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Developing Chemistry and
Mathematics Teacher Leaders
in Israel

Avi Hofstein & Ruhama Even
The Weizmann Institute of Science

The implementation of new standards in science and mathematics education
necessitates an intensive and comprehensive professional development of
science and mathematics teachers. Israel, which currently is in the process
of reforming school science and mathematics, constructed continuous
lifelong framework for such professional development. This framework
includes the development of science and mathematics teacher leaders.
This chapter presents a detailed description of two examples of such
leadership preparation in chemistry and mathematics teaching conducted at
the Department of Science Teaching in the Weizmann Institute of Science.
There are similarities in the structure of the two courses. However, the
content and activities were designed to attain the specific nature and goals of

9 each of these areas in general, and the aims and objectives of the curriculum
developers in particular.

New standards in science and mathematics education are being
advocated, standards which reflect the current vision of the content,
classroom environments, teaching methods and support necessary
to provide high quality science and mathematics education for all
students (National Council of Teachers of Mathematics, 1989, 1991;
National Research Council, 1996). The standards portray a direction
for further reform in science and mathematics education.

The 1960s and the 1970s were .the golden age of reform in
curriculum development in science and mathematics. In contrast, the
reform of the 1990s is characterized by both the development of new
curricula and attention to teacher learning and the professionalization
of science and mathematics teachers. This new focus is based on a
lesson learned from the previous intensive and comprehensive efforts
in curriculum development, where it became apparent that a good
curriculum is necessary, but by no means sufficient, since teachers
rarely use curriculum materials as intended by their developers
(Romberg & Pitman, 1990).

BEST COPY AVAILABLE
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To illustrate this, we present an episode observed in an algebra
lesson (Robinson, 1993). The lesson centered on the topic of
equivalent algebraic expressions. The textbook’s presentation of
this topic included a task that was planned to provide meaning
for the all-too-common meaningless requests in algebra lessons to
simplify algebraic expressions. The students were to substitute the
same fraction in two equivalent expressions, one “complex” and the
other “simple.” Since calculations in the former case were more

~ complicated than in the latter, the textbook writer anticipated that
students would realize that simplifying expressions is worthwhile,
and would thus be motivated to learn to simplify. The class teacher
knew the mathematics requlred and was familiar with the cumculum
materials. :

Follow1ng the textbook’s suggestion, the teacher wrote on the
board two expressions, one simple and the other complex: 4a+3

3a+6+5a _ : . .
and 2 but forgot to mention that the two expressions are

equivalent. Then he asked the students to. substltute a fraction in both
expressions: : -

T: Substitutea=1/2 .
- S1: You get the same result.

Noticing that he forgot to mention that the two expressions were
equivalent, the teacher focused on th1s now. But instead of Just stating
the fact, as suggested in the textbook he asked '

- T: . Are the algebraic express1ons equ1valent‘7

At this stage in their study, the students could not answer this
question (this is why it was:suggested in the textbook that they be
told). ‘Consequently their reactions deviated from the original plan
and they initiated-a debate of this issue among themselves

$2: No, because we substltuted only one number _

S51: Yes.

'S3: It is impossible to know. We need all the-numbers. -
S4 One example is not enough. - -

Clearly, the students were not engaged in the task as had been
planned; however, they were engaged, on their own initiative, in a
genuine and important mathematical discussion. The teacher ignored
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the students’ discussion completely, and adhered to the original plan:

T: We can conclude--it is difficult to substitute numbers in a
complicated expression and therefore we should find a simpler
equivalent expression.

While the substitution of a=1/2 in the two given expressions
might lead naturally to the conclusion that “we should find a simpler
equivalent expression” (as planned by the textbook writer), this was,
by no means, the conclusion appropriate to the discussion that took
place in that classroom at that specific moment. What students may
easily learn from such experiences is that their mathematical thinking
is not valued, or that mathematics does not necessarily make sense.
Rather what is valued is “what the teacher has in mind” or that the
teacher is the authority for determining the correctness of answers.

The above episode illustrates, simply and clearly, the critical
role that the teacher has in determining the ways in which science
and mathematics are taught and learned in schools, a role, which no
curriculum by itself can fulfill. Such a role involves setting teaching
goals and creating classroom environments in which these goals are
pursued, classrooms in which students encounter, develop, and use
scientific and mathematical ideas and skills in the context of genuine
problems and situations, and where the teacher chooses appropriate
ways to represent the subject matter, asks questions, suggests activities
and guides discussions.

' Past experiences suggest that knowledge of the subject matter,
even at an advanced level, is not enough to equip a teacher to fulfill
such a role, nor is acquaintance with ready-made curriculum materials.
The ‘above problematic teaching episode occurred in spite of the
teacher’s adequate mathematical knowledge and his familiarity with
the curriculum materials. Teaching in the classroom is much more
complicated than a straightforward implementation of a curriculum. It
involves attention to classroom discourse, overt and covert messages
conveyed when asking students questions, and the conduct of
discussions. Consequently, in addition to content and curriculum
knowledge, the teacher needs quite sophisticated knowledge about
science or mathematics teaching.

Traditional ways of conducting preservice and inservice education
and professional development have not been adequate (e.g., Bell &
Gilbert, 1997; Loucks-Horsley, Hewson, Love, & Stiles, 1998). The
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main goal of this chapter is to describe an innovative framework
developed in Israel which aims at reforming the professional
development of science and mathematics teachers. It focuses on
the development of teacher leaders as a vehicle for providing large-
scale, long-term, and dynamic inservice professional -development.
This framework is a part of a more comprehensive reform currently in
progress in Israel in science, technology and mathematics education.

The Israeli Context

.Israel has a centralized education system. Thus, the syllabi
and edueational projects, as well as support for teacher professional
development, are. conducted  and regulated by the Ministry of
Education, Culture, and Sport. .Since the mid 1960s the Ministry
has provided for a long term and dynamic process of science and
mathematics curriculum development conducted mainly in Science
Teaching Centers located in several academic institutions in: the
country. This process of curriculum development has always

. included implementation accompanied by assessment and evaluation
(diagnostic, formative, and summative).

In 1992, the Ministry released the Tomorrow 98 Report (Supenor
Committee on. Science, Mathematics and Technology Education in
Israel, 1992) on reform in science, technology and mathematics
education. The report includes 43 recommendations for new programs,
special projects, changes and improvements, both- educational and
structural, in the area of curriculum development and implementation,
pedagogy of science and mathematics teaching, as well as directions

" and actions to be taken in the professional development of science and
mathematics teachers. | : .

. The report acknowledges the central role that science and

mathemaltl.cs teachers play in 1_nstruct19n, stating:

The best programs- and- the best-eqitipped laboratories will-
notpprove themselves without good teachers. In the end, every.
subject in the education system stands or falls on the quality,
qualifications and dedication of its tedchers. (p. 6)

On the basis of the report’s recommendations, the Ministry
decided to create a setting that would support on-going learning for
teachers. A series of regional teacher support and guidance centers
were established (mostly located in teacher colleges around the
country). These centers offer various types of inservice courses for
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the science and mathematics teachers in the region; most of them are
one day a week (4-8 hours per day) throughout the school year. The
establishment of the regional teacher centers reflects the Ministry’s
acknowledgment of both the need for teachers to learn to teach in
new ways, and of the need for life-long professional development for
teachers. More specifically these centers’ main goals are to:

* Provide for continuous and sustained support for professional
development of science and mathematics teachers.

* Provide science and mathematics teachers with opportunities to
engage in life-long learning.

* Create an environment of collegiality and collaboration among
teachers who teach the same or related subjects, an environment
which encourages reflection on their work in the classroom.

* Incorporate the process of change into professional development
(some examples include curriculum change and new and varied
instructional techniques).

This large-scale professional development framework is supported
and guided by national teachers’ centers (usually located in academic
institutions in which the main curriculum development is con-
ducted). The overriding aim of the national centers is to encourage
educational reform by providing a strong framework to support teacher
development. They are responsible for the following activities:

* Development of teacher leaders who will initiate, support,
conduct and lead professional inservice development.

* Counseling and support for the regional teacher centers and
other regional professional development activities for teachers.

* Development and establishment of high standards in the
pedagogy of mathematics and science teaching and learning.

* Development of models for effective professional development
of mathematics and science teachers.

* Establishment of a clearinghouse for relevant computer assisted
instruction, special experiments, and relevant instructional
methods and programs and curricula from all over the world.

* Dissemination at the national level of relevant professional
information.
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In this chapter, we focus on the development of teacher leaders
in the national centers. The teacher leaders’ role isto promote teacher
learning in regional teacher centers or in other regional and local
institutes. The following sections describe two different examples of
such programs, each tailored to the needs and goals of the subject
as seen by those responsible for these programs. One deals with the
professional development of chemistry teacher leaders; the other with
the professional development of mathematics teacher leaders. Both
programs are two years long (450 hours) and are conducted at the
National Chemistry and Mathematics Teacher Centers (respectively)
in the Department of Science Teaching in the Weizmann Institute of
Science.

Professional Development of Chemistry Teacher leaders

Profile of prospective leading chemistry teachers

The course is open to chemistry teachers who are considered to
have the potential to become teacher leaders. These teachers share the
following characteristics, more specifically they:

. - - - - °
* Serve as chemistry coordinators in their respective schools.

 Have at least 10 years experience in teaching high school
chemistry (10-12% grade), including experience in preparing
students for matriculation examinations.

» Have participated in a number  of inservice profeséional '
activities.

* Were recommended by regional tutors as creative and open to
changes in science education in general and chemistry teaching
in particular.

Structure of the course

The philosophy that underlines the course is that, in recent years,
there has been a major change in our perception of the content and
pedagogy of chemistry teaching and learning. To reform the content
and pedagogy of chemistry teaching, there is a need to educate leaders
who will eventually serve as agents for change.

It is suggested that in order to become a leader, the chemistry
teacher has to undergo a multiple phase development. The development
should include the following dimensions: the new scope of high school
chemistry (content knowledge), the improvement of the pedagogy
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I
of high-school chemistry (pedagogical content knowledge), and the

knowledge and skills:to develop the teacher as a leader who serves
as an'agent for change. The following d1scuss1on is an elaboration of

these dimensions.
The qu Scope of High Schoo_llChemi.s'vtry (Content Knowledge)

."’,IJ‘\“l;e aim here is to provide the potential teacher leaders with
the scientific (chemistry) content that they lack. Inrecent years, science
educators in general and chemistry educators in particular have realized
that jscience is taught not only to prepare students for an academic
career in the sciences (in our case, chemistry), but also to become
citizens in a society that is highly influenced by scientific advances
and the accompanying technological manifestations. Consequently,
chenustry should be taught with appropriate emphasis on its relevance
to everyday life and its role in industry, technology and society.

.This view was the basis for the claim made by Kempa (1983)
that future development of teaching and learning material in chemistry
should include the following six dimensions:

‘e Knowledge and information about chemical transformation and

e processes and associated principles, concepts and theories-

" 'including concepts and principles based on recent investigations
" (i.e., presenting the frontier of the science). ’

"7» Chemistry as an inquiry based discipline, which gives rise
;. to new knowledge and insights and allows problems to be
., solved both in the classroom as well as in the laboratory. While
.. learning chemistry using the inquiry method, students are able to

. . ask questions, plan and conduct investigations, think critically,
construct and analyze alternative explanations and communicate
scientific arguments (Bybee, 1997).

‘e Chemistry as an applied science of major economic and
technological importance.

) " Chemistry as a subject of distinct personal relevance through its
everyday application and uses.

e Chemistry as a human and cultural activity, manifesting itself
in the growth of ideas, the development of industries and its
influence on peoples’ life styles. A

* Chemistry as a subject of major social and environmental
implications.
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This new approach emphasizes the application and relevance
of chemistry to everyday life, and is expected to increase students’
motivation to learn chemistry. This approach to high school chemistry
makes great demands on the chemistry teacher, and only intensive
professional development procedures can affect and change teachers’
knowledge and beliefs regarding the content and scope of high school
chemistry.

During the course the potential teacher leaders are exposed to the
above dimensions. They are involved in activities which enable them'
to integrate the chemistry subject matter with information from the -
literature of how students learn and construct their knowledge, as well
as how to anticipate students’ learning difficulties.

The Improvement of the Pedagogy of High-School Chemistry
(Pedagogical Content Knowledge)

This dimension concentrates on activities aimed at improving the
chemistry classroom and laboratory learning environment. The course
participants are exposed to a variety of instructional methods and are
also provided with situations that give them opportunities to reflect on
their work and experiences. It is based on the assumption that to help
others to change, they should first affect change in their own classes
and schools.

As mentioned before, the present era is characterized not only by
new standards in the content of science, but also by the way science is
taught; namely, the pedagogy of science teaching. It is suggested that,
curriculum materials and instructional strategies should be tailored to
the cognitive abilities and aptitudes of different students. The overall
objective is to create a learning environment which allows students
to interact physically and intellectually with instructional materials
through hands—on inquiry oriented activities.

Hofstein and Walberg (1995) and Tobin, Capie, and Bettencourt
(1988) presented evidence that instructional techniques in science
should be matched with the learners’ characteristics and needs in
order to maximize the effectiveness of the teaching and learning
processes and also to increase student motivation. Hofstein and Kempa
(1985), who postulated that some relationships exist between students’.
motivational traits (characteristics) and their preferences for particular
teaching and learning strategies, also provided support for this idea.
This was confirmed in a quantitative research study conducted in the
United Kingdom by Kempa and Diaz (1990).
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Clearly, in practice, it is difficult to respond to each student’s
needs, but much can be achieved if teachers use a wide repertoire of
instructional strategies, instead of limiting themselves to only one or
two. To do so, requires not only skills and knowledge in a variety
of teaching methods, but also leadership (managerial) competence to
implement these methods in schools, regions and the whole education
system. This clearly represents a major challenge to professional
development for teachers and educators.

During the course, the participants obtain experience in the
following instructional techniques:

» Cooperative leaming.
« Simulation games and debates (role-playing).
 Educationally effective field trips (e.g., chemical industry).

* Critical reading of articles in newspapers and scientific .
journals.

* Inquiry type laboratories and other inquiry type assignments.
* Students’ personal chemistry based projects.

Varying classroom instruction implies the use of alternative
methods for assessing student progress and achievement. Teachers
need to be aware of the different modes of assessment. For example,
research on achievement in chemistry (Hofstein, Ben-Zvi, Samuel, &
Kempa, 1977) and in biology (Tamir, 1972), has clearly shown that
achievement using paper and pencil tests is not well correlated with
achievement in practical type tests. The course participants learn how
to organize a portfolio to obtain a comprehensive and objective picture
of their students’ achievement and progress.

"I“he Teacher as a Leader: An Agent for Change

On the basis of research on professional development and change
in schools, it is clear that leadership is required for professional
development experiences to be turned into changes in teaching and
learning (Fullan, 1991). The central goal of the course is to develop
chemistry teacher leaders who will foster such change in chemistry
education. In particular they should be able to: '

* Facilitate communication among and cooperation between
teachers.

* Initiate school and regional based curriculum development
implementation and evaluation.

10
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Thus, the course participants are guided in methods of conveying
the ideas discussed in the leadership course to their peers in schools
and to workshop participants in the regional centers. The course
aims to develop understanding of leadership, including the bases of
power and different leadership styles. The course participants are also
involved in workshops aimed at developing skills in decision making,
building and managing teams, conflict resolution, problem solving,
vision building and communicating, and skills for managing diverse
types and characteristics of teachers. All these aim specifically at the
reform of the content and pedagogy of chemistry teaching.

These abilities are mainly developed through workshops devoted to
educating the leading teachers to become developers and disseminators
of curriculum materials in-chemistry. For example, a course participant
who wished to teach a particular topic in a class which was hetero-
geneous, both in student ability and also in student preferences
for a certain learning technique, became a school based curriculum
developer. He was encouraged to vary and tailor the learning
material to suit the students’ characteristics, with the aim of over-
coming motivational obstacles as well as cognitive barriers (i.e.,
misconceptions and other learning d1fﬁcult1es)

In this and other ways, the course part1c1pants aré provided with
the know-how to alternate the curriculum and the assessment, in order
to make it more appropriate to their school structure and its students
special needs and characteristics. As appropriate acadermc knowledge
they are exposed to the literature about conceptual change, leamlng
difficulties and other cogn1t1ve and affectlve vanables that 1nﬂuence‘
effective learning in'science in general and in chermstry in partlcular
A long-term aim is to obtain an approprlate ‘blend " of matenals
developed by profess1onal curr1culum centers W1th mater1als developed
byteachers ) : . A AR I

The ‘teacher based’ approach to cumculum development used in
the leadership. course result in the development of many pedagogical
ideas and innovative approaches to the present curriculum, which is
in its, implementation phase. The teacher leaders.are involved. in the
process of matching the chemistry curriculum to the special structure
and needs of their schools by working in teams in the course and then
working with teams of chemistry teachers in their schools. The leading
teachers are guided in the process of managing and bu1ld1ng ‘team

- work’ in their particular schools with their fellow chemistry teachers.
Most of the ‘team work’ focuses on reducing the school teachers’

Q 111
ERIC

Aruitoxt provided by Eic:



Developing Chemistry and Mathematics Teacher Leaders 199

anxiety towards the introduction of new topics, new instructional
methods and new assessment tools with the aim of varying and
improving the chemistry classroom learning environment.

During the ‘leadership course, with the help, guidance and
support of the course instructors and peers, the participants are given
opportunities to reflect on their fieldwork and thus obtain feedback
for the purpose of further development of leadership abilities. This
is conducted by what is called an ‘open platform’ for dealing ‘with
problems that emerge in their daily work. This platform supports the
development of an environment of collegiality, the ability to share
ideas, to critically evaluate new ideas, to openly discuss new ideas and
reach conclusions and decisions, and to develop skills of working with
other teachers.

Professional Development of Mathematics Teacher Leaders

As in chemistry, the role of mathematics teacher leaders and
in-service teacher educators becomes especially important at this time
of considerable reform in mathematics education. As conceptions
of the teacher role are changing, teachers are expected to act as
professionals and decision makers. Teacher leaders can enhance
reform in school mathematics by joining curriculum developers,
researchers in mathematics education, and decision makers in the
educational system. Collectively they can play a major role in
setting educational policy and goals, and leading and enhancing
the professionalization of teachers. However, such a role Tequires
‘adequate preparation--a preparation which was missing in Israel when
the Tomorrow 98 Report (1992) was published.

Teacher leaders and educators require not only adequate preparation
but also adequate resources. Similar to the need for instructional
materials for both children and teachers in the classroom, teacher
leaders and educators require materials developed for the purpose
of planning learning experiences in teacher education programs or
in professional development activities. The Manor Project, a major
component of the National Mathematics Teacher Center (Superior
Committee on Science, Mathematics, and Technology Education,
- 1992) responds to both these needs. It aims:

* To prepare promising mathematics educators to serve as leaders,
guides and support for secondary teachers in the process of
changing and improving mathematics teaching.
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* To develop resource materials for project participants and other
mathematics teacher educators for their work with teachers.

The following sections describe first the preparation program, and
then the resource materials. :

The Manor Preparation Program
The program emphasizes the following:

¢ The development of understanding about' current views of
mathematics teaching and learning (e.g., NCTM, 1989, 1991).

e The development of both leadership and mentoring knowledge
and skills as well as methods for working with other teachers.

 The creation of a professional reference group.

‘The program started in the 1993-1994 school -year and -is now
running for the third time. It extends over two years in an effort
to allow sufficient time for the participants to learn, experience, and
experiment with the topics and ideas encountered. Further, experience
suggests that there is a need for development and growth in the

" participants’ conceptions, beliefs; and dispositions about the nature of
mathematics learning and teaching and about teaching teachers. Such
change requires time to be effective. After graduation, the part1c1pants
are invited to participate in a monthly forum.

Selection for the program is based on the foll'owing criteria: (a)
a first degree either in mathematics or in a mathematics-related field,
such as a B. Ed. with a miathematic§ major or a B. S.'in chermstry,
(by experience in mathematics teaching and experience in’ 1nserv1ce
work with mathematics teachers, at least one of them-at grade nine or
above; (c) agreement to conduct weekly inservice work with a group
of secondary mathematics teachers during the program; (d) reputation
as a successful teacher with the potential to becomeé a good teacher
leader-or teacher educator and (e) a reasonable spread of part1c1pants
across the country.

During each school year, the participants meet weekly for six
hours with project staff and guést lécturers, and conduct weekly two-
hour professional development activities, some expllcltly focused on
initiating change in mathematics teaching and learning. ‘As an overall
assignment for each year, the participants prepare portfolios that
document their learning. experiences. Participants receive feedback
on partial drafts several-times throughout the year both from project
staff and from their peers in the program.

ERIC 14
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Detailed description of aspects of curriculum design and the
theoretical rationale for the learning opportunities provided by the
Manor Program are described in Even (in press-a ). Even (in press-b)
examines one component of the Manor Program which is designed
to encourage integration of academic knowledge with knowledge
learned in practice, in order to challenge the participants’ existing
conceptions and beliefs and promote intellectual restructuring. In the
following section, we describe the program’s focus on three types
of development that seem essential to the teacher leader and teacher
educator role: personal, professional, and social.

Adapting Bell and Gilbert’s (1994) use of these terms from
the context of teacher development to the context of teacher leader and
teacher educator development, we take the term ‘personal development’
to mean an affective development which involves attending to feelings
about the change process, being a teacher leader, and mathematics
education and teacher education. ‘Professional development’ involves
changing concepts and beliefs about mathematics education and

~ teacher education, and changing teacher education activities. ‘Social
development’ involves working with and relating to other teacher
leaders, educators, teachers, principals and superintendents in new
ways. '

Personal development. An important goal of the personal
development aspect of the program is to help participants develop
professional sense and confidence. All program participants have
already conducted inservice work with secondary teachers in various
projects, or have served as mathematics coordinators in their own
schools. However, when entering the program, many do not consider
themselves teacher leaders or teacher educators. In many cases, they
are not sure what this role really entails, and they feel that they do not
have the knowledge nor the skills to lead teachers towards learning
about mathematics teaching and changing the traditional practice
of school mathematics. In an effort to promote the participants’
professional self-esteem, we help .them expand their knowledge in
several fields related to their work (this is described in the next sub-
section).

Also, in contrast to the usual in-service courses for teachers in
Israel, the Manor Program includes an advanced academic component
for which the participants receive graduate credit. In addition to
encouraging participant commitment and work investment in the long-
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term program, this component also encourages the development of
professional self-esteem. The message, that they are expected to
be part of the leadership to improve mathematics teaching in the
country, is also emphasized in words and in actions. We approach .
the participants as professionals, expecting them to take their work
in the program and in the field very seriously, and to respect each
other’s contributions. Most of those who complete the program report
that they have made progress in self-confidence, desire for continuous
learning and development, and willingness to accept challenging
leadership roles (Even, in press-a).

Professional development. With the aim of changing concepts
and beliefs about mathematics education and teacher education, the
program centers,on mathematical, cognitive, curricular, pedagogical,
technological, and social aspects. of teaching different mathematical
topics. Also, the program examines critical educational issues,
enhances mathematical knowledge, emphasizes . the development
of leadership SklllS and methods for .working with teachers, In
addition, the program, encourages d1scussron of practical d1fﬁcult1es
and dilemmas and focuses on injtiating change in school mathemat1cs
teaching and learmng

A’ factor that characterlzes many of the leamrng expenences
offered in the program is the connection between theory and practice.
Chang1ng concepts and beliefs about mathematics educatron and
teacher educatlon are intertwined w1th chang1ng teacher education
activities. For example, throughout the program the part1c1pants
conduct weekly two- ‘hour professronal development activities based
on what they learn in the course. Partlcrpants describe and analyze
them in wr1t1ng on a regular basis, to encourage serious reﬂect1on
They rece1ve feedback on their reports, from program staff as well as
an on- gomg support, in preparing the teacher development act1V1t1es

' Moreover, most of the final. year is devoted to leam1ng how to
plan conduct and evaluate change initiatives. Emphasrs is put on
connecting what is leamed in the more theoretical components of
the program with the i issue of actual change in school mathematics.
Each participant chooses an aspect of school mathematics on wh1ch to
work with the teachers in school (e.g., building a mathematics room,
helping to prevent at-risk high school students from dropping out and
not matriculating, developing a program for student projects, using
new technologies). Those who choose the same topic form a team
coordinated by a staff member or one of the participants.

15
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Each team member works within the framework of the team topic
but has autonomy to plan, conduct, and evaluate the project, according
to the work conditions, the teachers involved, the student population,
and personal preferences. Team members meet to discuss their work,
plan activities, consult with one another, share and discuss ideas,
support each other, and explore ways of ‘implementing their plans
and evaluating the implementation.- In addition, several whole-group
meetings are devoted to theoretical aspects of initiating change in
school mathematics, such as planning change initiatives, the critical
role of the teacher in the success of long-term educational change,
fundamental barriers to change related to the nature of teaching,
and various ways of evaluating change initiatives. To encourage the
participants to reflect on their experiences, they are required to submit
a detailed report as the main part of the final year’s portfolio.

At the end of the program the participants come to realize that
change in school mathematics is a slow and complicated process, and
better understand what is entailed. They gradually pay more attention
to the needs and desires of the teachers with whom they work, and
they are able to identify alternative possible actions and make sound
choices. The content and the topics of the teacher development
activities they conduct also change. Participants become richer in
their knowledge and skills as they pay more attention to teacher
learning about learning processes and students’ conceptions and ways
of thinking. Additionally, they examine student assessment seriously
and include cooperative analysis of events that the teachers in the
group experience. In the conduct of teacher development activities, the
participants gradually encourage active participation of the teachers,
start to use technological tools, and emphasize the development of
teamwork. The program participants’ reflective abilities also develop
considerably, until they are able to criticize the teacher development
activities they themselves conduct and suggest modifications.

Social development. When beginning the initiatives, quite a few
of the participants use the common didactic approach of telling the
teachers with whom they work what to do and how to do it. Later,
they learn that it is important for the teachers to have a sense of
ownership, and they start to encourage the teachers to participate in the
planning, decision making, assignment of roles, setting of time tables,
and sharing of responsibilities--key points for successful professional
development work with teachers (e.g., Clarke, 1993; Loucks-Horsley
etal., 1998). The initiation of change provides numerous opportunities
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for new ways to work with other people in the educational
such as principals, superintendents, and home-room teachers.

The program also emphasizes learning to work in new ways with
other teacher leaders and educators. Several studjes (e.g., Fullan,
1990; Loucks-Horsley et al., 1998; McLaughlin, 1991) suggest that
teacher collegiality and collaborative work environments are critical
to change. We expand this idea to include teacher leaders and
educators’ collegiality and collaboration. Throughout the program
we emphasize the development of a professiona] community. For
example, the participants conduct several tasks in teams and make
team presentations. We encourage them to open their work to
colleagues, both for critique and use. Teachers read each other’s yearly
portfolios for feedback and give oral presentations to other course
participants, to other mathematics educators in national conferences
and meetings, and to administrators such as schog] principals and
superintendents.

system

Manor Resource Materials

To teach effectively, teachers need materials such ag textbooks,
teacher guides, educational software and enrichment materials.
Similarly, if inservice teacher learning is taken serioy sly, teacher

~ educators need materials that are developed for the purpose of planning
and executing learning experiences for inservice teachers. Thus,
the Manor Project staff members develop research-based materials
for use by teacher educators and teacher leaders (either the Manor
Program participants or others). The guiding principle in designing
the materials is that teacher leaders and in-service teacher educators
should enhance teacher learning, where the role of the teacher changes
from one who only implements expert-made curriculym materials, to
one who sets subject matter goals and creates classroom environments
to pursue them; from one who only implements decisions
“knowledge owners,” to one whose professjona] knowledge
and who can make professional decisions thoughtfully.

Three resource files have so far been developed on the topics of
algebra, functions and pi. The major themes in these files are:

made by
is broad

* A historical view on the main topic of the file.
* Selected mathematical aspects relevant to teachin g the topic.
* Students’ conceptions and ways of learning and thi nking.

* Aspects of mathematics lessons and teaching,
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The resource files contain detailed suggestions for teacher
development meetings on the above themes such as mathematical,
cognitive, social, and didactic aspects of teaching and learning. All
suggestions were tried in previous inservice activities, including the
Manor Program. In addition, they contain a classified list-of articles,
books, journals, and other references that can assist teacher educators
and teacher leaders in their work.

The content of some of the suggested meetings is specific to
the file’s topic (e.g., historical view on the ‘development of algebra,
different representations of function, students’.conceptions of pi)
while others emphasize more general teaching and learning aspects
in mathematical contexts (e.g., characteristics of a “good problem” in
school algebra, comparative analysis of textbooks on functions).

' Several models for teacher development meetings are exemplified,

- in order to suggest and illustrate ways of conducting such meetings.
The aim is to convey the message that there is more than one way.
All models are based on current ideas and conceptions about student
learning of mathematics, modified to fit the context of teacher learning
about mathematics teaching. Some examples include: encouraging
teachers to explore and struggle with complex problems in the teaching
ofhmathematlcs emphasis on long-term investigations of problems,
providing opportunities for cooperative learning, and supporting the
development of powerful tools to solve problems in mathematics
teaching.

Most entries in the resource files are presented in considerable
detail with the aim of “portraying” a concrete, tangible picture
of potential teacher development meetings including the rationale,
atmosphere, ways of work, nature of discourse and materials. The
suggested meetings include questions the teacher educator might wish

to ask, responses that teachers who participated previously in such a
meeting suggested and possible actions. In many cases, alternative
suggestions are offered, as well as follow-up activities. Also, many
‘teaching aids are included (e.g., worksheets, transparencies, video

- clips for illustration and discussion). In addition to the detailed entries

 there are also several less detailed suggestions which the users of the
file can develop further.

, ‘The entries are developed to serve as a resource, model and guide;
and indeed, teacher leaders and educators use the resource files in
various ways to suit their context, taking into account the teachers

18




O

ERIC

Aruitoxt provided by Eic:

206 Chapter 10

with whom they work, the time available, and their own professional
and personal preferences. For example, teacher educators use the
materials as (a) a script and almost replicate the suggested activities,
(b) as a resource for designing a different activity, and (c) as a source
for professional development of the teacher educators themselves with
no immediate use with teachers in mind.

Summary and Conclusions

Until the 1990s, most of the efforts in trying to achieve
desired changes in school science and mathematics centered on the
development of improved curricula. In the last decade, more attention
has been gradually given to the teacher, as past educational reform
efforts suggested that the teacher plays a critical role in the ways
reform ideas are implemented in the classroom. It was realized that
teachers’ need to learn to teach in new ways cannot be ignored.
Consequently, there was a need to change inservice work with
teachers. The establishment of regional teacher centers creates a
comprehensive framework that can provide opportunities for inservice
teachers for life-long learning in their profession.

This chapter. focuses on the development of teacher leaders in
chemistry and in mathematics, part of a national endeavor to improve
science and mathematics teaching and learning in Israel. After
graduation, most fulfill the role of a teacher leader and educator,
either in the newly-established regional teacher centers, in other local
institutes that provide professional development for teachers, in their
own school (as chemistry or mathematics coordinators), or in other
schools. In addition to their leadership roles, most continue to teach
chemistry or mathematics at school. Participating in the course is not
a one time connection with the national teacher center, as most of
our graduates continue to be in close contact with the center, either
by regular or electronic mail, participation in one day workshops and
lectures, or participation in a monthly forum.

In a summary questionnaire, the participants reported that
participating in the teacher leaders’ courses contributed to their
being able to initiate and conduct change in school chemistry or
mathematics, provided them with leadership knowledge and skills,
expanded their teaching knowledge and skills, acquainted them with
major figures in academia and the educational system, and motivated
them to pursue further professional development and even graduate
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studies. Interviews with a sample of the participants and informal talks
with others provided similar results.

Achieving scientific and mathematical literacy for all has become
a national goal for education in many countries. Although admirable,
the goal represents a challenge for science and mathematics teachers
and for those responsible for professional development. Achieving
this goal must be accompanied by reform in the way science and
mathematics is taught .in schools. Thus far, there is little literature
which describes models and case studies that can help in building
an educationally effective framework of professional development,
especially in the development of leadership. The Israeli experience,
described in this chapter, is intended as a small contribution in this
direction.

References

Bell, B., & Gilbert, J. (1994). Teacher developmentasprofessnonal personal,
and social development. Teaching and Teacher Education, S, 483-497.

Bell, B., & Gilbert, J. (1996). Teacher development. London: Falmer Press.

Bybee, R. W. (1997). Meeting the challenges of achieving scientific literacy.
Paper presented at the meeting of the International Conference on
Science Education, Seoul, Korea. .

Clarke, D. M. (1993). Influences on the changing role of the mathematics
teacher. Unpublished doctoral dissertation, University -of Wisconsin-
Madison..

Even, R (in press-a). The dévelopment of teacher-leaders and in-service
teacher educators. Journal for Mathematics Teacher Education.

Even, R. (in press-b). Integrating academic -and -practical knowledge
in a teacher leaders’ development program. Educational Studies in

. Mathematics. -

Fullan, M. G. (1990). Staff development, innovation, and institutional
development.-In B. Joyce (Ed.), Changing school culture through staff
development (pp. 3-25). Alexandria, VA: Association for Supervision

, and Curriculum and Development.

Fullan, M. -G.,, (1991). New meaning of educational change. New York:
Teachers College Press.

Hofstein, A., Ben-Zvi, R., Samuel, D., & Kempa, R. F. (1977) Modes of
instruction in high school chemistry. Journal of Research in Sc;ence
Teaching, 14, 433-439.

Hofstein, A., & Kempa, R. F. (1985). Motivating aspects in science educatlon:
An attempt at an analysis. European Journal of Science Education, 7,
221-229.

Hofstein, A., & Walberg, H. J., (1995). Instructional Strategies. In B. J. Fraser
& H. J. Walberg (Eds.), Improving science education: An international
perspective, NSSE yearbook (pp. 1-20). Chicago: The University of
Chicago Press.

20




& .-

208 Chapter 10

Kempa, R. F. (1983), Developing new perspectives in chemical education.
In A. Rambaud & H. W. Heikkinen (Eds.), Proceedings of the Seventh
International Conference in Chemistry, Education, and Society (pp.

~ 34-42). Montpellier, France.

Kempa, R. E, & Diaz, M. (1990). Motivational traits and preferences for -
different instructional modes in science. International Journal of Science
Education, 12, 195-203. '

Loucks-Horsley, S., Hewson, P. W, Love, N., & Stiles, K. E. (1998).
Designing professional development for teachers of science and
mathematics. Thousand Oaks, CA: Corwin Press.

McLaughlin, M. W. (1991).- Enabling professional development: What have
we learned? In A. Lieberman & L. Miller (Eds.), Staff development for
education, in the 90s (pp. 61-82). New York: Teachers College Press.

National Council of Teachers of Mathematics (NCTM). (1989). Curriculum
and evaluation standards for school mathematics. Reston, VA: Author.

National Council of Teachers of Mathematics (NCTM). (1991). Professional
Standards for Teaching Mathematics. Reston, VA: Author.

National Research Council (NRC). (1996). National science education
standards. Washington, DC: Author. ‘ o ‘ ‘

Robinson, N. (1993). Connectedness: in teaching: Equivalent algebraic
expressions - by expert and novice teachers. Unpublished master’s thesis;
(in Hebrew), Tel Aviv, Israel: Tel Aviv University. S

Romberg, T. A., & Pitman, A. J. (1990). Curricular materials-and pedagogical
reform: Teachers’ perspective and use of time in the teaching of
mathematics. In R: Bromme & M. Ben-Peretz (Eds.), Time.for. teachers:
Time .in schools from the practitioner’s perspective (pp. 189-226). New
York: Teachers College Press. e

Superior. Committee on Science ‘Mathematics and: Technology Education in
Israel. (1992/1994). Tomorrow 98: Report.Jerusalem, Israel. Ministry of

~ Education, Culture and Sport (English edition: 1994). R

Tamir, P. (1972). The practical mode; a distirict’ mode-‘of performance in
biology. Journal of Educational Measurement, 6, 175-182. .. .1

Tobin, K., Capie, W., & Bettencourt, A. (1988)..Active teaching for higher
cognitive learning inscience. International Journal of Science.Education,
]0’17_27‘ . . . . S, . -




U.S. Department of Education

Office of Educational Research and Improvement (OER) E n I c
National Library of Education (NLE)

Educational Resources Information Center (ERIC)

NOTICE

Reproduction Basis

This document is covered by a signed "Reproduction Release
(Blanket)" form (on file within the ERIC system), encompassing all
or classes of documents from its source organization and, therefore,
does not require a "Specific Document" Release form.

a

This document is Federally-funded, or carries its own permission to
reproduce, or is otherwise in the public domain and, therefore, may
bereproduced by ERIC without a signed Reproduction Release form
(either "Specific Document" or "Blanket").

EFF-089 (3/2000)




