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Abstract

Research collected and reviewed a number of empirical studies in the field of educational research re-
garding the analysis of mathematics textbooks to provide summary and overview the information there
in. The questions were identified via Google Scholar and collected from different data sources. A total
of 44 papers published from 1953 to 2015 were selected based specific criteria, with 24 articles include
in the SSCI database. Descriptive statistics were used to evaluate and interpret the results. A perspec-
tive on the learning analysis methods was used to collect studies and showed the mathematics textbooks
analyzed were investigated under four themes: The analysis of standards, distributive property, language
in mathematics, and others. Schools level which is investigated textbooks: Kindergarten, elementary,
Junior school, and senior school. Subjects covered in the mathematics textbooks included algebra and
arithmetic, geometry, measurement, data analysis and probability, number and operations, among others.
Research found the most frequently discussed in perspective on learning was the analysis of the standards
and the distributive property (15 studies), the most common subject was number and operations (16
studies), and the highest number in school's level was elementary school (18 studies). Nevertheless, fewer
studies have been found to analyzing mathematics textbooks. Future research can pay attention for the
relevant theoretical issues and collaborate studies in more perspective learning analysis.

Keywords: comparation of study, content analysis, mathematics textbooks.

Introduction

Curriculum of a school determines the structure and content of the materials taught to the
student’s answer is typically tailored to the needs of the teaching process experiences and needs
of both students and teachers (Schmidt, McKnight, Valverde, Houang, & Wiley, 1997). Efforts
to examine curriculums through the large-scale cross system studies of the International Asso-
ciation for the Evaluation of Educational Achievement (IEA) began with the textbook analyses
of the Third International Mathematics and Science Studies (TIMSS) curriculum studies (e.g.,
Schmidt, McKnight, Valverde, Houang, & Wiley, 1997).Textbooks are provided to and used
by students in order to support their learning with appropriate content and classroom activities
that the students can engage with either personally or in groups. In this sense, textbooks are
generally helpful to both teachers and students, with the true value of a given textbook being
determined by the degree to which it contributes to students’ education.

Mathematics is a subject of study that involves frequent usage of calculations and func-
tions written out on paper, including the use of numbers, figures, theories, and proofs; it thus
requires patience and perseverance in thinking critically and logically (Kilpatrick & Swafford,
2002; Verschaffel & De Corte, 1996).

Reasoning and understanding are critical to the learning of mathematics. Past studies
have explored these critical factors by examining the following subjects: How students think
logically and correctly, how students solve problems creatively while also adhering to the rules
of mathematics, and the means by which mathematics concepts are communicated (such as, for
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example, via representation, discussion, drawing, reading, and writing) (Kilpatrick, Swafford,
& Findell, 2001; Kilpatrick & Swafford, 2002; Verschaffel & De Corte, 1996). These conclu-
sions were reinforced by other finding and suggesting that there are several key components
in learning mathematics: Correct knowledge of the bases of mathematics, the application from
formula and evidence, accuracy in performing calculations, and reasoning accurately while
using the mathematics in daily live (Kilpatrick & Swafford, 2002). Among the key capabili-
ties needed in using mathematics, one is the ability to solve problems, which itself requires the
capacity to build mathematical thinking in order to analyze and conceptualize the formula used
in problem solving. On the other hand is for teacher who uses the mathematical language to
present and explain idea to the students by mathematics books and software.

The primary targets of education research in this area would be discussing and analyzing
mathematics education, especially discussion and analysis of the teaching and learning pro-
cesses for mathematics textbooks. To present the content of mathematics effectively, we require
pedagogical content knowlwdge (PCK) (Shulman, 1986b) — which links content and peda-
gogy. Understanding of the given curriculum and pedagogy itself is the primary requirement for
teachers, although other knowledge is also needed by teachers, including 1. An understanding
of the nature of students that allows, in turn, an understanding of their interests and abilities
regarding topics that are difficult or interesting to learn, and 2. Knowledge of the ways in which
a topic can effectively be presented to students. Such knowledge significantly affects the value
of teaching efforts and students' ability to capture and digest the material to be learned. As such,
knowledge of this type is what needs to be improved upon by teachers from day to day in their
education efforts (Ball & Bass, 2000).

The analysis of textbooks assists educational researchers in understanding the effec-
tiveness of specific schemes and approaches, which can turn aid in understanding of what is
required in terms of teaching and curriculum development. In mathematics education, math-
ematics textbooks play a particularly prominent role in guiding teachers on specific materials
to teach. Simply put, mathematics textbooks help teachers to design and describe the topics of
learning that will be covered in the classroom. Past studies investigating such textbooks havein-
cluded studies on the “content topiccoverage that is presented in textbooks” (Fuson, Stigler,
& Bartsch 1988; Westbury, 1992), “textbooks’ pedagogical features” (Mayer, Sims, & Tajika,
1995; Schmidt, McKnight, &Raizen, 1997), the “curricular treatment of mathematics content”
(Cai, Watanabe, & Lo, 2002; Schmidt, McKnight, & Raizen, 1997), and “exercise problems”
(Fan & Zhu, 2007; Li, 2000; Stigler, Fuson, Ham, & Kim, 1986; Sugiyama, 1987).

So, this research, we focus on several key of variables of the mathematics textbooks
identified by past studies: The area of learning concentration in mathematics textbooks, the
subjects covered in mathematics textbooks and the degree level in school of the students for
whom the textbooks are intended.

The Research Aim
By analyzing relevant empirical educational research studies published from 1953 to

2015, this study sought to summarize information from the past literature regarding the analysis
of mathematical textbooks in order to address the following research questions:

1. What kinds of perspective learning were the most frequently analyzed by studies
of mathematics textbooks?

2. What subject was investigated with the greatest number of studies of mathematics
textbooks?

3. Which school’s level were the most commonly analyzed in mathematics educa-

tion researchers?
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Methodology of Research

Papers Selection

The studies reviewed in the present investigation were chosen through electronic sourc-
es. The literature investigated was not limited topublished studies because there have been
relatively few studiesthat have analyzed mathematics textbooks. Rather, the documents col-
lected were all produced between 1953 and 2015, and were located via Google Scholar searches
ofvarious data sourcesfor educational research studies, including databases and publishers of
both journal articles (ProQuest, JSTOR, Springer Science, and Routledge and Taylor & Fran-
cis) and conference proceedings. Specific criteria were implemented to identify the collected

LRI LR I3

research papers. Such as: “mathematics textbook analysis”, “mathematics textbooks”, “com-
parative analysis”, “comparative study of mathematics textbooks”, and “content analysis of
mathematics textbooks”. A total of 44 papers were selected based on the specific search criteria,
and of those 44 papers, 24 articles were included in the Social Sciences Citation Index (SSCI)

database.
Coding Procedure

Learning topics were coded and categorized according to fourth criteria. These rules
guiding the research approach focused on how learning topic is presented in mathematics text-
books. The first criterion was focus on the analysis of standards: “the particular focus of the
standards-based approach is to examine and indicate the development of the conceptual under-
standing and communication of mathematics over its memorization and rote learning in school”
(Jitendra, 2005). The second criterion was focus on the using language/voice in textbooks.
Haliday (1973) indicated this focus seeks to interpret the meaning of language in the context of
its function. In other words, it examines how language is used and form has evolved, functional
grammar analysis which provides a method of language analysis that enables for researcher to
discuss the purpose and use of the language utilised based on three elements: Ideational func-
tion, interpersonal function, and textual function. The third criterion was focus on the distribu-
tive property. The National Mathematics Advisory Panel (2008) mentioned that “the distribu-
tive property (DP), along with the commutative and associative properties, has been recognized
as a critical foundation for school mathematics”, and that is involes the ability to “identify such
features as commutativity, associativity, and distributivity”.

Authors considered the studies in terms of the subjects taught in the mathematics text-
books they investigated, as well as thelevel in school for which the books were intended. In the
first stage, the content of a selected paper was coded based on its focus in learning mathematics
in order to specify different aspects of cognitive development and its application to education.
Thus, coding scheme for analyzing perspective on learning included in each selected paper
(Table 1).
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238| Table 1. Perspective on learning in analysis of mathematics textbooks.

Topics Code Number  Sub Topics Explanation

“Problem-solving refers to, problem-solving
PS Problem - solving opportunities that encourage students to
solve interesting and challenging problems”.

“Reasoning includes skills such as making
mathematical conjectures, exploring phe-

RS Reasoning nomena by observing, examining inferences,
justifying findings, and developing math-
ematical arguments’”.

“Communication” refers to communicating
mathematical thinking coherently and clearly
to others using both verbal and written com-
munication”.

Analysis of the CM Communication
standards

“Connections refer to relating new material
CN Connections to students’ prior knowledge, skills, experi-
ences, and interests”.

“Representations refer to illustrations (i.e.,
diagrams, graphs, models, tables, pictures,
manipulatives, symbolic expressions) that
define mathematical relationships in order
to help students organize their thinking and
interpret mathematical situations.”

RP Representations

“The most commonly found processes within
ID |deational function the ideational function are material, mental
and relational”.

“The interpersonal function examines the
social and personal relationships between
Language / Voice IT Interpersonal function the author and others while establishing the
expression of the author’s authority and the
relationship between the author and reader”.

“The textual function ‘distinguishes a living

TF Textual function message from a little entry in grammar or a
dictionary.”
ME Mathematics feature (sll)n"gle step required (S), Multi-step required
Distributive provert “Purely mathematical context in numerical or
PIOPErY ¢ Contextual feature word form (PM) including illustrative context
such as visual representation (IC)”
PR Performance requirement “Response type and cognitive requirement”.
This analysis considered the
use of the overall curriculum
0 and pedagogy in education

Others as well as the teaching and
learning process conducted
by the teacher in the class-
room.

To estimate inter-coder reliability, we chosen 30% with random of the papers reviewed
by any two researchers. To solve the issue of coding reliability, three researchers worked col-
laboratively together on the coding procedure. Disagreements were settled after discussions
among the researchers. A reliability of 0.88 was ultimately achieved. That means the scores
from the two scorers were highly correlated.
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In the second stage, all the papers were examined and evaluated according to the level of
school that the textbooks investigated were intended such as kindergarten, elementary school,
junior high school, and senior high school. In the last stage, all the papers were investigated
according to the subjects were taught. Analysis allowed us to determine the issue which was the
most widely analyzed by researchers when they have investigated the textbooks. This research
is going to clarify the development of studies regarding the using of mathematics textbooks in
education, and help researchers in the future when they want to analyze mathematics textbooks.

Results of Research

Mathematics textbooks hold enormous potential for supporting learning and teaching in
the classroom, and the number of studies regarding mathematics textbooks has grown rapidly
in the last few years. In this paper, the selected literature regarding mathematics textbooks were
analyzed according to three main criterias.

Perspective on Learning in Matematics Textbooks

A key aspect of the standards-based approach emphasizes the development of conceptual
understanding and reasoning over memorization and rote learning. This is because problem-
solving, reasoning, communicating, connecting, and representing mathematical content are im-
portant goals across grade levels and content types. In this study, author decided to focus on
these processes, and identified 44 studies that provided different information about the learning
perspective of mathematics textbooks. These perspectives on learning were defined in four
groups: The analysis of standards, the distributive property, language in mathematics and oth-
ers.

Out of the 44 studies, 12 involved the analysis of standards, 15 considered the distribu-
tive property, 4 considered the use of language in mathematics and others 12 studies which is
not including in “the analysis of standards”, “the distributive property”, and “the distributive
property” .

The 12 studies that considered the analysis of standards could be further sub-divided as
follows: Problem-solving (6 studies), reasoning (3 studies), communication (no study), con-
nection (1 study) and representation (2 studies). The studies that consider in the distributive
property could be further sub-divided as follows: Mathematics feature (10 studies), contextual
feature (no study), performance requiretment (5 studies). The studies that consider language in
mathematics could be further sub-divided as follows: Ideational function (3 studies), Interper-
sonal function (no study), and textual function (1 study).

An Analysis of Distribufive Language / Voice Others
The Standards Proverty in Mathematics

Figure 1: Some subjects are taught in the mathematics textbooks analyzed.
The result in figure 1 shows the analysis of standards and the distributive properties were

the greatest topics in papers that authors have reviewed. In particular with regard to the analysis
of standards, problem-solving was apparently the most important topic have given the number
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of amount which considered on it. This conclusion was also supported by previous research;
for example, the National Council of Teachers of Mathematics (1989) noted that mathematical
problem solving lies at the center in mathematics on an international basis. To emphasize this
point, the NCTM stated that "problem solving should be the focus of the mathematics curricu-
lum." Problem solving should be the primary focus of mathematics curriculum and instruction
at each school level, and this centrality of problem solving should be introduced to educators,
policy makers, and also teachers engaged in mathematics education. With regard to the distribu-
tive property, the Mathematics feature was the most likely for researched. As Li (2007b, 2008a)
mentioned, the following points: 1. Discussion contents, 2. Creating a work plan or schedule
for students, 3. The presentation and content exposure, and 4. Associating and linking aspects
of content with one another. These four points were seen as critical in the manufacture of math-
ematics textbooks that support the ability of students to learn.

Subjects in Mathematics Textbooks

Berelson (1952, p.74) explained that content analysis is a method in which the main
focus is on calculating the sequence and direction through which communication and written
language are presented. The aim of this technique is to present results regarding the structure
and content of specific textbook aspects, such as the pages and the cover of a given book. The
technique also classifies mathematic lessons into five branches: Numbers and operations, mea-
surements, geometry, algebra and arithmetic, and data analysis and probability. In the 44 stud-
ies reviewed, different information was reported regarding the subjects taught in the mathemat-
ics textbooks investigated. The topics of the mathematics textbooks investigated were defined
in a number of distinct groups: Number and operations (14 studies), arithmetic and algebra (8
studies), geometry (2 studies), measurement (4 studies), data analysis and probability (2 stud-
ies), and others (14 studies).

.
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Figure 2: Some subjects are taught in the mathematics textbooks analyzed.

The results in Figure 2, shows that certain subjects attracted particular attention from
researchers. Numbers and operations, as well as algebra and arithmetic, were the lesson top-
ics that dominated the papers we reviewed. Authors found that addition and subtraction were
the most analyzed topics. Related to this, Li and Kulm (2008) mentioned that as a specific
mathematics content topic,““‘addition and subtraction are well conceptualized and organized for
teaching and learning”. Addition and subtraction are every important topics for both teachers
and students. Indeed, this topic is fundamental for students and educators in making calcula-
tions, so it is the first step that should be implemented in the process of teaching and learning
mathematics.

Fractions were also a favorite topic in the algebra and arithmetic textbooks that the some
researchers investigated. Mathematics textbooks are often blamed for the misunderstandings
students have about fractions (Behr et al., 1992). For example, some has pointed to deficiencies
in “problem situations that provide experiences with composition, decomposition, and con-
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ceptual portion units” and a “lack of experience with qualitative reasoning about fraction size,
order relation, and the out come of operations”. Bezuk and Cramer (1989) noted that fractions
are frequently found as topics of the textbooks used in elementary schools. This topic is often
introduced early in the second grade, with the names and types of different fractions being cov-
ered, but the methods for calculation and the presentation of fractions vary depending on each
mathematics textbook and the different countries in which they are used. In contrast, the topic
of geometry and data analysis was not found to be considered by many of the selected studies,
but this may have been because this topic is taught at the high school level, such that the re-
searchers may have assumed that the students are typically already able to analyze these topics.

Levels in School

The 44 studies reviewed in this study analyzed mathematics textbooks intended for use
at various school’s level. These levels in school can be categorized into four groups: Kinder-
garten/primary school, elementary school, junior high school, and senior high school. In the 44
studies, 4 considered textbooks used at the kindergarten/primary school level, 19 considered
textbooks used at the elementary school level, 17 considered textbooks used at the junior high
school level, 2 considered textbooks used at the senior high school level, and 2 did not fit any
of these specific levels. More specifically, those last 2 studies considered education as a whole
and did not focus on a specific level of education.

The researchers analyzed the textbooks in terms of curriculum and pedagogy. In this
study, however, no past analysis of mathematics textbooks at the university level could be
found, possibly because of various factors, such as the possibility that mathematics textbooks
used at the university level are compiled by professional educators who make exact consider-
ations regarding the development of the critical thinking skills of students

Primary Elementary Tunior Semor Others

Figure 3: Dispersion levels in school from primary until senior high school.

The results in Figure 3, authors found that textbooks used at the elementary and junior
high school levels were those most commonly investigated by the studies. In contrast, authors
found only one study that looked at textbooks used at the senior high school level.

Discussion
In this research, authors identified total of 44 past studies that engaged in the analysis of
mathematics textbooks. Authors further characterized these studies in terms of specific charac-

teristics: 1.The perspective on learning in mathematics textbooks, 2. The subjects are taught in
mathematics textbook, and 3. Level of school that was used mathematic textbooks.
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Table 2. Relationship between perspectives on learning with the subject in
analysis of mathematics textbooks.

Code/  Numberand  Arithmetic and
Subject Operation Algebra

PS 3 1
RS 1
CM 0
CN 1
RP 1
ID 0
IT 0
0
3
0
1
4

Geometry Measurement Data Analysis Other Total
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Table. 2 shows that number and operation which is the most widely analyzed by research-
ers in mathematics textbooks. They focused on integer operations (addition and subtraction).
Some of researchers explained it was a basic knowledge for the textbook’s purpose to introduce
the problems especially related to perspective on learning students (Jitendra & Buchman 2005).
PS, MF and Others in number and operation subject got the high result, it’s mean in number and
operation three part of them have important thing for contributed to students achievement such
as encourage and challenge student to solve the problems, gave the student opportunities for
explained their idea with single step or multi-step. That were the reasons for some researchers
have chosen them in number and operation. Meanwhile, geometry got the small frequencies.
Due to the limitations in problems represented on textbooks about it. The other reasons, it was
introduced at the higher secondary level (Junior High school).

Table 3. Relationship between perspectives on learning with school’s level in
analysis of mathematics textbooks.

Code/ School’s Primary  Elementary
Level School School

PS 0
RS 0
CM 0
CN 1
RP 0
ID 0
IT 0
0
2
0
0
1
4

Junior High School  Senior High School  Other Total
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Table 3 shows the relationship between perspectives on learning and school’s level,
which is elementary school and junior high school more got pay attention by researcher. In el-
ementary school, fifth grade was chosen more than the others grades. Authors may have thought
because the fifth grade is an important time for students to cement the skills they have gained
throughout the upper grades as well as develop them even further in preparation for middle
school. Fifth grade is about helping students to practice, refine and grow their skills, taking
all that they have learned to the next step. Fifth graders build on what they learn in 4th grade
by thinking and analyzing in deeper ways about what they learn and read, writing structure,
and clear and detailed pieces where the student was ready. It was be similar to Abed & Asbi,
(2015) have explained that analysis mathematics textbooks in early stage by using students’
textbooks was an important issue to understand the basic started from elementary education.
MF became the focus some researchers in elementary school. Authors examined because MF
described about task and question which represented on textbook to develop student thinking
and understanding.

In junior high school, Eighth grade became the most attention by some researcher be-
cause it allows students to mature, become better students and prepare for high school. It was be
consistent with Ding and Li, (2010) described eighth grade really appropriated to build students
thinking through the textbooks. Different from MF which became focus in elementary school,
PR became the majority in junior high which talked about how student made response type and
measure their cognitive requirement. Authors believe PR could be gave some potentially such
as student will learn a number of skills and ideas that he or she must know and understand to
be ready for college and career. Student will continue to learn how to write and reason with
algebraic expressions. Students also will make a thorough study of linear equations with one
and two variables.

Contradict with senior high school which got the small result. It was because authors be-
lieved at the time student have been learn and study to mature, become better students and they
only focus prepare going to university, it was meant they have prepared and studied in junior
high school when teacher thought them in classroom.

Same results in perspective on learning related to subject and school’s level. Mathemat-
ics feature has got the greater result than the others. Authors identified the important scaffolding
could facilitate student understanding and skill acquisition. A task's cognitive complexity could
determine the possibilities for student engagement in cognitively challenging tasks during
instruction (Charalambous, et al., 2010); when students explained and justified their answers,
reviews their understanding of mathematics is reinforced (NCTM, 2000). This research can
contribute for the next researcher to do analysis in all of subjects.
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Table 4. Relationship between perspectives on learning with years in analysis of
mathematics textbooks.

Code 1953-2000 2001-2005 2006-2010 2011 - 2015 Total
PS 3 1 2 0 6
RS 0 1 2 0 3
CM 0 0 0 0 0
CN 1 0 0 0 1
RP 1 0 1 0 2
ID 1 0 1 1 3
IT 0 0 0 0 0
TF 1 0 0 0 1
MF 2 1 4 4 1"
CF 0 0 0 0 0
PR 0 1 1 3 5
Other 3 5 3 1 12
Total 12 9 14 9 44

Table 4 is the extra information that have prepared to identify which have been undertak-
en in research filed, thus have instability performed in area analysis of mathematics textbooks.
1953 - 2000 found 12 papers but in 2001- 2005 decrease to 9 papers but after the following year,
there were number of paper increase until 14 papers. Viewing from the perspective on learn-
ing and different years, they have same results indicated mathematics feature also getting more
paid attention from researchers. The second is others which also part of perspective in learning
in every year have contributed for making research. It related to the application mathematics in
students life, application mathematics in teaching and learning. It is also important part for the
implementation in education system which is conducting now, this is the reason that researchers
conducted in annual analyze.

Conclusions and Suggestions

This review offers three contributions. First, we summarized the selected past research
articles in terms perspective on learning, finding that the distributive property and analysis of
standards received the most attention from researchers. The focus of discussion was widely on
the analysis in each criterias. From analysis in past papers regarding the mathematics textbook
from 44 papers which become focused attention by these studies are: 1. In subject: Number
and operation, 2. In school’s level: Elementary school, 3. Year: 2006 — 2010. On the other hand,
if we see perspective on learning how it contibuted, we found that MF got high attenntion in
every part distribution from three aspects include subject, school’s level and years. Researchers
believed that MF examine student’s knowledge and skill how to solve problems with different
answer in single and multi-step using their experiences and understanding.

Eventhough, we also found CM, IT, and CF didn’t have result in these studies, if we
looked from paper explanation, IT examines the social and personal relationship between au-
thor and others. We found, it was not related with student’s need or teacher’s need. So, no
studies used it. CM and CF talked about comunication and contextual feature, researchers ex-
plained that it was proper to high school or universities. Authors also can glean insights that can
help us understand about part of each perspective learning can contibute for teacher which one
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is the most analisis by researcher and lack. So teacher can identify where is the proper for the
student. These insights can be used by teachers and researchers in future to support students'
mathematical learning.

The second contribution of this study was its focus on the subjects taught by the text-
books analyzed by the past studies. In this regard, we found that the subject of number and
operations received the most attention. This subject is important because this topic involves a
basic introduction to calculations for students, and this is likely thereason why the researchers
chose to analyze this topic more frequently. The third contribution of this study was its focus
onthe level in school in which the textbooks investigated by the past studies used. In this re-
gard, we found that elementary school mathematics textbooks were the most frequent target of
investigation. Textbooks at the elementary level selected for analysis most frequently because
this level is the first level of school at which a child starts learning and understanding numeracy
and how to think mathematically.

In the future, it is expected that further research can be conducted in different fields, and
also that deeper analyses can continue to explore the correlations between various perspective
on learning and school levels (primary level, senior high school level, and university level). We
expect that in the following years there will be alot of research regarding the analysis of math-
ematics textbooks that will help teachers, educators, and even the government to better develop
students' mathematics textbooks so that they are more efficient, convenient, and useful.

Finally, we call for attention to the relevant theoretical issues in future studies. In ad-
dition, as suggested previously, since interdisciplinary and collaborative studies are needed in
the future, whether there is a coherent theoretical framework and coding table that can guide
all such research should be explored. Analyses of the theoretical and add more perspective
on learning issues will help educational researchers to appropriately apply the eye tracking
methods in their studies. It is hoped that such a review of the theoretical bases will appear in
the near future.
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