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Abstract

The study investigated the effects of two reflection support programs on elementary school
mathematics teachers’ pedagogical problem solving view. Sixty-two teachers participated in
a professional development program. Thirty teachers were assigned to the self-questioning
(S_Q) training and thirty two teachers were assigned to the reflection discourse (R_D)
training. The S_Q program was based on the IMPROVE self-questioning approach which
emphasizes systematic discussion along the phases of mathematical or pedagogical problem
solving as student and teacher. The R_D program emphasized discussion of standard based
teaching and learning principles. Findings indicated that systematic reflection support
(S_Q) is effective for developing mathematics PCK, and strengthening metacognitive
knowledge of mathematics teachers, more than reflection discourse (R_D). No differences
were found between the groups in developing beliefs about teaching mathematics in using
problem solving view.

Keywords: Elementary mathematics teachers; PCK; Metacognition; Reflection support;
beliefs

Introduction

Standards of mathematics education pose great challenges for the
preparation and Life Long Learning education of mathematics teachers
(National Council of Teachers of Mathematics [NCTM], 2000; Program for
International Student Assessment [PISA], 2003). In mathematics
classrooms aligned with the vision of NCTM standards, teaching is focused
on problem solving, mathematical reasoning and communication as part of a
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coherent curriculum. These goals maintain that teachers must cope with the
complex dynamic process of teaching mathematics with pedagogical content
knowledge (PCK) methods that challenge and guide students to gain
mathematical ideas (e.g., NCTM, 2000). It is suggested (e.g., Hill, et. al.,
2005; Putnam and Borko, 2000) that meaningful teaching should challenge
students to shift toward student-centred learning that encourages
knowledge construction through self-regulated learning (SRL). Students are
self-regulated to the degree that they are active participants in their own
learning process (Zimmerman, 2000).

Unfortunately, elementary school teachers continue enter the teaching
field unprepared to teach mathematics in the way envisioned by the NCTM
standards (Hill, et. al.,, 2005; Putnam & Borko, 2000). Most elementary
school teachers have not experienced mathematics in this manner; they
viewed mathematics in an instrumental way. They perceived mathematics
as an unrelated set of facts, rules, and skills, to be used as required, rather
than a process of reasoning and generalizing (Ernest, 1989). Studies
indicate that these prior beliefs often serve as a lens through which the
teachers view the new pedagogical knowledge being taught and the new
processes of teaching and learning encountered. Therefore, it is essential
that teacher educators consider these prior beliefs in teachers’ professional
education (Pajares, 1992; Kramarski & Michalsky, 2009; Richardson, 1996;
Thompson, 1992).

One promising instructional support to develop a process view seems to
be the use of reflection. Zimmerman (2000) argues that self-reflection has a
central role in achieving self-regulation in learning. If students are to exert
influence over their learning activities, they must be aware of these
activities and they must reflect during their learning (Bandura, 1986). Our
study investigates the effects of two reflection training programs on
teachers' pedagogical view, by measuring: mathematical teachers’
pedagogical content knowledge (PCK) in the context of problem solving,
metacognitive knowledge, and beliefs. Prior to describing the present
exploratory study’s design, I present a brief overview of each of the variables
utilized in this study.

PCK in mathematical problem solving context

Lester and Kehle (2003), characterize mathematical problem solving as an
activity that involves the students’ engagement in a variety of cognitive
actions: include accessing and using previous knowledge and experience.
Successful problem solving involves coordinating familiar representations
and patterns of inference, and intuition in an effort to generate new
representations. Evidence from empirical studies suggests that the
development of process-oriented learning methods, which emphasize
mathematical problem solving is the most difficult topic for elementary
school students (Verschaffel, et. al, 2000).
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Shulman (1986), described PCK as the way content, pedagogy, and
knowledge of students are blended into understanding about how particular
topics are taught, represented, and adapted to students' characteristics,
interests, and abilities. In terms of PCK, teachers must to know how to
teach their subject matter in a way that engages students extensively in
tasks that require understanding. To achieve this objective, teachers must
first learn to identify students' reasoning difficulties in the specific subject
matter domain. Second, teachers must know how to plan lessons or didactic
materials to explicitly treat these difficulties. Third, teachers need to know
how to implement a curriculum that addresses higher-order understanding.
Finally, teachers should know that successful implementation involves a
considerable change in teachers' roles. The traditional teacher-centred role
of acting as a "source of knowledge" should be replaced by student-centred
learning by highlighting the role of initiating and coaching students'
inquiries and problem solving (Zohar & Schwartzer, 2005). Such learning
principles require self-knowledge and beliefs, motivation, goals, and
strategy knowledge, and is indicative of self-regulation in learning (e.g.,
Pintrich, 2000; Schoenfeld, 1992; Schraw, et. al., 2006; Zimmerman, 2000).

Integrating SRL into PCK

Self-regulated learning involves a combination of using cognitive strategies,
metacognition, and motivation. Researchers believe that the role of
metacognition is especially important (Schraw et al., 2006; Zimmerman,
2000). Metacognition refers to knowledge and control of cognitive skills, and
usually involves declarative knowledge and beliefs that refer to what the
student knows or believes procedural knowledge that refers to how to use
the knowledge, and conditional knowledge that refers to when to use it.
Unlike the knowledge component, the control component refers to planning,
monitoring, and evaluating learning toward the achievement of personal
goals. According to Zohar and Schwartzer (2005), developing PCK requires
using knowledge on both the cognitive and metacognitive levels. Knowledge
of PCK on a cognitive level means that the teacher uses teaching strategies
in the specific subject matter domain. Knowledge of PCK on a metacognitive
level means that teachers reflect and verbalize processes of a particular
pedagogical case; make generalizations about these processes (e.g., identify

difficulties in using specific topic); and describe when, why, and how they
use PCK.

Supporting reflection in SRL

According to Zimmerman (2000), reflection includes both judgment and
reaction components. Judgment refers to students' ability to conduct
introspection about their performance by looking back, whereas reaction
refers to learners' ability to control and adjust their learning according to
their conclusions by looking ahead. Reflection is particularly important for
teachers' practice because it helps connect teachers planning to students
needs (Schon, 1987). The use of reflection enables teachers to focus attention
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on their own planning, and on understanding the activities in which they
engage during their learning and teaching (Davis, 2003; Kauffman et al.,
2008; Nurckles, et. al., 2009). Although research has indicated the
importance of reflection for SRL, students do not seem to implement such
behaviours spontaneously.

Reflection support programs aim to increase learning competence by
means of providing explicit guidance to students as they think and reflect on
their tasks. An explicit approach incorporates the ability both to verbalize
thinking patterns and to conceptualize and analyze relational structures
that are employed while thinking (Veenman et al., 2006). This approach
raises the question about the conditions required to support reflection
ability in teacher training programs as teachers think and reflect on their
tasks. Our study investigates two reflection support programs: Reflection
discourse (R_D) and self-questioning (S_Q).

Reflection Discourse (R_D) vs. Self-Questioning (S_Q).

Research indicated the role of reflection discourse with comparable peers for
making monitoring and regulation processes overt (Brown & Campione,
1994). Reflection discourse encourages students to share meanings, in order
to achieve deeper metacognitive and subject matter understanding.
Students must explain their own thinking to other group members and
adapt their own thinking to the solutions proposed by other members,
which, in turn, may facilitate more efficient use of metacognitive skills.
Through critically examining others' reasoning and participating in
disagreements' resolution, students learn to monitor their thinking, which
in turn strengthens their mathematical reasoning concepts (e.g., Artz &
Yaloz-Femaia, 1999).

Although the group discourse has potential to develop students'
reflection ability research findings indicate that students are often
"cognitively overloaded" during the group process, experiencing difficulties
in self-observation and reflection, in remembering what they did previously,
and in documenting their thinking. This overload prevents from sharing
their learning behaviours with other students (Clearly & Zimmerman, 2008;
Kramarski & Mizrachi, 2006; Schon, 1987).

Many researchers have emphasized that self-reflection should be
attained by systematic support that focuses on promoting learners
understanding of the task, planning, monitoring and evaluating through the
learning task process (e.g., Clearly & Zimmerman, 2008; Zimmerman,
2000).

Mevarech and Kramarski (1997), designed the IMPROVE
metacognitive self-questioning method that represents the acronym of all
classroom teaching steps: Introducing new concepts; Metacognitive
questioning; Practicing in small groups; Reviewing; Obtaining mastery;
Verification, and Enrichment and remediation. The metacognitive
questioning encourages students to actively engage in self-regulating their
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learning by using four types of questions: Comprehension (e.g., ‘What is the
problem/task?); Connection (e.g., ‘What 1is the difference/similarity?’);
Strategy (e.g., ‘What is the strategy?; ‘Why?’) and; Reflection (e.g., ‘Does the
solution make sense?; “Can the solution be presented otherwise?’). The
IMPROVE method questions direct students' thoughts, actions and
discourse throughout the SRL processes (Zimmerman, 2000) of planning
(what, when, and how), monitoring and reflection (why). In general,
research reported that IMPROVE self-questioning (S_Q) demonstrated
positive effects on school students' learning outcomes and SRL processes
(e.g., Kramarski, 2004; Kramarski, et. al., 2002; Kramarski & Mevarech,
2003; Kramarski & Zoldan, 2008). Recently the IMPROVE method was
adapted for pre-service teachers (Kramarski & Michalsky, 2009; Kramarski
& Michalsky, in press). However, minimal research exists in investigating
such reflection support approaches in professional training programs of
elementary school mathematics teachers.

Current study objectives

In the present study, teachers participated in one of two professional
training programs (see a detailed description of each program in the Method
section): either with the reflection discourse (R_D) or the IMPROVE self-
questioning method (S_Q). The purpose of this study was twofold. We
compared the effects of R_D versus S_Q on the teachers' pedagogical
problem solving view as measured: (a) PCK regarding mathematical
problem solving; and (b) metacognitive knowledge and beliefs regarding
declarative, procedural, and conditional knowledge. We expected that
systematic discussing with pedagogical issues with the IMPROVE method
(S_Q) embedded within PCK, would help teachers become more actively
engaged in comprehending the PCK of problem solving and more aware of
metacognitive considerations for student-centred learning. Thus, we
assumed the S_Q group will outperform the R_D group in PCK measures.
We also assumed that the S_Q method enhances teachers’ high level of
perceived metacognitive knowledge (procedural and conditional) more than
the R_D method.

Method

Sixty two elementary school teachers from 16 urban schools, participated in
this study. These teachers participated in an Israeli government sponsored
professional development program for three years. The purpose of the
development program was to enhance teachers’ mathematical knowledge
and pedagogical methods with regard to NCTM standards in mathematics.
Teachers were exposed to the Israeli Ministry of Education mathematical
curricular: numbers and operations, data, algebra, proportion, space, and
shapes. Teachers’ knowledge was assessed each year in all professional
development centres by uniform government tests based on the topics which
were studied. In the beginning of the study there were no significant
differences between the two groups in the following variables: Years of
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experience in teaching mathematics mathematical knowledge and PCK
were assessed by government measures.

Professional training program

Shared structure and curriculum. Teachers in both groups (R_D and S_Q)
participated in five weekly 4-hour workshops during five weeks (20 total
hours of training). The aims were: (a) to strengthen teachers’ mathematical
knowledge for teaching; and (b) to practice pedagogical means for enhancing
mathematical understanding (Hill et. al., 2005). Teachers studied the new
curriculum standards for early childhood (problem solving, mathematical
reasoning, and communication) as an integral part of facilitating students'
mathematical understanding (NCTM, 2000). During training, teachers
practiced arithmetic exercises (e.g., numbers and operations) and discussed
algebraic i1deas (e.g., symbols, expressions, patterns, and representations).
In addition, teachers studied theories based on student-centred learning
(e.g., Brown & Campione, 1994), such as learning by inquiry and
participating in discussion.

All four workshops in both groups contained the same structure. First,
the instructor presented the lesson's subject and contents to the in-service
teachers. Second, the teachers practiced the tasks collaboratively in pairs.
Practice was based on (a) solutions of various complexities requiring
comprehension of mathematical knowledge and pedagogical episodes, and
(b) analysis and evaluation of lesson plans, video-captured lessons, or
pedagogical events. Third, each pair of teachers presented their summary of
the task solution or lesson evaluation to the class. Finally, teachers
participated 1in class discussions regarding the interpretation of
mathematical ideas and pedagogical events, understanding difficulties, and
proposing solutions and explanations for problems. In addition, a discourse
related teachers' attitudes, beliefs and feelings regarding the training
program was organized for the entire class. As part of their training,
teachers conducted their actual school lessons while practicing various
mathematical and pedagogical activities with their students, and then
reflected on and discussed their experiences with their peers in the
workshop.

Each group received training from one of two female expert instructors.
Both instructors held an MA degree in mathematics education, had 10+
years of teaching experience, and were considered experts in pedagogical
development and training programs. For this study, each instructor was
trained separately; the instructor assigned to the S_Q group practiced
exercises and tasks using the IMPROVE method (see the next section),
whereas the other instructor practiced these tasks with the R_D group.
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Figure 1 summarizes the main components in each training program.

Self-Questioning Reflection Discourse
S Q R_D

¢ Learning
Approaches

New curriculum standards (NCTM, 2000) for early childhood
education: Problem solving, mathematical reasoning, and
communication; numbers and operations and algebraic ideas;
Teaching methods for student-centred learning; Research review

Theoretical teaching
and learning
framework

Teacher training (for
2 instructors)

One-day, 5-hour in-service training seminar, and teachers'
observations

Five weekly 4-hour workshops for a period of five weeks that

included 6 main activities:

(a) Instructor presented the lesson's subject and contents

(b) Practice was based on task solutions, analysis of lesson plans,
video-captured lessons or teachers' actual school lessons

(c) Teachers practiced tasks collaboratively in pairs

Workshop structure (d) Each pa.ir presented their summary of the task solution, lesson

evaluation or pedagogical event

(e) Teachers participated in class discussion regarding their
activities in the workshops and their actual school lessons

() Instructors implemented procedures for debriefing regarding
attitudes, beliefs, and feeling toward the program

Reflection discourse on NCTM

Guidance

(a) IMPROVE self-questioning
method:

Comprehension, connection,
strategy and reflection;

(b) Systematic practice in both
perspectives as student and as
teacher

standards of teaching and
learning:
(a) Problem solving
(b) Mathematical
understanding
(¢) Teaching methods
(d) Pedagogical

considerations

Figurel: Summary of the mathematics training program by reflection support

Self-Questioning (S_Q) group

Teachers in this group received reflection support based on the IMPROVE
metacognitive self-questioning model (Kramarski & Mevarech, 2003;
Mevarech & Kramarski, 1997). In previous applications of this model for
students, we utilized a series of four metacognitive self-guided questions on
comprehension, connection, strategy, and reflection. In the present study,
we expanded the model to incorporate two perspectives of practice for
teachers: as a student (i.e., regarding solving problems) and as a teacher
(i.e., in planning lessons involving those problems). In both perspectives,
teachers used the metacognitive self-guided questions before, during, and
after the solution process, whether or not the given solution involved a task,
a lesson plan, or a pedagogical event.

The comprehension questions were designed to prompt teachers to
reflect on the problem before solving it, plan a lesson or analyze a
pedagogical event. In addressing comprehension questions, the teacher was
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required to focus on the basic features of the problem (e.g., givens, terms) or
the event. For planning lessons or pedagogical events, teachers had to
demonstrate the lesson’s topic, mathematical knowledge, and the
explanations needed in the lesson. The connection questions were designed
to prompt teachers to focus on similarities and differences among problems,
explanations, lessons, or pedagogical events that the teachers had already
used or planned, and to explain why. In addressing the connection
questions, teachers had to focus on prior knowledge, and to define the
structural features of the task and the information provided. The strategic
questions were designed to prompt teachers to consider which strategies
were appropriate for solving or teaching the given problem/task/pedagogical
event and the basis for doing so, and for what reasons. In addressing the
strategic questions, teachers had to describe "what" strategy they selected,
"how" they suggested it should be implemented, and "why" the strategy was
the most appropriate one for solving or teaching the problem/task. The
Reflection questions were designed to prompt teachers to control their
problem solving and lesson planning. In addressing the reflection questions,
teachers monitored and evaluated their understanding and different ways to
solve problems or using teaching approaches. The metacognitive questions
were embedded in the teachers’ workshop materials. The teachers were
encouraged to use these questions explicitly in solving their tasks, when
providing explanations, planning their lessons and conducting team and
class discussions. Teachers were asked to provide written responses to
metacognitive questions.

The instructor also explicitly presented and discussed research findings
about the effects of the IMPROVE method on students’ problem solving,
mathematical reasoning, pedagogical knowledge and SRL (e.g., Kramarski,
et, al., 2002; Kramarski, 2008; Kramarski & Michalsky, 2009). In class, the
instructor also discussed with teachers how to use metacognitive self-
questioning during classroom learning and teaching.

Reflection Discourse (R_D) group

The aim of reflection in this program was to improve teachers mathematical
problem solving and actual practice according to the NCTM standards.
Teachers were expected to solve mathematical problems, plan lessons, make
provisions for classroom learning and teaching and participate in a
reflection discourse. Teachers were asked to discuss in small groups and in
the whole class their experience on (a) mathematical problem solving; (b)
teaching in their actual classes focusing on enhancing mathematical
understanding (e.g., ways of solutions, mathematical explanations), (b)
teaching methods (e.g., sharing knowledge), and (c) pedagogical
considerations of their actual experiences with their students (e.g., task
demands, levels of thinking, and students difficulties). The R_D program
encouraged teachers to be critical about their work, with the intention that
they can effect change in their teaching.
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Teachers practiced the same tasks with the workshop materials. The
instructor discussed the main research literature in reference to principles
and standards of mathematical reasoning and teaching techniques to
promote young children's understanding in student-centred learning
approaches (Brown & Campione, 1994). The instructor presented
Zimmerman's (2000), approach to effective reflection. The approach often
involves making a judgment and then to suggests techniques to modify
teaching. The instructor also discussed with teachers how to implement the
NCTM principles in the class, and modeled how to reflect on the problem
solution, lesson plan, or a pedagogical event in actual teaching. The
instructor explained that by sharing methods, discussing written work, and
reflecting on problems and solutions, teachers could improve the
understanding of goals for student learning.

Supervision of workshops

During the period of the study, an assistant researcher visited all of the
workshops and observed how teachers were engaged in the process.
Particular attention was paid to the requirements of participating in
reflection discourse. Observations in both groups indicated that 84% of the
teachers were involved in reflection discourse.

Measures

Three quantitative measures assessed teachers' outcomes (PCK assessment
and delayed test, metacognitive knowledge, and beliefs).

Teachers’ PCK assessment

At both the beginning and the end of the study, we administered a 12-item
test adapted from Teo et. al., (2007), to all teachers. The test covered
pedagogical issues ranging from the elementary level teaching unit on
numbers, operations, and basic algebraic reasoning, referring to pedagogical
planning or suggestions for teaching including: (1) presenting the topic
(demonstrations, representations and justifications); (2) developing
students' understanding (connecting concepts; identifying difficulties and
justifications); and (3) fostering student-centered learning (active learning,
self-opinion and theoretical justifications). The Appendix presents two PCK
tasks. For each item, teachers received a score of either 3 (full answer-
referring to the three criteria), 1 or 2 (partial answer-referring to one or two
criteria) or O (incorrect answer), and a total score ranging from 0 to 36. We
translated the scores to percentages. The Cronbach alpha reliability of the
test coefficient was .86. The pre-test and post-test versions of these
pedagogical knowledge tests shared similar but not identical contents and
structure. The scoring criteria across time were consistent.

PCK-delayed test

The annual Israeli Ministry of Education end-of-year teacher assessment,
administered 5 months after the intervention, assessed a large range of
PCK tasks. The mathematical PCK test (14 open tasks) assessed various
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pedagogical skills referring to the same mathematical topics like: suggesting
a way to explain the topic; identifying students' errors and explaining
reasons for them; identifying and analyzing alternative problem solving
strategies; building connections between math concepts; and using different
representations and demonstrations to teach a mathematical concept (see
example items in the Appendix). The Ministry provided a total score in
percentages for each teacher.

Metacognitive knowledge and beliefs questionnaire

A pre/post 54-item questionnaire assessed metacognitive knowledge and
beliefs. The questions were based on the questionnaires of Montague and
Bos (1990), Kramarski et al., (Kramarski & Mevarech, 2003; Kramarski &
Mizrachi, 2006; Kramarski, 2008; Kramarski & Michalsky, 2009) and
Schoenfeld (1992). The questionnaire contains three components:
declarative, procedural and conditional knowledge. The declarative
component referred to beliefs in teaching for understanding (e.g., ‘Lessons in
mathematics should based on formulating conjectures, not just performing
exercises’); the procedural (e.g., ‘during the problem solving process, I asked
students for self-opinions and conclusions); and the conditional component
(e.g., ‘In the class discourse, I asked students to referre others' solutions’).

Each item was constructed on a 5-point Likert type scale ranging from
1 (never) to 5 (always). The Cronbach alpha reliability of the questionnaire
coefficient was .91; .87; 89, respectively for each component).

Results
Teachers’ PCK in the context of problem solving

The first purpose of the study was to examine mathematics teachers’ PCK.
Table 1 presents the mean scores, adjusted mean scores, and standard
deviations based on teachers’ PCK, by reflection approach. Effects of the
training programs were observed with regard to their view in: Presenting
the topic; developing students understanding; and fostering student-centred
learning.

MANOVA results indicated that prior to the beginning of the study no
significant differences existed between the two treatment groups in
teachers’ PCK. However, the post-test MANCOVA results indicated that
teachers in the S_Q group significantly outperformed their peers in the R_D
group, F(3, 58) = 19.17; p < .0001. Further ANCOVA results indicated
differences between the two groups in two of the PCK criteria: Fostering
student-centred learning, F(1, 59) = 4.58, p < .01 (d = .65), and developing
students understanding, F(1, 59) = 8.74, p < .01 (d = 1.14). However, no
significant differences emerged on using ways to present the topic, F(1, 61) =
.57, p> .05 (d =.24).
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Table 1. Means, adjusted means, standard deviations, F values, and Cohen's effect sizes
(d2) on teachers' PCK, by treatment group! (S_Q vs. R_D) and time (pre-test/post-test)

Self-Questioning Reflection Discourse (R_D)
(5_Q) group group
n =30 n=32
Pre Post Pre Post
Presenting the topic
M 84.50 88.38 85.36 87.02
Adjusted M 87.63 86.28
SD 2.45 2.76 2.87 5.76
d=0.24
Student-centered learning
M 76.62 89.41 75.83 82.34
Adjusted M 88.27 81.29
SD 15.21 7.89 15.97 10.72
d =0.65
Students' understanding
M 77.16 86.43 75.39 73.06
Adjusted M 85.56 72.63
SD 14.32 11.75 15.80 18.71
d=1.14

Note. Range: 0-100.

Teachers’ metacognitive knowledge and beliefs

Secondary purpose of the study was to investigate metacognitive knowledge
and beliefs in the area of problem solving among elementary mathematics'
teachers (S_Q and R_D). Table 2 presents the mean scores, and standard
deviations based on metacognitive knowledge, by treatment group and time.
Effects of the two training programs were observed regarding their
declarative, procedural, and conditional knowledge.

Table 2. Means and standard deviations of metacognitive knowledge and beliefs by
treatment group 2 and Time

Self-Questioning Reflection Discourse
(S_Q) group (R_D) group
n=30 n=32
Pre Post Pre Post
Declarative knowledge and beliefs
M 3.72 3.84 3.68 3.81
SD 0.38 0.32 0.34 0.31
d= 0.32 d =0.38
Procedural knowledge
M 3.84 4.10 3.86 4.03
SD 0.28 0.32 0.31 0.30
d=0.93 d =0.55
Conditional knowledge
M 3.86 4.10 3.80 3.89
SD 0.36 0.33 0.35 0.34
d =0.67 d=0.26

1Range: 1-5.
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The data was analyzed by MANOVA for the pre-test, and Repeated
Measures for the post-test. In addition, the effect-size (d) was calculated by
the difference between the means of the pre-test and post-test divided by the
standard deviation of the total pre-test.

A multilevel analysis of variance (MANOVA) indicated that prior to the
beginning of the study no significant differences were found between the
S_Q and R_D teachers in metacognitive measures, F(2, 59) = 1.82, p > .05.
Further analysis of two-way Repeated Measures of variance [groups (2) by
time (2)] indicated significant differences in the main effect of time for the
declarative knowledge, F(1, 59) = 12.43, p < .01, procedural knowledge F(1,
59) = 9.34, p < .01, and conditional knowledge, F(1, 59) = 6.81, p < .01).

However, a significant interaction was found between groups and time
for procedural knowledge, F(1, 59) = 9.68, p < .01, and conditional
knowledge, F(1, 59) = 7.86, p < .01). The findings indicated that at the end
of the study the S_Q teachers improved significantly more in their
application of procedural knowledge and conditional knowledge (d = .93;
.67), compared to the R_D teachers (d = .55; .26 respectively for procedural
and conditional knowledge). We found no significant differences between
treatment group and time in improving the use of declarative knowledge in
the area of metacognitive knowledge and beliefs in teaching with problem
solving approach, F(1,59)=.35, p >.05).

PCK—-delayed test

ANOVA results indicated significant differences between the two groups at
the delayed test. The S_Q teachers outperformed the R_D teachers on PCK
(S_Q: M=82.75, SD=13.45; R_D: M =70.69, SD = 13.42; F(1, 60) = 10.25, p
<.01; d =.89).

Discussion

Findings indicated that systematic reflection support based on IMPROVE's
self-questioning (S_Q) is effective for developing PCK in the context of
mathematics problem solving. In addition, systematic reflection supports
strengthen metacognitive knowledge and beliefs of mathematics teachers
more than reflection discourse support. These findings support previous
conclusions that self-questioning strengthens pre-service teachers'
metacognition and pedagogical ability (Kauffman, et al., 2008; Kramarski &
Michalsky, 2009). Our findings highlight the importance of self-questioning
support in the different stages of life long learning of mathematics teachers,
in the preparation stage as pre-service teachers, and in professional
development training as in-service teachers (PISA, 2003).

We suggest two reasons to explain the beneficial effects of S_Q support.
Self-questioning encourages students to reflect on their goals, their
understanding, making links, and restructuring ideas. Perhaps the
systematic explicit use of the questions enable the student to walk through
the activities step-by-step, thereby helping students monitor and evaluate
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their learning processes. This ability, in turn, affected their metacognitive
knowledge and PCK (Davis, 2003; Kramarski & Michalsky, 2009; in press).
This conclusion is in line with other researchers who argued that directed
support may act as a “more able other,” prodding students to consider issues
they may not have considered otherwise (Nuckles, et al., 2009; Vygotsky,
1978). In contrast, the reflection discourse exposed the teachers to an open
dialogue that enabled them to learn new ideas and pedagogical solution
strategies; however such open dialog might increase their cognitive load
thereby causing difficulties in integrating ideas and solutions that were
raised in the group.

PCK in mathematical problem solving context

The current findings concerning PCK indicated that teachers of the S_Q
were more successful in integrating content with pedagogy in a deeper level
than the R_D group, as found in a test administered immediately after the
end of the study, and in a delayed test (government assessment). The S_Q
group teachers based their pedagogical considerations and beliefs about
student-centred learning (i.e., self-opinions, conclusions, and theoretical
justifications) and learning for understanding (i.e., connecting between
concepts and identifying difficulties). No differences were found between the
two groups on ways of presenting the topic in the class (demonstration,
representations and justifications). In contrast, the R_D group teachers
focused more on how to transmit the topic without explicit emphasis on
students understanding and justifications about their choices.

We suggest two reasons for the beneficial effect of S_Q support on PCK.
First, discourse on why and how questions seemed to foster teachers'
understanding of task demands and pedagogical decisions. Second, the
explicit opportunity to elaborate on different perspectives of problem
solving, as both students and teachers, prompted teachers to focus more on
deep understanding of task demands and on a student-centred teaching
approach in their pedagogical approach. These findings are in line with
previous studies that emphasized the importance of using self-questioning
in multiple perspectives in learning and teaching (Kramarski et. al., 2001;
Kramarski & Michalsky, in press; Kramarski & Revach, in press; Xiaodong
et. al., 2005).

Metacognitive knowledge and beliefs

Findings on the three components of metacognitive knowledge, self-reported
questionnaire indicated that providing teachers with reflection support in
both groups (S_Q and R_D) was beneficial in promoting metacognitive
knowledge components (declarative, procedural and conditional). However,
the effects of S_Q support was remarkable in the metacognitive higher
order knowledge (procedural and conditional knowledge). Furthermore, the
findings indicated that both approaches were less effective in changing the
declarative knowledge and beliefs component, in comparison to the
procedural and conditional components. The slight improvement of beliefs
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support other conclusions that beliefs are stable and difficult to change
(Pajares, 1992; Richardson, 1996; Thompson, 1992).

We found no differences between the two reflection supports in their
declarative knowledge and beliefs. At the end of the study, teachers in both
groups perceived mathematics as a process of problem solving and
reasoning, rather than a set of unrelated facts, rules, and skills. This finding
is in line with previous research on pre-service teachers in a Web-based
learning environment that shows that IMPROVE's self-questioning
strengthens teachers' perceptions about students' ability to construct
knowledge with student-centred learning approach (Kramarski &
Michalsky, 2009).

The findings indicated minimal improvement of metacognitive
conditional knowledge (d = .26) among the R_D teachers. This finding
suggests that although the R_D teachers improved their pedagogical beliefs
(d =.38), they didn't know when and how to transfer such beliefs into
practice. The findings support the conclusion that, teachers' simple sharing
of methods, discussion of written work, and reflection on problems,
solutions, and beliefs (based on standards in mathematics learning as
observed in the R_D group), do not ensure that teachers understand how
those standards benefit performance. Obviously, such understanding is
critical for optimal use of those standards in classroom instruction (e.g.,
Kramarski & Revach, in press; Xiaodong et. al.,, 2005). Current
metacognitive knowledge and beliefs outcomes for the two approaches
substantiate previous research which concluded that explicit support is
necessary for combining beliefs and construction of new knowledge in
teachers training programs (Pajares, 1992; Richardson, 1996; Thompson,
1992).

Implications, further research, and limitations

This study contributes to teachers' theoretical research by examining the
role of reflection support in mathematics professional training. To support
the vision of the NCTM standards in the mathematics classroom, teachers'
professional training programs are being called upon to model different
teaching support for understanding and to help teachers develop their
knowledge of content, and pedagogy. In particular, it is suggested that
educators focus on the importance of helping teachers to become more aware
of how their knowledge, beliefs, and actions influence students’ learning
(Kramarski & Revach, in press).

There are two inherent limitations in this study. First, the present
implementation of each support by only one group could be confounded with
the instructional support. To strengthen the current claims, further
research should examine the effects of reflection support on larger samples
of teachers and should expand observations of teachers' class practice. To
generalize the present findings, future studies should follow up on the long-
term effects of reflection support by explicitly investigating teachers'
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professional knowledge on various topics and tasks. These tests should be
implemented at different time intervals (e.g., one or two years after
Intervention).

Second, our study investigated relations between reflection support and
cognitive variables (pedagogical and metacognitive knowledge). In addition,
the study investigated the development of teachers’ beliefs toward problem
solving. Future research should be conducted to investigate the proposed
relationship between other kinds of beliefs and affective variables and
teachers’ professional development (Farmer, et. al., 2003).

The present research findings add complementary perspectives to the
literature on teachers' professional knowledge, by associating teachers' PCK
with metacognitive knowledge and beliefs under reflection support.
However, the study does not supply data about student outcomes obtained
by the participating teachers. Future studies would do well to examine the
assumption that teachers' SRL is extremely important to their success in
teaching (Perry et. al., 2006; Randi & Corno, 2000). Toward this end,
teachers with varying levels of SRL should be observed, and the data should
be correlated to students' understanding, achievement data, and attitudes
towards mathematics.

Furthermore, considering the complex nature of professional
development in mathematics teaching (Hill et al., 2005), it may be useful to
pay attention to the measurement of quality in assessing professional
development by using different kinds of complementary methods and styles
of coding. Offline (questionnaires) and online (actual teaching) methods such
as thinking aloud, observations, and interviews, may shed further light on
the benefits of reflection support. In conclusion, we underscore the need to
further investigate how to enhance mathematical professional development
with reflection support in professional training programs.

Dr. Bracha Kramarski is a senior researcher in School of Education, Bar-Ilan University.
Her interests include the study of mathematics teaching and learning, metacognition and
self-regulation in advanced learning environments, and professional teacher development.

References

Artz, A., & Yaloz-Femia, S. (1999). Mathematical reasoning during small-group problem
solving. In L. Stiff, & F. Curio (Eds.), Developing mathematical reasoning in grades
K-12: 1999 yearbook of National Council of Teachers of Mathematics (pp. 115-126).
Reston, VA: National Council of Teachers of Mathematics.

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory.
Englewood Cliffs, N.J: Prentice-Hall.

151



International Electronic Journal of Elementary Education Vol.2, Issue 1, October, 2009

Brown, A. L., & Campione, J. C. (1994). Guided discovery in a community of learners. In K.
McGilly (Ed.), Classroom lessons: Integrating cognitive theory with classroom
practice (pp. 229-270). Cambridge, MA: MIT Press.

Clearly, T., & Zimmerman, B.J. (2001). Self-regulation differences during athletic practice
by experts, non-experts, and novices. Journal of Applied Sport Psychology, 13, 61-82.

Davis, E.A. (2003). Prompting middle school science students for productive reflection:
Generic and directed prompts. Journal of the Learning Sciences, 12,(1), 91-142.

Ernest, P. (1989). The impact of beliefs on the teaching of mathematics. In P. Ernest, (Ed.),
Mathematics Teaching: The state of the art. Basingstoke: The Falmer Press.

Farmer, J., Gerretson, H., & Lassak, M. (2003). What teachers take from professional
development: Cases and implications. Journal of Mathematics Teacher Education,
6(4), 331-360.

Hill, H, C., Rowan, B., & Ball, D.L. (2005). Effects of teachers' mathematical knowledge for
teaching on student achievement. American Educational Research Journal, 42(2),
371-406.

Kauffman, D. F., Ge. X., Xie., K, & Chen., C. H. (2008). Prompting in web-based
environments: Supporting self-monitoring and problem solving in college students.
Journal of Educational Computing Research, 38(2), 115-137.

Kramarski, B., Mevarech, Z. R., & Liberman, A. (2001). The effects of multilevel-versus
unilevel-metacognitive training on mathematical reasoning. Journal of Educational
Research, 94(5), 292-300.

Kramarski, B., Mevarech, Z. R., & Arami, M. (2002). The effects of metacognitive training
on solving mathematical authentic tasks. Educational Studies in Mathematics, 49,
225-250.

Kramarski, B., & Mevarech, Z. R. (2003). Enhancing mathematical reasoning in the
classroom: The effect of cooperative learning and metacognitive training. American
Educational Research Journal, 40, 281-310.

Kramarski, B. (2004). Making sense of graphs: Does metacognitive instruction make a
difference on students’ mathematical conceptions and alternative conceptions?
Learning and Instruction, 14, 593-619.

Kramarski, B., & Mizrachi, N. (2006). Online discussion and self-regulated learning: Effects
of instructional methods on mathematical literacy. Journal of Educational Research,
99(4), 218-230.

Kramarski, B. (2008). Promoting teachers’ algebraic reasoning and self-regulation with
metacognitive guidance. Metacognition and Learning, 3, 2, 83-99.

Kramarski, B., & Zoldan, S. (2008). Using errors as springboards for enhancing
mathematical reasoning with three metacognitive approaches. Journal of Educational
Research, 102(2), 137-151.

Kramarski, B., & Michalsky, T. (2009). Investigating pre-service teachers' professional
growth in self-regulated learning environments. Journal of Educational Psychology,
101 (1), 161-175.

Kramarski, B & Michalsky, T. (in press). Preparing preservice teachers for self-regulated
learning in technological pedagogical content knowledge (TPCK) context. Learning
and Instruction.

Kramarski, B., & Revach, T. (in press). The challenge of self-regulated learning in
mathematics teachers' professional training. Educational Studies in Mathematics.

Lester, F. K., & Kehle, P. E. (2003). From problem solving to modeling: the evolution of
thinking about research on complex mathematical activity. In: R. Lesh, & H. Doer
(Eds.), Beyond constructivism. Models and modeling perspectives on mathematics
problem solving, learning, and teaching (pp. 501-517). Mahwah, NdJ: Lawrence
Erlbaum Associates.

Mevarech, Z. R., & Karmarski, B. (1997). Improve: A multidimensional method for teaching
mathematics in heterogeneous classrooms. American Educational Research Journal,
34(2), 365-394.

152



Mathematics teachers with two reflection programs / Kramarski

Montague, M., & Bos, C. S. (1990). Cognitive and metacognitive characteristics of eight-
grade students' mathematical problem solving . Learning and Individual Differences,
2, 371-388.

National Council of Teachers of Mathematics. (2000). Principles and standards for school
mathematics. Reston, VA: Author.

Nuckles, M., Hubner.S., & Renkl. A. (2009). Enhancing self-regulated learning by writing
learning protocols.Learning and Instruction 19, 259-271.

Pajares, F. (1992). Teachers' beliefs and educational research: Cleaning up a messy
construct. Review of Educational Research, 62, 307-332.

Perry, N. E., Phillips, L., & Hutchinson, L. (2006). Mentoring student teachers to support
self-regulated learning. Elementary School Journal, 106(3), 237-254.

Pintrich, P. R. (2000). Multiple goals, multiple pathways: The role of goal orientation in
learning and achievement. Journal of Educational Psychology, 92, 544-555.

Program for International Student Assessment - PISA. (2003). Literacy skills for the world
of tomorrow: Further results from PISA 2000. Paris: Author.

Putnam, R. & Borko, H. (2000). What do new views of knowledge and thinking have to say
about research on teacher learning? Educational Researcher, 29, 4-15.

Randi, J., & Corno, L. (2000). Teacher innovations in self-regulated learning. In P. Pintrich,
M. Boekaerts, & M. Zeidner (Eds.), Handbook of self-regulation (pp. 651-685).
Orlando, FL: Academic Press.

Richardson, V. (1996). The role of attitudes and beliefs in learning to teach. In: J.Sikula
(Ed), Handbook of Research on Teacher Education. (pp 102 — 119) New York:
Macmillan.

Schoenfeld, A. H. (1992). Learning to think mathematically: Problem solving,
metacognition, and sense making in mathematics. In D. A. Grouws (Ed.), Handbook
of research on mathematics teaching and learning (pp. 165-197). New York:
MacMillan.

Schon, D. A. (1987). Educating the Reflective Practitioner: Toward a New Design for
Teaching and Learning in the Professions. San Francisco, CA, Jossey-Bass Inc.

Shulman, L. S. (1986). Paradigms and research programs in the study of teaching: A
contemporary perspective. In M. C.Wittrock (Ed.), Handbook of research on
mathematics teaching and learning (3rd ed., pp. 3-36). New York: MacMillan.

Teo, S. K. L. T., Chua, K. G., Cheang, K., & Joseph. K. Y. (2007).The development of
diploma in education student teachers’ mathematics pedagogical content knowledge.
International Journal of Science and Mathematics, 5(2), 237-261.

Thompson, A. (1992). Teachers’ beliefs and conceptions: A synthesis of the research. In D.
Grouws (Ed.), Handbook of research in mathematics teaching and learning. (p. 127 -
146) New York: MacMillan. Schraw, G., Crippen, K. J., & Hartley, K. (2006).
Promoting self-regulation in science education: Metacognition as part of a broader
perspective on learning. Research in Science Education, 36, 111-139.

Veenman, M. V. J., Bernadette, H. A. M., Van Hout-Wolters, & Afflerbach, P. (2006).
Metacognition and learning: Conceptual and methodological considerations.
Metacognition and Learning, 1, 3-14.

Verschaffel, L., Greer, B., & De Corte, E. (2000). Making sense of word problems. Lisse, The
Netherlands: Swets & Zeitlinger.

Xiaodong, L., Schwartz, D. L., & Hatano, G. (2005). Toward teachers' adaptive
metacognition. Educational Psychologist, 40(4), 245-255.

Zimmerman, B. J. (2000). Attainment of self-regulation: A social cognitive perspective. In
M. Boekaerts, P. Pintrich, & M. Zeidner (Eds.), Handbook of self-regulation (Chap. 2).
San Diego, CA: Academic Press.

Zohar, A., & Schwartzer, N. (2005). Assessing teachers' pedagogical knowledge in the
context of teaching higher order thinking. International Journal of Science Education,
27(13), 1595-1620.

153



