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Since the 1990s, when international comparison of math-
ematics education took its popularity, projects using this
approach have generated many insights. One of the main
findings is great cross-cultural variability in student achieve-
ments on mathematical assessments. In particular, various
international assessment projects such as TIMSS and PISA
have revealed that China is among the top few countries
with the highest student achievement in mathematics, and
the United States is usually about the average (Mullis, Mar-
tin, Foy, & Arora, 2012; Tienken, 2013; Wu, 2009). Because
of the constant report of student achievements in mathe-
matics, the current study aims to explore the contributors to
such a difference.

Many factors are believed to contribute to such dif-
ferences in mathematical achievement and student learning.
One of those factors, and possibly the most direct one, is how
teachers teach the knowledge, i.e. the instructional patterns
(Jonassen & Grabowski, 2012). A continuum of instruc-
tional patterns have been identified by international com-
parison research (Hiebert & Grouws, 2007; Rittle-Johnson
& Alibali, 1999; Stevenson & Stigler, 1994; Stigler & Hie-
bert, 2009). On one end of the continuum is the conceptual
instruction, which utilizes a top-down approach to address
higher-level conceptual understanding first and then focus
on developing specific procedures to solve problems later.
This conceptual instructional pattern especially stresses the
mental connections of concepts and ideas. On the other end
of the continuum is the procedural instruction. Contrary to
the conceptual instruction, the procedural instructional pat-
tern is a bottom-up effort. That is, the general, high-level
understanding is believed to be generated as students ac-
cumulate enough knowledge about certain procedures. As a
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result, an emphasis on practicing and working on exercise is
a feature of this pattern.

Although previous research has extensively explored
the connection between instructional patterns and learning
outcomes, little is known about the origin of instructional
patterns. Thus, this current research tries to trace the roots
of different instructional patterns in mathematical text-
books. First, past research on how instructional patterns are
associated with learning outcomes will be discussed. Then,
a model will be suggested how textbooks can influence how
teachers teach in class. The model will be translated into
several hypotheses, and studies testing those hypotheses will
be discussed.

Conceptual and Procedural Instructional Patterns

Past research has indicated that instructional patterns are
predicted by the learning goals a teacher sets for the les-
son (Hiebert & Grouws, 2007; Rittle-Johnson & Alibali,
1999). A procedural learning goal emphasizes the accurate,
smooth, and rapid execution of action sequences to solve
mathematical problems, i.e., the procedural knowledge. In
contrast, a conceptual learning goal stresses the mental con-
nections among facts, procedures, and ideas. Some research-
ers describe the latter learning goal as the implicit or explicit
understanding of the principles that govern a domain and
the set relationship between pieces of knowledge in the do-
main, i.e., the conceptual knowledge.

The bidirectional relations between conceptual and
procedural knowledge (Rittle-Johnson & Alibali, 1999). In
their study, children who received conceptual instruction
increased both conceptual understanding and knowledge
of problem-solving procedures, and children who received



procedural instruction not only developed correct prob-
lem-solving procedures but also gained conceptual under-
standing of the material. However, the impact of conceptu-
al and procedural knowledge on each other is asymmetric.
The authors found in their study that the procedural learn-
ing group had significantly poorer performance on transfer
tasks than those who received conceptual instruction, but
the conceptual learning group did not experience more dif-
ficulty in learning a correct procedure than did the proce-
dural learning group.

The findings in the previous study suggested that
conceptual instruction enables better knowledge transfer,
and this idea is further confirmed by Perry (1991). In Perry’s
study, students who received conceptual instructions per-
formed better on knowledge transfer tests than those who
received either procedural instruction or a combination of
the two.

Because these findings have suggested the effec-
tiveness of conceptual instruction with conceptual learn-
ing goals, many researchers have sought to identify features
of such instructional pattern that promote conceptual un-
derstanding. Two key features have been identified. First,
teachers and students attend explicitly to concepts (Hiebert
& Grouws, 2007). For example, Hiebert and Wearne (1993)
gave conceptual and procedural instructions to higher- and
lower-achieving classes. Students receiving the conceptual-
ly based instruction spent more time on understanding the
rationale of procedure and examining the legitimacy of in-
vented procedures, whereas students receiving the procedur-
al instruction spent more time on practicing the taught pro-
cedures. In addition, the lower-achieving class who received
the conceptual instruction performed as well as the high-
er-achieving class who received the procedural instruction.
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Similar studies have shown that conceptual instruction also
facilitates the development of key mathematical reasoning
skills (Good, Grouws, & Ebmeier, 1983) and the engage-
ment with important mathematical ideas (Boaler, 1998).
The second feature of conceptual instruction that promotes
conceptual understanding is that students need to struggle
with important mathematical ideas (Hiebert & Grouws,
2007). Cognitive incongruity, a situation of perplexity, and
the experience of confusion and doubt facilitate the develop-
ment of mathematical reasoning skills (Hatano, 1988). For
example, a study, which was conducted as part of the QUA-
SAR Project, discovered that students whose teachers pre-
sented and confidently implemented more challenging prob-
lems exhibited higher level of conceptual understanding of
the mathematical materials (Stein, Grover, & Henningsen,
1996; Stein & Lane, 1996). Inagaki, Hatano, and Morita
(1998) recorded a class discussion of adding fractions with
different denominators, which was filled with confusion,
but led to improved understanding that was demonstrated
through verbal and written evidence. Other case studies are
also compelling evidence of greater conceptual understand-
ing through struggling with challenging problems (Heaton,
2000; Lampert, 2001; Schoenfield, 1985).

As indicated by the studies mentioned above, the in-
struction method that a teacher uses significantly influenced
the instructional patterns and the learning outcomes. De-
spite the richness of literature on the debate of conceptual
and procedural instruction, little has focused on what causes
the differences in learning goals.
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Connecting Instructional Patterns with Textbooks

According to previous research, textbooks can shape teach-
er’s knowledge on mathematical ideas and influence the
learning goal that a teacher sets for a class (Ball & Cohen,
1996; Nathan, Long, & Alibali, 2002; Ding, Li, Li, & Gu,
2013). As discussed above, the learning goal in turn deter-
mines the instructional patterns. A visual elaboration can be
found in Figure 1.

Specifically, this study examines two areas: First, it
will investigate how concepts are defined and introduced in
textbooks and whether there is other information in the text
beyond the concept definitions that contributes to student’s
general understanding of mathematics. Specifically, the
generalization of mathematical ideas, rules and principles
(hereinafter referred to as Mathematical Generalizations,
or MGs) and links between lessons are the two main focus
besides definitions. The coding scheme will be developed
based on previous work in mathematical taxonomy (Ginther
& Henderson, 1966) and TIMSS video study (Jacobs et al.,
2003). Second, another area of research interest is whether
or not and how often teachers emphasize conceptual under-
standing in class and whether such patterns correspond to
the characteristics identified in textbooks. Classroom videos
from U.S. and Hong Kong collected as part of the TIMSS
1999 Video Study will be used for this comparison. Tran-
scripts will be coded based on the past studies on conceptual
and procedural instruction.

It is hypothesized that there are limited differenc-
es between the definitions of concepts in Chinese and U.S.
textbooks. This hypothesis is partially supported by compar-
isons of Japanese and U.S. textbooks (Stevenson & Bartsch,
1991). They discovered that although several concepts are
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presented earlier in Japanese textbooks, around 90% of the
concepts are the same and presented in a similar manner.
Past studies have confirmed the similarity between Chinese
and Japanese education system, so the same pattern is ex-
pected again in this study (Perry, 2000; Li, Chen, & An,
2009). The differences in concept definitions (types and
strategies) will be addressed in Study 1.

Despite the similarity in concept definitions in text-
books from U.S. and China, differences in mathematical
generalizations and links are expected. Specifically, MGs
and links are expected to be more common in Chinese text-
books than in U.S. ones. For instance, the Chinese textbooks
are expected to have references to prior or future lessons for
the purpose of establishing a thorough concept “network.”
Moreover, the profound impact of specific ideas is expected
to be discussed more frequently in Chinese textbooks than
U.S. ones. In addition, evidence from classrooms is expected
to support the notion that teachers in China remind students
of concepts more often than those in the U.S. This hypoth-
esis is supported by Perry’s (2000) study, which compared
how mathematical concepts are explained in classrooms in
Japan, China, and the U.S.. In her study, Perry discovered
that explanations of concepts occurred more frequently in
the Japanese and Chinese classrooms than in U.S. class-
rooms, and typical explanations in these Asian classrooms
were more substantive than those in the U.S.. The difference
in MGs and links will be examined in Study 2.

The findings in this study are expected to illustrate
the nuances in the textbooks that reflect different views to-
wards procedural and conceptual instruction. As U.S. and
Chinese textbooks are expected to differ by MG and link
items, a similar pattern is anticipated in classroom instruc-
tion. That is, teachers are expected to spend a greater pro-
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portion of time on MGs and links in Hong Kong classes
than in the U.S. ones. This association between textbooks
and classroom instructional pattern will be investigated in

Study 3.
Study 1
Methods

In this study, the difference among concept definitions from
textbooks in China and the United States was explored. Spe-
cifically, this study explored two dimensions of difference
in concept definitions: type and strategy. The type defini-
tion describes what relevant information is used as a means
of elaborating the concept, and the strategy definition de-
scribes how a definition is introduced in the context and
how it relates to previous and later content in the textbook.
Both concepts will be introduced in greater details later.

Selection of Texts

The middle school mathematics textbooks that were cur-
rently used in the United States and China were selected for
analysis. The American curriculum was represented by two
textbooks widely used in California: Bennett et al. (2008),
and Larson et al. (2008). There was less variety in the text-
books used in China, as all provinces except Shanghai and
Zhejiang were required to adopt few textbooks that were
developed in accordance with the national syllabus since the
1980s (Fan & Zhu, 2007). The most widely used textbook,
Kecheng Jiaocai Yanjiusuo (2007), was selected in this study
as a representative of Chinese curriculum.

The primary content of all selected textbooks was
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pre-algebra, including rational numbers, monomials and
polynomials, and first-order equations with one unknown.
The content was controlled because previous study sug-
gested that the distribution of definition types and strate-
gies vary on different topics (Ginther & Henderson, 1966).
Thus, Sections 1.1 to 4.8 and Sections 12.1 to 12.6 in Ben-
nett et al. (2008); Sections 1.1 to 6.2, Section 8.1 and Sec-
tions 12.1 to 12.5 in Larson et al. (2008); and Chapter 1 to
3 in Kecheng Jiaocai Yanjiusuo (2007) were selected for the
coding purpose in this study, so that the coded content was
the same across different textbooks.

Coding of Definition Types and Strategies

The coding scheme that was used in this study was modified
based on the existing mathematical taxonomy research that
was discussed earlier (Ginther & Henderson, 1966). In this
study, a definition was defined as the sentence containing a
bold or highlighted concept that includes (1) examples, (2)
the necessary and sufficient conditions for an object to be
classified as the concept being defined, and/or (3) synonyms
tfor the concept. When a definition employed only exam-
ples to define a concept, then this coding scheme identified
it as a denotative definition. When a definition used only
necessary and sufficient conditions to define a concept, it
was classified as a connotative definition. When a defini-
tion used synonyms to define a concept, it was classified as
a synonymical definition. When a definition included both
examples and necessary and sufficient conditions, the cod-
ing scheme classified it as denotative and connotative. Sev-
eral cases of synonymical and connotative definitions were
also found, which included both synonyms and necessary
and sufficient conditions. Yet, due to the scarcity of such



cases, they were combined with the synonymical definition
category. A summary of these four types of definitions with
examples from both American and Chinese textbooks was
provided in Table 1.

Besides definitions, this study also explored the ex-
planations of those definitions. An explanation of a concept
definition must serve for at least one of the following pur-
poses: (1) providing examples of the concept, (2) formally
or informally defining a term that was a part of the concept
definition body, or (3) specifying the scope to which the
concept could apply. Based on the locations of the expla-
nation of a definition, four strategies are identified in this
coding scheme (Ginther & Henderson, 1966). An explana-
tion-definition strategy has only an explanation proceeding
a definition, a definition-explanation strategy has only an
explanation following a definition, an explanation-defini-
tion-explanation strategy has explanations both before and
after a definition, and a definition strategy does not have
any explanation before or after a definition. A summary of
these four definition strategies with examples from both
American and Chinese textbooks was provided in Table 2.

Procedure

All definitions in the selected sections of each textbook were
coded according to the above coding schemes. The first au-
thor, whose first language was Chinese and was fluent in
English, coded both the type and strategy for each concept
definition highlighted in the selected sections of the text-
books. Another bilingual coder independently coded 20%
of concept definitions from each textbook, selected at ran-
dom. After the initial coding, the results were compared. For
definition types, the two coders displayed substantial agree-
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ment. Specifically, they agreed on 88% of their coding (). For
the definition strategies, two coders displayed an agreement
on 88% of their coding (). Each concept definition for which
the coders did not agree was discussed until an agreement
was reached on how the concept definition would be coded.
Most of the disagreement with regard to definition types
happened with synonymical definitions. The boundary be-
tween a synonymical and a connotative definition was some-
times unclear. The reason was that a concept could be defined
by a synonym with a modifier, which included necessary and
sufficient conditions. As mentioned before, due to the scar-
city of these cases, they were not listed as a separate category
in the coding scheme. In addition, all disagreement between
the two coders regarding definition strategies were about
whether there was an explanation after a concept definition
(i.e., the distinction between definition and definition-ex-
planation strategies). This problem might have happened
because the specific definition of explanation in this cod-
ing scheme required coders to identify sentences following
the concept definitions which served for one of the three
particular purposes (giving example, explaining terms in the
definition body, and specifying the scope of concepts). In
reality, the sentence that followed a definition might serve
for other purposes. In this study, coders were instructed to
follow the definition of explanation in this coding scheme
and ignored sentences that served for purposes other than
the three listed above.

Results
There were 131 definitions collected from the selected sec-

tions of the textbooks, with 25 definitions from Kecheng
Jiaocai Yanjiusuo (2007), 67 from Larson et al. (2008), and
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39 from Bennett et al. (2008).

Because of low cell counts, the Fisher’s exact tests
were run, so that the statistical analysis no longer required
a relatively larger sample size. First, the association between
textbooks and definition types was tested, as shown in Table
3 and Figure 2. There was no significant association between
the textbooks and the definition types (, Fisher’s exact test).
In other words, the distribution of definition types did not
vary significantly across the three textbooks. In addition, the
association between textbooks and definition strategies was
analyzed, as shown in Table 4 and Figure 3. There was no
significant association between the textbooks and the defi-
nition strategies (, Fisher’s exact test). In other words, the
distribution of definition strategies did not vary significant-
ly across the three textbooks.

Study 2

Method

Besides concept definitions, there are other conceptual el-
ements in textbooks. This study explored two other types
of conceptual information in each textbook: conceptual
mathematical generalization (describing the conceptual or
structural nature of mathematics), and links to past or future
learning. The conceptual mathematical generalization and
links to past or future learning came from the Third Inter-
national Mathematics and Science Study (TIMSS) in 1999
(Jacobs et al., 2003), and a modified version of their coding
scheme was developed and applied in this study to textbook
analysis.

83



Selection af Texts

This study used the same textbooks as in Study 1. Moreover,
the sections selected for this study also remained the same
as in the previous study.

Coding of Mathematical Generalizations (MGs) and Links

In the coding scheme for this study, Mathematical General-
ization (MG) items were sentences that stated generic ideas,
rules and principles and were independent of specific cases.
Exercises and examples were not counted as MGs because
they often were specific to certain cases. For instance, MGs
included three types: conceptual mathematical generaliza-
tions, procedural mathematical generalizations, and defini-
tional mathematical generalizations. Each of the three types
is discussed in detail below, and examples selected from
Chinese and American textbooks can be found in Table 5.

First, conceptual MGs contained two subcategories: impli-
cations and summary of ideas. An implication item is a sen-
tence that explains how the introduction of certain concepts
or principles relates to other concepts or principles and how
it advances the understanding of mathematics. A summary
of ideas is a sentence that summarizes key ideas and im-
portant philosophies that are demonstrated in examples, ex-
ercises, principles, or concepts. Moreover, procedural MGs
were sentences that summarized rules, specific methods,
and specific procedures. These items were often phrased in
the following manner: “To do..., you can....” Lastly, defini-
tional MGs also included two subcategories: principles and
meanings. A principle item is a highlighted sentence that
describes properties and is usually named as “Principles/
Properties of ...” A meaning item is a sentence that specifies
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the scope over which the concept definition or principle can
or cannot be applied. Usually, special conditions and cases
were mentioned.

In addition to MGs, how often the textbook referred
to concepts or principles that were covered in the past or
future lesson was used as a measure of how well-linked the
lessons were in each textbook. A past concept is a concept or
idea learned in past lessons that is brought up as a means of
introducing a new concept, making an analogy, comparing
similar ideas, and/or generalizing mathematical principles.
Similarly, a future concept is a concept or idea that will be
covered in future lessons and is brought up for the purpose
of providing students with a full picture and/or stimulating
students’ interest. A summary of links with examples taken
from Chinese and American textbooks can be found in Ta-

ble 6.

Procedure

All selected sections in each textbook were coded according
to the above coding scheme. The first author coded both
Mathematical Generalizations (IMGs) and link items for
each selected section of the textbooks. Another bilingual
coder independently coded 20% of the content randomly
selected from each textbook. The amount of content was
operationalized by page numbers. After the initial coding,
the results were compared. For MG items, the two coders
displayed substantial agreement. Specifically, they agreed on
91% of their coding. For the links items, two coders dis-
played a perfect agreement on 100% of their coding. Each
MG item for which the coders did not agree was then dis-
cussed until an agreement was reached on how it would be

coded.

85



Results

There were 196 Mathematical Generalization items collect-
ed from the selected sections of the textbooks, with 55 items
from Kecheng Jiaocai Yanjiusuo (2007), 79 from Larson et
al. (2008), and 62 from Bennett et al. (2008). Because of low
cell counts, Principles and Meanings categories together
were combined into the Definitional MG, and Implication
and Summary of Ideas categories were combined into the
Conceptual MG category. A chi-square test of independence
was performed to examine the relation between MG types
and region, as shown in Table 7 and Figure 4. The Chinese
textbook contained more Conceptual MG items, and the
two U.S. textbooks contained more Procedural MGs.

There were 27 Links items collected from the se-
lected sections of the textbooks, with 9 items from Kecheng
Jiaocai Yanjiusuo (2007), 6 from Larson et al. (2008), and
12 from Bennett et al. (2008). Because of low cell counts
and a large proportion of zero counts, no statistical test was
run to test the significance, as shown in Table 8 and Figure
5.1t seemed that Bennett et al. (2008) contained the largest
number of Links among the three textbooks, and Larson
et al. (2008) the lowest. However, it was noticed that the
selected proportion of both U.S. textbooks contained more
sections than the Chinese textbooks, so it was reasonable
to assume that there were more opportunities for U.S. text-
books to link across sections. Thus, a proper normalization
method was needed. Although beyond the focus of the cur-
rent study, the authors decided that page counts and sec-
tion counts were not ideal methods, because sections in U.S.
textbooks tended to be shorter and contained more exercises
than the Chinese one. Word counts was not a good measure-

86



ment either, because it failed to account for the linguistic
difference between English and Chinese. Despite the lack of
a proper normalization, however, it was still meaningful to
discover that there was no link to future lessons discovered
in either of the U.S. textbooks.

Study 3

Method

Now that the differences in mathematical textbooks across
countries have been identified, it was thus reasonable to test
whether such differences had an impact on how teachers
teach mathematics in class. After all, instruction has the
most direct impact on student’s performance (Rosenshine &
Stevens, 1986). This direction was promising because vari-
ous international mathematical achievement programs, such
as the Trends in International Mathematics and Science
Study (TIMSS) and Program for International Student As-
sessment (PISA), have indicated difference in student math-
ematical achievement (Mullis, Martin, Foy & Arora, 2012;
Turner, 2014). If differences in in-class instruction, which
were similar to the differences in textbooks, could be iden-
tified across the countries, then it was promising to investi-
gate the association between textbooks and the characteris-
tics that teachers bring to class, such as learning goals. Thus,
this study compared video transcripts from classrooms in
the United States and Hong Kong SAR to further test this
hypothesis.

Specifically, the total proportion of the lesson time in
Chinese and U.S. classrooms spent on each type of coding
items—concept definitions, Mathematical Generalizations,
or Links to past or future lessons—was of particular interest
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in this study.
Selection of Video Transcripts

Transcripts of lessons from seven countries were collect-
ed by TIMSS Video Study in 1999, and they are available
to the public at http://www.timssvideo.com/. Two lessons
from the U.S. (US2 Writing Variable Expressions, n.d.; US3
Exponents, n.d.) and two lessons from Hong Kong (HK1
Square Roots, n.d.; HK4 Identity, n.d.) were used in this
study, because these lessons were on topics addressed in
Studies 1 and 2. The control of content enabled the associ-
ation between textbooks and in-class teaching, without in-
troducing other variables.

Coding of Total Proportion of Each Coding Type

The total proportion of lesson type spent each coding type
was operationalized by summing up the time spent on each
individual item of that coding type and dividing the sum by
the total lesson type. The time spent on each individual item
was calculated by taking the time difference between the in-
points and out-points of that item.

A summary of the coding scheme used in this study
with examples taken from Chinese and American textbooks

can be found in Table 9.

Procedure

All selected video transcripts were coded according to the
above coding scheme. The first author coded all transcripts
for the four lessons, and a bilingual coder independently
coded transcripts for one lesson from a U.S. class and one
lesson from a Hong Kong class. The results were compared.



As with the original TIMSS coding, a window of 10 sec-
onds was allowed for the difference between coders’ codings
of in-points and out-points (Jacobs et al., 2003). That is,
an agreement was recognized as long as the coders did not
differ more than 10 seconds in the judgment of each in-
point and out point. The two coders displayed substantial
agreement, agreeing on 86% of their coding. Each in-point
or out-point for which the coders did not agree was then
discussed until an agreement was reached on how it would

be coded.
Results

There were 39 items identified in the selected videos, with
11 items from HK1 Square Roots (n.d.), 13 from HK4
Identity (n.d.), 6 from US2 Writing Variable Expressions
(n.d.), and 9 from US3 Exponents (n.d.).

There was a significant variability among the four
lessons, even between the two pairs of lessons collected from
the same region, as shown in Table 10 and Figure 6. For ex-
ample, HK4 spent a larger proportion of time on definitions
than HK1, and HK4 and US3 spent more time on Defini-
tional MGs than HK1 and US2. Moreover, HK1 and HK4
spent a larger proportion of lesson time on Procedural MGs,

Conceptual MGs and Links than US2 and US3.
Discussion

According to the findings from the three studies, there was a
significant difference in the Mathematical Generalizations
across textbooks, but there was no significant difference in
definitional types and strategies across different textbooks.
However, the instructional patterns collected from Hong
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Kong and U.S. classes only corresponded partially to the pat-
terns identified in textbooks. Both textbooks and classroom
transcript evidenced that Chinese mathematical teaching
placed more emphasis and time on Conceptual Mathemat-
ical Generalizations and Links. Yet, classroom instructions
also showed evidence that Hong Kong classes stressed Pro-
cedural MGs, contradictory to the findings from textbooks.
Moreover, there was a significant variability in the propor-
tion of lesson time spent on Definitions and Definitional
MGs from classroom instruction, but such patterns were
absent in the textbooks.

One explanation to such partially supporting evi-
dence is rooted in a transactional model of instruction. That
is, besides what was written in the textbooks, teachers also
carried their own schemata (knowledge about mathematics
and pedagogy, skills in mathematical reasoning and teach-
ing, and attitudes and motivations towards teaching in gen-
eral and teaching mathematics in specific) to a class (Adel-
man & Taylor, 2006; Stigler & Hiebert, 2009). As teachers
studied textbooks, the textbook content interacted with
teacher’s own knowledge and understanding (Hill, Rowan
& Ball, 2005). This transaction together helped teachers set
the learning goals for the class, which determined the in-
structional patterns and performance sequentially. A visual
illustration can be found in Figure 7.

An alternative explanation is found in the facts that
the TIMSS videos were collected fifteen years ago, and that
the teachers and students in those videos did not use the
textbooks that were coded in this study. As a result, one
could argue that the teaching pattern in TIMSS videos only
corresponded to the textbooks they used at the time when
those classes were recorded and that pattern might differ
from the ones that were identified in the three textbooks



that the authors coded in this study. To test this alternative
hypothesis, future studies should consider increasing the
time and monetary budget to systematically collect more re-
cent video data from classrooms internationally. An example
of a systematic approach to address videography procedures

could be found in TIMSS-R data collection manual (Les-
sonLab, n.d.).

Another limitation of the current study was that often
the sample size was small. This effect was caused by the fact
that only three textbooks were coded in the current studies,
and that it was not likely to expand the selection of content
because previous research indicated that the definition pat-
terns might vary for different topics (Ginther & Henderson,
1966). For example, in U.S. textbooks, a larger proportion of
algebraic definitions tended to be defined denotatively than
geometric definitions, while a higher percentage of geomet-
ric definitions tended to be defined connotatively than ones
in algebra. The different patterns due to varying topics lim-
ited the coding content. Future studies should thus consider
selecting more textbooks and using the developed coding
scheme to study a controlled, limited content, rather than
carelessly expand the content in each textbook.

In addition, it should be noticed that this study was
designed to only study the correlation between textbook
patterns and content and the teaching strategies employed
in real classroom. The causality, however, was not directly
addressed in the current study. This in fact would not elim-
inate the possibility of a third variable, which was caused by
textbook patterns and further lead to the different instruc-
tional strategies. Moreover, teachers’ collective experience
with engaging students in mathematical classes would re-
ciprocally determine how the textbooks were written. After
all, most textbooks were written either by professors or per-
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sonnel who had direct teaching experience or had expertise
supervising teaching on a large scale, as was the case with
the three textbooks selected for the current study. Further
research exploring this direction should consider designing
cognitive experiments that allow learners to engage with
novel mathematical content with exposure to a variety of
teaching strategies and learning goals. The final learning re-
sults should be compared to determine the effectiveness of
each teaching method. What was crucial to such a design
was how novel content was selected or constructed in order
to control for the learners’ previous knowledge, skills, atti-
tudes, and motivations (collectively referred to as the sche-
mata; Adelman & Taylor, 2006). Other important factors
to consider to design the stimuli should be the construct
validity and the exposure time to the new content.

Despite the limitations of the design and data of
the current study, the findings still provided some valuable
insights that could help explain the differences in student
achievement levels and in instructional patterns identified
in China and the United States. Such understanding could
help both countries to realize alternative approaches to
teach mathematics, so that future research could compare
the results in an experimental setting. Once causal relation-
ship between textbooks, learning goals, and instructional
patterns could be proven in each country in the near future,
programs and policies that facilitate changes in teaching
and textbooks editing systems to improve student learning
based on scientific research should be implemented. In addi-
tion, international comparison studies should try to include
more countries and regions so that more unique methods of
teaching could be discovered and valued by the international
community of scholars.
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Table 1

Appendix A

Definition type coding scheme for Study 1

above all contain one
unknown, and the
order of the unknown
is 1. Such an equation
are called linear
equation with one
unknown. |

Definition Example from Example
Chinese Textbook from
American
textbooks

Denotative | A definition TBEX MR Z®T | Adding and
that only uses | SLFR AL - (ESSCPR | subtracting
examples and ANHAEBEZER - EZ |by the same
set membership | —PME{EIEL - number
to define a . . are inverse
concept [Five hundred is operations.

just a number that Inverse
approximates the operations
actual number, “undo” each
but there is still a other.
difference. It is an

approximate number. ]

Connotative | A definition FEPMNEZEEHARZE | Integers
that only uses | —PARHE (7T ) - are the set
necessary KRB REE =1 of whole
and sufficient XA HEIUM— | numbers
conditions TT—RFE - and their
to define a _ opposites.
concept [The equations
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Definition Example from Example
Chinese Textbook from
American
textbooks
Synonymical [ A definition — Mt - B ERR [ The
that uses Ha S 5ESAEEE | absolute
synonyms MU Eapy e X {H - 12 | value of a
to define a E|al - number is
concept its distance
[Generally, the from 0 on
distance on the a4 number
number line between | {ipe.
point a and the origin
is the absolute value
of a, denoted as |a|.]
Connotative | A definition %3, 2, 1.8% X X7 | In Example
& that uses both | OB UM IEEL - 1, the
Denotative | examples and _ expressions
necessary [Numbers like 3, 2, 2(90+60)
and sufficient 1.8% that are greater |, 4
conditions than 0 are called 2(90)+2(60)
to define a positive numbers. | are called
concept equivalent
numerical
expressions
because
they have
the same
value.

Note. All the examples in this coding scheme are from the
three textbooks selected for this study. The two coders
coded these examples independently, and they coded these
examples identically. The term being defined is bolded in
each example. Moreover, examples from the Chinese text-
book are provided with an English translation.




Table 2

Definition strategy coding scheme for Study 1

BN
ma, -

[In the above
expressions , ,

and , they can be
regarded as sums of
monomials... Such
an expression 1s
called a polynomial.]

Definition Example from Example from
Chinese Textbook American
textbooks
Definition- | An %3, 2, 1.8% XX | An expression
Explanation |explanation FORENUMIIESZL - |isa
follows a mathematical
definition. [Numbers like 3, 2, phrase that
1.8% that are greater | .ontains
than 0 are called operations,
positive numbers. ] numbers, and/
or variables.
A variable is
a letter that
represents a
value that can
change or vary.
Explanation- | An S8 E FESER When you
Definition explanation I+ ,, * B{J&0] |combine
proceeds a DIEMTL BT like terms,
definition. BA.. X4+ - JLD | you change

the way an
expression
looks but
not the
value of the
expression.
Equivalent
expressions
have the same
value for all
values of the
variables.
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Definition

Example from

Chinese Textbook

Example from
American
textbooks

Explanation-
Definition-

Explanation

Explanations
are presented
both before
and after a
definition.

B85 55%1%F -
FhEa=8HE - #H
M EF R E R A
BRI A8 MU [E 210 -
RAg BB IN 2[R
SRI -

[Like and and,

and and , terms that
share the same letters
whose powers are
also the same are
called like terms.
Several constant
terms are like terms.]

You can solve
a real-world
problem by
creating a
verbal model
and using

it to write

a variable
expression. A
verbal model
describes

a problem
using words
as labels and
using math
symbols to
relate the
words. The
table shows
common
words and
phrases that
indicate
mathematical
operations.
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Definition Example from Example from
Chinese Textbook American
textbooks
Definition A definition | EFEPMHREESRZSE | A variable is
that uses both | — 1N KRENE (v ) - |a letter used
examples and | KA REEZ1L | to represent
necessary X R OIUE— | one or more
and sufficient | T T—RHE ° numbers.
conditions
to define a [The equations
concept above all contain

one unknown,

and the order of
the unknown is 1.
Such an equation
are called linear
equation with one
unknown. |
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Table 3
Number of instances of each definition type in Study 1

Concept Chinese U.S. Textbook 1 U.S. Texbook 2
definition type  Textbook

Connotative 14 45 31

Denotative 2 4 3

Synonymical 5 16

Connotative & 4 2 1

Denotative

Total 25 67 39

Note. In the table above, “Chinese Textbook” denotes Kecheng
Jiaocai Yanjiusuo (2007), “U.S. Textbook 1” denotes Larson et
al. (2008), and “U.S. Textbook 2” denotes Bennett et al. (2008).

Table 4
Number of instances of each definition strategy in Study 1
Concept Chinese U.S. Textbook 1 U.S. Texbook 2
definition Textbook
strategy
Definition 5 32 19
Definition- 12 24 14
Explanation
Explanation- 4 7 3
Defintion
Explanation- 4 4 3
Definition-
Explanation
Total 25 67 39
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Table 5

Coding scheme of mathematical generalizations (MG) in

Study 2

and specific
procedures. It
often takes the
form “7o do...,

you can...”

[To multiply
several rational
numbers, you can
multiply them by
order.]

Definition Example Example from
from Chinese Amebncin
Textbook textbooks
Procedural A sentence that | Z MNAIEH4H To solve a
mathematical | summarizes of |[3E - BJPUEMA] | system of two
generalizations | rules, specific 1% |l B2 11k 2% 48 equations, you
(PMG) methods 5 o can reduce the

system to one
equation that
has only one
variable.
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Definition Example Example from
from Chinese American
Textbook textbooks
Definitional A highlighted | 2 HCE Properties of
mathematical |sentence that o addition and
generalizations | describes [Associative multiplication
(DMG) properties property] (including
and is usually commutative
named as property and
“Principles/ associative
Properties of property)
Definitional A sentence T8 IFHE Whole
mathematical | that specifies FRREBEZIE | numbers and
generalizations | the scope - ORI IE |integers are
(DMG) over which BHUR=FZAZOQ. | part of the

the concept
definition or
principle can
or cannot

be applied.
Usually, special
conditions

and cases are
mentioned.

[Obviously,

any power

of a positive
number is still
positive, and a
power of 0 with
any positive
exponent is 0.]

set of rational
numbers, as
shown in the
Venn diagram.
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and how it
advances the
understanding

of

mathematics.

mathematical
tool to analyze
and solve
problem.]

Definition Example Example from
from Chinese American
Textbook textbooks
Conceptual A sentence o MIEH - H12 | You can use
mathematical | that explains | @2 AAE/RD) | the least
generalizations | how the T —FEBH | common
(CMG) introduction HNE=THE. denominator
of this concept . (LCD) to
or principle [It is easy compare
relates to other | O see that and order
concepts or ?quat|ons fractions.
principles Is a great

Note. All the examples in this coding scheme are from
the three textbooks selected for this study. The two
coders coded these examples independently, and they
coded these examples identically. Moreover, examples
from the Chinese textbook are provided with an En-
glish translation.
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Table 6

Coding scheme of links in Study 2

as a means of
introducing a
new concept,
making an
analogy,
comparing
similar

ideas, and/or
generalizing
mathematical
principles.

have discussed
with real-world
problems how

to analyze
quantitative
relationships and
use equality to
write equations
and how to solve
them.]

Definition Example Example from
from Chinese Amebrlcin
Textbook textbooks
Reference to When the BIEFENIZESESL | To solve a
past concept textbook FRIEIER - e Y | multi-step
refers to past WA D TEESR | inequality like ,
learning, a % ~ FIFHMESESR | you should use
concept or ZBF LKA | the properties
idea learned 2. of inequality
in past lessons _ from Lessons
is brought up [Previously we 3.4 and 3.5 to

get the variable
terms on one
side of the
inequality and
the constant
terms on the
other side.




Definition Example Example from
from Chinese American
Textbook textbooks
Reference to | When the EAER=E
future concept | textbook 2 FAIANT
refers to future | IAHF R EH
learning, a FEOIFRR
concept or HMHBERZR
idea that will | B Z o] LU X
be covered in | HFRYTLFIHTTIM

future lessons
is brought up
for the purpose
of providing
students

with a full
picture and/

or stimulating
students’
interest.

BFANN—E—
TT—RIOTENZF
SI¥T N E A

[In this chapter
we will also see
that we can not
only express
quantitative
relationships

by letters or
expressions
containing
letters, but also
add or subtract
these expressions.
This content
will become a
foundation for
the next chapter
on first order
equations with
one unknown. |
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Table 7
Number of instances of each type of mathematical general-

izations (MG) in Study 2

Mathematical Chinese U.S. U.S.
Generalizations Textbook Textbook Texbook 2
(MG) 1
Conceptual 5 32 31
MG
Definitional Principles 18 27 19
MG
Conceptual Meanings 9 8 3
MG
Implication 14
Summary of 9
Ideas
Total 55 79 62
Table 8
Number of instances of each type of links in Study 2
Links Chinese U.S. Textbook 1  U.S. Texbook 2
Textbook
Reference to 6 6 12
past concept
Reference to 3 0 0
tuture concepts
Total 9 6 12

Note. In the tables above, “Chinese Textbook” denotes
Kecheng Jiaocai Yanjiusuo (2007), “U.S. Textbook 17
denotes Larson et al. (2008), and “U.S. Textbook 2”
denotes Bennett et al. (2008).
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Table 9

Coding scheme of in-points and out-points in Study 3

the mention
of definitions,
MGs or links
begins, and

it is defined
as the first
moment when
the teacher
mentions
some new
information
since the last
out-point

of the same
or different
concept.

right-hand side?
Two X. Plus

10. Constant
terms, both are
the same, 10. X
terms, the same,
two X. Therefore,
will they be
always the same?
Yes. In fact,

on both sides,
the expressions
are exactly the
same. || Or we
say that they are
identically the
same. Therefore,
no matter what’s
the value of X, it
is- you substitute
for X, the
changes will be
the same

Definition Example from Example from
Hong Kong U.S. classes
classes
In-point The in-point | What will be Okay, that’s
denotes the the expanded a variable.
time when form for the | What 1

wrote on the
board, seven
H, is called

a variable
expression
because it
contains a
variable. You'll
see it up there
as one of the
examples and
the other

two are also
examples

of variable
expressions.

[“|| “marks the
beginning of
a definition
item |
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Definition

Example from
Hong Kong

classes

Example from
U.S. classes

Out-point

The out-point
represents the
moment when
the mention
of definitions,
MGs or links
ends, and it

is defined as
the time at
which the
instructor stops
explaining the
information
and transitions
to other tasks.
Possible
follow-up
tasks include
an example
exercise on the
blackboard,

an in-class
exercise, and

a question
from a specific
example in
which this
exmplanation
of concept is

applied.

And for identity,
in between the
two sides, you
can use a new
symbol with
three lines. And
we read it as,

is identical to.
Or you can say
that they are

identically equal.

Okay? [ You
have some class
practices here.
Page one-four-
seven.

[ “[|” marks
the ending of
a definitional
Mathematical
Generalization
item]

So now you've
got the forth
rule. We've
only got one
more rule to
learn. Okay. [
Now on this
one. On the
rule we need to
take these and
expand them
out this way so
that you see the
rule develop.

Okay.

[“||” marks

the ending of
a procedural
Mathematical
Generalization
item ]

Note. All the examples in this coding scheme are from
the four TIMSS videos of classroom instruction in

Hong Kong and the U.S. selected for this study. The
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two coders coded these examples independently, and
they coded these examples identically. All classes were
taught in English. The in-points and out-points in the
examples above are marked by “||”.

Table 10
Total proportion of lesson time spent on Definitions, MGs
and Links in U.S. and Hong Kong classes

Definition HK1 HK4 US2 US3
Mathematical 2.76% 8.77% 5.33% 0.00%
Generalization

Procedural 4.89% 2.48% 0.00% 0.00%
MG

Definitional 1.02% 7.74% 1.93% 6.81%
MG

Conceptual 6.35% 9.28% 3.59% 1.37%
MG

Links 2.91% 2.73% 0.00% 0.00%
Total 17.93% 31.00% 10.85% 8.17%
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Appendix B

Textbooks

¥

Learning Goals
12

Instruction

w

Performance

Figure 1
The hypothesized model of textbooks and instruction
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Figure 2
Deﬁniz‘ian types in Chinese and U.S. textbooks
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Figure 3

Definition strategies in Chinese and U.S. textbooks
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MGs in Chinese and U.S. textbooks
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Links in Chinese and U.S. textbooks
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Total proportion of lesson time spent on cading items in
Chinese and U.S. classrooms
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Figure 7

The transactional model af textbooks and instruction
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