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Abstract

Purpose — This study aims to develop a self-reflection scale useful for teachers to improve their skills and to
clarify the Japanese teachers’ characteristics during mathematics lesson observation (MLO). In MLO, it is
important to understand the lesson plan in advance to clarify observation points, and we aim to develop a scale
including these points.

Design/methodology/approach — Based on the pre-questionnaire survey, nine perspectives and two
situations for MLO were extracted. From these, a questionnaire for MLO was created. The results obtained
from 161 teachers were examined, and exploratory factor analysis was conducted. ANOVA was conducted to
analyze the effect of differences across the duration of teaching experience on the identified factors.
Findings — We developed a self-reflection scale consisting of 14 items with three factors: [B1] focus on
instructional techniques and evaluation, [B2] focus on proactive problem-solving lesson development and [B3]
focus on the mathematical background of the learning content. While duration of teaching experience showed
no effect, three factors of the self-reflection scale for MLO showed a significant effect. Further multiple
comparisons revealed the degree of focus was [B2]>[B1]>[B3].

Originality/value — Teachers who use this developed scale may grasp the strengths and weaknesses of their
own MLO, which leads to self-improvement. The perspectives emphasized in lesson observation are the same
when creating lesson plans and implementing lessons, leading to lesson improvement. Furthermore, based on
the characteristics of teachers revealed, new training programs regarding MLO can lead to higher-quality
lesson studies.

Keywords Mathematical lesson observation, Mathematics education, Self-reflection scale
Paper type Research paper

1. Introduction

1.1 Background and purpose of this research

Lesson study is a collaborative, practice-based inquiry cycle that centers on the study of
teaching materials, as well as planning, observation and analysis of actual classroom lessons
(Takahashi et al, 2013). Currently, most studies focus on approaches taken before the
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research lesson, including lesson planning and on post-lesson discussion after the research
lesson (Murata, 2011; Estrella et al., 2018; Lim et al.,, 2018; Archer, 2021). However, not many
studies focus on observation itself during the research lesson, and there is insufficient work in
characterizing and analyzing the implementation of lesson observations (Lewis and Hurd,
2011; Larssen et al, 2018). Since learnings from lesson observations are important for
improving lesson practice, there is a recent movement toward a greater focus of research on
methods of lesson observations in mathematics education (Lee and Choy, 2017).

According to Takahashi and Yoshida (2004), to understand what a teacher intends to teach,
observers need to collect data with the lesson goals in mind and use the lesson plan, seating chart
and worksheet to record observations in a lesson study. However, the dearth of a common since
there is no common self-reflection scale for observers of mathematics lesson has resulted in,
teachers are just participating in lesson studies with their own reflection standards. In addition,
we believe it is important for teachers to capture the characteristics of their Mathematics Lesson
Observation (MLO, please refer §2.2 for definition) for reflection. Therefore, we develop a
framework for to support teachers in better understanding their strengths and weaknesses
during MLO, which can lead to higher quality lesson study programs.

In this study, we focus only on mathematics education and set the following two research
questions.

(1) What are the different perspectives or foci that should be included in a self-reflection
scale for MLO?

(2) Are there differences in responses to the MLO survey depending on duration of
teaching experience?

To respond to these questions, this study aims to clarify the perspectives—what points to
focus on—in lesson observations (please see §2.3 for details), to develop a self-reflection scale
for the MLO survey and to characterize degree to which Japanese elementary school teachers
focus on each item of self-reflection scale for MLO.

1.2 Literature review

Lesson observation is an important component of lesson study (Saito et al, 2007), and
appropriate observation skills are necessary for teachers to learn from instructional
practices of other teachers and to reflect on their own teaching (Fitriati et al, 2022).
Danielson (2012) indicated that observers need to acquire certain skills to conduct fair and
reliable observations of teaching, in order to evaluate quality of teaching and learning. This
may be based on two domains of the Danielson Framework for Teaching: the classroom
environment and instruction. The Mathematical Quality of Instruction (MQI)—developed
by the University of Michigan and Harvard University—is also a widely known
observation framework to measure the quality of mathematics lesson and can
furthermore be applied for teacher professional development (Hill ef al., 2008). Hierbert
et al. (2007) claimed that empirical observation of teaching and learning is a necessary
component for analyzing teaching during teacher preparation programs. They also
mention that following “Knowing” about (1) evidence about student’s learning
(effectiveness of teaching), (2) achievement of learning goals and (3) key moments to
achieve the evidence are required.

However, most studies focus on an observation framework for improving the quality of
teaching, and a number of them lack a framework for judging the effective implementation of
observation itself (Larssen et al, 2018; Fitriati ef al., 2022). The ability to properly evaluate a
lesson depends on each teacher’s perspective. Therefore, it is important to understand one’s
own tendencies and characteristics regarding lesson observation, to develop one’s strengths
and to improve one’s weaknesses. Since teachers participate in lesson study far more often as



observers than as lesson practitioners, the significance of teacher development as observers
becomes apparent.

While the focus of observation is usually on teacher’s activities, students’ activities and
students’ learning, etc., self-reflection standards vary greatly from person to person (Lewis
and Hurd, 2011; Larssen et al., 2018; Baldry and Foster, 2019). It has also been reported that
some teachers (e.g. beginning teachers) lacking observation skills find it difficult to improve
their own lessons because their observations and analyses are superficial.

Regarding what teachers pay attention to when reflecting on their observations for
mathematics lessons, Fitriati ef al (2022) qualitatively analyzed results of self-reflection of
MLO in a lesson study of pre- and in-service teachers to extract four frameworks of “Student’s
Learning,” “Students’ Behavior,” “Students’ Disposition,” and “Teacher Performance”.

Ingram et al. (2018) reviewed some of observation frameworks developed to examine the
possibility of developing an internationally common observation framework regarding
mathematics education. For example, the Mathematics Education Traditions of Europe
project (Torok, 2006) listed four categories of frames: “mathematical focus (the objectives of a
teacher’s actions and decision making),” “mathematical context (the conception of
mathematics based on the real world and the genuineness of the data),” “didactics” and
“used materials”. This is a tool for studying the extent to which quality of teaching increases
student achievement (value-added assessment scores). However, Ingram et al (2018)
conducted that common international use of a framework is limited and depends on the
country’s culture, curriculum and aspects it seeks to measure.

Thus, according to Ingram et al (2018), the aspects that observers should look at vary on
the culture and curriculum content of the country. Considering this, the self-reflection
framework for observers presented by Fitriati ef al (2022) alone is not enough since it does not
consider the culture, curriculum content and other factors. With further literature review, we
found no research on frameworks to reflect on observers’ own perspectives while taking
national cultures, curricula and other factors into account.

In actual lesson studies, observations are conducted without necessarily using an
observation framework described above. Although this allows for a greater degree of
freedom and variety of discussion for observers, the breadth and depth of observation may be
limited because each observer potentially focuses attention only on those aspects that each
one is interested in. Therefore, the development of a common framework in a country or a
same cultural group to self-reflect on perspectives of lesson observation is highly significant.

Another important factor to consider is “trends” in the subject matter or content of
mathematics education. Newton and Alexander (2013) explicitly mention the importance
of “trends”: while the nature of mathematics does not change, its “trends” and contents of
coursework can change significantly. Therefore, there is a need for a specific self-reflection
scale as framework for teachers to reflect on their own lesson observations following the
“trends” of the country/region, which formed the purpose of this study.

2. Setting up survey items related to MLO

2.1 Qverview of methodological approach

First, the definition of MLO is established with the importance of understanding lesson plan
in advance (§2.2.1) and trends in particular country/region (§2.2.2). Since this study is
conducted in Japan, we reviewed the content of Japanese lesson plan and current “trends” in
Japanese mathematics education (§2.2.3). Interviews were conducted with three teachers, and
the results were consolidated to identify perspectives for self-reflection scale for MLO to be
investigated (§2.3). Then, based on those perspectives, specific survey items were developed
(§2.4). The developed items were then administered to approximately 200 teachers in a
questionnaire survey (§2.5), and the results were analyzed (§3).
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2.2 Definition of mathematical lesson observation
We claim that a self-reflection scale for MLO needs to be set up across following two
situations:

(1) Understanding the content of a lesson plan before the research lesson and
(2) Observation of teaching and learning activities during a lesson.

2.2.1 Necessity for understanding the lesson plan in advance. As stated above, it is necessary to
understand the “intention of the lesson” before a lesson observation. The lesson plan can
serve as a tool for this purpose. “Understanding of lesson plan,” therefore, refers to obtaining
preliminary information from various descriptions of the unit and lesson such as what points
and situations to focus on during the lesson observation. Other aspects may include the
research teacher’s views and the actions and behavior of students in relation to the goals of
the lesson. In the section below (§2.2.3) we describe more about the specific case of Japanese
lesson studies. However, we describe a little more about “trends” in next section.

2.2.2 Trends in mathematics. When observing a mathematics lesson, it is important to
capture the essence of mathematics as an instructional content while making observations.
The essence of mathematics—commonly understood worldwide regardless of social changes
and needs—refers to the content, meaning, nature and structure of mathematical objects.
However, methods of instruction vary with culture and time, which we call “trends” following
Newton and Alexander (2013).

Hence, in this study, Mathematical Lesson Observation (MLO) is defined as a procedure of
“understanding of lesson plans before lesson observations and then observing mathematics
research lesson based on the essence of mathematics and trends in mathematics education”.
In the next section, we will describe more concretely for the case of Japan.

2.2.3 Case in Japanese lesson study. Each country/region has its own structure of a “lesson
plan” A typical Japanese lesson plan includes the following sections:

(1) Goals of the unit (how students’ learning will look like at the end).
(2) Criteria for student evaluation of the unit.
(3) View on children: The situation of students in relation to the contents and activities.

(4) View on teaching materials: Significance and aim of the teaching material (what is to
be learned) and its relationship with other learning contents.

(5) View on teaching: What to pay attention to when teaching.

(6) Teaching plan for the entire unit (including learning activities and evaluation for each
period).

(7) Goals of the particular lesson.
(8) Development of the particular lesson.
9) Blackboard plan (what and how a teacher writes on blackboard/whiteboard).

By reading these descriptions in advance, lesson observers can obtain preliminary
information such as aspects of contents and pedagogy to focus on during the lesson and
how to evaluate the statements and actions of the lesson practitioner and students in terms of
the goals of the lesson. The extent of such advance preparation, although outside of actual
lesson time, is thought to have a significant impact on the quality of MLO.

As we described in §2.2.2, in lesson observation, it is also necessary to consider about
educational trends. Since this study focuses on Japanese elementary school teachers, we
summarize the aims of Mathematics, as indicated in Japanese Courses of Study, as trends:



(1) Required qualities and abilities (knowledge and skills in mathematics, ability to think,
judge and express mathematically and attitude to engage in independent study of
mathematics);

(2) Organizing a systematic and developmental mathematics curriculum;

(3) Deep learning that approaches the essence of mathematics through proactive and
interactive learning;

4) Integrated and developed consideration using mathematical viewpoints and ideas;
(5) Perspective and reflection in problem-solving process using mathematics;

(6) Awareness of the goodness of mathematics through development of acquisition,
utilization and exploration;

(7) Solid learning in mathematics by supporting children according to their actual
conditions and

(8 Improvement of mathematics lessons through integration of instruction and
evaluation.

2.3 Perspectives for self-reflection scale for MLO

As mentioned above, there are two situations involved in MLO—understanding contents of
lesson plan and observing research lesson. And understanding of lesson plan in advance will
significantly influence the quality of lesson observations. Therefore, in this study, we
interviewed three teachers—Teachers A and C along with an instructional supervisor
(Teacher B) who specializes in Mathematics—about what points to focus on in their lesson
observations along with their intentions and reasons.

Responses are expressed focusing on children’s learning activities and level of
understanding. Therefore, based on the intentions and reasons for focusing on them, we
reinterpreted and analyzed the responses with a focus on teaching activities that lead to
lesson improvement.

As a result, we find in each situation, teachers are judging whether the instruction is
appropriate and capturing the essence of mathematics from the perspectives of goal, content,
method and evaluation. Among these four, the perspective of method included following
focused perspectives: lesson development, instructional methods, individual support,
devising questions, devising blackboard writing and using teaching materials and
teaching tools. As a result, following nine instructional aspects were established as
necessary perspectives in the self-reflection scale for MLO:

(1) Objectives;

(2) Learning content;

(3) Lesson development;

4) Instruction method;

(5) Individual support;

(6) Questioning;

(7) Blackboard writing;

(8) Teaching materials and teaching tools and;

(9) Learning evaluation.
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We found that these perspectives were present in teachers’ responses: [A, C, D, E, F, G, I]in
Teacher A’s,[B, C,D, E, F, G, H] in Teacher B'sand [A, C, D, E, F, I] in Teacher C’s responses.
Sample answers to the interview survey are shown in Table 1.

2.4 Survey items to develop self-reflection scale for MLO
Based on the two situations and nine perspectives on MLO, specific survey items were
formulated from the results of interviews and trends in mathematics education. As a result, a
total of 31 survey items were derived: 15 for pre-lesson and 16 for during-lesson situations.
To confirm the validity of these items, one public elementary school principal, one supervisor
of school instruction, and three teachers were selected to examine the items. As a result, all
items are confirmed valid.

In the survey, these responses were to be answered from 1: Doesn’t agree, 2: Agree a little,
3: Half agree, 4: Quite agree, or 5: Very much agree, to measure the depth of an observer’s
awareness from each perspective. To indicate the correspondence between survey items and
nine perspectives of MLO, symbols [A] to [I] are appended. Also, to indicate the
correspondence between survey items and trends, numbers (1) through (8) are appended
as well.

The final set of items are shown below:

<<Before Lesson>>

When observing mathematics lessons, do you understand the lesson plans and unit plan
from the following perspectives?

(1) Objectives of today’s lesson based on the goals of the unit [A]-(1).

(2) Lesson plan of the entire unit is designed from perspectives of “acquisition,
utilization, and exploration” [B]-(6).

3) Lesson plan captures the essence of learning content of the unit [BJ-(3).
4) Lesson plan captures the relationship of learning content of the unit [B]-(2).
5) Lesson plan captures the learning process through mathematical activities [B]-(1).

6) Learning contents of the unit are interrelated, and the unit as a whole is viewed in a
structured manner [BJ-(2).

(7) Learning contents are structured in such a way that students can use mathematical
perspectives and ways of thinking [B]-(4).

(8) Learning contents are structured in a way that leads to integrated and developed
learning activities [B]-(4).

(9) Meaning and intent of the contents in the textbook are correctly understood
[(B}-(1).

(10) Lesson development is organized from the perspective of “integration and
development” of previously studied content [C]-(4).

(11) Pair or group activities are set up as needed [D]-(3).

(12) Student’s reactions are anticipated in accordance with the learning activity [E}(7).
(13) Assistance is prepared according to expected students’ reactions [E]-(7).

(14) Scenes are set up to provide a sense of mathematical goodness [C]-(6).

(15) Evaluation is prepared for students’ learning activities [I]-(8).



Perspective
1) Point 2) Intent 3) Reason found Teacher
Dotheteacherskeep the  To check whether the Without making the A objectives Teacher
“questions” that most children’s “questions” “questions” of each clild A
children have at the have been elicited and apparent, the content of
center of learning in whether a satisfactory  the class will be
their lessons? solution has been overblown and result in
obtained a conventional
understanding
Setting assignments in ~ To check if the Appropriate task setting B learning Teacher
the lessons assignment is is essential to motivate content B
appropriate for the students to learn and to
lesson in question to deepen their
achieve the goals of the  understanding of
unit learning
Achievement of self- Because the Plan to set a time for self-  C lesson Teacher
solving by each child development of the solving, and prepare how  development C
subsequent lessons will and how deep students
depend on the actual should interact with each
situation of self-solving  other afterward
Teachers’ assistance in ~ To check what steps are  Because it is important D instruction Teacher
developing problem- being taken to enable how to apply the method B
solving prospects children to have a mathematical
prospective solution viewpoints and thinking
based on what they have  that have already been
already learned learned and cultivated
up to this point
Individualized support ~ To check if the teacher’s  Because appropriate E individual Teacher
of teachers in lessons assistance is tied to the teaching methods must support B
cause of the children’s be based on the
difficulties children’s
understandings
Was the teacher’s To check whether If the teacher jumps to F questioning ~ Teacher
questioning back children’s thinking is the correct answer, the A
effective in deepening directed toward what discussion may end with
learming? the teacher wants them  one student’s comment.
to think about at this It is necessary to relate
lesson by asking figures, equations, and
questions precisely words
where necessary
Structured and well- To check whether Teachers’ blackboard G blackboard Teacher
planned blackboard intentional blackboard writing has a significant ~ writing B
writing in lessons writing is used to focus  role to play in visualizing
the learning in the and structuring
lesson students’ thinking
Preparation of teaching ~ To check whether Because an appropriate  H teaching Teacher
and learning materials  appropriate teaching learning environment materials and B
for lessons and learning materials setting is necessary to teaching tools
and equipment are deepen students’
prepared to enable the understanding
students to approach
the objectives through
mathematical activities
(continued)

Self-reflection
scale for lesson
observation

77

Table 1.
Sample answers to the
interview survey




LLS
132

78

Table 1.

Perspective

1) Point 2) Intent 3) Reason found Teacher
Does the reflection on ~ The content of the It is to see if the students I learning Teacher
the learning of the children’s reflections have been exposed to evaluation A
period correspond to will give us an idea of connections with
the objectives and relate  the level of their previous studies, and if
to the essence of the understanding of the they have been enviched
period? content of the study and  with mathematical

the essence of actiwities such as

mathematics developmental thinking,

changing conditions, and
extending the scope

Source(s): Created by authors

<<During Lesson>>
During your mathematical lesson observations, do you observe teacher and students from
the following perspectives?

oy

13)

(14)
(15)
(16)

Lesson development is designed so that students can solve problems by using the
content they have already learned [C]-(6);

Lesson development is designed to deepen learning through problem-solving [C]-(3);
Lesson development is adjusted according to students’ understanding [C](7);

Introduction of the lesson is well designed so that students can identify problems on
their own [D]-(4);

Problem-solving learning activities in which students proactively work on their own
are incorporated [D]-(3);

Learning activities are well designed to make learning interactive [D]-(3);

Instructional methods are well designed based on the actual conditions of students
[D}(7);

Questions are well-thought so that students can have a prospect on problem-solving
[F1-5);

Questions are designed for deep learning [F]-(3);

Specific measures are contrived to cope with students’ difficulties [E]-(7);

Individualized instruction is provided in a flexible manner according to the actual
conditions of students [E]-(7);

Blackboard writing is designed to help students understand the learning process
[G}6);

Supplementary materials and handouts are used according to the learning contents
[H}(7);

Teaching tools are utilized according to the learning content [H](7);
Understanding of students is checked through evaluations during instruction [I]-(8)

Evaluation criteria for the objectives of this lesson have been met [I}-(8).



2.5 Survey participants

Self-reflection

First, the interview participants for the pre-survey were selected from the head mathematics scale for lesson

teachers at elementary schools and from the supervisors in charge of the mathematics
department of Board of Education, with whom one of the authors has been working with.
Potential participants were briefed on the interview procedures and assured about the
implications of their informed consent. In particular, we highlighted that they had the choice
to participate in or withdraw from the study without being disadvantaged in any way
relating to their career progression. Data were processed and managed anonymously. Three
participants volunteered and were asked to type their answers to the questions in a Word file
prior to the interview. Based on these responses, interviews were conducted by the authors to
understand and probe the participants’ thinking and intent behind their responses.

For the main survey, we sent the developed questionnaire to approximately 200 Japanese
teachers. The participants for this questionnaire were recruited from the elementary schools
we had worked with in mathematics lesson studies. The same ethical considerations were
conveyed as in the pre-survey. The survey was conducted by distributing and collecting pre-
printed survey forms. These participants are teachers who are usually involved in
mathematics lesson studies, observing several research lessons a year as in-school training.
Therefore, in their responses, it is assumed that they envisioned the observation of research
lessons in an in-school training program. At the end, we obtained 161 responses.

Among 161 teachers, 42 have 5 years or less (beginning teachers), 29 have 6-15 years
(young teachers), 52 have 16-25 years (mid-career teachers) and 38 have 26 years or more
(veteran teachers) of teaching experience. In Japan, the first five years of teaching are
considered a period for developing the fundamentals skills through various training
programs.

3. Analysis of results

3.1 Overview of analysis

First, we conduct factor analysis while determining preliminary effects. We then determined
factors of self-reflection scale for MLO. With the results of the questionnaire survey, the
average score of each individual teacher for items belonging to each factor was calculated.
And finally, two-way analysis of variables (ANOV A) was conducted to control the duration of
teaching experience and factors of self-reflection scale for MLO.

3.2 Ceiling and floor effects
Means (M) and standard deviations (SD) were obtained for each item to determine the ceiling
and floor effects. Since a 5-point scale is used, a score is considered appropriate when the
M + SD is within a range of 1-5. Since we did not observe any ceiling or floor effects, no
survey items were deleted.

3.3 Explovatory and validating factor analysis models

An exploratory factor analysis with maximum likelihood promax rotation was conducted on
all 31 items. Survey items with factor loadings of 0.45 or greater were selected to increase the
influence of the relevant factor and decrease the influence of other factors. Table 2 shows a
factor matrix with items of factor loadings > 0.45 and rearranged from larger to smaller
factor loadings for each factor.

To examine the validity of item content belonging to sub-items of each factor, calculated
goodness-of-fit index (GFI), comparative goodness of fit index (CFI) and root mean square
error of approximation (RMSEA) values (Arbuckle and Wothke, 1999; Asano et al., 2005) were
used to examine the goodness of fit of the validating factor analysis model. In general, GFI
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Table 2.
Factor Matrix (4
factors and 16 items)

Item Factor 1 Factor 2 Factor 3 Factor 4
29 0.936 —-0.039 —0.042 0.030
28 0.924 0.014 —-0.070 —-0.083
27 0.785 —0.081 0.146 —-0.023
24 0.779 0.089 —0.006 0.040
21 0.608 0.133 0.046 —-0.044
31 0.516 —-0.046 0.030 0.271
16 —0.038 0.887 0.002 —-0.010
17 —-0.010 0.784 —0.006 0.063
19 —0.045 0.783 0.091 —-0.179
20 0.070 0.664 —-0.103 0.164
23 0.152 0.632 0.002 0.077
4 —-0.013 0.076 0.960 —-0.140
6 0.068 —0.084 0.610 0.138

3 0.003 0.009 0.596 0.167
10 —0.029 0.012 —0.048 0.828
2 —0.050 0.017 0.197 0.587

Note(s): The highlighted values indicate which factor is a valid factor for each item
Source(s): Created by authors

and CFI are considered good fits for >0.9 (Toyoda, 1998). In general, RMSEA is considered a
good fit if for <0.08 (Arbuckle and Wothke, 1999). The GFI, CFI and RMSEA values for
survey items related to were calculated: GFI = 0.887, CFI = 0.947 and RMSEA = 0.068,
indicating only two criteria were met. Therefore, we modified the model using a modification
index (Arbuckle and Wothke, 1999) to improve the GFIL. The modification index provides a
lower bound on how much the value of y” is reduced from the value of ” in the current model
by adding one more parameter each to the current model that estimates such as the
covariance among the error variables. As a result, item 10 with high modification index was
deleted. This resulted in a smaller y° value for the entire model. An exploratory factor
analysis of survey items, which consisted of 15 items, was conducted again and item 2 (factor
loading <0.45) was deleted. Final factor matrix is shown in Table 3.

Cronbach’s a coefficient was calculated to examine the internal consistency of the 14
items. Value of a coefficient was 0.911, indicating the 14 items were reliable. To examine the
validity of the content of items of each factor’s sub-item, a validation factor analysis was
conducted and GFI (0.904), CFI (0.961) and RMSEA (0.064) were calculated. Since all three
criteria were met, the validity of the confirmatory factor analysis model shown in Figure 1
was deemed warranted. In Figure 1, for example “e29” indicates the error of item 29 explained



Self-reflection

Ttem Factor 1 Factor 2 Factor 3 scale for 1GSSOH
observation
29 0.940 —0.036 —-0.046
28 0.908 0.005 -0.095
27 0.778 —-0.087 0.147 81
24 0.768 0.080 -0.005
21 0.589 0.125 0.052
31 0.557 0.015 0.080
16 —-0.048 0.888 0.003
17 -0.001 0.815 -0.016
19 -0.086 0.731 0.082
20 0.096 0.690 -0.074
23 0.166 0.647 0.011
4 —0.026 0.061 0.867
6 0.075 -0.074 0.673
3 0.013 0.025 0.668
Note(s): The highlighted values indicate which factor is a valid
. Table 3.
factor for each item ]
Factor Matrix (3
Source(s): Created by authors factors and 14 items)

above and “VAR0029” indicates the highlighted factor loading for each item (0.940 in
Table 3).

From Table 3, three factors were identified. Factor 1 consists of items related to
instructional techniques—teaching materials, teaching tools, questioning, blackboard
writing and interactive learning—and items for evaluation of children’s achievement,
which are essential to focus on during lesson observation. Factor 2 consists of items related to
proactive thinking in terms of self-solving and perspective and items related to lesson
development that leads to problem finding and problem-solving. Factor 3 consists of items
related to understanding the mathematical background of the learning contents in terms of
the nature, relationship and relevance of the learning content. In terms of the two situations
of understanding lesson plan and observing lesson, Factor 3 is related to the understanding of
the lesson plan before lesson and Factors 1 and 2 are related to observation of teaching
activities.

Items of Factor 1: Focus on instructional techniques and evaluation.

(1) Teaching tools are utilized according to the learning content [H]-(7);

(2) Supplementary materials and handouts are used according to the learning contents
[H}7);
(3) Blackboard writing is designed to help students understand the learning process[G]-(5);
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Figure 1.
Confirmatory factor
analysis model

“)
©)
©)

€@29)—[VAR00029 |
{VARO00024 Jy
~[VAR00031 ]
~[VAR00016 ]
L [VAR00017 |
S G
L[VAR00023 |

~[VAR00004 |
[VAR00006 J+

Source(s): Recreated by authors from the
original image created by IBM® SPSS®
Amos through analysis

<

1
1

6EE OB6E GO

Questions are designed for deep learning [F]-(3);
Learning activities are well designed to make learning interactive [D]-(3);

Evaluation criteria for the objectives of the lesson have been met [I]}-(8).

Items of Factor 2: Focus on proactive problem-solving lesson development.

)
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Lesson development is designed so that students can solve problems by using
contents they have already learned [C]-(6);

Lesson development is designed to deepen learning through problem-solving [C]-(3);

Introduction of the lesson is well designed so that students can identify problems on
their own [D]-(4);

Problem-solving learning activities in which students proactively work on their own
are incorporated [D]-(3);

Questions are well thought so that students can have a prospect on problem-solving [F-(5);

Items of Factor 3: Focus on the mathematical background of learning content.

@
@

®)

Lesson plan captures the relationship of learning content [B]-(2);

Learning contents of the unit are interrelated, and the unit as a whole is viewed in a
structured manner [B]-(2) and

Lesson plan captures the essence of learning content [B]-(3);

3.4 Analysis of variance and multiple comparison
For the four groups of teachers by experience, a two-way ANOVA was conducted using a
4 X 3 mixed design. The first variable is duration of teaching experience:



(1) 5 years or less (beginning);
(2) 6-15 years (young);
(3) 16-25 years (mid-career) and
(4) 26 years or more (veteran).
The second variable is related to the three factors of self-reflection scale for MLO:
(1) Focus on instructional techniques and evaluation;
(2) Focus on proactive problem-solving lesson development and
(3) Focus on the mathematical background of the learning content.

In Table 4, the left two columns show the groupings of teachers based on the first variable.
The right three columns show M and SD for second variables within each group of teachers.
For each individual teacher, the average score for items belonging to each of the three factors
of the second variable was calculated and used as an individual score. The M and SD of that
score for teachers in each of the four groups by duration of teaching experience (the first
variable) were then calculated. Results of ANOVA are shown in Table 5.

ANOVA revealed the main effect of the first variable (75 157 = 2.02) was not significant at
5% level, and the main effect of the second variable (Fio, 314y = 30.30) was significant at 1%
level. The interaction effect was not significant. Multiple comparisons using the Bonferroni
method showed that the mean of 4.002 for B2 was significantly greater than the means of
3.798 for B1 and 3.571 for B3. And finally, there was a significant difference (Mean Squared
error: MSe) between means of Bl and B3 (MSe = 0.237, p < 0.05).

4. Discussion

In developing a self-reflection scale for MLO in Japan, input from 161 local elementary school
teachers was used to develop a wide range of candidate content items, which were categorized
into nine perspectives and eight trends. Through factor analysis, a scale consisting of 14
items in three categories was developed. That covered seven perspectives except for [A]and
[E]out of nine perspectives and seven trends except for (1) out of eight trends in mathematics
education. The items developed, covering many perspectives and trends, are therefore

Variable 1 (Years of teaching experience) ~Number of teachers  Variable 2 Mean Standard deviation

Al (=5 years) 42 Bl 3.568 0.647
B2 3.900 0.584
B3 3437 0.859
A2 (6-15 years) 29 Bl 3.799 0.667
B2 3972 0.690
B3 3.448 0.744
A3 (16-25 years) 52 Bl 3.955 0.686
B2 4.100 0.675
B3 3.635 0.556
A4 (25 or more years) 38 B1 3.868 0.757
B2 4.037 0.663
B3 3763 0.495

Note(s): “B1” = Focus on instructional techniques and evaluation
“B2” = Focus on proactive problem-solving lesson development

“B3” = Focus on the mathematical background of the learning content
Source(s): Created by authors
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Table 5.
Results of ANOVA

Source of variance Sum of sequence Degree of freedom Mean square F-value
A 5.536 3 1.845 202 n.s
subj 143.281 157 0913

B 14.369 2 7.184 30.30 **
AXB 1.360 6 0.227 0.96 n.s
sXB 74.441 314 0.237

Total 238.986 482 - -

Note(s): “**” indicates that the F-value is significant at 1% level
“n.s.” indicates that the F-value is not significant
Source(s): Created by authors

expected to function as a multifaceted self-evaluation scale. Repeated self-assessment by
teachers using this scale will help them to understand their own strengths and weaknesses
regarding their MLOs, helping them improve the quality of their MLOs.

Next, we used the developed scale to determine the characteristics of Japanese teachers.

Regarding the first variable, years of teaching experience (Al-to-A4), there was no
difference in average self-reflection score for foci on instructional techniques and evaluation,
proactive problem-solving lesson development and the mathematical background of the
learning content (B1-to-B3). Yet, this does not mean the points and qualities of those foci are
the same based on teaching experience.

For the second variable, there were significant differences between the means for B3
(mathematical background) and Bl (instructional techniques and evaluation) and between
the means for B1 and B2 (proactive problem-solving lesson development). These suggest the
degree of focus based on each item of self-reflection scale for MLO became lower in the order
of focus on lesson development (B2), instructional techniques (B1) and mathematical
background (B3). Moreover, this might be following the flow of focus from the whole to the
part and from the visible (concrete) to the invisible (abstract).

Furthermore, since there was no interactive effect between the two variables, there might
be the same tendency for all groups of teachers (A1-A4) to pay less attention to mathematical
background in understanding lesson plans. However, understanding of lesson plans—
reflecting the lesson practitioner’s understanding of the mathematical background and his/
her intention to teach mathematics based on it—is important as a requirement for
considering how the lesson can be improved through lesson observation. Therefore, it is
necessary to review lesson plans focusing on the mathematical background and to train
teachers so they can realize the necessity of such plans.

5. Conclusion

In this study, we developed a self-reflection scale through an extensive questionnaire survey of
Japanese elementary school teachers and used the developed self-reflection scale to understand
their characteristics. Through the study, the following four points were identified: (1) and (2) are
the answers to research question 1 and (3) and (4) are the answers to research question 2.

(1) We analyzed the results of interviews with teachers and derived nine perspectives of
mathematical lesson observation: [A] Objectives, [B] Learning content, [C] Lesson
development, [D] Instruction method, [E] Individual support, [F] Questioning, [G]
Blackboard writing, [H] Teaching materials and teaching tools and, [I] Learning
evaluation.

(2) We developed a 31-item survey and conducted a factor analysis of the data from
Japanese teachers. As a result, we developed a self-reflection scale for MLO consisting



of 14 items in three categories: [B1] focus on instructional techniques and evaluation,
[B2] focus on proactive problem-solving lesson development and [B3] focus on the
mathematical background of the learning content.

(3) There was no difference in the degree of understanding of lesson plans and
observation from various perspectives with respect to duration of teaching experience.

(4) The degree of focus based on each item of self-reflection scale for MLO is the strongest
for [B2] and the weakest for [B3].

The self-reflection scale for MLO developed in this study is a framework for to think from
what perspective teachers may understand mathematics lesson plans and observations.
Teachers, with this scale, can grasp strengths and weaknesses of their own MLO, which leads
to self-improvement. However, the content and depth of lesson observation that leads to the
improvement of mathematics lessons found through selfreflections are also important
elements in lesson observation in mathematics education. Therefore, it is necessary to
conduct a further survey on what kind of contents were found to improve MLO from the
perspective indicated in the items of self-reflection scale for MLO and to analyze the
qualitative differences depending on duration of teaching experience.

In addition, although this study was limited to Japanese teachers, the characteristics of
teachers regarding MLO may differ depending on the cultural backgrounds and changes in
mathematics education in different countries/regions. Therefore, it is also important to
develop a similar self-reflection scale for MLO in other countries/regions using the same
method. We believe it is useful for planning new training programs on lesson observation and
lead to higher quality lesson studies.
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