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Abstract

To give insights into cross national differencessahnooling this study analyzed
the initial treatment of the concept of functiontimee curricula: a US standards-based
text--Connected Mathematic 2: Variables and Pattem$)S conventional textGlencoe:
Mathematics Applications and Concepts: Coursarftl a Chinese reform tex@hu Xue:
Grade 8, first volume

This study examined content organization and probfeatures in the three
textbooks. For content analysis, this study expldnew the concept of function was
introduced, defined, and developed. The resultscateld both of the US textbooks
introduce this concept at grade 7 whereas the Gaitext does so at gradeGnnected
Mathematicsdevotes more lessons than the Chinese textGladcoein the initial
treatment of the concept of functioGonnected Mathematiadefines function as rule
while Glencoeaddresses it as relationship; the Chinese texbdaotes the concept of
function as correspondend@onnected Mathematiggys equal an amount of attention to
the four representations including tables, graplespal descriptions, and equations
examined in this study. In contra&lencoeemploys the representations of tables, graphs,
and equations and it focuses on the representatiographs; the Chinese text also
employs the representations of tables, graphs, eapdiations but it focuses on the
representation of equation. The Chinese text pesvidnany explanations and
illuminations in worked-out examples to tell hovetsolutions are derived.

Problems were then analyzed extensively with rdspecthree criteria: (1)
contextual feature, (2) response type, and (3) itwgnexpectation. Analysis results

showed that all the three texts emphasize the tlegnéxpectation of representation.



Connected Mathematicgrovides more real-world problems than other teatsd the
problems aim at cultivating students’ mathematreasoning. Most of the problems in
Glencoeare embedded in pure math contexts to help studengsocedure practice. The
problems in the Chinese text emphasize problemirgplimplications for curriculum
developers, teachers, and researchers have beemsslid in accordance with the

findings.



Table of Contents

Chapter 1 INtrodUCHION. .. ... e e e e e e e e 1
Statement of the Problem...........oo e 2
Purpose of the StUudy ... e 5..
Significance of the Study...... ..o 5
Organization of the Study...... ... e 7

Chapter 2 LIiterature REVIEW. .. ... ... it e e e et e e e 8.
Research on Standards-based Curricula.............ooocomeeiiii i, 8
Research on International Curriculum COM@ArIS.........ccovvverineininennnnn. 11
Research on Teaching and Learning of Funstion...................coooev i 15
Limitations of the Current Research Literatur................cc.oooviviiininen 19

Chapter 3 MethOd. .. .. oo e e e e e 22
MAEETIAIS ... . e et e e e e e e e e e e 22
Analytical FrameWOrK. .. ... ....ouii i e e e e e e e 24

Chapter 4 RESUILS... ... . e e e e e 31
Results of the Content Analysis....... ..o e e 31
Results of the Problems Analysis.............oiiii i e e e 38

Chapter 5 Conclusions and DISCUSSION.............c.u s e et ee e e e aeneeeeens 42
Summary of the Study...... ..o A2



Conclusions and DiSCUSSION ... ... vttt e e e e e e e e e 44

IMPLICALIONS ... ettt e e e e 46
RETEIENCES . .. et e e e 50
Y 0] 01T T Lo 58

Appendix A: The Development of the ConcepEohction

inthe Three TeXtbOOKS.......covi i e e 59
Appendix B: The Algebra Development in Cuntion Standards

fromthe US and China............ooo i s e, 61

YL 63

vi



List of Tables
Table 3.1 Materials Used in This Study............c.ouiieiii i e 22

Table 3.2 Framework Used to Analyze the ContentRnothlems in Textbooks...... 24

Table 3.3 Definitions of the Concept of FUNCLION.....coaeeiiiiii i 26
Table 3.4 Problem Analysis Framework.............coooiviiiiiiiiiii e eemmee e 27
Table 3.5 Sample Textbook Problems and Coding...........ccoocemiiiiiiiiiiiiinannnes 29

Table 4.1 Learning Goals from the Three TextS......... ..« e ieiieiieiiennennnn . 32

Table 4.2 Contextual Feature of the Problems.............c.ccoii i, 38
Table 4.3 Response Type of the Problems.............coo i, 39
Table 4.4 Cognitive Expectation of the Problems... ... .o iii i 41

Vil



Chapter 1
INTRODUCTION

Over the past two decades, increasing tleeatiMevel of student understanding
and mathematical proficiency has been a major goaleaching mathematics. The
documents from National Council of Teachers of Mathatics [NCTM] (1991, 2000)
serve as guidelines for various aspects of classromthematics in order to improve
students’ mathematical understanding and probleasor@ng. Along the same line, No
Child Left Behind [NCLB] requires high expectatiorfer all students to learn
mathematics, in particular, asking students to td@gebra no later than the eighth grade.

However, international assessment studiesludimg the Program for
International Student AssessméRiSA) and the 2003rends in International Math and
Science Study(TIMSS) reveal that American students still tréleir international
counterparts in math and science when comparetieio tounterparts from economy
competing countries, such as Japan, Korea and GKinazales et al., 2004; Lemke,
2004). For example, in the PISA report, the US &8rpolds were ranked 24th among
peers from 29 other nations in math literacy.

What is the best route to improve studentathmachievements? According to
Schmidt et al. (1997), who compared the mathematicksscience curricula of the US to
those of 46 nations, “In the most ambitious crossemal study of standards and
textbooks ever attempted, the intended curriculith@US was found not to measure up
to the most commoaxpectations for student learning found in otheroms” (Valverde

& Schmidt, 2000). This indicated that the textshe US lack the coherence, focus and



level of demand that are prevalent across the warl@ddition, Schmidt et al. reported
that American textbooks are viewed as “a mile lang an inch deep”, which indicates
that there are many topics covered by textbooksibne of them is elaborated explicitly
to facilitate students’ understanding. Althoughie@as factors influence the final math
outcomes, textbooks still "dominate instructionelementary and secondary schools"
(Farr, Tulley, & Powell, 1987, p. 59). On averagb% to 90% of classroom instruction
is organized around textbooks (Tyson & Woodward99Voodward & Elliott, 1990).
As Osborn, Jones, and Stein (1985) argue, improwgbooks used in American
schools is an essential step toward improving Acaerischooling.
Statement of the Problem

In response to the criticism on the quality of thkS textbooks, many
organizations and publishing companies began @tertandards-based curriculum with
the National Science Foundation (NSF) funding inysvéhat improve the quality of
textbooks to meet standard curriculum documenthénlate 1980s and early 1990s, the
NCTM published the first round of its standards wuoents, which provided
recommendations for improving and reforming K-12tmeanatics. In accordance with
the NCTM Standardsdocuments, several curriculum materials have bdmreloped
aiming at engaging students in doing mathematicsrimlerstanding the why as well as
the how of the mathematics they study.

Accordingly, numerous studies have been conductedcampare traditional
curricula with standards-based curricula and examwmvhether standards-based

curriculum is efficient enough for students to feanathematics (Fuson et al., 2000;



Huntley et al., 2000; Reys, 2003; Riordan & Noy2801). It has been reported that
standards-based curricula are more efficient inpihgl students improve their
mathematical abilities and achievements. Howevemparison between conventional
curriculum and standards-based curriculum is notigh in terms of catching up with the
counterparts from other countries in internatiaaminations. Kilpatrick, Swafford, and
Findell (2001) argue that research that looks a&ccosintries can provide a better picture
of what matters in instruction aimed at developipgpficiency. Thus, comparing
curriculum with other countries is necessary.

This study intended to compare a US standards-bdegtbook, a US
conventional textbook with a reformed Chinese teak Unlike US, China is much
more competitive in international math examinaticarsd used to have a national
curriculum. All regions around the nation have s® uhe same math textbook which is
entirely conducted by the central government. Hawewith the rapid development of
economy in China, different areas of the natiorhwiifferent needs and resources asked
for developing differentiated textbooks. Unlike tpeevious curriculum reforms, the
latest reform initiating from 2005 placed studentgvelopment at the center of the
curriculum. In addition, this reform intended toglament three critical transformations:
the transformation from “centralization” to “decrlization” in curriculum policy, the
transformation from  “scientific  discipline-centeredcurriculum” to “society
construction-centered curriculum” in curriculum @adigm, the transformation from
“transmission-centered teaching” to “inquiry-ceetkrteaching” in teaching paradigm

(Zhong, 2006). Similar to the reform movement ie thS, various kinds of textbooks



have been developed, published, and applied t@wsrschool districts. Additionally,
both reformed curricula in the US and China areve® to implement inquiry-based
teaching. Comparing the US reform-oriented curacowith those in China will provide
an insight about whether and how reformed curriculéne US and China give different
learning opportunities to the students and whetihese differences are the reasons why
the students from these two countries have perfecmagap in international math
competitions.

Algebra is one of the five content standanddCTM’s Principles and Standards
It is well known that the concept of function istical for students’ algebra learning.
NCTM (2000), for example, stressed that the conoépinction should be placed as one
of the cornerstones of mathematics curricula: akgeldditionally, this concept is
viewed as the underlying theme when developing baje ideas (Laugh Baum, E.,
2003). Furthermore, algebra is helpful to dailyeliffrom applying formulas for
calculating miles per gallon of gasoline to usinigdtions to determine the profit of a
business venture.

However, as discussed above, the US students shibvwegabor performance on
the topic of algebra, in particular, on the topidunction on international assessments of
mathematics ability (Stedman, 1997). For examptethe algebra subtest of the 2003
Trends in International Mathematics and Sciencer&ufTIMSS), the US 8th graders
scored below many economic competitors, such aanJdpussia, Korea, Singapore and
China. In addition, the US students were 16% behitetnational average in algebra and

18% behind the international average in functidmg,only 14% behind the international



average in geometry in Second International MathiesiéStudy. Thus, much more
attention should be paid to algebra and, especiatigtion. However, there are a few
studies on how textbooks provide learning oppottesiifor students to learn the topic of
functions.
Purpose of the Study

The purpose of this study is to illuminates thational and the cross-national
similarities and differences in ways of conceptzialy and presenting the concept of
function in the US textbooks and the Chinese tedtbddditionally, this study examines
how the problems are presented in the US and Ghiteegbooks on the concept of

function. This study has five research questions:

(&) When is the concept of function introduced in tH& &hd Chinese textbooks?

(b) What are the learning goals when the concept aftion is initially introduced in
each curriculum?

(c) How is the concept of function introduced and depet in each curriculum?

(d) How many and what types of problems in the conoépinction are presented in
each curriculum?

(e) What kinds of learning opportunities are providedhwespect to cognitive
expectation in each curriculum?

Significance of the Study
Answers to the research questions will prewdrious implications to classroom
instruction, curriculum development, and mathensagiducation and so on. First, based
on the analysis of learning goals, teachers magmeethe requirements for the students
to encourage their algebraic thinking as Cai (26@)gested that teachers’ expectations
and encouragements directly influence ways of stisdenathematics learning.
Second, the teachers could observe the eiféer between standards-based

curricula and conventional curricula. Since theee «ill a large number of conventional



textbooks dominating the classrooms, now might bgoad time to persuade school
boards and teachers to rethink their choice. Deffees from the comparison of the
Chinese text and the US texts will provide teaclsensie information on how to help
students to improve their academic achievementditibdally, the gap between learning
goals, content presentation, and the problems mpi@sen could draw teachers’ attention
to find other resources to fulfill instructionalajs.

Third, through examining how the concept of funetics introduced and
developed in each curriculum, it is clear to seewiole process where students develop
their algebraic thinking. This might further indieawhy American students do not
perform as well as their Chinese counterparts galah tests. Analyzing the problems in
the textbooks will indicate what kind of learningpmrtunities are provided to students,
and this might be one of the critical explanatibmshe statements that Chinese students
outperform their American counterparts and studersifg standards-based texts do
better than those with conventional texts (Macl2€Q9).

Fourthly and finally, based on the findings of tisidy, curriculum developers
might improve the qualities of the problems presdnin textbooks to provide more
learning opportunities and to bridge the gap betwtbe learning goals and the problems
for practice. Comparing the learning goals coultp leirriculum developers to see the
difference between China and America in studemairling expectations. As discussed
previously, American textbooks lack coherence, $ocand level demands; they may

borrow something to promote the organization ofdineicula.



Organization of the Study

After an introduction of the problem investigd in this study, a complete review
of related literatures, including the research tamdards-based curricula, the research on
international curriculum comparison, and the redeaon teaching and learning of
functions, is elaborated in Chapter 2. Chapterr8ains materials employed in the study,
the analytical framework, and how the content asialyand the problem analysis are
designed. Chapter 4 reports the results from thé&eod analysis and the problem analysis.
Chapter 5 contains the summary of the study, thie firadings of the study, conclusions,

and the implications for the filed of math educatio



Chapter 2
LITERATURE REVIEW

In this chapter, previous curriculum studies onndsads-based curricula, on
international curriculum comparison, and on thehézg and learning of functions will
be discussed first to illuminate what has been doneurriculum analysis. After
reviewing the results of prior research, the litnitas of the current research literature
will be discussed in order to provide the needgHerpresent study.

Research on Standards-based Curricula

With the implementation of standards-basediaua various research has been
done to find students’ corresponding achievemetatsinvestigate teachers’ potential
usage and learning of reformed curricula, and &yae how standards-based curricula
are different from conventional curricula in termfsmaterial organization and problem
representation. Since the ultimate purpose of dpied) standards-based curriculum is to
improve students’ mathematics achievements, a laogly of research has compared
achievement improvements between students usingastds-based textbooks and those
using conventional textbooks. Riordan and NoyceD{20for example, examined the
difference between standardized text scores ineghadsing standards-based textbooks,
Everyday MathematicandConnected Mathematicand those using a mix of traditional
textbooks. Results indicated that students usitingedf the standards-based programs as
their primary math curriculum outperformed sigrafintly in statewide mathematics test
their counterparts attending matched comparisonashSimilar conclusions have been

drawn by other studies. Reys (2003), for instaassgssed the impact of standards-based



curricula on students’ mathematics achievements middle grades. Significant
achievement differences were indentified in con@mas of data analysis and algebra
between students using standards-based curriaué feast two years and students from
comparison districts using other curriculum matsrigimilarly, Fuson et al. (2000)
investigated arithmetic achievements among threeipgg—(1) the US students using
Everyday MathematickEM], (2) the US students reading traditional axutum, and (3)
their Japanese counterparts—in order to illustthéerole standards-based curriculum
played in increasing students’ academic gains. iStarg with previous studies (eg.,
Reys, 2003), Fuson et al. reported that standaadsebcurricula performed excellently in
improving students’ academic achievements. In @adr, Fuson and her colleagues
showed that: in the number-sense test, the EM segoaders were equivalent to the
Japanese group who came from middle-class familiags finding is important since
previous studies and international mathematicsestatalways suggest that American
students fall behind their Japanese counterpalts. fihding from Fuson et al's study
recommends a way for the US students to be conyeetivith students from
high-achieving countries when they use EM.

In addition to improving achievement, standardsstasurricula have also been
reported to stimulate studentgtoblem solving abilitieswvhile conventional curricula
focus on procedure practice. Huntley et al. (20@8garched the effects of the Core-Plus
Mathematics Project [CPMP] curriculum and convemdieoriented curricula on the
growth of students’ understanding, skill, and pewoblsolving ability in algebra. The

results show that CPMP is more effective than cotigeal curricula in developing



students’ ability to solve algebraic problems enused in real life contexts while
conventional curricula are more effective in depailg students’ skills in manipulation
of symbolic expressions in algebra when the exppassare presented free of application
contexts.

Although standards-based textbooks are prdweing effective in improving
students’ mathematics achievements; other studss raported the effectiveness of
traditional textbooks. Sood and Jitendra (2007), éeample, compared number-sense
instruction in three first-grade conventional maéxtbooks and one standards-based
textbook,Everyday Mathematid&M]. All instructional parts of the textbooks--bideas,
conspicuous instruction, mediated scaffolding, prticious review--were coded by the
authors and they found that the standards-basebotsks emphasized real world
connections and did a better job than conventidesibooks in promoting relational
understanding and integrating spatial relationsdugis with other more complex skills.

However, Sood and Jitenra reported that theventional textbooks provided
more opportunities for number relationship taskerendirect and explicit instruction,
more common feedback as well as more practice obausense skills. Since real world
connection, relational understanding, and spagi@tionship are more complicated than
number-sense skill practice, standards-based teksbdnvave a more valid base of
improving students’ problem solving and conceptuadierstanding. If number-sense is
critical in elementary school math where arithméithe main point, the idea of algebra

is the counterpart of number-sense for middle gsade

10



Nie et al. (2009) also analyzed the intended treatmof the ideas of variable in a
standards-based text and a traditional text. Theported that the standards-based
curriculum includes a strong connection among e equation solving, and linear
functions. On the other hand, the conventionaliculum does not emphasize either the
connection between variables and functions or bettveen algebraic equations and
functions, but it concentrates on the relation leetwvariables and equation-solving.

As stated above, standards-based curricula outperfonventional curricula in
improving students’ academic achievements and thathematical abilities. However,
conventional textbooks still dominate a large numtifemath classrooms. To stimulate
math teachers to make significant changes of apglappropriate standards-based
curricula, much more curriculum analysis betweeandards-based curricula and
conventional curricula on various math topics nteelde done in the future.

Research on International Curriculum Comparison

A large number of comparative curriculum analysesxehbeen done since
curriculum is always regarded as an important efgm&luencing students’ academic
performance. Different countries have particulattuire values, social systems, and
economic needs, so their curricula also vary ineortb meet the domestic needs.
Although curricula must be different basing on eliéint countries’ situations, it is
necessary to investigate what has been done iauthieula of high-achieving countries,
such as Singapore, Japan, and Korea. Among varmousparative studies, some
emphasize the content organization while othershasipe problem analysis. Content

organization is developed by examining topic plagetnin textbooks, difficulty levels of
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the content, treatments of specific concept, andestts’ achievement expectations. On
the other hand, problems appearing in textbooke teen analyzed to see what kind of
learning opportunities are provided to studentethasn different types of problems at
different instructional points.

Li and Ginsburg (2006) did a textbook anaysi socio-cultural contexts, in
which classification and framing of mathematicabwiedge in Hong Kong, mainland
China, Singapore, and the US was examined. Thegdfdhat three Asian systems’
mathematics textbooks exhibited a higher degredasisification and framing than that
of the US textbooks. Being influenced by Confucieudture, curricula from Asian
countries receive more government control as theyregarded as centralized national
curricula, while the US curricula are decentralized

In fact, eastern countries not only did a@dygbb in classification and framing of
math knowledge but also outscored the US in theiefficy of the treatment of content.
Fuson et al. (1998) investigated grade placemergddition and subtraction topics in
Japan, China, the Soviet Union, Taiwan and the THgy discovered that multi-digit
addition and subtraction appear from one to thesgs/earlier in other countries than in
the US. Moreover, American textbooks are more yikelrepeat previous topics than the
other countries. All these conclusions are considie the former statement that the US
curricula lack the coherence, focus and level ahaled that are prevalent across the
world (Valverde & Schmidt, 2000).

Further studies have been done to show differs and similarities in concept

treatments and problem representations of curritala the US and other countries. Cai
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et al. (2002) compared intended treatment of aetivraverage in the US textbooks and
the Asian school mathematics textbooks. The Asties teach the arithmetic average as
computational algorithm in terms of conceptual @nocedural understanding, while the
US series teach the concept as a representatigedata set in terms of the statistical
aspect. Since the concept of fraction is alwaysemphasis for textbook examiners,
Freiman and Volkov (2004) developed a study ofpifesentation of common fractions in
textbooks from China, the US, Canada and Russiaul®esuggested that the Chinese
series did not attempt to provide any geometrici@rpretation for the notion of fractions
nor manipulatives to facilitate students’ underdiag. Instead, they focused on
arithmetical methods. However, present North An@ridextbooks have paid their
attention to real life situations and visual models

From these studies, it seems that Asian ¢tektb devote their efforts to helping
students develop arithmetic skills while westermuurtdes’ textbooks did better jobs
provide real life connections, visual representajoand conceptual understandings.
Aligning with the results of these studies, Parkl areung (2006) stated that western
countries’ textbooks helped students find matheml tife while Asian countries succeed
in conveying math in an economic way but failednativate students to learn.

While problem-solving and conceptual underdtag are important mathematical
skills reflected by NCTM standards, comparativedis also have compared curricula
from eastern and western countries to investigate efforts devoted to develop these
critical mathematical abilities. Mayer and Sims9%&Pconducted a study to compare how

textbooks teach mathematics problem-solving in dapal the US because there was a
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hypothesis that typical Japanese textbooks weree nmiented toward teaching
problem-solving and conceptual understanding skilleereas the US textbooks were
more oriented toward teaching isolated facts amel computation. The research results
to some extent confirmed the assumption. The Japatextbooks devoted much more
pages to instructional lesson than the US textbadkke the exercise sets were about the
same length in both countries. Moreover, the Jagmtextbooks excelled in providing
more worked-out examples, concrete explanations wedl as illustrations of
problem-solving procedures and meaningful instamgl methods emphasizing the
coordination of multiple representations. On theeothand, the US textbooks were found
to focus on unsolved exercises and interestingbgnabillustrations. Since relevant
explanations and illustrations are much more dffedhan unsolved exercises in helping
students develop problem-solving abilities, theultssimply that much more concrete
examples and illustrations should be included irefinan textbooks.

To further elaborate the differences betwisebooks from eastern and western
countries in developing students’ problem solvikgls Fan and Zhu (2007) coded
problems from Chinese, Singapore, and Americarbt®is to analyze representations of
problem-solving procedures there. The Singaports tesesented specific heuristics in a
much more explicit way than the Chinese and Amaritexts. The Chinese texts
outperformed the others in presenting various k&as. Compared to the Chinese and
Singapore textbooks, the problems in the US textsewnuch more like traditional

routine work emphasizing visual representations.
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Many more problem analyses have been doneomparative studies to find
different learning opportunities embedded in teg® Li (2000) analyzed problems
following selected content representations in then€se and American textbooks in
terms of what he called the mathematical featuhe, ¢ontextual feature, and the
performance requirements. The results showed hiatifference in mathematical feature
and contextual feature was smaller than the difieean performance requirements. The
American texts presented various kinds of perfomrearequirements while the Chinese
texts focused on numerical answers resulting froatgdure practice. In addition, Zhu
and Fan (2006) conducted a study of comparisohetépresentation of problem types
in the Chinese and American textbooks. Employingtlaer framework, the authors
suggested that the US textbook developers shoulgliaer including more multiple-step
problems as well as much more challenging problédtasvever, the Chinese textbooks
should provide more real-world problems within apgion contexts.

Since previous research applied either cordealysis or problem analysis to
illuminate the learning opportunities provided thetUS textbooks and the Chinese
textbooks, in this study both content analysis prablem analysis will be employed to
illustrate a full picture of the difference of thkS textbooks and the Chinese textbooks in
presenting content knowledge and providing exeropg®rtunities.

Research on Teaching and Learning of Functions

Function is one of the underlying themes when dguel algebra ideas

(Laughbaum, 2003). There is a motivation to ingzd® how school mathematics

curriculum treats this critical topic. The functiconcept is a complex idea whose power
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and richness permeate almost all areas of mathesnareviously, this topic did not
come to school mathematics until the secondaryl.ledewever, NCTM Standards
documents (1989, 2000) called for a functional easghto be integrated throughout the
school curriculum from the elementary level. Theates that students should be exposed
to algebraic ideas from elementary level to be \wedpared for formal algebra learning
in middle and high school (Cai, 2008).

Because of the complex features and various apiglita of the concept of
function, various kinds of representations, inahgdequations, tables, graphs, and verbal
descriptions, can be applied depending on differmctional situations. Since
understanding of functions in one representatiolh mat necessarily correspond to the
understanding in another representation, tranglagimong different representations is
important to problem solving. Even (1990) foundtttwen these representations were
combined, information from the combination factés a more deep and comprehensive
understanding of the underlying functional situatiMoreover, NCTM’'sPrinciples and
Standards for School Mathemati¢2000) states that students should be able to
understand functions, use various representationghem, and convert among these
various representations. Thus, curriculum materisif®uld include problems and
activities that would help students be efficient grasping different function
representations and translating among these repatiems. Hartter (2009) also stresses
that it is critical to provide experiences thatl@eastudents to make connections between

multiple representations of the concept of function
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In addition, Lloyd and Wilson (1998) who examindx timpact of a teacher’s
conceptions of functions on his implementation eérmed curriculum suggested that
comprehensive and well-organized conceptions &@dicessary precondition fundament
for teaching that makes conceptual connectionsyighes various representations and
generate meaningful discussions. In particularnfoog out that textbook materials
contribute to teachers’ implementation, Lloyd andlsdh suggest that if different
representations and the conceptual connectionsemghasized by textbook content,
teachers might devote more effort to helping sttslanderstand the meanings of various
representations and capturing the underlying aeiatiips among the representations.

Given that algebra is an abstract concept for stisdehen they first encounter it,
to understand the concept of function, instructglould be embedded in contexts
familiar to students. NCTM (2000) advocates aneaase in real-world problems in the
instruction of algebra. In fact, the contextualizedtings also reinforce students’ grasp of
multiple representations of functions. Keller andseh (1996) investigated students’
preference regarding representations of functibhey recommended the availability of
multiple representations within the classroom tval students to tie higher order
thinking skills to contextualized settings rathiesit pure mathematical settings. However,
it seems that students do not connect the worcttion’ with everyday life situations. In
particular, they usually have poor understandingualthe concept of functiorf. is
viewed as a label whilfx) is referred to as a formula with a graph (Sajk#3). Such
misunderstanding demonstrates how important itors students to be introduced to

multiple representations. Obviously, in this casteidents apply the representations of
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graphs and equations to describe the concept oftitum since there are other

representations available and none of a partidyf@e of representation could provide a
global understanding, students will overcome thigl lof limited perspective if they are

able to grasp a wide range of representations @fctincept. Although students are
expected to build connections among various kindsrepresentations to better

understand the concept of function, they do hawed ttepresentation preferences. For
example, students might prefer to apply the kindrefresentation which they are
frequently exposed to during classroom instructioOppositely, representations seldom
mentioned in class are probably regarded as ingppte understandings of the concept.
Moreover, several researchers (Elia, 2007; Gerga6@8) have suggested that for most
students, representations of function remain compatalized and mathematical

thinking fragmentary.

The results of previous studies suggest that tekioshould provide
opportunities for students to learn different reprgations of the concept of function and
understand the relationships among them to furtredp students to grasp how to
translate among different kinds of representati@sce it is recommended to integrate
the concept of function into contextual situatidosfacilitate students’ understanding,
whether problems and examples presented in texstbawk aligned with this advice will
directly influence students learning and understapmdFrom the misunderstanding of
students’ conceptions of functions, it is foundt ttiéferent meanings and representations
of functions should be given equal amount of attentotherwise students are likely to

employ the mostly-mentioned meanings and repreemsaand dismiss the others.
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Based on all of the above suggestions, this stullyewamine what types of problems in
the concept of function are presented in eachaulmmn in order to understand different
learning opportunities provided in each curriculum.

Limitations of the Current Research Literature

First, despite the important role of textbooks aadents’ learning, little research
has been done to investigate to what extent tektimaterials could provide learning
opportunities to help students build the conceptfioiction by applying different
representations and applications. As describedeeatthe previous studies examined the
concept of function in light of three aspects: stud’ ability to define the concept of
function; students’ ability to handle different repentations of function; and students’
function problem-solving ability (Elia, 2007). Hower, 75% to 90% of classroom
instruction is organized around textbooks (Woodw&rElliott, 1990). It is important to
examine what learning opportunities are presemdéxtbooks, in particular, in light of
three important aspects mentioned above.

Second, little research particularly emphasizedtteatment of the concept of
function between standards-based curricula and esdional curricula. Research has
reported that standards-based curricula outscon@ecional curricula in developing
conceptual understanding and problem solving @&slitwhile traditional textbooks
provide more common feedbacks as well as more ipeacddn number-sense skills.
Comparing the treatments of the concept in stasdaaded curricula and conventional
curricula could further illustrate the function aifrricula in helping students construct a

better conception of the concept. More researcld tede done in various mathematical
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topics on curriculum studies involving comparingarstards-based curricula and
traditional curricula.

Furthermore, comparative studies including curdculfrom relatively
high-achieving countries is an remaining area tstoidied in order to find a better way
to help the US students to eliminate the perforraagap with their counterparts from
high-achieving countries. Previous comparative ysindluding curricula from relatively
high-achieving countries is unavoidable. Previoosngarative studies of curriculum
analysis have discussed various math topics instesidifferent emphasizes. Some
focused on the content organization while the atlikd problem analysis. In fact, since
almost all the materials on textbooks would be igopby students, both content analysis
and problem analysis should be employed to deterrhow textbook materials affect
students’ conceptions of math topics and theiritedsl of applying math knowledge to
solve problems with real-world contexts.

In this study, both content analysis and probleralyais will be conducted to
answer the five research questions aforementiom&chapter 1. Content analysis could
investigate how the concept of function is introgllicand whether the instruction
materials in textbooks facilitate students’ appglma of different representations in
different contextual applications. On the other dhaproblem analysis could illustrate
what opportunities are provided by textbooks t@lstldents strengthen their conceptual
understanding of the concept and their abilitiesapplying specific representation of
function to resolve practical problems. In addificurriculum analysis involving a

traditional textbook, a standards-based textbook, @ Chinese reformed textbook wiill
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further illuminate how different instructional apaiches and learning opportunities are

embedded in standards-based curriculum and curcédom a high-achieving country.
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Chapter 3
METHOD
This chapter begins by introducing textbooks emgdbi this study. Specifically,
particular sections and parts which were analypettis study are explicitly illustrated.
Then the analytical framework of the study is pnésd to show the overall research plan.
Following that, content analysis and problem ansalysameworks are discussed to
illuminate the methods applied to do content armbi@m analysis.
Materials
Table 3.1 shows three textbooks were analymedthis study: (1) a
standards-based textbook and (2) a conventionthdek in the US, and (3) a reformed
Chinese textbook.

Table 3.1Materials used in this study

United States China
Standards-based text Conventional test
CMP2Variables and Patterns Glencoe: Mathematics Shu Xueg(Grade 8, volume
(Introducing Algebra) Applications and Concepts: 1).

(Grade 7Course 2.

The data used for this study come from the relel@sgons on the concept of
function from the textbooks and the accompanyirachers’ manuals from the three
mathematics programs.

Among various standards-based -curricula, Connedftiadhematics Program
[CMP] was chosen for this study since it has beftanaeported that CMP is widely used
in the US and CMP provides numerous learning oppdiées for students to experience

mathematical thinking and conceptual understandidumnected Mathematiadedicates
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two chapters (which they call units) out of eigbt ihtroducing and developing the
concept of function in Grade ¥ariables and Patterngnd Moving Straight Ahead
Since the concept of function is initially introdt in Variables and Patternand then
developed througMoving Straight Aheaébcusing on presenting linear relationships, all
the lessons fronYariables and Patterngre counted here as lessons used to initially
introduce the concept of function.

The GlencoeMathematics curriculum representing the conveumti®fS textbooks
was chosen for the study due to its wide use indleigchool classrooms. Since both
conventional textbooks and standards-based texstbaok employed in American
classrooms; this study applied both kinds of te@kisoto further explain the differences
between these two kinds of textbooks and to eliteirthe coverage limitation. The
Glencoe curriculum includes three separate texthooklencoe: Mathematics
Applications and Concepts: Course 1, Course 2 aodr§e 3 The concept of function is
first introduced in Grade 7 in Course 2, in pafacuhrough two lessons: lesson 1.4
Algebra: Variables and Expressioasd lessor.6 functions and linear equatianshis
study therefore analyzed these two lessons in dodexplore the initial treatment of the
concept of function.

To represent a reform-based Chinese textb8&bki; Xue(grade 8, first volume)
published by the People’s Education Press (PEP)yelasted for this study since it is the
most widely used version of reformed curriculumGhina. The concept of function is
addressed in Grade 8. Only one secfidrl variables and functiowas devoted for the

study topic. Therefore only this section was anadiyfor the study. Appendix A shows all
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the titles of all the lessons devoted to initisatiment of concept of function in each
textbook.

Although students’ versions of the textboeksre mainly used for analysis, in
order to learn more information such as learninglgoinstructional suggestions, and
other related materials that might be helpful foswaering the research questions, the
teachers’ manuals accompanying these textbooks alseoeemployed. Specific sections
and parts of teachers’ manuals were examined aocpitd the corresponding parts

analyzed in the students’ versions.

Analytical Framework

Table 3.2 presents research questions addresseohisnt analysis and problem

analysis and aspects of the textbooks investigatadswer the research questions.

Table 3.2Framework used to analyze the content and probiertextbooks

Research question Aspects investigated

* When is the concept of function * Grade level

introduced in the US and Chinese

textbooks?
Content * What are the learning goals when the + NCTM process standards: problem
Analysis concept of function is initially introduced solving, reasoning and proof,

in each curriculum? communication, connections, and

representation

* How is the concept of function + Content organization

introduced and developed in each « Content presentation

curriculum? « Definition

* Worked-out examples

* How many and what types of problems+ The number of problems

Problem in the concept of function are presented in Characteristics of problems
Analysis each curriculum? » Contextual feature
+ What kinds of learning opportunities - Response type

are provided with respect to cognitive

A ; » Cognitive expectation
expectation in each curriculum?
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This study analyzed content and problems presentellithe lessons whose titles
are listed in the Appendix A and the correspongiages in the supplementary materials,
including the teacher’'s manuals. In the contentyaisg content organization, learning
goals, content presentation, and the definitionthefconcept of function were examined.
In the problem analysis, problems designed for esitglto do relevant exercise were
counted and coded to investigate what kinds ofniagropportunities are provided by

each text.

Content Analysis

First, specific learning goals from both €nty’ textbooks and the teacher’s
guides of the lessons identified for this study evezcorded to investigate and compare
learning goals of concept of function in the thtegts. Glencoepresents “what you'll
learn” where learning goals of each lesson weratified for this study. These learning
goals are embedded in both students’ edition amd tdacher wraparound edition.
However,Connected Mathemati@nd the Chinese text only present learning goalke
teacher's guideConnected Mathematigzesents all learning goals at the beginning of
each investigation which are aligned with thosenfreach lesson of the investigation.
The Chinese text does not have specific learnirasgfor each lesson but instead has
chapter learning goals, learning goals for les&aril were identified as the first two
learning goals from the chapter learning goals.

Second, content presentations of the identifiesbles were examined in order to
investigate how the concept of function was intietliand developed in each text.

Next, the definitions of the concept of funontbeing used were explored in each

text. The topic of this study is to compare initiedatments of the concept of function in
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the textbooks; how textbooks initially define tlzigncept is important because students’
initial conception of the concept of function corfrem the textbooks. Table 3.3
describes three different perspectives about thmiten of the concept of function:
relationship, correspondence, and rule. This sexdymined what kinds of definitions are
used in addressing the concept of function in ¢axh

Table 3.3Definitions of the concept of function

Description Definition

Relationship A relationship between two variabtggically x and y is called a
function if there is a rule that assigns to eadhesaf x one and only
one value of y.

Correspondence A function is a correspondence legtiveo sets which assigns every
one of the elements in the first set to an elernretite second set.
Rule A function is an abstract entity that assesian input to a

corresponding output according to some rule.

Problem Analysis

A problem in this study means any task oivagtfor which the students have no
prescribed or memorized rules or methods, noraseth perception by students that there
is a specific “correct” solution method (Hiebertaét 1997). Only problems related to the
concept of function were considered; problems fthreo unrelated topics and related
problems presented in other places such as unawesther than the identified lessons
were ignored for the analysis. Each problem wadyaed for three features listed in
Table 3.4. The framework was developed by modifyorgyious researchers’ works (e.g.,
Stigler et al., 1986; Tabachneck, Koedinger, & Math1995; Li, 2000; Son & Senk,

2010).
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Table 3.4Problem analysis framework

Features Categories (and Codes)
Contextual Feature Purely mathematical contextimerical or word form
(PM)

lllustrative context using words, diagrams, or camet (IC)

Performance Requirement
(1) Response Type Numerical answer (N)
Equation (E)
Table (T)
Graph (G)
Verbal description (V)
Explanation or solution required (ES)

(2) Cognitive Expectation Recall of definition (D)
Procedure practice (PP)
Problem solving (PS)
Representation (R)
Mathematical reasoning (MR)

All three features in Table 3.4 have been consttiemgtical dimensions for
problem analysis and have been used by previowandsers, including Stigler et al.
(1986), Tabachneck, Koedinger, & Nathan (1995),kSé&eckmann, and Thompson
(1997), Li (2000), and Son and Senk (2010).

For example, Li (2000) analyzed problems of integddition and subtraction
and employed a three-dimensional framework: Mathealafeature, Contextual feature,
and Performance requirements. However, in thisystuohly applied two dimensions:
contextual features and performance requiremergsalse this study focused on the
initial treatment of the concept of function, theamingful understandings of the concept
and grasping various types of representationseottimcept should be emphasized by the
texts. The computation issue (i.e., mathematicaiufe) is not the main concern of this

study. Additionally, | identified response typesate feature for the problem analysis,
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since there are four different types of represenatquations, tables, graphs, and verbal
descriptions. Verbal description is from CMP teathguide (Lappan et al., 2006, p4),
which views it as descriptions of relationships students’ everyday language. Li's
cognitive requirements are similar to the categafrgognitive expectation as shown in
Table 3.4. | borrowed this component from Son &ISE©10).

In this study, problems are categorized as requiecall of definitionwhen they
require students to recall the definition of then@ept of function to solve problems.
Problems are coded gsocedure practicef they are aiming at exercising students’
abilities to follow given-out rules and algorithrtes find correct answers. Problems are
coded asproblem solvingengage students to figure out methods to solvewewdd
applications. If problems require students to ti@esamong four representations of the
concept of function, they are coded mpresentation For example, the function is
represented by a table in a problem, and the prolaleks the students to describe the
patterns reflected in the table; then the problehwuld be coded agerbal description
and representation Problems are coded amathematical reasoningf they require
students to explain solution, estimate possiblevars or evaluate strategies.

Each problem identified in all three textbooks veasled in terms of the two
dimensions described above. A doctoral student whaffluent in both English and
Chinese worked as the second coder with me wheimngg@doblems in the Chinese text.
Across two features, the percentage agreement dabgaveen 90% and 99%. My

advisor coded problems from both American textbpaks percentage agreement also
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ranged between 90% and 99%. Table 3.5 shows exampproblems and their codes for
the three features of the problems listed in t8e

Table 3.55ample textbook problems and coding

Coding
Example Context Response Cognitive
Type Expectation
1. Write an equation that has (1, 2) as a solution. PM E PS
2. Explain the relationship among input, output] an PM ES D
function rule.
3. Use the equation to complete the table. PM N PP
y=4x+3
X 1 2 5 10| 20
y

4. Sean is buying a new DVD player and speakers for

$315. The store offers him an interest-free payrpent

that allows him to pay in monthly installments @5$

a. How much will Sean still owe after one payment?

After two payments? After three payments? IC N PS
b. Usen to stand for the number of payments arfdr

the amount still owe. Write an equation for caltiniga

for any value oh. IC E R
c. Use your equation to make a table and a graph
showing the relationship betwearanda. IC T/G R

5. Isy the function o in the following equations?
Why? Please give out other function examples.

Wy =3x-5:@y=2"2: @y=vx-1.

6. Each side of a square is 3, the area incregsgd b
the side increases byfind out the algebraic expression
betweerx andy, to name the variable and the function,
and use a table to express the valugswafienx equals
tol,2,3,4. IC E/ESIT R/D

3PM 3ES 3D

Note.Problems 1-2 are from Bailey, et al., 2006b, @.FPtroblems 3-4 are from Lap pan, 2006, p. 56, 57.
Problems 5-6 are from Research Center for Middle@8kcMathematics Curriculum, 2005, p. 18, 20.

As illustrated in the above table, if a problem hawe than one separate question,
the questions were coded as individual problemsblEPm 5 in Table 3.5 is an example.

Within this problem, there are actually three peohs; thus, | counted this problem three
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times. In addition, if within one question, moreathone response type and cognitive
expectation are required, it was given several €asteler specific categories in terms of
the characteristics of the problem. For instanice,last problem requires more than one
response types and cognitive expectations, | thus @ more than one codes in terms of
the categories of response type and cognitive eéapea.

In the next chapter, the results on the contenlysisaand the problems analysis

are discussed.
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Chapter 4
RESULTS

Results from the content analysis are discussetdird those from the problem
analysis are discussed in the following sections.

Results of the Content Analysis
Content Organization

Appendix A presents all the chapters andolessrelated to the concept of
function from the eighth grade Chinese textbook twedtwo seventh grade US textbooks.
As Appendix A shows, the US textbooks initiallyroduce the concept of function in
Grade 7 while the Chinese text does this in Gradéh8s, the Chinese text falls one year
behind its American counterparts in introducing ttwacept of function. Appendix B
shows what algebraic knowledge is included in tisetéktbooks through kindergarten to
Grade 8 and what algebraic knowledge is includgtdenChinese text through Grade 1 to
Grade 9. The comparison indicates how students these two countries are prepared to
grasp the concept of function.

There are twelve chapters @Giencoefor seventh graders, however, one lesson
from two different chapters each are devoted tméhicing the concept of function. In
other words, only two lessons are devoted to theetstudied. All other lessons in these
two chapters and the other chapters focus on ettahematical topics. II€onnected
Mathematics all fourteen lessons fronVariables and Patternsare dedicated to
introducing the concept of function. In contrastlyothree lessons were devoted to

initially introduce the concept of function in t#inese text. The first lesson in chapter 1
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of the Chinese text employed in this study is de@id to initially introducing the concept
of function. However, this lesson is such a longtisa, including three topics: variables,
functions, and the graphs of functions, which cgpondence to three lessons either in
Connected Mathematias in Glencoe

Compared toGlencoe and the Chinese texConnectedMathematicsdevotes
many more lessons to developing the concept oftfiamcConnected Mathematicnd
the Chinese text present the topics much more mgdieally thanGlencoe lessons in
each chapter o€onnected Mathematiand the Chinese text are designed to introduce
one big idea while lessons within the same chapit&lencoeare dedicated to different
mathematical ideas.
Learning Goals

Table 4.1 includes all learning goals of theee textbooks. Differences among
learning goals in the three different texts arelergul with respect to the five process
standards articulated in th&rinciples and Standards for School Mathematii€TM,
2001)—problem solving, representation, connecticngymunication, and reasoning and
proof.

Table 4.1l earning goals from the three texts

Text Lesson Learning goal

Glencoe 1.4 Variables and -+ Evaluate simple algebraic expressions.
Expressions
4.6 Functions and < Graph linear equations.
Linear Equations
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Table 4.1 Continued

1

Text Lesson Learning goal
Connected Investigation 1: * Collect experimental data and organize it in agabl
Mathematics | Variables, + Identify patterns and relationships between vaeisbl
Tables, and using information in a table
Coordinate + Create a coordinate graph of data in a table
Graphs * Indentify patterns and relationships between véggb
using information in a graph
» Compare table and graph representations of sarae da
» Consider data values between plotted points
* Create a table from data in a coordinate graph
« Compare patterns of change in a table and graph
* Interpret narrative notes to make a table and phgra
Investigation 2: » Compare data sets given in tables and graphs
Analyzing » Use patterns in data to make predictions abouegalu
Graphs and between and beyond given data values
Tables » Make a graph from a table, choosing the variabte an
scale for each axis
» Use tables and graphs to analyze data and make
decisions
* Predict the pattern in the graph of a relation$lgifiveen
variables
* Tell the “story” shown in a graph
Investigation 3: » Write equations to represent relationships between
Rules and variables and describe how the pattern of changeshp
Equations in a table, a graph, or an equation
» Use tables, graphs, and equations to answer qagstio
Investigation 4: » Make and use graphing calculator tables
Calculator Tables + Make and use graphing calculator graphs
and Graphs » Use a graphing calculator to support problem sglvin
Chinese 11.1 Variables | < In the background of investigating quantitative

and Functions

relationships and changing rules in real-world feots,
students are expected to experience the procédissliviy
out variables and constants, building up and remtasy
function models, discussing function models, aridiisg
real-world problems and to understand that fumcisca
critical mathematical model to describe changidgswof
the real-world

» Know the concepts of variables constants, and imst
by applying real-world problems

» Understand the concept of ‘changing and correspgnd
» Know three representations of functions—tables,
equations, and graphs, and analyze simple fundtiona

relationships by utilizing graphs.
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Connected Mathematicsequires students to develop the representatidns o
functions--words, tables, graphs, and equation—gikyl to translate among
representations, thus it reflects the standardemfesentationand connections|t also
requires students to identify relationships froneseh representations, and to make
predictions and decisions by using patterns in .dafherefore, the process
standardreasoning and proeis also reflected in the learning goals Gbnnected
MathematicsIn addition, it also includes the requirementsing graphing calculators to
make graphs or tables of relationships.

Compared t&€Connected Mathematic&lencoeonly requires students to represent
functions in graphs, which reflects the standardepresentationThe Chinese text also
asks students to know the representations of fomgtin terms of tables, equations, and
graphs, but it does not require students to dslations among different representations;
thus the standard oépresentations embedded in the learning goals. Moreover, enlik
the US texts, the Chinese textbook asks studentsntterstand that function is an
important mathematical model which can be appleddlve real-world problems, and
this requirement reflectsroblem solvingstandardReasoning and proaftandard is also
embedded in the learning goals of the Chinese telxich requires students to analyze
simple functional relationships by utilizing graphs

In short, while Connected Mathematicemphasizesreasoning and proof
connections andrepresentationas learning goals for the concept of functi@iencoe
only includes therepresentationstandard; in contrast, the Chinese text stresses

representationreasoning and progfand problem solving None of the texts seems to
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include communicationprocess standard as learning goals for learniegctincept of
function.
Content Presentation

Lessons frontGlencoeand the Chinese text are organized into teacheecsd
approaches while those froifBonnectedMathematicsare more inquiry-based and
student-centered. Each lesson fr@tencoetypically is organized into three parts: (1)
‘when am | ever going to use this?’, (2)worked-examples, and (3)practice problems.
In the first part, a real-world problem with sevegaestions is employed to indicate the
topic of the lesson. Following that, the definitiohthe concept of function is presented
in the descriptions of the solutions of this real\d problem. Then in the second part,
three to four worked-out examples show how to sslecific problems required in the
lesson by providing particular steps. Finally pi@etproblems without solutions at the
end of each lesson are provided for students totipeaparticular kinds of problems
introduced in the lesson.

Lessons in the Chinese text are similar to thosglé@mcoe though the three parts
identified in Glencoeare not that clear in the Chinese text. HoweJss, €hinese text
provides more specific explanations and illuminagighanGlencoein the solutions of
worked-out examples. Figure 4.1 and Figure 4.3tithte this difference.

Unlike the traditional content presentatiooni Glencoe investigations form the
core of Connected Mathematicg&ach investigation is designed under specifienine
within it there are two to five carefully sequenceblems, which are identified as

lessons. These problems typically are embeddeehirwvorld context and include several

35



guestions with different response and cognitiveeeiations aiming at leading students to
discover the target mathematical knowledge andldpva&oblem-solving strategies and
skills. Although no clues in the textbook indicatspecific instruction period, the

teacher’s guide suggests organizing the lessotisee parts: (1) launch, (2) explore, and

(3) summarize.
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Example 1: There is 50L gasoline in a car's tank. If do not
adding gasoline any more, the gasoline in the tank y (unit:
L) will decrease with the increase of the distance x (unit:
km) the car traveled, the average cost of the gasoline is
0.1L/km.
(1) Write an equation to represent the functional
relationship between y and x.
(2) Point out the range of the variable x.
(3) When the car has traveled 200km, how much gasoline
is left in the tank?
Answer: (1) the distance of the car traveled x is the
variable, the gasoline in the tank y is the function of x,
their relationship is: y=50-0.1x.

(2) Depending only on the equation y=50-0.1x, x
could be any real number. However, x can not be a
negative number considering the real-world meaning that
X is presenting is the distance the car traveled. In addition,
the cost of gasoline is 0.1x, which can not be bigger than
the amount of gasoline in the tank, 50L. Therefore:

0.1x <=50, thus, the range of the variable x

is  0<=x<=500

(3) When the car has traveled 200 km, the gasoline
in the tank is the value of the function y=50-0.1x at x=200.
Put x=200 into the equation y=50-0.1x, to get:

y=50-0.1*200=30.
When the car has traveled 200km, there is 30L

gasoline in the tank.

Figure 4.1Example from the Chinese text

Make a Function Table

MONEY MATTERS Suppose vou earn $5 each week. Make a function
table that shows your total earnings after 1, I 3, and 4 weeks.

Figure 4.2Example fromGlencoe
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Definition of the Concept of Function

Among the three concepts of function—(1) functiom rale, (2) function as
correspondence, and (3) function as relations@ipnnected Mathematicdefines the
concept of function as rule at a high level of ustending, the Chinese text defines the
concept as correspondence at a middle level ofratadeling, andslencoepresents the
concept as relationship at a low understanding.leve

Glencoeuses the following sentence to define this concéptelationship where
one thing depends on another is called a functigm76). This definition indicates the
concept of function is a relationship between twaoables. UnlikeGlencoewhich gives
an explicit definition, there is no formal defimti of the concept of function in
Connected Mathematicsnstead, it simply employs the words ‘relatioqpshand later
‘rule’ in sequence to describe how two variablesrfrreal-world problems are related.
However, ‘rule’ still implies a high understandihgyvel. The Chinese text defines the
concept in the following sentence: “Generally, iclenging process, if there are two
variables x and y, and according to each particular value ofthere is only a
corresponding value of, then we calk is an independent variablg,s the function of
x.” (p.7). Since the Chinese text treats the conadpfunction as a correspondence
between two variables, it defines the conceptraidalle level of understanding.

Content analysis and problem analysis areenttely independent. For example,
the learning goal of problem solving indicates tpeoblems presented in the
corresponding lessons should be designed as retdd-mmblems which require students

to develop their problem-solving strategies. Acaagty, to fulfill the other learning
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goals, corresponding problems should be develodce the learning goals are
identified as the intended curriculum, and all mate presented in textbooks, including
the problems for students to do for practice, daniified as the potential implemented
curriculum, the gap between the intended curriculamd the potential implemented
curriculum could be illustrated by examining to wkatent the learning goals align with
the problems for students to practice. The resultsn the problem analysis will be
presented in the following section.
Results of the Problem Analysis

Contextual Feature

Table 4.2 presents the frequencies of contextaalife used in the problems from
the three textbooks.

Table 4.2Distribution of Contextual feature of the probleamong three textbooks

Pure Math context lllustrative context Total
Glencoe 90 (88.2%) 12 (11.8%) 102
Connected 26 (6.7%) 361 (93.2%) 387
Mathematics
Chinese 17 (51.5%) 16 (48.5%) 33

Connected Mathematigscludes the largest number of problems to helgesits
grasp the concept of function (n=387); and the Esentext provides the smallest number
of problems (n=33). In additiolGonnected Mathematiggovides illustrative contexts to
most of the problems(lencoe devotes the majority of the problems to pure math
contexts, and the Chinese textbook equally conetbuhe problems to illustrative
contexts and pure math contexts. Considering thastriative contexts are usually

identified to provide opportunities to studentsdim real-world applications, this result
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indicates thaConnected Mathematiasutscores the Chinese textbook, and the Chinese
textbook outscore§lencoein terms of helping students practice how to dal-veorld
applications.
Response Type

Mathematics problems presented in three t®ib are analyzed based on seven
response types as addressed in Table 4.3. As noteléthod, some problems require
students to use more than one response type; athisitase double codes were used.
Therefore the number of the responses counted ibdeger than the total number of
problems coded in Table 4.2. Table 4.3 illustrates distribution of response type
required in the problems presented in the threis tex

Table 4.3Distribution of Response type of the problems

Numerical Table Graph Verbal Equation Explanation  Total
answer
Glencoe 50 8 27 1 14 5 104
(48.0%) (7.6%) (26.0%) (1.0%) (13.4%) (4.0%)
Connected 105 49 47 52 40 136 429
Mathematics  (24.4%) (11.4%) (10.9%) (12.1%) (9.3%) (31.9%)
Chinese 8 3 7 0 9 12 39

(20.5%)  (7.6%) (17.9%) (0%)  (23.0%)  (31.0%)

Glencoe emphasizes numerical answers and the representatiographs.
Connected Mathematidsighlights numerical answers and explanations, @ag equal
amount of attention to the representations of tgbtgaphs, verbal descriptions, and
equations. The Chinese text concentrates on nuahaitswers, explanations, and the
representation of equations.

All three texts emphasize numerical answers, whioblies that for all the

textbook developers correct answers are still gronncriteria reflecting to what degree
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students have understood and grasped mathematioallddge. Both the Chinese text
and Connected Mathematicslevote efforts to developing students’ mathemhtica
reasoning abilities because they employ a relativegh percentage of problems
requiring explanation.

If tables, graphs, equations, and verbal descnptiare regarded as different
representations of the concept of function rathantdifferent response typeslencoe
emphasizes the representation of graphs and okerltdme representation of verbal
description; the Chinese text emphasizes the reptatsons of graphs and equatiamsl
ignores to use words to describe the concept ofctimm however, Connected
Mathematicsseems to devote equal amount of effort to the fypes of representations.
As noted above, multiple representations of theceptof function are beneficial for
students to understand and develop the concepnofion;Connected Mathematicoes
better than the others in this case. Since Bncoeand the Chinese text overlook the
representation of verbal descriptions, to somengxtais representation should be paid
much more attention than it is now. The Chinese¢ éemphasizes the representation of
equations which are algebraic expressions. Thidtraigns with Cai (2008), who found
Chinese students are more likely than their Amermaunterparts to think algebraically.
Cognitive Expectation

Table 4.4 shows how the three texts distelproblems in terms of five kinds of
cognitive expectations. The number of the cognitxpectations is bigger than that of
the problems in some textbooks because, as noebpsly, there are problems which

are double coded when more than one cognitive ¢xfie@c is identified here.
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Table 4.4Cognitive expectation of the problems

Recall of  Procedure Problem Representation Mathematical Total

definition practice  solving reasoning
Glencoe 2 46 5 44 5 102
(1.9%) (45.0%) (4.9%) (43.1%) (5.1%)
Connected 0 38 75 171 142 426
Mathematics (0%) (8.9%) (17.6%) (40.1%) (33.4%)
Chinese 6 2 8 15 5 36
(16.6%) (5.5%) (22.2%) (41.6%) (14.1%)

The three textbooks almost devote equal percenfageund 40%) of the
problems to cognitive expectation m@presentationln addition, similar percent of the
problems inGlencoerequireprocedure practiceConnected mathematickevotes 33.4%
and 17.6% of the problems noathematical reasoningndproblem solvingThe Chinese
text devotes almost similar percent (around 17%hefproblems teoecall of definition
problem solvingandmathematical reasonindhll the three textbooks devote a relatively
high percentage of the problemsrepresentationthusrepresentations the common
highlight of the cognitive expectations in thregt$e Similar percent of the problems in
Connected Mathematicand in the Chinese text are distributed to practimblem
solving thereforeproblem solvings emphasized equally @onnected Mathemati@nd
the Chinese text.

However, different textbooks still have specifighiights in terms of cognitive
expectation.Glencoealso aims to help students to goocedure practice Connected
Mathematicppromotesnathematical reasoningvhile the Chinese text contributes more

efforts than the others to develpmblem solvingabilities.
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Chapter 5
CONCLUSIONS AND DISCUSSION

This study examined how three textbooks--a conweati US textbook, a
standards-based US textbook, and a Chinese refotedtook--initially treat the
concept of function. The purpose of this study was only to illuminate the quality
differences between conventional textbooks anddstas-based textbooks but also to
investigate mathematical and pedagogical differetetween the US textbooks and the
Chinese text in hopes of raising some hypothesesitatiifferences in achievement
between the US and Chinese students.

Content analysis was conducted among these tiextbooks aforementioned by
comparing content organization, learning goals temnpresentation, and the definition
of the concept of function. Problem analysis wascexed by coding the problems
presented in the textbooks for practice in termsaoftextual feature, response type, and
cognitive expectation. In the following sectiorsummarize the findings of the study and
discuss conclusions and implications for curriculdevelopers, teachers, and future
study.

Summary of the Findings
Content Analysis

Both of the US textbooks initially introdutiee concept of function in Grade 7
while the Chinese text does so in Grad€@8nnected Mathematicontains 14 lessons to
introduce and develop the concept of function witikencoeand the Chinese text

respectively devote two and three lessons to da thi each lessorGlencoeand the
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Chinese text presents the content in a traditisr@at (1) present real-world problems to
introduce the target topic, (2) formally give thefidition of the target topic and the
examples of how to apply the knowledge to solvebjanms, and (3) provide the related
practice problems for students to work on. Howeleguld not identify these three steps
of the lessons i€onnected Mathematicall the contents irConnectediathematicsare
real-world problems without solutions. These praideencourage students to discover
mathematical knowledge by themselves and to appgigtwhey discovered to solve
problems.

All the textbooks require students to knowwhto represent the concept of
function. Connected Mathematicasks students to develop multiple representatains
function including verbal description, tables, drap and equations one at a time.
Moreover, it requires students to translate ambegd representationSlencoerequires
students to use graphs only to represent the corafefunction. The Chinese text
develops multiple representations (especially ®l#gquations, and graphs) one at a time;
however, it asks students to choose and to applgsentations that are appropriate for
particular contexts instead to do translations agrdifierent representations.

Unlike Glencoeand the Chinese textonnected Mathematigatroduces how to
use graphing calculators to represent functiornterms of tables and graphs. In addition
to the requirements of the representations, thend&Ski textbook asks students to
understand function is an important mathematicatlehevhich can be applied to solve
real-world problems. Although the US textbooks presreal-world problems, they do

not articulate problem solving as a specific leagrgoal.
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Problem Analysis

Connected Mathematiggovides the greatest number of problems for stisd®
solve while the Chinese text provides the smalfeshber of problems. Most of the
problems inConnected Mathematiae presented in illustrative contexts while mdst o
the problems inGlencoe have pure math contexts. The Chinese text digagsthe
problems between illustrative contexts and purehnecantexts almost equally. Most of
the problems presented in the three textbooks fonube representation. Every textbook
makes different choices regarding which of the espntations to use and to emphasize.
As recommended Keller and Hirsch (1998), multigeresentations of the concept of
function should be available; thus equally deveigpll four representations might be a
useful way to help students to construct conceptumlerstanding of the concept of
function. Connected Mathematicppays an equal amount of attention to four
representations examined in this study when desigproblems for practiceslencoe
only focuses on the representation of graphs withiee Chinese text emphasizes the
representations of graphs and equations as weladtition to these representations,
Connected Mathemati@dso aims to develop students’ ability of matheoahtreasoning
by providing problems that require such cognitixpextation. The other emphasis of the
problems is procedure practice@hencoeand is problem solving in the Chinese text.

Conclusions and Discussion

The standards-based US textbook is designed falesticentered instruction

while the conventional US textbook seems to fat#itteacher-centered instruction. The

standards-based US textbook puts problems in nditigeé contexts and emphasizes

44



representation, connections, and reasoning andf.pftds practice provides students
various learning opportunities to develop differardthematical abilities. In contrast, the
conventional US text emphasizes procedure practitech can not help students to
understand the concept of function and to devetspus mathematical abilities.

Similar to the conventional US textbook, many iltations and explanations in
the Chinese text make it seems to be designee@dcher-centered instruction. However,
in terms of providing problems for students to work the Chinese text is much more
similar to the standards-based US text. For exampth respect to cognitive expectation,
the Chinese text put more emphasis on problemraphather than on procedure practice.
This trend suggests that the Chinese text appliEdanced approach: presenting content
in a traditional way but providing problems to irape critical mathematical abilities.

Problems presented in a textbook are onlypave of the potential implemented
curriculum. Indeed, how the learning goals presknte textbook and\or teacher’s
manuals align with the identified problems couldigate whether there is a gap between
the intended curriculum (i.e., learning goals) &nel potential implemented curriculum
(e.g., content and problem presentation in textbpokhe learning goals froi@lencoe
reflect the standard akpresentation These learning goals align with the performance
requirements of the problems because, as notedeal®encoe emphasizes the
representation ofgraphs in terms of response-type amdpresentationin terms of
cognitive expectation. The standardgegfresentatiorandreasoning and proofeflected
by the learning goals d@onnected Mathematicwe realized since a large proportion of

problems in it require students to use represemtand mathematical reasoning.
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In addition, Connected Mathematicsets expectation related to the standard of
connectionsit is difficult to examine whether this standasdulfilled by focusing on the
cognitive expectations of the problems. But, then@&ztions section of the homework
from Connected Mathematiakoes provide the opportunity to connect new knogéed
with prior knowledge. The Chinese text focusegoryblem solvingandrepresentationn
terms of cognitive expectation and this aligns vilik standards akpresentatiorand
problem solving However, there is no clue to conclude that tladdrd ofreasoning
and proofis also reflected by the problems from the Chirtegesince the response type
of explanationis highlighted in it but it does not emphasize tognitive expectation of
mathematical reasoning

The reformed Chinese text provides analydisstrations and explanations in the
solutions of worked-out examples. In addition tor@he presenting the correct solutions,
the Chinese text provides illustrations and exglana to tell how the correct answers
were derived as shown the example below. When gisoiutions to the examples that
employ the representations of tables and graphhancontexts, the Chinese textbook
prefaces the solutions with analyses where soneenation that can not easily be found
are discussed.

Implications
This study employed only one textbook each to megme the US
standards-based curricula, the US conventionaliotla; and the reform-oriented

Chinese curricula. This limitation in the numbertioé textbooks might lead to errors in
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the generalization of the findings. Neverthele$ss tstudy still has implications for
curriculum developers, teachers, and researchers.

First, the comparative analysis of the US textbaoid the Chinese text illustrates
how curriculum developers in different countriesueathe concept of function. Based on
the Common Core States Standards for Mathematites concept of function is required
for students in Grade 8 and algebraic expressimnseguired for students in Grade 7. In
this case, there is no difference between the Ubtla@ Chinese curriculum standards.
However, the American textbooks introduce the cphad function earlier than the
Chinese text. In addition, instead of systematycadtroducing the concept of function,
the US conventional textbook seems to introducedbncept in Grade 7 by applying one
kind of representation in one lesson. Although & standards-based textbook also
initially treat the topic of the concept of funatian Grade 7, it develops the concept in a
systematical way. The Chinese textbook reservesdheept of function for Grade 8 as it
is systematically introduced. From the findingsstidy, curriculum developers should
compare nationally and internationally to find thn®st beneficial way for students to
acquire knowledge presented in curriculum standards

Second, this study showed a gap between datercurriculum and potential
implemented curriculum. Curriculum developers sHotry to minimize this gap by
providing problems aimed to help students to dgvetertain mathematical abilities
outlined in the learning goals. In addition, teasheould use their content knowledge and
understandings of the curriculum to bridge this.damr instance, if teachers know how

important it is to translate the four representatiof the concept of function, they can
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find extra materials from other resources to dossrnaom instruction when their
textbooks do not provide these materials. This ystrehffirms the important role of
teachers in implementing curriculum materials.

Third, this study further confirms the prawso statement thaConnected
Mathematicsis a standards-based curriculum &Bléncoeis a conventional textbook.
Previous researchers have suggested the Americabot&s outscored Chinese
textbooks in developing students’ conceptual urtdadsng and mathematical reasoning
(Li, 2000). Cai (2001) indicated that Chinese stideoutperformed their American
counterparts when doing computations and routioblpms but were less effective than
their American counterparts when developing nonneuproblem-solving skills and
creative thinking. Consistent with previous studitss study showed tha&onnected
Mathematicsprovides more problems that intend to develop dhigcal mathematical
ability (i.e., mathematical reasoning) and a re&$i high percent of the problems
requiring explanations. However, this study alsporéed that the Chinese text
emphasizes the process standardsepfesentation, reasoning and proaind problem
solving In particular, this study showed that the Chintsdbook uses the balanced
approach by presenting not only how to use a puresthut also why the procedure
works. AlthoughConnected Mathematigs proven to be effective in helping students to
improve their critical mathematical abilities, datdium developers may consider the
Chinese approach in presenting mathematical comesrder for students to develop the

mathematical proficiency on the concept of function
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Fourthly and finally, this study has implicationr fluture research. This study
focused only on the initial treatment of the coricafpfunction. Future studies on other
algebra topics to compare reformed-based textbduoks different countries might

indicate changes in students’ performance.
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Appendix A

The Development of the Concept of Function in the Aree Textbooks
Textbook Glencoe (Grade 7) Connected Mathematicad&7) Chinese (grade 8)
Lessons Chapter 1 Decimal Chapter 4 Algebra: Variables and Patterns Moving Straight Ahead Shu Xue
Patterns and Algebra Linear Equations and
Functions
1.1 A Plan for 4.1 Writing Investigation 1 Variables, Investigation 1 11.1 Variables and functions
Problem Solving Expressions and Tables, and Coordinate Predicting from
Equations Graphs Patterns
1.2 Powers and 4.2a Hands-On Lab: 1.1 Preparing for a Bicycle 1.1 Conducting an 11.1.1 Variables
Exponents Solving Equations ~ Tour: Interpreting Tables Experiment
Using Models
1.3 Order of 4.2 Solving Addition 1.2 Making Graphs Investigation 2 Walking 11.1.2 Functions
Operations and Subtraction Rates
Equations
1.4 Algebra: 4.3 Solving 1.3 Dayl: Atlantic City to 2.1 Walking to the 11.1.3 Graphs of functions
Variables and Multiplication Lewes: Interpreting Yogurt Shop
Expressions Equations Graphs
1.5a Problem-Solving 4.4a Problem-Solving 1.4 Day2: Lewes to 2.2 Changing the 11.2 Linear Function
Strategy: Guess and Strategy: Work Chincoteague Island: Walking Rate
Check Backward Reading Data from Graphs
1.5 Algebra: 4.4 Solving Two-Step 1.5 Day3: Chincoteague 2.3 Walking for Charity 11.2.1 Proportional Function
Equations Equations Island to Norfolk: Finding
Average Speed
1.6 Algebra: 4.5 Inequalities Investigation 2 Analyzing 2.4 Walking to Win 11.2.2 Linear Function
Properties Graphs and Tables
1.7 Sequences 4.6a Hands-On Lab:

2.1 Renting Bicycles:

2.5 Crossing the Line
Functions and Analyzing a Table and a

11.3 Look at Equations and
Graphs
1.7b Hands-On Lab:

Inequalities from the Perspective
Graph of Function
4.6 Functions and 2.2 Finding Customers: Investigation 3 11.3.1 Linear Function and Linear
Exploring Sequences Linear Equations Making and Analyzing a Exploring Lines with Equation with one unknown
Graph Graphing Calculator
1.8 Measurement: 4.7 Lines and Slope 2.3 What's the Story? 3.1 Getting to the point 11.3.2 Linear Function and Linear
The Metric System Interpreting Graphs inequality with one unknown
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The development of the concept of function intireettextbookéContinued)

Textbook Glencoe ( grade seven) Connected Mathesn@hirade seven) Chinese (grade 8)
Chapter 1 Decimal Chapter 4 Algebra: Variables and Patterns Moving Straight Ahead Shu Xue
Patterns and Algeba Linear Equations and

Functions
1.9 Scientific Investigation 3 Rules and 3.2 Graphing Lines 11.3.3 Linear Function
Notation Equations and System of linear
equations with two
unknowns
3.1 Writing Equations: 3.3 Finding Solutions
Equations With One
Operations
3.2 Writing More 3.4 Planning a Skating Party

Equations: Equations With
Two Operations
3.3 Paying Bills and Investigation 4 Solving
Counting Profits: Equations
Equations for Revenue,
Expenses, and Profit
Investigation4 Calculator 4.1 Paying in Installments
Tables and Graphs
4.1 Making and Using 4.2 Using the Symbolic Method
Calculator Tables

4.2 Making and Using 4.3 Analyzing Bones
Calculator Graphs
4.3 Extending the Tour: Investigation 5 Exploring Slope

Comparing Relationships
5.1 Climbing Stairs
5.2 Finding the Slope of a Line
5.3 Connecting Points
Investigation 6 Writing an
Equation for a Line
6.1 Solving Alphonso’s Puzzle
6.2 Converting Temperatures
6.3 Solving the Mystery of the
Irish Elk
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Appendix B

The algebra development in curriculum standards fran the US and China

us

China

Grade level

Algebra development

Algeteeelopment

Kindergarten

Children identify, duplicate, and extend simple t@mpatterns and
sequential and growing patterns (e.g., patternsemaith shapes) as
preparation for creating rules that describe refethips.

In this period of time, students will learn numbesthin
ten thousand, simple fractions and decimals, common
quantities; understand the meanings of numbers and

Grade 1 Through identifying, describing, and applying numpatterns and operations; grasp the basic computations; explode a
properties in developing strategies for basic fazhidren learn about understand simple quantitative relationships.
other properties of numbers and operations, sucdasnd even (e.g.,

“Even numbers of objects can be paired, with nefteolver”), and 0 as
the identity element for addition.

Grade 2 Children use number patterns to extend their kndgdeof properties of
numbers and operations. For example, when skiptecmyrthey build
foundations for understanding multiples and factors

Grade 3 Understanding properties of multiplication and tielaship between In this period of time, students will learn integer
multiplication and division is a part of algebrad@ess that develops at fractions, decimals, percents and the related tipem
grade 3. The creation and analysis of patterngeationships involving begin to know negative numbers and equations; kegin
multiplication and division should occur at thisage level. Students use calculators to do complicated operations and to
build a foundation for later understanding of fuoial relationships by explore mathematical problems; obtain the abilitees
describing relationships in context with such staats as, “The number solve simple problems in real-world life.
of legs is 4 times the number of chairs.”

Grade 4 Students continue identifying, describing, and edieg numeric In this period of time, students will learn reahmlers,
patterns involving all operations and honnumermagng or repeating integral expressions, fractional expressions, egusit
patterns. Through these experiences, they develemderstanding of system of equations, inequalities, system of inkiips
the use of a rule to describe a sequence of nurohetsjects. and functions; explore numbers, expressions, and

Grade 5 Students use patterns, models, and relationshipsrasxts for writing relationships and rules from real-world problenegib

and solving simple equations and inequalities. Tdrepte graphs of
simple equations. They explore prime and compasitebers and
discover concepts related to the addition and aatitm of fractions as
they use factors and multiples, including applmasi of common factors
and common multiples. They develop an understandlinige order of

operations and use it for all operations.

to grasp some effective tools to express, handig, a
communicate quantitative relationships and changing
rules; develop symbolic senses; understand the clos
relationship between math and real life, increase
application senses to use algebraic knowledge and
method to solve problems.
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The algebra development in curriculum standardeftbe US and ChinéContinued)

us China
Grade level Algebra development Grade level Algateeelopment
Grade 6 Students use the commutative, associative, andbdigve properties to

show that two expressions are equivalent. Theyililstrate properties
of operations by showing that two expressions gtavalent in a given
context (e.g., determining the idea in two diffénemays for a rectangle
whose dimensions are x+3 by 5). Sequences, ingutiise that arise in
the context of finding possible rules for patteofifigures or stacks of
objects, provide opportunities for students to dgydéormulas.

Grade 7 Students use the arithmetic of rational numbetbey formulate and
solve linear equations in one variable and useetkgsations to solve
problems. They make strategic choices of procedorsslve linear
equations in one variable and implement them effity, understanding
that when they use the properties of equality firess an equation in a
new way, solutions that they obtain for the newatigu also solve the
original equation.

Grade 8 Students encounter some nonlinear functions (ssitheainverse
proportions that they studied in grade 7 as wellasc quadratic and
exponential functions) whose rates of change centrih the constant
rate of change of linear functions. They view ari#tiic sequences,
including those arising from patterns or probleasslinear functions
whose inputs are counting numbers. They apply idbasit linear
functions to solve problems involving rates suclmasion at a constant
speed.

Note.l developed the table basing Garriculum Focal Points for Prekindergarten throu@rade 8 MathematicandMathematics Curriculum Standards.
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Qintong Hu was born in Qingdao, China. Sieleanentary school, she has been a
top student with huge interest in mathematics. rAfeeclve years in school, her hard
work and excellent grades allowed her to enrolithe Department of Mathematics,
Education College, Qingdao University, China. Dgrithe college time, she learned
advanced mathematics, pedagogical knowledge, adbsled mentor teachers in a local
middle school for three months as a teaching intern

To learn more about becoming a master teaettens not only has exceptional
teaching skills and content knowledge but alsodmnesearch, she decided to pursue her
Master's degree in math education in the Universityfennessee at Knoxville [UTK].
During two years’ study of math education at UTKe svorked as a part-time research
assistant for Dr. Son in order to assist her iraeshing various math education topics.
With Dr. Son’s encouragement and guidance, in 20%Be presented “How
standards-based curricula and conventional cueicuifluence students’ learning
opportunities” at PME-NA, a prestigious nationahfayrence on math education.

She also worked as a Chinese teaching assistaheiepartment of Modern
Foreign Languages and Literatures where she be&améar with American students.
Not only her language expression but also her tegclstrategies and classroom
organization skills were reinforced during the ykmang teaching experience.

Upon graduation, Qintong plans to travel witlr parents in America, and then

continue her Ph.D study in mathematics education.
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