT Program are required
to have a major in one of the sciences or at least meet a minimum ‘courses taken’
requirement. However, such subject matter knowledge is incomplete without an
understanding of how science is experienced by students, and how science can be
understood from contextually and pedagogically sensitive ways.

TheMT Program, in conceptud terms, is not organized as a series of courses, such as
Curriculum and Ingruction, Founddions Educationd Psychology, and so on, butrather
it is organized aroundthree key organizingideas aboutlearning to teach: Q_earna-
focused,0ANquiry-based,Oand GFiel d-oriented.O These key orientationsare taken up
through case tutorials, seminars, andfield placements. Each of these key orientationsare
briefly described in Figure 1.
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Figure 1.

The key orientations of the Master of Teaching Program at the University of Calgary

Inquiry-based

Field-oriented

Learner-focused

The program requires students to
be inquirers into learning,
teaching, and curriculum.
Learning, teaching, and
curriculum issues are presented
from real life "cases" or
"situations" in the form of paper
cases, simulations, or real
experiences — observed or
participated in. Resolving the
issues is not the end point,
learning from them is. Further,
case studies serve as a
springboard for learning about
issues with which students will
be faced in the classroom.

The program features
participatory, practical, and
structured learning and teaching
experiences in appropriate field-
sites. These experiences are
gradual and graduated to allow
learners to:

v' Discover the particularities of
learning and teaching in a
field-site;

v' Bring practice to theory and
theory to practice;

v’ Accelerate their development
from student to teacher; and

v' Accept responsibility for
teaching/learning
relationships.

Since the program centers on
inquiry-based and field-oriented
learning, the focus is always on
thelearner. Thereare
opportunities for learners to work
collaboratively and
independently. Learners engage
in independent studies,
collaborate across case inquiries
with peers, interact with mentors
inthefield, and develop areas of
disciplinary specialty under the
guidance of faculty. Ethical
relationships between and among
students, faculty and teachers
play an important rolein
facilitating and supporting
independent and group inquiry
into teaching and learning.

Additionally, learning experiences are integrated conceptually around a series of

interrelated and reiterative themes (see Figure 2). Students are organized in both

heterogeneous and homogeneous groups throughout the four semesters depending on the

purpose of the particular thematic unit under study.
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Figure 2.
Thematic units for Year 1 and Year 2 of the MT Program at the University of Calgary.

Year 1

Thematic Unit 1 (Semester 1) Thematic Unit 2 (Semester 1)
“Learners and Learning” “Teachers and Teaching”
The focus is on understanding the phenomenon of Focus on understanding the phenomenon of teaching in
learning in psychological, sociological, philosophical, terms of its purpose, its history, its practices, its theories,
and pedagogic frames. Understanding the self as a and its personal and ethical dimensions. Understanding
learner is also emphasized. of self as a teacher is also emphasized.

Thematic Unit 3 (Semester 2) Thematic Unit 4 (Semester 2)
“Curriculum Contexts” “Curriculum Studies”
(Secondary Science Seminar A) (Secondary Science Seminar B)

The focus of this unit is on understanding the political, The focus is on understanding curriculum development

social and cultural contexts in which curriculum is and teaching practices specific to early childhood,
enacted. Issues of science learning are addressed in elementary and secondary education. Students are
terms of diversity, understanding learning required to inquire into and understand curricular
(preconception of students), diagnostic and formative documents and programs of study. Students are engaged
assessments in day-to-day science classrooms, the role into discussions on the nature of science and history of
activity plays and the role textbooks play in science science. The understanding of the nature of science is
teaching, and informal science learning issues. Specific | provide a philosophical discussions around what science
issues related to curriculum are addressed in lectures and | curriculum is and should be.

curriculum inquiry seminars.

Year 2:

Thematic Unit 5 (Semester 3)
“Praxis”

Praxis frames teaching as reflective action and refers to teaching practices that are intentional, thoughtful and
situational. During this unit, students are engaged in their extensive school experience during which they form
collaborative working relationships with teachers who model inquiry and reflective planning, teaching and
assessment practices. Students are required to analyze cases based on their experiences in the field site and to reflect
during weekly university seminars on their experiences.

Thematic Unit 6 (Semester 4)
“Integration”

This unit attempts to integrate theoretical and practical understandings about teaching and learning gathered
throughout the previous three semesters. Emphasis is placed on the interplay of teaching and learning processes
with institutional contexts, professional ethics and the moral dimensions of professional education.
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Each thematic unit has a specific emphasis with a body of knowledge to be learned and
professional skills to be acquired. Thematic units serve to integrate and guide learning
experiences in campus contexts and in field contexts. Figure 3 presents an overview of

the MT Program in a chart format.

Figure 3.
The components and their relationships of MT Program at the University of Calgary.

BEd Master of Teaching Program at U of C is characterized as:

@ Inquiry-Based Field-Oriented

Grounded in Learning and Teaching Experiences

Specifically:

Campus-Based Experiences Field-Based Experiences

School-Based Placement/Practicum
Community-Workplace Experience
Field-Based Inquiry Seminar
Independent Studies

Integrated Lecture Series
Case-Based Tutorials
Professional Inquiry Seminar
Independent Studies

These experiences contextually located in Thematic Units of Study.

Leamers/ Teachers/ Curric;;l(tjsm Currlijc?gm Praxis Intearation
Leammsiﬂeste;riad“ng = Semester ZSt : Semester 3 Sa?ester 4
T T T T T

In the campus-based experiences as delineated in Figure 3, 15 to 25 student teachers
work with one instructor (the number varies depending on whether it is a tutorial session

or a seminar session). The student teachers are expected to use an inquiry-based approach
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to unpack issues embedded in cases, either paper or living cases generated from field-
based experiences. All student teachers have two-day field-based experiences in Semester
One. In the first semester, one student teacher is paired with one partner teacher in a real
classroom to observe the partner teacher teach. In semester two, all student teachers will
teach one or two classes, depending on their partner teacher and field instructor’s
practical judgment. Also in the second semester, all student teachers will teach every day
for one week in the schools. During the third semester, all student teachers will be
teaching four days a week and return to campus for field seminars, where they can
discuss practicum issues with their peers and the instructor. After Semester Three, student
teachers will have no further field experience. In Semester Four, most students will focus
on questions identified from their previous semester’s teaching through independent
research with an instructor’s assistance. Ethics Case Tutorial is a course where student
teachers meet with an instructor to reflect on ethical issues encountered while teaching.
Special Topics seminars also are offered in anticipated areas to allow student teachers to
strengthen their areas of inquiry.

As illustrated in the Figure 2, the secondary science student teachers begin their
curriculum seminars in the second semester. The current design of the secondary science
curriculum seminars started in 2004. The overarching themes are: (1) What is science?
(2) What is science learning? and (3) How can one effectively teach science knowing
what science and science learning are?

The secondary science curriculum seminars are case-based using collaborative
learning groups. The major topics of the cases do not follow each of the listed topics in
turn. Rather, each case covers a number of these major topics:

¥ Nature of Science,

¥ Knowledge of Curriculum,

¥ Knowledge, Skills and Attributes of Assessment,

¥ Science Education for All Students (Diversity),

¥ Learning in Science,

¥ Instructional Strategies in Science,

¥ Integration of Technology in Science Education,

¥ Informal Science Learning Issues,
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¥ Hands-on Science and Micro-scale Science Pedagogy,
¥ Instructional Materials/Programs in Science Education, and

¥ Professional Growth of Secondary Science Teachers.
A conceptual model (Figure 4) has been used to guide the design of the secondary

science education strand for the MT Program. This model is a modified version of the
conceptual model proposed by Enfield [49]. It employs three science teacher knowledge
categories (pedagogical knowledge, content knowledge, and pedagogical content
knowledge as described by Shuman in 1987), and guides the planning and thinking of the
Secondary Science Curriculum Seminars for the MT Program at the University of
Calgary.

Figure 4. Conceptual Model for Structuring Learning Cases of Seconda

Strands Students in the MT Program at the University of Calgary.

Science

Pe;;gog*i ca ‘/P;;(\ Con ten::\\\
\523wledge \\\\ Knowleqii//

The Learning Environment ' Nature of Science.
(Formal & Informal History of Science,
Science) ‘ Scientirfic Ways of
-1 =Student-centered ' Thinking and Knowing
~Knowledge-centered
-éssess@int;Cﬁzzﬁr:d . Subject Knowledge
ommunity-ce b Including the
sciences 1in the .
The Nature of Professional Teaching Programs of Study
Science Teaching Practices science for Secondary
*Nature of Planning through Sciences s
g *Understanding Inquiry
: Instructional Materials' ‘//, —_ Teaching Science
usage / T for Understanding | e
Teacher Ethics & / ‘K\ Learning Theories :
Responsibilities /] -
/o
/ | Science Education for
: Context of Science Teaching / | All
{4 -STS ) f ; (e.g.: Aboriginal Ed. <« -;
-Controversies / ' ESL, Gifted. Special
/ [ Needs. Urban, Rural.
/ | Gender Differences)
Nature of Curriculum -
2 Issues 7in Sciences
i » -Policy Decision Assessment, Evaluation,
: -Curriculum Ideologies Communication & Use of Results
-Stakeholders ~Questioning. Diagnostic ]
> ~External Testing & Examination —i "

Programs
~Authentic Assessment
~Instructional Evaluation
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Each year the MT Program admits 30 to 35 students to the Secondary Science Strand.
The admission criteria is based solely on the GPA of the last ten undergraduate courses
taken. Although discussions around this practice have been ongoing within the Faculty,
there is no immediate plan to change the admission criteria. One significant result of
solely basing the admission on GPA is that over the years, there are increasing numbers
of high academic achievers who have science majors applying to the MT Secondary
Science Strand. We obtained permission to study student science teacher’s transcripts in
order to understand their academic histories prior admission into the Secondary Science
Strand of the MT Program at U of C.

In a preliminary review of the data, we found that over the past seven years (1999-
2005), most students who were admitted to the Secondary Science Strand had a life
science major (84%); 7% of the students had a major in chemistry; 2% were physics
majors. The range of the total number of science courses taken was 17 to 32. We also
found that there is a statistically significant difference in the number of higher-level
science courses taken and the performance on those courses. These are preliminary
results, and there is more to be explored in the student transcript data.

Three secondary science students agreed to participate in my case study exploring
how structural variables in the design of secondary science teacher preparation programs
influence science teachers’ performance. All three student teachers had a major in
biological science, and one holds a master’s in biological science. All three had to teach a
science other than a biological science in Semester Three: one taught earth science
(Planet Earth) to grade 7 students, one taught chemistry (Mix & Flow of Matter) to grade
8 students, and one taught physics (Mechanical System) to grade 8 students.

Alberta’ middle school (grades 7, 8, 9) science programs are integrated. Each grade
level’s program of study contains 5 major units, encompassing several science disciplines
into one year of study. Table 1 shows the units of study a middle school science teacher is

expected to teach:
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Table 1.
Alberta’s Programs of Study for Students at Grade 7. 8, & 9.

Units of Grade 7 Grade 8 Grade 9
Study
A Interactions & Mix & Flow of Matter ~ Biological Diversity
Ecosystems
B Plants for Food and Cells & System Matter & Chemical
Fiber Change
C Heat & Temperature Light & Optical Environmental
System Chemistry
D Structures & Forces Mechanical Systems Electrical Principles &
Technologies
E Planet Earth Freshwater & Saltwater Space Exploration
System

Classroom observations were conducted during at least three consecutive
instructional periods per student teacher, and the instructional materials they used for
teaching were collected for content analysis. Each teacher was asked to reflect on their
process of preparation to teach ‘out-of-field” content. Each one was interviewed after
their classroom observation in order to understand (1) how they perceive their
disciplinary preparation as impacting their future science teaching, (2) where beginning
science teachers, like them, develop resources and knowledge to help them successfully
deliver an engaging and meaningful science curriculum, (3) what methods student
teachers may use to modify their learning to teach sciences that are outside their
discipline, (4) what type of preparation is required or demanded of beginning secondary
science teachers with respect to their backgrounds in sciences, (5) how beginning science
teachers prepare themselves to sufficiently and successfully execute a new teaching
assignment when the content is outside of their post-secondary training, and (6) is teacher
preparation adequate to enable the science teachers to use an inquiry style of learning for
their own students to prepare them to teach out-of-field content?

The preliminary data analysis showed that the MT Program appeared to successfully
help these three students learn how to learn, how to find information to assist them in
learning, how to examine information critically to evaluate how much they have learned,
and where they will go from where they are now in their learning. All three indicated that
they were nervous teaching out-of-field science, but from their experience in the MT

Program, they were able to identify what they needed to learn for each situation, and
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were quite efficient in planning their actions to face the challenge at hand. All three
student teachers’ lessons were characterized as inquiry-based lessons: open-ended,
divergent questions were applied consistently. Components of hands-on activities were
also found in all three student teachers’ lesson plans. When the hands-on activities were
executed, all three of them had instructional components that took students’
preconceptions into consideration. A variety of formative assessment strategies to
understand how much students learned in lessons were found in all three student
teachers’ lessons. However, tools to recognize discrepancies between what the activities
produced compared to what the students predicted before the activities as teachable
moments was not found in the student teachers’ lessons. Further analyses of the
classroom audio data may help to understand why they did not utilize these teachable
moments. One hypothesis we have is that the degree of familiarity of the subject matter
may play a role in this particular finding.

All three student teachers in this case study suggested that a continuation of science
curriculum seminar should continue in Semester Three as a replacement of the Field
seminar. In such a seminar, they could identify science curriculum issues encountered in
the four days of teaching each week, and seek support and direction from field instructors
and their fellow student science teachers. Moreover, in Semester Four, Special Topics
addressing pedagogical content knowledge in physical sciences would be helpful. After
teaching out-of-field content in Semester Three, two of the student science teachers
identified how much confidence they gained, but they wished to learn more to enhance

their knowledge base.

Section Three: Discussion

Preliminary findings of our case study of a post-degree teacher education program in
Calgary illuminate some issues in terms of how structural elements in teacher education
or certification programs relate to secondary science teacher effectiveness:

1. Specific structural elements need to be carefully understood in order for
researchers to interpret data collected from teachers. We gained tremendous advantage in

interpreting the data we collected from the MT student science teachers because of easy
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access to the institutional structural information. In March 2006, we sent an invitation out
to all Canadian institutions programs for preparing secondary science teachers. We
specifically requested student teachers’ transcript data. However, due to complications,
including issues around Freedom of Information and Protection of Privacy Act in each
province, there were very few institutions that could provide the transcript data. The
limited set of institutions may ultimately limit out power of generalization.

2. An inquiry-based teacher preparation program seems to effectively prepare
secondary science teachers with science majors in understanding that (i) science teachers
are not dispensers of knowledge, (ii) research skills acquired from case-based learning
ensures student science teachers’ confidence in finding useful information to teach out-
of-field content, and (iii) the desire to continue to learn unfamiliar science content grew
stronger after intense field experience.

3.0rganizing an inquiry-based field seminar during students’ semester-long
immersion of teaching is difficult. Using the model of one student teacher per classroom,
it is difficult to place 30 to 35 student science teachers in a manageable set of schools.
Thus, a field instructor must spread their time between a large number of schools,
reducing the time and attention given to each student teacher for observation. Interesting
teachable moments can be easily overlooked. Therefore, it is necessary for each student
science teacher to improve his or her own teaching practice relying on solely his or her
partner teacher.

4. Partner teachers having the power of evaluation for student science teacher poses
difficulties in certain situations. In particular, as we observed, the chance a partner
teacher understands the value of learning science through an inquiry-based approach is
slim. We often found that our student science teachers were conflicted between wanting
to practice inquiry-based approaches, and their partner teacher insisting otherwise. Those
student science teachers paired with partner teachers who insisted on lecture as the only
effective means in learning science, tended to be less confident in applying diagnostic
questioning, discrepant events, or laboratory in designing lesson units. Subsequent
teaching occurred in ways in which their partner teachers approved. Assessments tended
to be designed to understand how much students remembered from the lessons, rather

than how much students understood.
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5. This case study is limited in its small sample size. In our case study, those students
who chose to participate appeared to be quite confident and successful in their own
subject areas prior entering the MT Program. Over the past three years, I have
encountered student science teachers with majors that are not directly related to biology,
chemistry, or physics, or teachers who have very limited preparation in sciences they will
teach. This is a result of admitting students based solely on GPA. When examining their
transcripts, these students tend to take non-science courses such as the ‘History of Rock
and Roll’ to increase their GPA for admission. Most serious science students who take
advanced science courses in college may have lower GPA compared to these peers. The
under-preparedness in science content tends to create a barrier for these student science
teachers in understanding the value of inquiry-based pedagogical method. These students
tend to request lectures that will give them security in teaching science effectively. They
are uncomfortable in exploring inquiry-based pedagogical methods and are more easily
convinced by partner teachers who use textbooks as the center of planned instruction.

6. Although classroom observations done on these three student teachers were
focusing on their teaching out-of-field content, one interesting observation was done in
one student teacher’s biology lesson, on which the topic, as the student teacher reported,
was very familiar to her. The lesson was not inquiry oriented like her other lessons.
Rather it was quite teacher-centered and subject-based. Perhaps it was perceived as the
most efficient way for her to lecture and apply worksheet as her instructional method.
However, the fact that teaching out-of-field science topics she felt comfortable using
inquiry-based methods but rather traditional while teaching her own subject expertise led
us to include further investigation of the student teachers teach in both out-of filed and in
field settings. One possible haunch could be that this was a reflection of how she learned
the topic in her university biology courses. This needs to be further investigated. If indeed
this is an explanation to why the student teacher taught the way she taught, we argued
that one does need to re-examine college science courses if contextualized science
teaching (inquiry-based teaching) is what we believe science teachers should do.

In conclusion, the study we wish to conduct may result in a sample using a very
limited set of Canadian Institutions. Nevertheless, the case study done in University of

Calgary allows us to understand issues that need to be attended to if we do acquire a
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larger set of sample institutions. It is also interesting to us to determine if what we have
done so far can be applied to American teacher preparation or certification programs.
Questions for further considerations are:
¥ How would an alternative certification program for science teacher recognize and
address the complexity of teacher knowledge?
¥ How might we initiate a cross-national framework to understand secondary
science teacher’s knowledge, so that it contributes to the conceptual framework of

constructing an alternative certification program for science teachers?
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