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ABSTRACT

AN ANALYSIS OF GEOMETRY PROBLEMS IN 6 - 8 GRADES
TURKISH MATHEMATICS TEXTBOOKS

DELIL, Hiiseyin

M.S., Department of Secondary Science and Mathematics Education
Supervisor: Assoc. Prof. Dr. Behiye UBUZ

April 2006, 115 pages

The purpose of this study was to analyze geometry problems in a widely used
sixth-, seventh-, and eighth-grade Turkish elementary mathematics textbooks series
based on the cognitive assessment frameworks of the most recent TIMSS, the Trends
in International Mathematics and Science Study 2003. To compare geometry
problems in the textbooks and TIMSS 1999, in which Turkish students poorly
performed, the cognitive behaviors that the problems required were determined and
categorized. After the analysis, it was found that the two most frequent behaviors that
the problems require are computing and applying with a total percentage of 72, in
case of the textbooks. In TIMSS 1999 geometry problems case, however, applying
and analyzing are the most frequent cognitive behaviors with a total percentage of
47. It was also found that a great majority of 22 behaviors of the framework were
either not represented or underrepresented by the textbooks geometry problems.

When we consider the four major categories of behaviors, 86 percent of the

v



textbooks geometry problems required behaviors belong to two cognitive domains:
Knowing Facts and Procedures or Solving Routine Problems. TIMSS 1999 geometry
problems, however, mostly belong to Solving Routine Problems or Reasoning with a
percentage of 65. In both the textbooks and TIMSS 1999 cases, a relatively small
part of the problems required behaviors belong to Using Concepts. The results are
discussed in the light of Turkey’s performance in TIMSS 1999 and some suggestions

related to the textbook problems were given.

Keywords: Behavior, Cognitive Domain, Problem, Textbook, Geometry, The

Trends in International Mathematics and Science Study
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TURK 6 — 8. SINIF MATEMATIK DERS KITAPLARINDAKI
GEOMETRI PROBLEMLERININ ANALIZI

DELIL, Hiiseyin

Yiiksek Lisans, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Bolimii
Tez Yoneticisi: Dog. Dr. Behiye UBUZ

Nisan 2006, 115 sayfa

Bu caligmanin amaci, Tirkiye’de en cok kullanilan 6., 7., ve 8. smif
matematik ders kitaplarindaki geometri problemlerini son yapilan Uluslararasi
Matematik ve Fen Bilgisi Calismasindaki Egilimler 2003’tin degerlendirme
catisindaki zihinsel davraniglar temelinde incelemektir. Tiirk 6grencilerinin basarisiz
sonuglar aldig1 Ugiincii Uluslararas1 Matematik ve Fen Bilgisi Calismasinin Tekrar1
(TIMSS 1999)’ndaki problemler ile ders kitabindaki problemleri karsilastirmak
amaciyla, bu problemlerin gerektirdigi zihinsel davraniglar belirlenmis ve
smiflandirilmustir. Inceleme sonucunda, ders kitaplarindaki problemlerin gerektirdigi
davranislar icinde en sik karsilagilan iki davranisin, toplam yiizde 72’lik oranla
hesaplamak ve wuygulamak oldugu, buna karsiik TIMSS 1999 geometri
problemlerinde en sik karsilagilan iki davranisin toplam yiizde 47’lik oranla
uygulamak ve c¢oziimlemek oldugu goriilmiistir. Bu incelemede ayrica, ders

kitaplarindaki problemlerin, degerlendirme catisindaki 22 davranigin  biiyiik
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cogunlugunu ya hi¢ temsil etmedigi ya da cok az temsil ettigi goriilmiistiir.
Davranislarin ait oldugu dort temel beceriyi dikkate aldigimizda, Tiirkiye’deki ders
kitaplarindaki geometri problemlerinin gerektirdigi davraniglarin % 86’lik bir oranla
ya Matematiksel Gergek ve Islemleri Bilme ya da Alsildik Problemleri Cézme
becerilerine ait oldugu, buna karsihik TIMSS 1999 geometri problemlerin
gerektirdigi davranislarin % 65°nin ya Alisildik Problemleri Cozme ya da Muhakeme
Etme becerilerine ait oldugu ortaya ¢ikmustir. Her iki durumda da Kavramlari
Kullanma becerisine ait davraniglar1 gerektiren problemlerinin oranmnin goreceli
olarak diisiik oldugu gozlenmistir. Sonuclar, Tiirkiye’nin TIMSS 1999°daki basar1
durumu agisindan degerlendirilmis ve ders kitaplarindaki problemler ile ilgili

onerilerde bulunulmustur.

Anahtar Kelimeler: Davranig, Beceri, Problem, Ders Kitabi, Geometri, Uluslararasi

Matematik ve Fen Bilgisi Caliymasindaki Egilimler
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CHAPTER 1

INTRODUCTION

Geometry, the branch of mathematics concerned with the measurement and
relationships between points, lines, curves, and surfaces (Webster, n.d.), is
frequently used to model that we call the “real world” and has many applications in
solving practical problems (The Royal Society, 2001 July). Geometry education has
proven as one powerful means of improving spatial abilities, which is an important
component of human intelligence (Kaufmann, Steinbiigl, Diinser, & Gliick, n.d.). A
thorough understanding of the principles of geometry is important to a wide range of
scientific and technological fields of study such as engineering, physics, and
cartography. Also the study of geometry sharpens thinking skills by teaching the
process of deductive reasoning (Joyce, n.d.). For that reason, geometry is a very
important subject in school curriculum. So, many international and national
standardized achievement tests such as The Third International Mathematics and
Science Study (TIMSS 1995), The Repeat of the Third International Mathematics
and Science Study (TIMSS 1999), The Trends in International Mathematics and
Science Study 2003 (TIMSS 2003), the university entrance exams, OSS, and
secondary schools entrance exams, OKS, in Turkey include a large number of
geometry problems. In TIMSS 1995, 1999, and 2003 about 15 % of the mathematics
items were in content area of geometry (Martin & Kelly, 1996; Mullis, Martin,
Gonzalez, Gregory, Garden, O’Connor, Chrostowski & Smith, 2000; Martin, Mullis
& Chrostowski, 2004). OSS and OKS have about 35% of their mathematics
problems in content area of geometry (OKS, 2005; 0SS, 2005).

Considerable research, including the findings from TIMSS 1999, has shown
that Turkish students have great difficulty in geometry (Olkun & Aydogdu, 2003;



Ulusal Rapor, 2003). In TIMSS 1999, Turkish 8th-grade students’ performance in
geometry was the poorest among all the content areas of mathematics i.e., geometry,
number, algebra, measurement, and data (Mullis et al., 2000). Understanding factors
affecting performance differences among countries has long been concerned (Husen,
1967; Robitaille & Garden, 1989; Beaton, Mullis, Martin, Gonzales, Kelly, & Smith,
1996). Many studies exploring possible contributing factors in cross-national
differences in students’ mathematical achievement have consistently showed that
curriculum materials are the key factors (Schmidt et al., 1997; Schmidt, McKnight,
Houang, Wang, Wiley, & Cogan, et al., 2001). Textbook is a very important part of
curriculum materials (T6rnroos, 2005; Johansson, 2005). Textbook is seen as an
authoritative part of curriculum and also seen as a mediator between the intent of
curricular policy and the instruction that occurs in classrooms (Valverde, Bianchi,
Wolfe, Schmidt, & Houang, 2002). Many researchers have analyzed textbooks to
understand their potential effect on students’ mathematical achievement (Schmidt et
al.,, 1997; Li, 1999; Cai, Lo, & Watanabe, 2002; Zhu & Fan, 2004). TIMSS 1995
included an analysis of hundreds of textbooks with other curricular materials from
about 50 countries (Schmidt et al., 1997). However, existing textbook studies have
focused on content analysis (Cai et al., 2002; Carter, Li, & Ferucci, 1997; Fan, 1999),
including content-topic coverage and page space devoted to each topic (Schmidt et
al, 1997; Tornroos, 2005). Less attention has been placed on the analysis of problems
presented in textbook (Li, 1999; Li, 2000; Zhu & Fan, 2004). The studies analyzing
textbook problems either focused on content areas other than geometry (Li, 1999; Li,
2000) or on the representation of problem types (Zhu & Fan, 2004). On the other
hand, in Turkey, studies related to TIMSS are either examining few TIMSS items
(e.g., Olkun & Aydogdu, 2003; Toluk, 2003), or using Linear Structural Modeling
(e.g., Berberoglu, Celebi, Ozdemir, Uysal & Yayan, 2003) or assessing Turkish
students’ performance based on TIMSS 1999 reports (e.g., Ozgiin-Koca & Sen,
2003)



Research Question

What are the similarities and differences of to-be-solved geometry problems

in lower secondary Turkish mathematics textbooks and TIMSS 1999 geometry items

with respect to their cognitive requirements?

Sub-questions

1-

What are the required behaviors of to-be-solved geometry problems in 6th-
grade Turkish mathematics textbooks?

What are the required behaviors of to-be-solved geometry problems in 7th-
grade Turkish mathematics textbooks?

What are the required behaviors of to-be-solved geometry problems in 8th-
grade Turkish mathematics textbooks?

What are the similarities and differences of to-be-solved geometry problems
in 6th-, 7th-, and 8th-grade Turkish mathematics textbooks with respect to their
required behaviors?

What are the required behaviors of TIMSS 1999 geometry items?

What are the similarities and differences between to-be-solved geometry
problems in lower secondary Turkish mathematics textbooks and TIMSS
1999 geometry items with respect to their required behaviors?

What are the similarities and differences between to-be-solved geometry
problems in 6™, 7™, and 8"-grade Turkish mathematics textbooks with
respect to their cognitive domains?

What are the similarities and differences between to-be-solved geometry
problems in lower secondary Turkish mathematics textbooks and TIMSS

1999 geometry items with respect to their cognitive domains?

Significance of the Study

The significance of this study is two-fold. At one level, the study provides

information about cognitive requirements of geometry problems in Turkish

elementary textbooks and this information can be used to improve mathematics

curriculum and teaching in Turkey. At another level, it explores new ways of gaining



information from international comparative assessments of mathematics achievement
and, possibly, limitations of detailed inference from such testing. The grade levels
that this study applied are 6, 7 and 8 grade levels in Turkish educational system and
the popularity of these grade levels comes from that Turkey participated TIMSS
1999 with 8th-grade students’ (Mullis et al., 2000). Efforts to understand students’
performance differences are meaningful and analysis of textbook problems in terms
of their cognitive requirements at lower secondary level may contribute to having a
better understanding on this issue. Many researchers indicated that the instruction of
problem solving was more effective at lower secondary level than other grade levels

(Hembree, 1992; Pace, 1986).

In a standardized test or a textbook case, having an even distribution of many
required behaviors of problems will possibly serve improving students’ thinking
skills better. In both cases, analysis of items in terms of their cognitive domains
requires a framework and possibly the method used in this study may contribute the

efforts for those who analyzes test items.

Definition of Terms

Textbooks are curriculum materials that directly relate to teacher’s teaching
and students’ learning activities in classroom (Li, 1999). In Turkey, textbooks are

approved by the Turkish Ministry of National Education (MEB).

Worked examples are problems which appear in the content presentation part
of topics and have accompanying complete solutions or answers (Li, 1999). They can

also be called worked-out examples (Li, 1999).

To-be-solved problem are problem which are presented for student practice
and have no accompanying solutions or answers (Li, 1999). These problems appear
mainly under headings “exercises” and “test” in the lower secondary Turkish

textbooks.



Cognitive domains involve knowledge and the development of intellectual
skills in terms of major categories. They include “Knowing Facts and Procedures”,

Using Concepts”, “Solving Routine Problems”, or “Reasoning” (Mullis et al., 2003).

Required behaviors are underlying behaviors of each major cognitive domain
categories. For example, “Recall”, “Recognize”, “Compute”, and “Use tools” are

behaviors underlying “Knowing Facts and Procedures” (Mullis et al., 2003).



CHAPTER 2

LITERATURE REVIEW

In this chapter, cognitive domains of TIMSS 2003 Mathematics Assessment
Framework (Mullis et al., 2003), the importance textbooks analysis, and Turkish
students’ difficulties with solving geometry problems will be reviewed to have a
framework to compare cognitive requirements of geometry problems of Turkish

textbooks and TIMSS 1999 geometry items.

Cognitive Domains of Student’s Learning

Efforts to understand the dimensions of human learning have led to the
conclusion that every learning incident is in terms of the three types of domains:
Cognitive (thinking), Affective (feeling), and Psychomotor (doing) (Bloom,
Englehart, Furst, Hill, & Krathwohl, 1956; Krathwohl, Bloom, & Masia, 1964;
Simpson, 1972). Among these domains, there is an increased emphasis on Cognitive
Domain (Stahl, R. J., & Murphy, G. T., 1981; Anderson & Krathwohl, 2001) and,
perhaps the most effectual work on cognitive domain is the so called Bloom’s
Taxonomy (or “Taxonomy of Educational Objectives”) (Bloom et al., 1956) arranges
the cognitive domains of learning in ascending order of complexity as: Knowledge
(recalling and recognizing information), Comprehension (interpreting, translating or
summarizing given information), Application (using information in a situation
different from original learning context), Analysis (separating wholes into parts until
relationships are clear), Synthesis (combining elements to form new entity from the
original one), and Evaluation (making a decision based on a given criteria or

rationale).



Mathematics Cognitive Domains and Cross-national Studies

Assessing cognitive domains of students’ learning is an important part of
many cross-national mathematics studies such as TIMSS 1995, TIMSS 1999, TIMSS
2003 (Martin, Mullis, & Chrostowski, 2004), PISA 2000 (OECD, 1999), or PISA
2003 (OECD, 2003). Each cross-national study has its own goals and therefore, its
own framework. From TIMSS point of view, mathematics cognitive domains are
“sets of behaviors expected of students as they engage with mathematics content”
(Mullis et al., 2003, p. 9). These cognitive domains (e.g. “Reasoning” for the TIMSS
2003 framework) include some behaviors (e.g. “make suitable conjectures while
investigating patterns” (p. 32)) that students need to perform in the process of
responding items appropriately. On the other hand, PISA wused the term
“mathematical competencies” that .. have to be activated in order to connect the real
world, in which the problems are generated, with mathematics, and thus to solve the
problems” to describe cognitive dimension of student performance (OECD, 2003, p.
30). However, many similarities can be seen between the assessment frameworks of
these studies in terms of their cognitive domains and underlying behaviors. Table 2.1

presents an overview of the assessment frameworks of these studies.



Table 2.1
Behaviors under the cognitive domains of TIMSS 1995-1999, TIMSS 2003, TIMSS
2007, PISA 2000, PISA 2003 Mathematics frameworks.

COGNITIVE
CROSS- DOMAINS (TIMSS) BEHAVIOURS (TIMSS)
NATIONAL / CLUSTERS (PISA) / COMPETENCIES (PISA)
STUDY
= Knowing . — .
Representing, Recognizing equivalents,
= Using Routine Recalling mathematical objects and properties
D Procedures Using equipment, Performing routine
Sy procedures, Using complex procedures
A2 = Investigating and Formulating and classifying problems and
= ~ Problem Solving situations, developing strategy, Solving,
= Predicting, Verifying
§ é: =  Mathematical Developi.ng notatilon and vocabglgry,
” ks Reasoning Devleloplr.lg algorllthr.n, Generallzlpg,
%2 Conjecturing, Justifying and Proving,
= Axiomatizing
&= =  Communicating Using vocabulary and notation, Relating
representations, Describing, Discussing,
Critiquing
* Knowing Facts and
Procedures Recall, Recognize /Identify, Compute, Use
- tools
- = Using Concepts Know, Classify, Represent, Formulate,
s Distinguish
; = =  Solving Routine Select, Model, Interpret, Apply, Verify/Check
E B Problems
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Table 2.1 shows that, the frameworks of IEA’s studies, i.e. TIMSS 1995
framework, TIMSS 2003 framework, and TIMSS 2007 framework) are getting
simpler in terms of number of cognitive domains and their underlying behaviors.
However, for OECD’s PISA frameworks, the underlying competencies, which can be
analogous to behaviors in TIMSS terms, did not change much. Also, the clusters,
which can be analogous to cognitive domains in TIMSS terms, did not change much.
On the other hand, for both TIMSS and PISA, the reflection of many cognitive
domains of Bloom’s work (Bloom et al., 1956) can be seen (e.g. knowing cognitive
domain of TIMSS 2007 framework and reproduction cluster of PISA 2003
framework with comprehension cognitive domain of Bloom’s Taxonomy (Bloom et
al., 1956)). These show some connections among TIMSS, PISA frameworks, and

Bloom’s taxonomy of cognitive domains.
y

An Overview of TIMSS 2003 Mathematics Assessment Framework

Besides having different philosophies from OECD’s PISA studies (OECD,
2003), TIMSS improved its scope and qualities as IEA’s studies take place for over
40 years (Mullis at al., 2003). This is possibly the reason for why about 50 countries
participated in the last cycle of TIMSS, TIMSS 2003. TIMSS 2003 Mathematics
Assessment Framework updated the common framework of TIMSS 1995 and
TIMSS 1999 is to serve as “the basis of TIMSS 2003 and beyond” (Mullis et al.,
2003, p. 3). By TIMSS 2003 framework, not only content areas and their underlying
topics but also cognitive domains and their underlying behaviors of TIMSS 1999
framework were revised to reflect changes in the curricula of the participant
countries (Mullis et al., 2003). A detailed explanation for the cognitive domains of
TIMSS 2003 Mathematics Assessment Framework for 8" graders is given below

(Martin, Mullis, & Chrostowski, 2004).

Knowing Facts and Procedures: Facts encompass the factual knowledge that provides the
basic language of mathematics and the essential mathematical facts and properties that
form the foundation for mathematical thought. Procedures form a bridge between more
basic knowledge and the use of mathematics for solving routine problems, especially
those encountered by people in their daily lives. Students need to be efficient and
accurate in using a variety of computational procedures and tools.



Using Concepts: Familiarity with mathematical concepts is essential for the effective use
of mathematics for problem solving, for reasoning, and thus for developing mathematical
understanding. Knowledge of concepts enables students to make connections between
elements of knowledge, make extensions beyond their existing knowledge, and create
mathematical representations.

Solving Routine Problems: Problem solving is a central aim of teaching school
mathematics and features prominently in school mathematics textbooks. Routine
problems may be standard in classroom exercises designed to provide practice in
particular methods or techniques. Some of these problems may be set in a quasi-real
context, and may involve extended knowledge of mathematical properties (e.g., solving
equations). Though they range in difficulty, routine problems are expected to be
sufficiently familiar to students that they essentially involve selecting and applying
learned procedures.

Reasoning: Mathematical reasoning involves the capacity for logical, systematic
thinking. It includes intuitive and inductive reasoning based on patterns and regularities
that can be used to arrive at solutions to non-routine problems, i.e., problems very likely
to be unfamiliar to students. Such problems may be purely mathematical or may have
real-life settings, and involve application of knowledge and skills to new situations, with

interactions among reasoning skills usually a feature (p. 30-31).
Analysis of TIMSS Items according to TIMSS Frameworks

Similar to PISA, TIMSS reports its results in many contexts i.e., achievement,
school, classroom, home, and national contexts but the achievement context is the
most interesting to public (AFT, 1999). Although TIMSS keep some conducted items
secure for beyond TIMSS studies to get trend data of participating countries (Mullis
et al., 2000), it releases more than half of the conducted items accompanying their
content and cognitive dimensions (World Wide Web b; World Wide Web c). TIMSS
also reports students’ performances on some of these items (Mullis et al., 2000) (See
Appendix B). This data on released items gives very helpful information for
academics, researchers, curriculum specialists, or policy makers to see stronger or

weaker areas of their students.

Up to now, TIMSS gathered a three-level information on the content
dimension of TIMSS items i.e., content domain, topic area, and objective, and only
one- level information on the cognitive dimension of the items i.e., cognitive domain
(Mullis et al., 2000; Martin, Mullis, and Chrostowski, 2004). In fact, analysis of
TIMSS items according to their behaviors under cognitive domains is a very
ambitious effort and it requires work of expert panels (E. Erberber, personal

communication, April 11). TIMSS is going to report underlying behaviors of
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cognitive domains of TIMSS 2007 items (E. Erberber, personal communication,
April 11). This shows that determining underlying behaviors of cognitive domains of

problems is meaningful and provides useful data.

Curricular Influence on Students’ Performance in Cross-national Studies

Cross-national mathematics studies have been conducted both to indicate
students’ mathematics performances and uncover factors that contribute to the
observed differences in achievement (Schmidt, McKnight, Valverde, Houang, &
Wiley, 1997). Among several factors, educational researchers reached a general
consensus that curriculum is the key factor to explain performance differences (Li,
1999). TIMSS 1995 and TIMSS 1999 had a three-level of curriculum model to
describe educational systems: intended, i.e. documented national goals and
objectives —“what is actually taught”, implemented, i.e. teaching practices —“how it is
taught”, and attained, i.e., results of education including knowledge, skills and
attitudes -“what it is that students have learned” (Mullis et al., 2003; Robitaille et. al.,
1993). In this model, it was assumed that relative success or failure of a country’s
student in an international achievement study may result from one or a combination
of all. It should also be noted that, in this model, textbook is a part of intended
curriculum, which has an influence on the implemented curriculum (Robitaille et al.,

1993).

The Importance of Textbook

Textbook is being used in mathematics classrooms very frequently all over
the world (Haggarty & Pepin, 2002; Johansson, 2005). However, the importance of
textbook was not realized as much as today. To get information on participant
countries, TIMSS 1995 gathered a huge number of textbooks and other curriculum
materials (Li, 2000). Schmidt, McKnight, Houang, Wang, Wiley, & Cogan, et al.,
(2001) carefully analyzed this data to see the correlation between students’
achievement scores on TIMSS 1995 item and that learning opportunities provided for
corresponding items in those students’ textbooks. For each item of the test, the

amount of material given in textbooks to answer that item was calculated. They
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found very clear positive correlations between textbooks opportunity to learn a

specific topic and students’ success on that topic (Schmidt et al., 2001).

To emphasize that textbooks both reflect national curriculum and influence
the teaching practices critically, it has become natural to put a fourth level as
“potentially implemented curriculum” between intended curriculum and
implemented curriculum (Valverde et al., 2002; Tornroos, 2004; Johansson, 2005).
Figure 2.1 shows the model that Valverde et al. (2002) used to describe textbook

with other curricular materials.

INTENDED

Intentions, Aims &
Goals

______________________

POTENTIALLY
- IMPLEMENTED

1

| Textbooks and other
| organized resource
1
1
1

materials

FTTTmm IMPLEMENTED

Strategies, Practice, &

Activities ATTAINED

Knowledges, Ideas,
Constructs, Schemas

Figure 2.1. Textbooks and the tripartite model (Valverde et. al., 2002, p.13).

To be put as a fourth level into the model, the importance of textbook is
stressed. The critical role of textbooks is also expressed by Johansson (2005) as “the

textbooks identify the topics and order them in a way students should explore them”

(p. 119).

Textbook and Opportunity To Learn Mathematics

Opportunity to learn refers to equitable conditions or circumstances within

the school or classroom that promote learning for all students (NCREL, n.d.).
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Opportunity to learn is a very important factor to explain students’ performance
difference (Schmidt et al. 2001) showed. Although opportunity to learn is not a
newly introduced variable (e.g., Husén, 1967), measuring opportunity to learn is a
difficult issue (Tornroos, 2005). To find the best way of measuring opportunity to
learn, Tornroos (2005) approached Finnish students’ opportunity to learn TIMSS
1999 mathematics topics in three ways, to find the one which is best correlated with
Finnish students’ TIMSS 1999 performances. For each TIMSS 1999 item, he had
TIMSS 1999 teacher questionnaire data on the adequateness of teaching of the topic
the item related to, he had analyzed textbook coverage in proportion of the material
for the topic which the item belong to, and as a third way the coverage of that item in
the textbook (Tornroos, 2005). He found that, among the three, item based textbook
analysis is the best method to measure opportunity to learn of TIMSS 1999

mathematics items (TOrnroos, 2005).

Analysis of Textbook Problems

Besides content analysis of textbooks (Tornroos, 2005), analyzing textbook
problems as a window through which to view students’ mathematical experiences is
another useful idea in educational research (Li, 2000). For example, Nicely (1985)
analyzed mathematical problems in content sections on complex numbers in
secondary school mathematics textbooks and found that a majority of these problems
had low-level cognitive requirements, such as recall and reproduction. Nicely, Fiber,
and Bobango (1986) made a similar analysis on 3rd-, 4th-, 5th-, and 6th-grade
mathematics textbooks on decimals and found that a majority of these problems had

low-level cognitive requirements.

Stigler, Fuson, Ham, & Kim (1986) carried out textbook-problem analysis in
a cross-national study to compare US and Soviet grade 1, grade 2 and grade 3
elementary mathematics word problems and found that Soviet text have much larger
variability on problem types and also on their difficulty levels. There are also other
cross-national studies to analyze elementary mathematics textbooks in terms of their
problem types (e.g. Zhu & Fan, 2004) or cognitive requirements (Li, 1999; 2000).

Zhu & Fan (2004) formulated a seven main classification of problem types, i.e.
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routine versus non-routine, open-ended versus close-ended, etc., to analyze Chinese
and US lower secondary mathematics textbooks and he found that US texts contain
more non-traditional problem types i.e., non-routine, open-ended, etc. after the

curriculum reform in US.

Li (1999) in his dissertation compared content presentations and cognitive
requirements of to-be-solved problems of algebra chapters of eighth-grade
mathematics textbooks from Hong Kong, Mainland China, Singapore, and US. To
differentiate mathematical content i.e., algebra or non-algebra, he adapted TIMSS
1995 Mathematics Assessment Framework (Robitaille et al,, 1993). He analyzed
problems in three dimensions as: mathematical feature dimension i.e., the number of
steps as single or multiple, contextual feature dimension i.e., purely mathematical
context or illustrative context, and the third dimension as performance requirements.
In performance requirements dimension he analyzed both the response type i.e.,
explanation/solution required or no explanation/solution required, and cognitive
requirement. The cognitive requirements are ‘“conceptual understanding”,
“performing routine procedures”, “using complex procedures”, “problem solving”,
and “other” adapted from TIMSS 1995 framework (Robitaille, et al., 1993) as he

3

states “...the categories given in the TIMSS curriculum frameworks have the
advantage of identifying comparable content in algebra across textbooks from
different educational systems” (Li, 1999, p. 96). He found that US and Asian texts
have different expectations for and approaches to the teaching and learning of
Algebra. Li (2000) compared US and Chinese grade 5 to grade 8 mathematics
textbooks to compare to-be-solved problems of addition and subtraction problems.
He found that US textbooks included more variety in problem requirements than the

Chinese textbooks.

Olkun & Toluk (2002) analyzed addition and subtraction word problems of
3rd- and 4th-grade Turkish elementary textbooks according to standard types to get
their frequency, and also surveyed 3rd- and 4th-grade students’ success on a test
composed of those standard problem types. They found that the textbooks do not

represent all problem types. They also found that the students were less successful on
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the problem types that were underrepresented in the textbooks. As it is shown above
(e.g. Li, 2000; Zhu & Fan, 2004; Olkun & Toluk, 2002) analyzing textbook problems
gives very much information and this can be used to improve students’ problem

solving abilities.

Student Difficulties in Solving Problems

Textbook problem analysis will be more meaningful if the results can be
connected with students’ problem solving difficulties. On the other hand, students’
problem solving difficulties are closely related to at students’ problem solving
processes (Montague, 2005, April 19). Charles, Lester, O’Daffer (1987) indicated

that the process of solving problems involves seven important thinking skills:

Understand/formulate the question in a problem.
Understand the conditions and variables in the problem.
Select or find the data needed to solve the problem.

Formulate sub-problems and select appropriate solution strategies to pursue.

A e

Correctly implement the solution strategy or strategies and solve sub-
problems.
6. Give an answer in terms of the data in the problem.

7. Evaluate the reasonableness of the answer.

The first three skills concern the solvers ability to understand the problem. The
preceding three involves procedures to solve the problem. The last is to check the
solution of the main problem. It should be noted that if student misses a step in
solving a problem then she is unlikely to get the solution for the problem. She must
understand the given problem, grasp the context with its variables, find and take the
data needed, formulate sub-problems and get the more specific data needed,
implement strategy, reach a result, evaluate the reasonableness of the answer. It is
needless to say that this methodology is applicable to all kinds of problems.
According to Jonassen (2000) ““ a problem is an unknown quantity in some situation

(where between a goal state and a current state)”.
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Caldwell & Goldin (1987) compared the difficulties of lower and upper level
secondary school students in solving different types of mathematics problems in two
dimension: (C)concreteness  versus (A)abstractness and (F)factuality versus
(H)hypotheticality. They denoted the concrete and factual problems (“concrete
factual”) by CF and similarly denoted “concrete hypothetical”, “abstract factual”,
and for “abstract hypothetical” problem types by CH, AF, and AH respectively. They
found that for lower grades i.e., grades 5 to 8, the difficulty level in ascending order
is CF & CH - AH - AF but for upper grades i.e., grades 9 to 12, the difficulty
level in ascending order is CF = AF - CH-> AH. This result show that, although
concrete and factual problems are the easiest for both level, for six, seven, and eight
graders, abstract and factual problem are the hardest type in contrast to nine to
twelfth grade students who finds abstract and hypothetical ones the hardest (Caldwell
& Goldin, 1987). We see that difficulty levels of the problem types change with

grade levels of the students.

Turkish Students’ Difficulties with Solving Geometry Problems

There is considerable research about Turkish students’ difficulties in
geometry content area of mathematics (Olkun & Aydogdu, 2003; Olkun & Toluk,
2002). TIMSS 1999 reports of achievement context also show the poor geometry
performance of Turkish students among all the content areas of mathematics i.e.,
geometry, algebra, number, data, and measurement (Mullis et al., 2000; EARGED,
2003). Instead of content dimension of the items when we consider cognitive
dimension of TIMSS 1999, however, Turkish students’ international standing is
better on the items that require low level cognitive behaviors or moderate level
cognitive behaviors but on the items that require high level cognitive behaviors the
relative success of the Turkish students’ performance on that item decline
dramatically (Mullis et al., 2000). Table 2.2 shows Turkish students’ standing at the
achievement on TIMSS reported items and cognitive requirements of these items

proposed by the researcher.
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Table 2.2
Some released TIMSS items and Turkish students’ achievement on them (SOURCE:
Mullis et al., 2000 p. 64-99) (See Appendix B).

= o o
32 > 0 _83 o E = 3,32
7 =l=p~ ==y — =3 See R
32 223 2’ 3z 23 Jisg
o3 ) % — Zz = = Ev E <
=R =3 cE PR 2 26
INT TURK
Solving

J10 Measurement Routine

M) Problems Apply 42 2 35

(SRP)
Data Reasoning
Connect 24 10 31
Vo (D) (R)
Geometry

P10 G) SRP Apply 37 22 38
V04 Algebra R Generalize 30 11 32

(A)

Number Using

N19 (N) Concepts (UC) Represent 49 26 33
R15 N SRP Apply 44 26 33
TO3 M SRP Apply 43 20 33
R11 G R Analyze 46 30 31

Knowing Facts
L17 A Compute 44 32 24
and Procedures

P13 N SRP Apply 65 50 31
J16 G SRP Interpret 58 32 32
B12 A UucC Represent 65 41 34
H09 N KFP Compute 80 74 28
RO7 N KFP Compute 77 71 30
R13 N KFP Compute 74 69 26
P16 D R Connect 79 38 38

*  Determined according to TIMSS 2003 Mathematics Assessment Framework.
** INT is for percentage of correct answers over all students; TURK for percentage of correct
answers over all Turkish students.
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From Table 2.2, we see that Turkish students’ performance on the items that
require computation is relatively better as Turkish students’ standings for those items
are 24, 28, 30, 26 compared to 31, Turkish students’ performance in mathematics
TIMSS 1999 (Mullis et al., 2000; EARGED, 2003). Nevertheless, this is not
surprising as Olkun and Toluk (2002) indicated that Turkish curriculum
overemphasized procedures. On the other hand, Turkish students’ standings for the
items require behaviors in Reasoning (e.g. connect, generalize, analyze) are 31, 32,
31, 38 which are clearly lower than the ones require behaviors in Knowing Facts and
Procedures mentioned before (e.g. compute). When we consider the average correct
answers we see that the average correct answer for the items that require low-level
cognitive behaviors i.e., computation, is 0.615 but it is 0.223 for the items that
requires high-level cognitive behaviors. The average standings of the Turkish
students on the items that require low-level behaviors and high level behaviors are 27

and 33, respectively over 38 countries.

Similarly, Olkun and Aydogdu (2003) analyzed the cognitive requirements of
two released TIMSS 1999 geometry items on which Turkish students performed very
poorly. They discussed on some possible reasons such as lack of some skills and
suggest some activities to improve those skills. On the limitations of lower
elementary Turkish textbook problems, Olkun and Toluk (2002) suggested teachers
and prospective teachers be provided recent research on children’s learning. It is seen
from the literature that Turkish students have difficulties in solving problems partly

resulted from limitations of the textbooks.

The Importance of Geometry

The two most important standard national tests (the university entrance
exams, OSS and secondary schools entrance exams, OKS) in Turkey include large
number of geometry problems, like many standardized international mathematics
achievement tests (e.g. TIMSS, PISA). In TIMSS 1995, 1999, and 2003 about 15 %
of the mathematics items were in content area of geometry (Martin & Kelly, 1996;
Mullis et al., 2000; Martin, Mullis & Chrostowski, 2004). This proportion will be 20
% in TIMSS 2007 (Mullis, Martin, Ruddok, O’Sullivan, Arora, & Erberber, 2005).
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OSS and OKS, however have about 35% of their mathematics problems in geometry
(0SS, 2005; OKS, 2005). We see that geometry is emphasized much in Turkey; the

reasons for the poor performance of Turkish students should be searched.

When we consider curricula of countries all around the world we also see that
geometry is very important in school mathematics curricula (US National Council of
Teachers of Education —-NCTM-, 1989; NCTM 2000). Although, national
achievement tests (OSS, OKS) in Turkey devote a very large portion of items to
geometry, the degree of emphasis that geometry topics receive in Turkish textbooks
or the amount of time that devoted to geometry topics during instruction are not
definite. On the other hand, geometry chapters are usually the last chapters of
Turkish elementary textbooks, which may result in not providing enough of this
material to children (Avsar, 2006). These are possible factors affecting students’
opportunities to learn geometry. Table 2.3 shows geometry topics that are included in

TIMSS 1999 Assessment Framework. (Mullis et al., 2000).
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Table 2.3
Geometry topics in TIMSS 1999 Framework and the inclusion of them in Turkish
curriculum (Mullis et al., 2000 p. 171).

GEOMETRY TOPICS TURKEY’S CURRICULUM **
Cartesian Coordinates of Points in a All or almost all students
Plane* (= at least 90 % students)

Coordinates of points on a given straight
All or almost all students
line*
Simple Two Dimensional Geometry*
(Angles on a straight line, Parallel lines, All or almost all students

Triangles, and Quadrilaterals)

Congruence and Similarity* All or almost all students
Angles (acute, right, supplementary, etc.) All or almost all students
Pythagorean Theorem —without proof- All or almost all students
Symmetry and Transformations™

All or almost all students
(Reflection, and Rotation)

Visualization of Three-Dimensional Not included in the curriculum

Shapes*

Geometric Constructions with Straight- All or almost all students

Edge and Compass
Regular Polygons and their Properties-

Names (e.g. Hexagon, and Octagon) and Sum All or almost all students
of Angles, etc.)
Proofs (Formal deductive demonstrations of ) ) )
Not included in the curriculum

geometric relationships)
Sine, Cosine, and Tangent in Right-

_ All or almost all students
angled Triangles

Nets of Solids All or almost all students

* The topics were included in TIMSS 1999.

**  Yurdanur Athoglu, Educational Research and Development Directorate
(EARGED) of MEB provided the background data.
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Table 2.3, based on EARGED directorate, shows that the five of six TIMSS
1999 topics are included, just the topic “Visualization of Three- Dimensional
Objects” is not covered in Turkish geometry curriculum for 8" graders. Although the
national research coordinate reported inclusion of “Nets of Solids”, it was not found
in the textbooks in the analysis, which is consistent with TIMSS 1999 —Turkish
teacher questionnaire that reports 37 % (Mullis et al., 2000 p. 180) as the percentage
of students taught on this topic. In addition to this, “Rotational Symmetry”, which is
included in TIMSS 1999 is also not covered by Turkish curriculum. It is also seen
from the table that seven of thirteen geometry topics were not included in TIMSS
1999. Non-inclusion of other geometry topics perhaps resulted from consensus

among participating countries (Mullis et al., 2000).

Geometry in Turkish Elementary Mathematics Textbooks

Ministry of National Education (MEB) of Turkey prepares the curriculum and
also approves curriculum materials for the schools (MEB, 2004). Textbooks are very
frequently used in Turkish mathematics classrooms. Besides MEB series, there are
many private textbook series. However, MEB series are the dominating ones (M.
Demiroglu, personal communication, January 27, 2006). The MEB series textbooks
have been in use since 1999, after the revision of Turkish curriculum. Mathematics is
a compulsory subject in grades 1 to 9 and an elective subject in grades 10 to 12 for
some school types in Turkey, (TD, 2005 a; TD, 2005 b). The mathematics
curriculum for lower secondary level, grades 6 to 8, had been used since 1991 and
was revised in 1999 (Mullis et al, 2000). However, the total hour for mathematics
(and for other courses) per week did not change (World Wide Web, 2006 d). In this
curriculum, although the notion of “student-centered learning” introduced and aimed,
the revised textbooks did not reflect this claim and found having traditional view, for
example, on problem solving (Toluk and Olkun, 2003). The revision mainly affect
total year of compulsory schooling as it was enlarged to 8. Although “student-
centered education" resulted to more colorful textbooks it did not affect teaching
practices much. Also, these textbooks overemphasized computation (Olkun and

Toluk, 2002). Table 2.4 shows the major characteristics of Turkish intended
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curriculum based on TIMSS 1999 Turkish national research coordinator (Yurdanur

Atlioglu)’s data.

This table shows that Turkish curriculum does not support real-life
applications of mathematics, working on mathematics projects, thematic approach, or
multicultural approach. Also, as indicated in the table, solving non-routine problems,
and deriving formal proofs are not emphasized very much. Instead, for example
mastering basic skills is emphasized. On the other hand, a new curriculum of
mathematics was introduced in 2004 and some these limitations were concerned such
as working on mathematics projects or thematic approach (MEB, 2004). The new
curricula textbooks for grades 1 to 5 are ready but they have not been ready for 6 to 8

grades yet. They will be in use next school year.
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Table 2.4
Major Characteristics of Turkish Intended Curriculum

APPROACHES AND PROCESSES OF TURKISH INTENDED
TURKISH INTENDED CURRICULUM CURRICULUM EMPHASIS

Mastering Basic Skills Major Emphasis
Understanding Mathematics Concepts Major Emphasis
Real-life Applications of Mathematics Minor / No Emphasis
Communicating Mathematically Moderate Emphasis
Solving Non-Routine Problems Moderate Emphasis
Deriving Formal Proofs Moderate Emphasis
Working on Mathematics Projects Minor / No Emphasis
Integration of Mathematics with Other

Moderate Emphasis
School Subjects
Thematic Approach Minor / No Emphasis
Multicultural Approach Minor / No Emphasis
Assessing Student Learning Major Emphasis

SOURCE: Mullis et al., (2000). Background data provided by Yurdanur Atlioglu (EARGED
Directorate of MEB)

Summary of the Literature Review

Many national and international researches, studies, projects, websites and papers

were reviewed and as a result, several important points were investigated.

1. TIMSS is one of the large-scale cross-national studies to assess students’
knowledge and cognitive domains (Mullis, et al., 2003). There are 22
behaviors underlying four cognitive domains of TIMSS 2003 Mathematics

Assessment Framework.
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2. Problem solving is a very important skill and Turkish students have many
difficulties, especially in geometry (Mullis et al., 2000). Turkish curriculum
does not fully reflect some topics of TIMSS 1999 in which Turkey
participated and had very poor results in geometry (Mullis et al., 2000).

3. Analyzing textbooks is found a good way of explaining cross-national
differences (Schmidt et al, 2001). Many studies analyzing textbooks
(Tornroos, 2005) and textbooks problems (Nicely, 1985; Stigler et al., 1986;
Li, 1999, 2000; Zhu and Fan, 2004) have been found in the literature. Li
(1999) analyzed to-be-solved problems of Asian texts and US text by
adapting cognitive domains of TIMSS 1995 framework.

4. However, analyzing Turkish textbooks to look for some explanation of the

poor performance was not found.
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CHAPTER 3

METHODOLOGY

This is a qualitative research study that used content analysis techniques
(Weber, 1990) to examine geometry problems of three lower secondary level
textbooks. In order to get information about cognitive domains and underlying
behaviors of geometry problems of the textbooks, the behaviors of TIMSS 2003
Mathematics Assessment Framework (Mullis et al., 2003) were used in this study.
The methodology will be explained in the following order. First, the framework that
was used in this study will be introduced. Then, the characteristics of the textbooks
that were selected for the analysis will be explained. After giving the explanation for
the coding procedure, the reliability and validity issues will be discussed. At the end,

some examples of coding of problem types will be given.

TIMSS 2003 Mathematics Assessment Framework

In this study, TIMSS 2003 Mathematics Assessment Framework was used in
the analysis of data. The reason for using this framework instead TIMSS 1999
framework is that TIMSS 2003 provides “the vision necessary to take the TIMSS
cycles beyond 2003 assessments” (Mullis et al., 2001 p. i, 3). As mentioned before,
to assess cognitive domains of the students’ learning, TIMSS 2003 framework has
four cognitive domains composed of a total of 22 distinct behaviors. The detailed
explanations of cognitive domains each of which combine some specific behaviors

are given below (Martin, Mullis, & Chrostowski, 2004).

Knowing Facts and Procedures: Facts encompass the factual knowledge that provides
the basic language of mathematics and the essential mathematical facts and properties
that form the foundation for mathematical thought. Procedures form a bridge between
more basic knowledge and the use of mathematics for solving routine problems,
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especially those encountered by people in their daily lives. Students need to be efficient
and accurate in using a variety of computational procedures and tools.

Using Concepts: Familiarity with mathematical concepts is essential for the effective
use of mathematics for problem solving, for reasoning, and thus for developing
mathematical understanding. Knowledge of concepts enables students to make
connections between elements of knowledge, make extensions beyond their existing
knowledge, and create mathematical representations.

Solving Routine Problems: Problem solving is a central aim of teaching school
mathematics and features prominently in school mathematics textbooks. Routine
problems may be standard in classroom exercises designed to provide practice in
particular methods or techniques. Some of these problems may be set in a quasi-real
context, and may involve extended knowledge of mathematical properties (e.g., solving
equations). Though they range in difficulty, routine problems are expected to be
sufficiently familiar to students that they essentially involve selecting and applying
learned procedures.

Reasoning: Mathematical reasoning involves the capacity for logical, systematic
thinking. It includes intuitive and inductive reasoning based on patterns and regularities
that can be used to arrive at solutions to non-routine problems, i.e., problems very
likely to be unfamiliar to students. Such problems may be purely mathematical or may
have real-life settings, and involve application of knowledge and skills to new

situations, with interactions among reasoning skills usually a feature (p. 30-31).

For each cognitive domain, there are underlying behaviors: Knowing Facts and
Procedures includes four behaviors, Using Concepts contains five behaviors, the
number of the behaviors under Solving Routine Problems the cognitive domains is
five, and the last domain Reasoning has eight distinct behaviors. These all twenty-

two behaviors are shown in Table 3.1.

According to Table 3.1 there are 22 behaviors underlying four cognitive
domains of TIMSS 2003 framework. Mullis et al. (2003) gives characteristic features

of these behaviors as follow:

113

. [R]ecall .. Recall definitions; vocabulary units; number facts; number properties of
plane figures; mathematical conventions of plane figures; mathematical conventions. ..

Recognize/Identify .. Recognize/Identify mathematical entities that are mathematically
equivalent, i.e., areas of parts of figures to represent fractions, equivalent familiar
fractions, decimals, and percents; simplified algebraic expressions; differently oriented
simple geometric figures. ..

Compute .. Know algorithmic procedures for +, —, X, =, or a combination of these; know
procedures for approximating numbers, estimating measures, solving equations, evaluating
expressions and formulas, dividing a quantity in a given ratio, increasing or decreasing a
quantity by a given percent. Simplify, factor, expand algebraic and numerical expressions;
collect like terms. ..
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Use tools .. Use mathematics and measuring instruments; read scales; draw lines, angles, or
shapes to given specifications. Use straightedge and compass to construct the
perpendicular bisector of a line, angle bisector, triangles, and quadrilaterals, given
necessary measures. ..

Know .. Know that length, area, and volume are conserved under certain conditions; have
an appreciation of concepts such as inclusion and exclusion, generality, equal likelihood,
representation, proof, cardinality and ordinality, mathematical relationships, place value. ..

Classify .. Classify/group objects, shapes, numbers, expressions, and ideas according to
common properties; make correct decisions about class membership; order numbers and
objects by attributes. ..

Represent .. Represent numbers using models; display mathematical information or data in
diagrams, tables, charts, graphs; generate equivalent representations for a given
mathematical entity or relationship. ..

Formulate .. Formulate problems or situations that could be modeled by given equations or
expressions. ..

Distinguish .. Distinguish questions that can be addressed by given information, such as a
data set, from those that cannot. ..

Select .. Select/use an efficient method or strategy for solving problems where there is a
known algorithm or method of solution, i.e., an algorithm or method students at the target
level could be expected to be familiar with. Select appropriate algorithms, formulas, or
units. ..

Model Generate an appropriate model, such as an equation or diagram, for solving a
routine problem. ..

Interpret .. Interpret given mathematical models (equations, diagrams, etc.); follow and
execute a set of mathematical instructions. ..

Apply ..Apply knowledge of facts, procedures, and concepts to solve routine mathematical
(including real-life) problems, i.e., problems similar to those target students are likely to
have encountered in class. ..

Verify/Check .. Verify/check the correctness of the solution to a problem; evaluate the
reasonableness of the solution to a problem. ..

Hypothesize/Conjecture/Predict .. Make suitable conjectures while investigating patterns,
discussing ideas, proposing models, examining data sets; specify an outcome (number,
pattern, amount, transformation, etc.) that will result from some operation or experiment
before it is performed. ..

Analyze ..Determine and describe or use relationships between variables or objects in
mathematical situations; analyze univariate statistical data; decompose geometric figures to
simplify solving a problem; draw the net of a given unfamiliar solid; make valid inferences
from given information. ..

Evaluate .. Discuss and critically evaluate a mathematical idea, conjecture, problem
solving strategy, method, proof, etc. ..
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Generalize .. Extend the domain to which the result of mathematical thinking and problem
solving is applicable by restating results in more general and more widely applicable
terms. ..

Connect .. Connect new knowledge to existing knowledge; make connections between
different elements of knowledge and related representations; make linkages between
related mathematical ideas or objects. ..

Synthesize/Integrate .. Combine (disparate) mathematical procedures to establish results;
combine results to produce a further result. ..

Solve non-routine problems .. Solve problems set in mathematical or real-life contexts
where target students are very unlikely to have encountered closely similar items; apply
mathematical procedures in unfamiliar contexts. ..

Justify/Prove .. Provide evidence for the validity of an action or the truth of a statement by

reference to mathematical results or properties; develop mathematical arguments to prove
or disprove statements, given relevant information. .. (p. 27-33).
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Table 3.1
An overview of TIMSS 2003 cognitive domains and their underlying behaviors
(Mullis et al., 2000, p. 25-33).

COGNITIVE DOMAINS
KNOWING FACTS SOLVING ROUTINE
USING CONCEPTS REASONING
& PROCEDURES PROBLEMS
= Recall = Know = Select = Hypothesize
= Recognize = C(Classify *  Model /Conjecture
/Identify =  Represent = Interpret /Predict

=  Compute *  Formulate = Apply *  Analyze
gé =  Use tools =  Distinguish = Verify /Check =  Evaluate
) .
o »  Generalize
=
<>C =  Connect
E *  Synthesize
M

/Integrate

=  Solve non-
routine
problems

= Justify/Prove

The coding scheme used in this study was derived from behaviors of TIMSS
2003 Mathematics Assessment Framework (Mullis et al., 2003) since cognitive
domains of students were decided to be searched according to this framework in the
study. The characteristics of behaviors of this framework were summarized in Table

3.2 to be used as the coding scheme of the study.
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Table 3.2:

The coding scheme of the study.

KNOWING FACTS USING SOLVING REASONING
& PROCEDURES CONCEPTS ROUTINE
PROBLEMS
Recall Know /Appreciate Select Hypothesize /Conjecture

a definition/word/unit.

a fact on numbers.

a property of
a number /plane figure
a convention

(e.g. ab=axb,
3a=a+a+a).
Recognize
/Identify

a familiar equivalent
representation of a
fraction/decimal /percent.
a simplified algebraic
expression.

a differently oriented
simple geometric figure.

Compute
a combination of +—X,+,%
for rationales.

approximation of a number.

estimation of measures.

an unknown in an equation.

simplification/
factorization/expansion
of algebraic/numerical
expressions.

the conformity of an
expression / formula.

Use (tools)

a scale to measure length.
measuring instrument

to construct

lines

angles

shapes.

straightedge and compass to

construct the perpendicular
bisector of a line, angle
angle bisector

triangle

quadrilaterals

to given specifications.

conservation of length
/area /volume with certain
conditions.

concepts: place value
/inclusion/exclusion/
relation /generality/
representation /equally
likelihood/proof
/cardinality/ordinality.

Classify

objects / shapes/
numbers / expressions /
ideas according to
common properties
members to classes.

Represent

a number by a model.
data by a diagram/chart
/graph.

a mathematical entity
/relationship by its other
representations.

Formulate

problems / situations
(that could be modeled
by given equations or
expressions).

Distinguish

questions (that can be
addressed by given
information) from
questions (those cannot be
addressed by given
information).

an appropriate
known strategy
/method
/algorithm/formula
/unit for a routine
problem.

Model

an equation /
diagram for a
routine problem.

Interpret

a given model (an
equation /
diagram)

a set of
mathematical
instructions.

Apply
knowledge of
facts/ procedures/
concepts for
solving a routine
problem.

Verify /Check
the correctness /
reasonableness of
a given solution to
a problem.

/Predict

about patterns/ ideas/data sets
/models correctly.

about the result of an
operation/experiment.

Analyze

the relations between
variables /objects in a
mathematical situation.
univariate statistical data.
a geometric object
(decomposing).

given information to make
valid inferences.

Evaluate

a mathematical idea
(conjecture/strategy
/method/proof) critically.

Generalize

a domain to which a result
is applicable a result by
restating it in more general
terms.

Connect

elements of knowledge.
representations.
mathematical ideas/objects.

Synthesize

/Integrate

mathematical procedures to
establish other results.
results to produce other
results.

Solve non-routine
problems

by applying mathematical
procedures.

Justify /Prove

a statement by providing
evidence from mathematical
results or developing
mathematical arguments.
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As Table 3.2 indicates, the scheme categorizes a problem according to the
behaviors required to solve it. The coding scheme identifies 22 types of behaviors of
TIMSS 2003 framework (Mullis et al., 2003). These behaviors are grouped into four
major categories as cognitive domains: Knowing Facts and Procedures, Using
Concepts, Solving Routine Problems, and Reasoning. The behaviors under
“Knowing Facts and Procedures” were coded as 11, 12, 13, and 14; the behaviors

under “Using Concepts” were coded as 21, 22, 23, 24, an 25; and so on.

Selection of Textbooks

Elementary mathematics textbook series at the sixth (Bilgi, Ekmen & Giirsoy,
1999), seventh (Tortumlu & Kiligc 1999), and eighth (Polatoglu, Camli & Calikoglu
1999)-grade levels were selected for the analysis for two reasons. First, Turkey
participated TIMSS 1999 with eighth-grade students (Mullis et al., 2000). Second,
lower secondary grades are important in improving students’ problem solving skills
(Hembree, 1992; Pace, 1986)These textbooks have been the most widely selected
and used standard textbooks series among about 25 private textbook series for 6th-,
7th-, and 8th-grades in Turkey (M. Demiroglu, personal communication, December
25, 2005). It also should be noted that each textbook either private or not is approved
by MEB for a maximum of 5 years. That is, any approved textbook may be regarded
as invalid for the next years. MEB series dominates the style of content presentation
and problem variability just because all series should be approved by Turkish
Ministry of National education and the ministry has specified the content and skills
for all grades (TD, 1995; TD, 2004). For this reason, there are very small differences
about content presentation and problem variability among different publications. So,

the selected textbooks represent the population of Turkish textbooks.

Description of Textbooks

The sixth grade textbook, Elementary School Textbook Mathematics 6 (Bilgi,
Ekmen & Giirsoy, 1999) has 234 pages with paper size 19.0 cm x 27.0 cm. It
consists of 9 chapters. The seventh grade textbook, Elementary School Textbook
Mathematics 7 (Tortumlu & Kilig, 1999) has 194 pages with paper size 19.0 cm x
27.0 cm. It contains 7 chapters. The eighth grade textbook, Elementary School
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Textbook Mathematics 8 (Polatoglu, Camli, & Calikoglu, 1999) has 202 pages with
paper size 19.0 cm x 27.0 cm. It contains 6 chapters. Each page of the textbooks was
counted to the nearest half of a page as “non-geometry” and “geometry”. The total
number of geometry pages was found 60, 89, and 75 for sixth-, seventh-, and eighth-
grade textbooks respectively. As a result, total number of pages of the three
textbooks is 630 and totally 224 of this is geometry. That is, 35.56 % of the pages of
the textbooks are devoted to geometry. The amount of pages devoted to geometry for
content presentation and to-be-solved problems sections for sixth-, seventh- and

eighth-grade textbooks are shown in Table 3.3.

Table 3.3
Pages devoted to content presentation and to-be-solved problem sections of the
analyzed geometry topics of the textbooks.

TEXTBOOKS PAGES
(devoted to
geometry sections of the textbooks)
“Bxercises”  Lest’
Content XCICISES © sections of
. . sections of
presentation with to-be-
to-be-solved
worked examples solved
problems
problems
th 38.5 15 6.5
6" grade textbook (60 pages) (64.17 %) (25.00%)  (10.83 %)
th 69,5 10.5 9
7" grade textbook (89 pages) (78.09 %) (11.80%)  (10.11 %)
th 53 16 6
8" grade textbook (75 pages) (70.67 %) (21.33 %) (8.00 %)
6,7, and 8" grade textbooks total 161 41.5 21.5
(percentages) for each section (71.88 %) (18.53 %) (9.60 %)
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Table 3.3 shows that about 72 % of pages of geometry parts of the textbooks
are devoted to content presentation and about 28 % of the pages are devoted to to-be-
solved problems. The “Exercises” sections of the to-be-solved problems took about
two times pages of that “Test” parts do. For the sixth grade textbook, total number of
pages devoted to geometry is 60 (25.64 % of the total page of the textbook). 64 % of
that page is devoted to content presentation with worked examples, 25 % is devoted
to “Exercises” sections and 11 % is devoted to “Test” sections. For the seventh grade
textbook, total number of pages devoted to geometry is 89 (45.88 % of the total page
of the textbook). 78 % of that page is devoted to content presentation with worked
examples, 13 % is devoted to “Exercises” sections and 12 % is devoted to “Test”
sections. For the eighth grade textbook, total number of pages devoted to geometry is
75 (37.13 % of the total page of the textbook). 71 % of that page is devoted to
content presentation with worked examples, 21 % is devoted to “Exercises” sections
and 8 % is devoted to “Test” sections. The distribution of problems in the content
presentation i.e., worked problems, and to-be-solved problems sections of geometry
chapters of the textbooks are given in Table 3.4. “Problems” sections of to-be-solved
problems were not included in the analysis, as they have very small numbers and

they did not appear in most of the chapters.
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Table 3.4

The distribution of worked-examples and to-be-solved problems of the analyzed

geometry topics of the textbooks.

TEXTBOOKS PROBLEMS
(in geometry chapters)
worked examples  “Exercises” “Test”
(of the content sections of  sections of
presentation) the to-be- the to-be-
solved solved
problems problems
6" grade textbook (153 problems) 33 75 45
(21.57 %) (49.02 %) (29.41 %)
7™ grade textbook (250 problems) 71 112 67
(28.40 %) (44.80 %) (26.80 %)
8™ grade textbook (208 problems) 79 93 36
(37.98 %) (44.71 %) (17.31 %)
TOTAL 183 280 148
(percentages) for each section (29.95 %) (45.83 %) (24.22 %)

Table 3.4 shows that the content presentation sections have about 30 % of

problems of the geometry chapters of the textbooks and to-be-solved problems
sections have and about 70 % of the problems. Seventh-grade textbook contains the
most number of the problems. As grade level increases the ratio of the number of to-
be-solved problems over worked examples decreases. However, in all cases a great

majority of the problems are in to-be-solved problems sections.

Selection of Content

TIMSS 1999 included only 6 geometry topics of 13 geometry topics of its
framework because of having a consensus between participating countries curricula

(Mullis et al., 2000). These six topics of TIMSS 1999 are given in Table 3.5.
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Table 3.5
Geometry topics included in the TIMSS 1999. (Mullis et al., 2000 p. 171).

TOPICS INCLUDED IN TIMSS 1999

Cartesian Coordinates of Points in a Plane

Coordinates of points on a given straight line

Simple Two Dimensional Geometry (Angles on a straight line, Parallel lines, Triangles,
and Quadrilaterals)

Congruence and Similarity

Symmetry and Transformations (Reflection, and Rotation)

Visualization of Three-Dimensional Shapes

Any chapter of the textbooks containing one of the topics that included in the
analysis was specified as a geometry chapter and was selected to be used in this
study. The textbooks did not cover some of the topics of TIMSS 1999 as Table 2.3
indicates. Therefore, these TIMSS 1999 geometry topics (e.g. visualization of three-
dimensional shapes, rotational symmetry) were not included in the analysis. On the
other hand, some of the topics that are not included in TIMSS 1999 were included in
the analysis. Table 3.6 shows all topics included in the analysis and the rationale for

their inclusion.
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Table 3.6

The topics included in this study and the reason for the inclusion.

GEOMETRY TOPICS
THAT INCLUDED IN THE
ANALYSIS

LOCATION

REASON FOR INCLUSION

Symmetry, Coordinates of a
point in a plane, Line graphs

(pages 78-95, 97, 98)

Angles and Polygons (123-130,
134-165)

Proportional Line Segments
and Similar Triangles (68-
84,86-98, 112-132)
Geometric Constructions with
Straight-Edge and Compass
(130-134)

Surface Area and Volumes
(149-182)

Pythagorean Theorem, and
Euclides’ Relations (91-98)

Coordinates of Points on a
Given Straight Line
Visualization of Three-
Dimensional Shapes

Point, Line, Plane, Space,
Line Segment, Ray

(145-158)

Perimeter of Triangle, Square,
Quadrilateral (189-192)

Area of Square, Quadrilateral,
Right Triangle (198-201)

Volume of Cube, Rectangular
Prism (205-208)

Circle, Circular Region,
Cylinder (166-186)

Textbook 7 /
chapter 3

Textbook 7 /

chapter 5

Textbook 8 /

chapter 3
Textbook 7 /
chapter 5
Textbook 8 /
chapter 5

Textbook 8 /

chapter 3

NOT
COVERED
NOT
COVERED

Textbook 6 /
chapter 6

Textbook 6 /
chapter 8
Textbook 6 /
chapter 8

Textbook 6 /
chapter 8

Textbook 7 /
chapter 6

Matches to the TIMSS 1999 topics. (see Table 3.5)

Matches to the TIMSS 1999 topics. (see Table 3.5)

Matches to the TIMSS 1999 topics.
(see Table 3.5)

Concluded as focused on “Simple Two Dimensional
Geometry” topic of TIMSS 1999 curriculum

Concluded as comparable to “Visualization of Three-
Dimensional Shapes” topic of TIMSS 1999 curriculum
which was not covered by the texts.

Concluded as a part of “Congruence and Similarity” topic
of TIMSS 1999 curriculum

Concluded as a part of “Simple Two D. Geometry” topic
of TIMSS 1999 curriculum.

Concluded as focused on “Simple Two D. Geo.” topic of
TIMSS 1999 curriculum.

Concluded as focused on “Simple Two Dimensional
Geometry” topic of TIMSS 1999 curriculum

Concluded as comparable to “Visualization of Three-
Dimensional Shapes” topic of TIMSS 1999 curriculum
which was not covered by the texts.

Concluded as very related to “Simple Two Dimensional
Geometry” topic of TIMSS 1999 curriculum and
“Visualization of Three-Dimensional Shapes” topics of
TIMSS 1999 curriculum.
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As it is seen from Table 3.6, three topics of the textbooks directly match to
TIMSS 1999 geometry topics. There are some topics, though not directly matched to
TIMSS topics, contain elements of those topics (e.g. “Angle, Triangle, and Their
Classifications” topic of seventh chapter of the 6"—grade textbook). On the other
hand, since some TIMSS topics are not covered by the textbooks (e.g. “Visualization
of the Three-Dimensional Objects”), the possible corresponding geometry topics of
the textbook (e.g. “Volume of Cube, Rectangular Prism”) were selected for the
analysis. The chapters, which contain any of the geometry topics of the study, were
specified as a geometry chapter. These chapters are “Point, Line, Plane, Space, Line
Segment, Ray”, “Angle, Triangle”, “Measures” for 6"-grade textbook. For the 7"-
grade textbook, these chapters are “Equations, Line Graphs”,” Angles, and
Polygons”, and “Circle, Cylinder”. There are two geometry chapters of 8"-grade
textbook: “Proportional Line Segments, Similar Triangles”, and “Surface Areas,
Volume”. “Measurement of liquids, mass and time topics” of Measurement chapter
of 6™-grade textbook which was concluded as a “non-geometry topic” and therefore
not included to the analysis. For the 7"-grade textbook, “Solving first degree linear
equations” topic of “Equations and Line Graphs” chapter was not included as it was
regarded as a topic related to algebra i.e., non-geometry. For the 8"-grade textbook,
two topics “Trigonometric relations in right triangles” and “Inequalities with two
variables” of “Proportional Line Segments, Similar Triangles” chapter were not
included to the analysis as they were not geometry topics of TIMSS 1999 framework
(Mullis et al., 2000). Nevertheless, almost all geometry topics in the textbooks were
included in the study and this made a better comparison of geometry chapters of the

textbooks possible.

Selection of Problems

This study analyzes to-be-solved geometry problems of textbooks i.e., the
problems that are presented for students to practice. To-be-solved problems, in
contrast to worked examples, refer to the problems that do not have accompanying
solutions or answers (except for possible answers provided at the end of a textbook

(Li, 1999). In Turkish textbooks, these problems often appear under headings
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“exercises” or “test”. The worked examples, the problems given for instructional
purposes in the content presentation parts of the textbooks, were not included in the
analysis. The to-be-solved problems were found mainly under titles “Alistirmalar”-
Exercises or “Test” but very few of problems were found under “Problemler”-
Problems. Since they were very few and their sections were non-regular i.e., not
appeared in most of the geometry chapters, these problems were not included to the
analysis except for one of these problems, a unique example for the behavior of
“Solving non-routine problems” (given as a coding example) included to the analysis
to have coding variability. The exception problem is under “Problems” title of
Measurement chapter of the 6™ grade textbooks (will be given as Figure 3.14). Some
of the to-be-solved problems (the ones under “Test”) were in multiple-choice format
i.e., the problems requiring students select the correct one from the given four

alternatives.

Selection of TIMSS 1999 Geometry Items

Since two of the sub-problems of the research are directly related to TIMSS
1999 geometry items, TIMSS 1999 geometry items were searched via Internet. 9 of
the 21 items were found in the Released Set of TIMSS 1999 Mathematics Items
(World Wide Web b, 2005). The item code of these geometry items are B11, D07,
J11, J15, J16, L16, N12, P10, and R11 in this set (See from Figure A.1 to Figure
A.9). On the other hand, 8 of TIMSS 1999 geometry which were not released in the
Released Set of TIMSS 1999 Mathematics Items were found in the Relesead Set of
TIMSS 2003 Mathematics Items (World Wide Web ¢, 2005). The item code of these
items are MO012005, MO012015, MO012026, MO012039, MO022202, M022142,
M022154, and M022016 (See from Figure A.10 to Figure A.17). As a result, 17 of
21 TIMSS 1999 geometry items were gathered for the analysis. In fact, the rest four
geometry items of TIMSS 1999 will be used in beyond TIMSS to get the trend data
of participant countries (Mullis et al., 2000). That is, these items will be kept secure

until TIMSS 2007 conducted.
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Procedure

At the beginning of the study, to prepare the coding scheme, TIMSS 2003
Mathematics Assessment Framework (Mullis et al., 2003) was examined. The
behaviors under each cognitive domain of the framework were specified as a distinct
behavior such as “Recall”, “Recognize”, “Compute” etc. and put into a table to form
the coding scheme. For each behavior, its characteristic features were derived from
the assessment framework (Mullis et al., p. 27-33) and put into Table 3.2, under their
behavior titles to be able to compare behaviors more easily. As a result, a coding
scheme of 22 behaviors was formed. Behaviors were put in columns in the scheme as
the behaviors in the columns show distinct cognitive domains. The names of the
columns i.e., cognitive domains, were written on the top of the column. All to-be-
solved geometry problems were coded according to the scheme. The problems which
are composed of sub-problems and for which the same procedures or methods or
strategies were required to answer them correctly were assumed as one problem. On
the other hand, some of the problems required more than one behavior. These
problems, as a principle, were coded by the number of behavior which has the

highest number.

The worked examples were not included in the study for two reasons: firstly,
as for each worked example, it has an accompanying solution (i.e. it has the solution
strategy), one of the two critical attributes of a problem does not exist. For Jonassen
(2000) “the difference between a goal state and a current state” is one of two critical
attributes of a problem with “having social, cultural, or intellectual value for finding
the unknown” (p. 4). For the worked examples we see that there is no gap between
the problem situation and the goal state, since the solution is given. So, one of the
critical attributes of a problem does not exist. Second, and more important, reason for
not including them in the analysis is that worked examples are presented in textbooks
for instructional purposes (Li, 1999) not for exercising their thinking which we have
focused on this study. For those reasons, worked examples were not included in the

analysis.
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To get a comparison of content sections and to-be-solved-problems sections
of the textbooks the procedure is given: the length of text area, which is found
constant among pages for each textbook, was calculated for all textbooks. Then the
amount of material given for that specific content (either belong to content
presentation or to-be solved problems) page-by-page calculated and the partial pages
were rounded to nearest half. “Problems” sections of geometry chapters were not
included in the analysis since they had very limited problems and pages. This
procedure was done for each geometry topic in each textbook. These findings were

tabulated.

To get a comparison of worked examples and to-be-solved-problems of the
textbooks the problems were classified under titles “worked examples” and “to-be-
solved problem” and this procedure was done for all topics. The findings were
tabulated. To-be-solved problems also categorized into chapters to see variability
among chapters of the textbooks. These findings were tabulated. For each one of 15
problem types that were appeared in the textbooks, an example will be given as a

figure at the end of this chapter.

As a result, total of 428 to-be-solved problems of selected topics in textbooks
were selected for the analysis. These problems, with their underlying cognitive
domains were tabulated (and will be given at the end of the result chapter in Table

4.3).

The released TIMSS 1999 geometry items were also analyzed according to
the same coding scheme to get cognitive domains and the underlying behavior for
each geometry item according to TIMSS 2003 Mathematics Assessment Framework

(Mullis et al., 2003).

Reliability

To work out the coding procedure, two coders working independently coded
90 problems of the “Angles and Polygons” chapter in the seventh-grade textbook
(Tortumlu & Kilig, 1999) as it has the largest number of problems. One of the coders
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is the researcher and other one is a mathematics educator. The two coders read
Mathematics Cognitive Domains section of TIMSS 2003 Mathematics Assessment
Framework (Mullis et al., 2003, p.25-33) independently. Then, the coders met and
read the framework together. The coders were trained on some sample questions of
the largest geometry chapter of textbooks and also some sample TIMSS 1999 and
2003 geometry problems. The disagreements were discussed until an agreement was
reached. Then 90 other problems of the chapter were coded independently. After the
initial coding, the inter-rater reliability was calculated as 96% (86 out of 90
problems) of the problems in the chapter. Each problem for which the coders did not
agree was then discussed until an agreement was reached on how the problem would
be coded. Since the inter-rater reliability score (96 %) is large enough (Li, 1999), the

researcher coded all the problems of the textbooks.

Validity

Validity refers to, according to Fraenkel & Wallen (1990), “the
appropriateness, meaningfulness, and the usefulness of the specific inferences
researchers make based on the data they collect” (p. 153). To be able to draw valid
conclusions, we need to have validity of the study. The researcher looked into these
three aspects of inferences i.e., appropriateness, meaningfulness, and the usefulness,
to understand the extend to which the study satisfies these criteria. For the
“appropriateness” aspect, the researcher checked the goal of the study i.e.,
determining cognitive requirements of geometry problems of Turkish 6th-, 7th-, and
8th-grade textbooks and then to compare cognitive requirements of TIMSS 1999
geometry items first aspect. Then, the researcher checked TIMSS 2003 Mathematics
Assessment Framework (Mullis et al., 2003) to get data on. Mullis et al. (2001) say

“[TThe following factors were considered in finalizing the content domains and the
topics and objectives of the assessment frameworks: Inclusion of the content in the
curricula of a significant number of participating countries. Alignment of the content
domains with the reporting categories of TIMSS 1995 and TIMSS 1999. The likely
importance of the content to future developments in mathematics and science
education. Appropriateness for the populations of students being assessed. Suitability
for being assessed in a large-scale international study. Contribution to overall test

balance and coverage of content and cognitive domains” (p. 5)
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This clearly shows that this assessment framework is appropriate for the goal
of the research i.e., determining cognitive domains and most importantly, it has an
“alignment of the content domains with the reporting categories of TIMSS 1995 and
TIMSS 1999 (p.5) and it has an “overall .. coverage of .. cognitive domains” (p. 5).
This framework is appropriate for lower secondary level, since 8th graders are the
second population of TIMSS 2003 (Mullis et al., 2003). So it is concluded that this

framework is appropriate for the research purpose.

How meaningful will be the results? This question is directly related to the
“meaningfulness” of the study. Determining cognitive requirements in terms
cognitive domains and underlying behaviors explained above, very important to
understand the impact of textbooks on students’ performance. For example, it may
give some explanation of Turkish students’ very poor performance in TIMSS 1999

(Mullis et al., 2000). So, it was concluded that the research is meaningful.

How useful will be the results? This is another question related to validity of
this study and should be carefully examined. Such an analysis (i.e. determining
behaviors that the problems require to respond appropriately) would give invaluable
information about Turkish texts. More importantly, test developers may obtain very
useful information about such an analysis and this will probably influence the
variability of textbook problems in terms of their cognitive domains. Those are found
enough evidence for the usefulness of the study. As a result, the aspects of the study

found enough to make valid inferences on the research question.

Data Analysis

The coding results were analyzed and compared among the textbooks in
terms of the percentages of the behaviors and cognitive domains that these problems
required. The same analysis was done for TIMSS 1999 geometry items. The results
were interpreted in the context of the textbooks and TIMSS 1999 geometry items.
This interpretation is descriptive in nature and serves as a means to identifying the

nature of similarities and differences across the textbooks from Turkey. This
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interpretation has also been done between the textboks and TIMSS 1999 in terms of

their geometry problems.

To answer the research question, the summarized results of the sub-questions
were used. For the first three sub-questions about the required behaviors of the
textbook were determined. A similar analysis was also done for the fifth sub-
question. For the fourth and sixth sub-questions, distributions of the problems among
different textbooks and TIMSS 1999 items were compared to examine qualitative
and quantitative differences. For the last two sub-questions, the distribution of the
cognitive domains of the textbooks and TIMSS items were determined and

compared.

Coding Examples

In the next pages of this chapter, there will be figures, from Figure 3.1 to
Figure 3.15, to indicate examples for 15 distinct behaviors that appeared in the
geometry chapters of the textbooks. As seven of 22 behaviors did not appear in the

textbooks, not any example for these could be given.

Problem 3 in “Test 6” of 6!"-grade textbook (p. 156):
How many planes can pass through three non-linear points?

a1 b)2 ¢)3 d)4

Coding: Recall (11)

Figure 3.1. Sample textbook problem cognitive requirement of which is “Recall”.

In the 6™-grade textbook, after giving some properties of planes including
“three distinct points determine a plane” (p. 148), this question 3 was posed.

Therefore, the required behavior for this question is recalling this property.
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Problem 1 in Exercises” of 8t-grade textbook (p. 82):
In each of the following figures, there are two triangles given. Search for their similarity.

Coding: Recognize (12)

Figure 3.2. Sample textbook problem cognitive requirement of which is

“Recognize”.

Similarity of figures is given in the 8"-grade textbook as “the figures in the
same format but not necessarily in the same measure” (p. 75). The similar triangles
in the figure can be seen as a rotated form of each other. So, the figures can be seen
as “differently oriented simple geometric figures” (Table 3.2). The required behavior
can be seen as recognizing or identifying differently oriented simple geometric

figures. Thus, this problem was coded as “recognize”

44




Problem 25 in “Test 5” of 7t-grade textbook (p. 164):

How many sides does a polygon whose the sum of the measure of interrior angles is
1980° have?
a)11 b)12 ¢)13 d)14

Coding: Compute (13)

Figure 3.3. Sample textbook problem cognitive requirement of which is “Compute”.

The formula for the sum of interior angles of a polygon in terms of the
number of its sides is given in the textbook (p. 145) and then the problem is posed.
The required behaviors are recalling this formula and computing the number of the
sides or “conform of the formula” (in Table 3.2). So Racall and Compute are two
required behaviors for this problem. However, Compute (13) has a higher coding

number than Recall (11) has. For this reason, this problem was coded as “Compute”.

Problem 5 in “Exercises” of 6i-grade textbook (p. 149):
On your notebook locate five points three of which are non-linear. Draw all lines that pass
through those points.

Coding: Use tools (14)

Figure 3.4. Sample textbook problem cognitive requirement of which is “Use tools”.

Problem 5 requires locating points and the drawing lines passing through that
points. To do this, the student needs to use a straight edge. So the problem was coded

as “Use tools” with the coding number of 13.
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Problem 1 in “Exercises” of 7t-grade textbook (p. 143):

Which of the following given three side lengths form a triangle? Write your answer
down.

a=4cm,b=3cm,c=1cm
a=7cm,b=9cm,c=12cm
a=5cm,b=8cm,c=3cm
a=6cm,b=5cm,c=7cm

o O T QO
—_—— =

Coding: Know (21)

Figure 3.5. Sample textbook problem cognitive requirement of which is “Know”.

This problem requires mainly knowing the triangle inequality on the lengths
of the sides of a triangle. That is, if student know this property of a triangle then it is
expected for her to solve this problem. Therefore, this problem was coded as

“Know”.

Problem 7 in “Exercises” of 7t-grade textbook (p. 163):

According to the figure: ! B

a) Which angles are acute? D &

b) Which angles are right?

¢) Which angles are obtuse? 2 Gﬂ‘;ﬂ‘\ﬁ{eo .
(8

Coding: Classify (22)

Figure 3.6. Sample textbook problem cognitive requirement of which is “Classify”.
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For this problem, the expected behavior is recalling the vocabulary about
some concepts and classifying given figures according to their common properties.
Since Classify (22) has a higher coding number than Recall (11) this problem was
coded as “Classify”.

Problem 1 in “Test 7” of 6!-grade textbook (p. 178):

Which of the following does not indicate
the angle in the figure?

a) <NOM b) <MON

¢) <O d) <MNO

Coding: Represent (23)

Figure 3.7. Sample textbook problem cognitive requirement of which is “Represent”.

This problem requires student to “generate equivalent representations of a
given mathematical quantity” (in Table 3.2). Therefore, this problem was coded as

“Represent” with the coding number as 23.
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Problem 6 in “Exercises” of 7t-grade textbook (p. 83):

In which of the followings the symmetry axes can be drawn?
Draw the symmetry axes of which that can be drawn?

3 P4 of

Coding: Distinguish (25)

Figure 3.8. Sample textbook problem cognitive requirement of which is

“Distinguish”.

This problem can be seen as a combination of six problems for which the
same question is asked. Student is expected to “distinguish the questions that can be
addressed by given information from those that cannot” and this is given in the fifth

box of the second column of the box.
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Problem 2 in “Exercises” of 8t-grade textbook (p. 82):

A

D 9cm

3 cm

4ecm E X

ABC triangle; [DE]/[AC], |DE| = 3 cm, |AC| = 9 cm, |BE|= 4 cm, |EC| = x

According to the data above, what cm is the |EC| = x ?

Coding: Apply (35)

Figure 3.9. Sample textbook problem cognitive requirement of which is “Apply”

In this problem student is expected first to recognize the similarity of the
triangles and then apply this “knowledge of .. concept to solve routine mathematical
.problems” (in Table 3.2). This behavior is appeared in the fourth box of the third

column of the coding scheme i.e., “Apply”.
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Problem 10 in “Test 5” of 8t-grade textbook (p. 181):

A sphere of 13 cm radius is intersected by a plane that is 5 cm away from the center.
What cm is the perimeter of the intersected circular are? (Take = 3)

a)64 b)72 )78 d)86

Coding: Analyze (42)

Figure 3.10. Sample textbook problem cognitive requirement of which is “Analyze”.

This problem requires student to “determine and describe .. relationships
between objects in mathematical situations” (in Table 3.2). The relation between a
sphere and a circle is expected to be determined for this problem. Therefore, this

problem was coded as “Analyze”.

Problem 8 in “Exercises” of 7t-grade textbook (p. 84):

Determine whether the lines drawn on the figures below are the symmetry axes or not. Explain

the reason why for the ones that are not symmetry axes.

4

Coding: Evaluate (43)

Figure 3.11. Sample textbook problem cognitive requirement of which is “Evaluate”.

50




The problem can be seen of the evaluation of the statement conjecturing that
the lines intersecting the figures are their symmetry lines. In this problem, student is
expected to “discuss and critically evaluate a conjecture” (in Table 3.2). Therefore,

this problem was coded as “Evaluate”.

Problem 10 in “Exercises” of 6t-grade textbook (p. 201):

The longer side of a rectangular field, whose area is 40 a (1 a = 100 meter-square), is 80 m.
What meter-square is the area of a square field whose perimeter is equal to the perimeter of
the rectangular field?

Coding: Connect (45)

Figure 3.12. Sample textbook problem cognitive requirement of which is “Connect”.

The area and perimeter of the rectangle are different elements of the
knowledge and the connection between them is expected to be established for this

problem. Therefore, the problem was coded as “Connect”.
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Problem 6 in “Exercises” of 6t-grade textbook (p. 177):

Label the following triangles according to their angles and sides.

Fcm

Coding: Synthesize (46)

Figure 3.13. Sample textbook problem cognitive requirement of which is

“Synthesize”.

In this problem some elements of the problems i.e., side lengths and an angle
of the triangles were given. Student is first expected to recognize the type of triangle
according to its length. Then the student is expected to decide or at least make a
conjecture on the measures of the other angles of the triangles based on the given
side lengths of the triangle. After this, the student will be able to label the triangle
according to both their angles and side length. So this example requires student to
“synthesize .. mathematical procedures”. This example helps us make the difference

between cognitive complexity and item difficulty. Although this example requires
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higher order thinking such as synthesizing, it can be expected that the most of the

students will solve the problem.

Problem 12 in “Problems” of 6t"-grade textbook (p. 229):

The wool needed to weave a carpet of 1.3 m width and 220 cm length, is used to weave
another carpet whose width is 1.1 meter. What cm will the length of this carpet be?

Coding: Solve non-routine problems (47)

Figure 3.14. Sample textbook problem cognitive requirement of which is “Solve

non-routine problems”.

This problem was found as “non-routine” for two reasons. First, the context is
different. In most cases the problems are either in a familiar real context such as
“field” or a mathematical context such as parallelogram but here it is a real object.
The second reason is that area of a carpet and the wool needed to weave that carpet

was connected. Such a connection was not found in the textbooks.
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Problem 4 in “Exercises” of 8i-grade textbook (p. 73):

il o e i s PDREEL T ISR, R
Pl 11 R

In the figure |CA| = |CE|; |CB| = |CD]. Show that ABCE = ADCA

Coding: Justify (48)

Figure 3.15. Sample textbook problem cognitive requirement of which is “Justify”.

In this problem, student is expected to provide evidence for the truth of the
statement about congruence of the given triangles by referencing mathematical

results or properties.

Summary of the Methodology

This is a qualitative study that used content analysis techniques to examine
the cognitive requirements, cognitive domains and underlying behaviors, of
geometry problems in Turkish mathematics textbooks to compare them with
cognitive requirements of TIMSS 1999 geometry problems. Three widely used and
widely sold lower secondary Turkish mathematics textbooks were selected for the
analysis. The geometry content was based on TIMSS 1999 geometry topics (Mullis
et al., 2000). However, since some of TIMSS 1999 geometry topics are not directly

covered by the textbooks, some other topics in the textbooks which are concluded as

54




related to those TIMSS 1999 topics were selected for the analysis, in addition to the
ones directly matches TIMSS 1999 topics. In this study, the problems that do not
have accompanying solutions, to-be-solved problems, were selected for the analysis.
Nonetheless, content presentations and to-be-solved problems sections were
compared in both number of pages devoted to and the number of problems to have a
better picture of the selected contents. 17 of 21 TIMSS 1999 geometry items had
been released and they were also selected for the analysis to compare textbooks and
TIMSS 1999 in terms of cognitive requirements of their geometry problems. For the
analysis of cognitive requirements of the problems, TIMSS 2003 Mathematics
Assessment Framework was used (Mullis et al., 2003). Both cognitive domains and
their underlying behaviors were determined according to the selected framework.
SPSS for Windows (Released 10.0.7 2000) was used to analyze the data on the
behaviors of the problems of textbooks and TIMSS 1999, and the results were given
in tables and graphs.
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CHAPTER 4

RESULTS

In this chapter the results of data analysis are reported to answer the research
question “What are the similarities and differences of to-be-solved geometry
problems in lower secondary Turkish mathematics textbooks and TIMSS 1999

geometry items with respect to their cognitive requirements?”’ and its sub-questions.

Required Behaviors of To-be-solved Geometry Problems in the Textbooks

The required behaviors of the to-be-solved geometry problems of the
textbooks are displayed in Figure 4.1, was used. In this figure, required behaviors of
6", 7" and 8"™-grade textbooks are given comparatively. As the textbooks have
different numbers of to-be-solved geometry problems (see Table 3.4) the
distributions of the problems over behaviors are given in percentages to compare

required behaviors of the textbooks.

The to-be-solved geometry problems in 6™-grade textbook which require
behaviors such as Apply, Compute, Recall, Analyze, Use tool, Represent, Classify
constitute a total percentage of 97.50. Each group of the textbook problems that
represent each one of these behaviors has constitute at least 1 percent of the textbook
problems. The rest 2.50 % of the to-be-solved geometry problems of the 6™-grade
textbook represent 3 behaviors of 22. Therefore, 12 of the behaviors of the
framework i.e., Recognize, Know, Formulate, Distinguish, Select, Model, Interpret,
Verify, Conjecture, Evaluate, Generalize, and Justify, are not represented in the

textbook and this is very striking. In case of the 7"-grade textbook, the to-be-solved
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geometry problems which require behaviors such as Apply, Compute, Use tool,
Analyze, Recall, Classify, and Connect constitute 97.21 % of the textbook problems.
which is striking, too. Recognize, Formulate, Select, Model, Interpret, Verify,
Conjecture, Generalize, Solve non-routine problems, and Justify are not represented
by any of the to-be-solved geometry problems in the 7"-grade textbook. In case of
8™-grade textbook, the most frequent six required behaviors are Compute, Apply,
Use tool, Analyze, Justify, and Connect with a total percentage of 98.45. Recognize,
Distinguish are the other behaviors represented in the 8"-grade textbook. In this case,

14 of the behaviors of the framework are not reresented.

Those all above show two basic results: first, the distributions of the problems
over behaviors are odd for each case of the textbook. Some behaviors have not been
represented in the textbooks: Formulate, Select, Model, Interpret, Verify, Conjecture,
and Generalize. Second, a great majority of the 22 behaviors, if any, have very small
percentages compared to the percentage of the perfect even distribution of all
behaviors i.e., 100 / 22 or about 4.55. When we search for the similarities and
differences between the textbooks we see that similarities are larger than the
differences among the textbooks: 6"-, and 7"-grade textbooks resemble to each other
in terms of the leading behaviors. In both cases, Apply is the most frequent behavior
and Compute is the second. For the 6"-grade textbook, Apply and Compute have
percentages 37.50 and 25.00, respectively. For the 7"-grade textbook, the
percentages for these behaviors are 42.46 and 32.40, respectively. This order is
changed for 8"-grade textbook for which Compute is the most frequent and Apply is
the second. For this case, Compute has a percentage of 51.16 and Apply has a
percentage of 24.81. For the other frequent behaviors we can say that there is also a
similarity. The third most frequent behavior for 6, 7"-, and 8"-grade textbooks are
Recall, Use tool, and Use tool respectively and thses all are in the same cognitive
domain i.e., Knowing Facts and Procedures. The fourth frequent behavior is the same
for all those: Analyze with percentages of 8.33, 6.70, and 4.65. It can be said that the

percentage for the problems requiring Analyze decreases as the grade level increases.
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For the fourth sub-question related to required behaviors of the overall to-be-
solved geometry problems in the textbooks, we see that the most frequent behaviors
that have percentages greater than or equal to 1 are Compute (35.98 %), Apply
(35.75 %), Use tool (10.75 %), Analyze (6.54 %), Recall (3.27 %), Classify (1.87
%), Represent (1.87 %), and Connect (1.17 %) with a total percentage of 97.20. The
rest 14 of 22 behaviors have a total percentage of 2.80. The second important result
of this figure is that the two most frequent behaviors of the to-be-solved geometry
problems in all textbooks are Compute and Apply with an average percentage greater
than 71. This shows that a great majority of the geometry problems of the textbooks

require computing and applying.

Required Behaviors of the Geometry Problems of the Textbooks and TIMSS
1999

The required behaviors of TIMSS 1999 geometry problems and the textbooks
are given comparatively in Figure 4.2. As the numbers in the cases are different (17
problems in TIMSS 1999 and 428 to-be-solved geometry problems in the textbooks)
the distributions of the problems over behaviors are given in percentages. Figure 4.2
immediately indicates that there is a more even distribution of behaviors in TIMSS
1999 case. The two most frequent behaviors are Apply and Analyze with a
percentage of 29.41 and 17.65. When we compare the textbooks and TIMSS 1999 in
terms of the required behaviors of their geometry problems we see some similarities
and differences: The immediate difference is that Compute is the most frequent
behavior for the textbooks with a percentage of 35.98 but it has only 5.88 percentage
in TIMSS 1999 case. Another difference is that the percentages of the most frequent
three behaviors constitute 58.82 and 82.45 percent cases for TIMSS and the
textbooks, respectively. On the other hand, for both cases Apply is a very frequent
behavior for both cases with percentages of 35.75 and 29.41 for the textbooks and
TIMSS 1999, respectively. Another similarity is that: for both cases, 3 of the most
frequent 5 behaviors coincide: Apply, Analyze, and Recall. The problems requiring
these constitute 58.82 and 45.56 percent of the problems in TIMSS 1999 and the

textbooks cases, respectively.
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Cognitive Domains of the Geometry Problems of the Textbooks and TIMSS
1999

Table 4.1 presents the overall results of the study. This table reveals that 6"
and 7"-grade textbooks resemble each other in terms of the percentages of their
problems in “Knowing Facts and Procedures” and “Solving Routine Problems”
cognitive domains. However, 65% of geometry problems of 8"-grade textbook are in
“Knowing Facts and Procedures” cognitive domains. For the three textbooks,
however, the percentages of items that require “Using Concepts” and “Reasoning”
are very rare. This table also shows that there are clear differences between lower
secondary Turkish textbooks and TIMSS 1999 in terms of the cognitive domains of
their geometry problems. Despite the similarity between their percentages of
problems in “Solving Routine Problems” the percentages of problems in other
cognitive domains are different. Turkish textbooks contain problems mainly in the
cognitive domains ‘“Knowing Facts and Procedures” and “Solving Routine
Problems”. Only 9 % of geometry problems of Turkish textbooks require
“Reasoning” but 29 % of geometry problems of TIMSS 1999 require “Reasoning”.
Another important result is that the problems that require “Using Concepts” are very

rare in Turkish textbooks.

Summary of the Results

As Figure 4.1 indicates, the distribution of the required behaviors of to-be-
solved geometry problems across all three grade levels resemble to each other. In
these textbooks, “Compute” and “Apply” are the most frequent ones among 22
behaviors. The percentage of problems that require one of the two most frequent
behaviors i.e., Compute or Apply, took 62.50 %, 74.86 and 75.97 % for 6th-, 7th-,
and 8th-grade textbooks respectively. This shows that majority of the problems of all
the textbooks requires only two behavior. The next most frequent behaviors are “Use
tools” and “Analyze”. The most four frequent behaviors of geometry problems of the
textbooks took 89.02 percent of the overall geometry problems of the textbooks. This
can be seen as a clear evidence of not even distribution of the behaviors. There is no,

or in some cases just one, problem requiring behaviors ‘“Recognize”, “Know”,

61



“Formulate”, “Select”, “Generate”, “Interpret”, “Follow”, “Check”, “Conjecture”,
“Evaluate”, “Generalize”, “Solve non-routine problems”. It can be said that more

than half of the behaviors are not represented in Turkish curriculum.

The required behaviors of the released TIMSS 1999 geometry items has much
more variability than the required behaviors of geometry problems of the Turkish
textbooks as Figure 4.2 shows. Not only in required behaviors but also in cognitive
domains, TIMSS geometry items are more balanced than the textbooks as the
comparative Figure 4.15 shows,. For TIMSS 1999, the percentage of items in
cognitive domains “Knowing Facts and Procedures”, “Using Concepts”, “Solving
Routine Problems”, and “Reasoning” are 23.53 %, 11.76 %, 35.29 %, and 29.41 %
respectively. On the other hand, for the textbook geometry problems these
percentages are 50.23 %, 4.44 %, 35.75 %, and 9.58 % respectively. This is a clear
evidence for that the Turkish texts do not reflect cognitive domains and their
underlying behaviors of TIMSS 2003 Mathematics Assessment Framework as much
as TIMSS 1999 geometry items do. Although the distribution of geometry items of
TIMSS 1999 across cognitive domains looks balanced, the distribution of them in
required behaviors is not so balanced. For example the first two most frequent
performance expectations, namely “Apply” and “Analyze” together took 47.06 % of
TIMSS 1999 geometry items.

In general, it can be concluded that Turkish students are exposed to a less
variability of geometry problems in terms of their cognitive dimension (i.e. cognitive
domains and underlying behaviors) comparing to TIMSS 1999 geometry items. For
each grade textbook, the two most frequent cognitive domains are “Knowing Facts
and Procedures” and “Solving Routine Problems”. However, in case of the TIMSS

1999 geometry items, they are “Solving Routine Problems” and “Reasoning”.
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CHAPTER 5

DISCUSSION

The goal of this research is to determine the cognitive requirements of
geometry problems in Turkish lower secondary textbooks, according to the TIMSS
2003 Mathematics Assessment Framework. The most important finding of this study
is that over 70 % of geometry problems of Turkish textbooks require computation
and application. This finding is consistent with the literature such as Olkun & Toluk
(2002) who found that “...overemphasis on procedures in the Turkish Curriculum...”
(p. 5). It is also consisted with Toluk & Olkun (2002) too as they found that Turkish
textbooks have traditional view of “...application of learnt facts...” (p. 579) for

lower elementary grades case.

It is clear from Figure 4.1 that there is no harmony between the required
behaviors of to-be-solved geometry problems of Turkish textbooks and the
framework we have used in this study. It seems that, the designers of the textbook
series did not attempt to provide an even distribution of geometry problems across
the various types of behaviors. Besides, they did not concern to rules that suggests a
variation, as well as repetition, which is crucial for learning. Here, we can only
conjecture that these weaknesses are very important in developing geometry problem
solving skills among elementary school children in Turkey. Perhaps this was caused
by the mathematics curricula of Turkey. As it was mentioned earlier, there is no
variation among the textbooks analyzed in this study, in terms of the problem types.
Another important reason for this result is that the curriculum overemphasizes the
objectives of the course. In the mathematics curriculum of lower secondary schools
we see that “goals” and “objectives” are emphasized (Babadogan, & Olkun, 2006).
Providing knowledge and procedures related to a topic with some application is

probably found enough by the authors of the textbooks. That is to say, this odd
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distribution of the problems according to their required behaviors most probably

resulted from the curriculum of the subject.

To understand Turkish students’ performances in TIMSS 1999 better, five
geometry-related items of the released set of TIMSS 1999, for which international
standings were given, were examined. These items were given as Figures C.1., C.3.,
C.7., C.8., and C.11. For these items, the average standings of Turkish students on
theese items is about 33 and very close to 34, the standings of Turkish students’
performance on overall geometry items (Mullis et al., 2000). The items with the
codes J10, TO3, and R11 are related to Measures chapter of the 6th-grade textbook.
There are 34 to-be-solved problems are exposed in this chapter related to these items.
One of the the other two items is the item with the code J16, which is related to
Equations and Line Graphs chapter of 7th-grade textbook. There are 30 problems are
exposed in the textbook related to this item. The remained item has the code P10 and
related to Proportional Line Segments and Similar Triangle chapter of the eighth-
grade textbook. There are 72 problems exposed for these items. It could be
concluded that there is enough material in the textbooks to answer these items.
However, average of standings of Turkish students is 36 in this case. This lead us
understand that a content based analysis of the items will not be enough to
understand the student performances. In the chapter related to the items, about 33
percent of the problem requiring application (see Table 4.1). From this point, it could
be concluded that a large enough amount of opportunity to solve a particular type of
problem in terms of cognitive behaviors were given in the textbook. However, for
these three requiring application, the student performances are relatively worse
compared to overall performance on mathematics items. This leads us to conclude
that exposing problems that require a particular type behavior in the textbook will not
guarantee the students to solve them. Of course, teaching practices are very
important in this point. Although it was shown that textbook influence what to teach
in the class, how to teach that material is primarily depends on teachers in Turkey. It
is known that traditional ways of teaching (e.g. lecturing, or drill and exercise) is
common in Turkish textbooks (Toluk, & Olkun, 2002) and therefore among Turkish

teachers. This automatically results in a teacher-centered education in which students
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are passive learners and there are strict opportunities of improving their thinking

skills.

As it was mentioned before, opportunity to learn is an important factor for
explaining performance differences. Among the other components of opportunity to
learn, opportunity to solve a particular type of problem is an important one. For
example, solving a particular type of problem may lead students to be familiar with
the problem type and positively affect the performances (Jonassen, 2000). When we
concentrate on the behaviors of the item, we see that Turkish students’ performance
on the items that requires computation are relatively better (see Table 2.2). As it is
found for geometry case, about 36 percent of the textbook problems require
computation and this is the highest percetage among all 22 behaviors. From this
point of view, it can be concluded that providing a particular type of problem
affected the students’ performances. However, determining the degree of exposure of
a particular type of problem does not provide understanding the performance related
to these type of problems. As it is clear from Figure 4.2, the textbooks emphasized
computation procedures and application of the learnt facts. As opportunity to solve a
particular type of a problem is a component of opportunity to learn given before, the
emphasis of the problems requiring computation and application behaviors could
affect the relative success of Turkish students on the TIMSS items these behaviors.
For this issue, the results of Table 2.2 given will be discussed here. When we
examine the table, we see that on the items requiring computation, Turkish students
performance is relatively better compared to Turkish students standing on overall
mathematics items (see Appendix D). From the table we see that Turkish students’
average performance on the items requiring computation is 26 is lower than 32,
performance of the overall TIMSS mathematics items (see Appendix D). However,
on the case of the items requiring application Turkish students performed poorly.
Although the problems requiring application was emphasized in the textbooks, this
situation is quite surprising. When we examine the items more closely we see that the
average difficulties of these items is 0.46 and this is lower than 0.69, the average

difficulty of the items requiring computation. So, we may conjecture that, generally,
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as the item gets more difficult, Turkish students’ performance gets poorer. So this

result led us to understand the importance of determining the difficulty level of test.

In Turkey, determining difficulty level of tests used in the schools is usually a
subjective work of teachers. In some cases, not surprisingly however, students get
very low scores on such tests. It is not easy to understand why our expectation and
the reality do not match. Perhaps this situation results from the fact that “any
problem is easy if you know the solution” as teachers always say. In Turkey, teachers

write items or select them from a variety of books for their instructional purposes.

Up to now, two dimensions of problems (content and cognitive requirements)
were introduced. Another dimension is, possibly, the context. The context, from the
point of view of PISA frameworks (e.g. OECD, 1999), is that “knowledge and skills
are applied or drawn on” (p. 12). Familiarity with the content (e.g. topic area, or
objective) and required skills makes the problem “routine” and easy for a student.
Mullis et al. (2000) state that “[T]he routine problems will have been standard in
classroom exercises designed to provide practice in particular methods or
techniques” (p. 30). Generally, non-routine problems are regarded as more difficult
than the routine ones. So, the more non-routine problems in a test the more the test

difficult will be.

Problem difficulty is not a disjoint characteristic other than content, cognitive
requirements, or context but in most, it is a function of those variables. However, if
we think on problem solving case, individual differences is an important factor
(Jonassen, 2000) that affects problem solving and therefore problem difficulty. There
are many variables (e.g. the motivational variable, abstractness, (Caldwell, & Goldin,

1987)) were also variables affecting problem solving.

Many times teachers aim to prepare a test of “moderate” difficulty level.
Preparing a test of items having very good variability among distinct cognitive
requirements could be claimed as a good way of preparing a “moderate” difficult
test. However, this even, does not guarantee such a test with “moderate” difficulty.

On this issue Mullis et al. (2003) say:
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“[N]evertheless, cognitive complexity should not be confused with item difficulty. For
nearly all of the cognitive skills listed, it is possible to create relatively easy items as well

as very challenging items” (p. 25)

So, as Mullis et al. (2003) determined, having an even distribution among all
cognitive domains (i.e. Knowing Facts and Procedures, Using Concepts etc.) when
preparing a test does not guarantee the test difficulty. Letting students practice on the
problems requiring different cognitive domains will probably improve students'
thinking skills. However, the items that require complex behaviors (e.g. evaluate,
prove etc.) can be easy ones so one should be careful in case of adjusting overall test

difficulty.

Improving thinking skills is a very ambitious aim of mathematics curricula,
especially at the elementary school level (Olkun & Toluk, 2002). From this point of
view, this study may help other teachers be able to classify the problems that they
use in their class and this will help them improve students’ thinking skills. Such a
work of teachers will probably help to narrow the gap resulted from the mathematics
curricula. However the best way is always putting this demand into mathematics

curricula. This will affect the textbooks and then practice in classrooms.

Perhaps, the most benefit of this study is for the test developers (e.g. exercise
book authors, or standard test developers, etc.). The variability of the test items
should be yielded not only in content dimension but also in cognitive requirement

dimension to improve thinking skills of students.

Publishing companies that prepare textbooks can also be benefited from this
study. As it is known, Turkish elementary mathematics curriculum was revised
(MEB, 2004; TD, 2005 c; TD, 2005 d; TD, 2005 e) and the new curriculum requires
many skills such as problem posing, or communicating mathematically, that were not
demanded by the previous ones. To reflect these demands, especially in problem
level, textbooks should reflect those skills. This study will probably be useful for that
effort.
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Understanding cognitive requirements of textbook problems solely is not
enough to understand students’ problem solving difficulties. Although, by exposing
more distinct problem types, it is possible to improve students’ problem solving
skills and this will improve individual differences as a variable which will affect
problem solving in a positive way. However, improving students’ cognitive skills
will, in most cases, not be enough to improve their problem solving abilities, as there
are many variables that exist on this product. Opportunity to learn is one of these
variables. Tornroos (2005) showed that opportunity to learn data should be taken for
long periods of time. However, this study is limited as it analyzes only the last three
grades of TIMSS 1999 population i.e., 6th-, 7th-, 8th-grades. On the other hand, an
analysis of textbooks is not a sufficient condition to understand what really happen in
the classroom teaching. The quality of teaching is an important factor in learning
environment. Not having enough knowledge about the textbooks used, leads teachers
may not be able to use them in an effective way. In addition to having opportunity to
learn (e.g. specific types of problems), quality of teaching, and students’

characteristics also affect actual learning (Floden, 2002).

Further Study

The method used in this study (content analysis of textbook problems) can be
applied to other school level mathematics textbook problems in any content area (e.g.
number, data, etc.) Such a work will give valuable information about textbooks.
However, the immediate work is needed to assess the problem types of the new
curricula mathematics textbooks. Such a work will help us in determining the degree

to which the reform textbooks reflect the new curricula.

For analyzing textbook problem types, in terms of their cognitive
requirements, other assessment frameworks may be used. For example, using TIMSS
2007 Mathematics Assessment Framework (Mullis et al., 2005) will give information
on both the usability of the framework and consistency between the findings of this

study.
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Another possible analysis can be made to gather cognitive demands, the skills
that are emphasized, of the new Turkish curriculum and a standard achievement
tests’ framework (e.g. TIMSS 2007 framework (Mullis et al., 2005)). Such an
analysis, especially for the curriculum part, may require other content analysis

techniques (e.g. Weber, 1990).

In conclusion, I hope that I have demonstrated that analysis of the
instructional environment is important and must be considered with task analysis in
theories of how children learn. Children’s difficulty with solving geometry problems
probably results from developmental limitations and from restricted opportunities for

learning and practice.

70



CHAPTER 6

REFERENCES

AFT (American Federation of Teachers). (1999). Lessons from the world: what
TIMSS tells us about mathematics achievement, curriculum, and

instruction. Educational Issues Policy Brief, number 10.

Anderson, L. W., & Krathwohl D. R. (Eds.). (2001). 4 Taxonomy for Learning,
Teaching, and Assessing: A Revision of Bloom's Taxonomy of

Educational Objectives. New York: Longman.

Avsar, A. (2006). Kim korkar matematikten? TED — E Biilten, 3. 6-8.
http://www.ted.org.tr/bulten/TedBulten-Ocak.pdf, Last accessed date
April 25, 2006.

Babadogan, C., & Olkun, S. (2006, March 15). Program development models
and reform in Turkish primary school mathematics curriculum.
International Journal for Mathematics Teaching and Learning.

http://www.cimt.plymouth.ac.uk/journal/default.htm, Last accessed date

April 25, 2006.

Beaton, A., Mullis, I., Martin, M., Gonzales, E., Kelly, D., & Smith, T. (1996).
Mathematics achievement in middle school years: IEA’s Third
International Mathematics and Science Study (TIMSS). Chestnut Hill,
MA: TIMSS International Center, Boston College.

71



Berberoglu, G., Celebi, O., Ozdemir, E., Uysal, E., & Yayan, B. (2003).
Factors effecting achievement level of Turkish students in the Third
International Mathematics and Science Study. Journal of Educational
Sciences & Practice, 2(3). http://www.ebuline.com/eng/sayfa/arsiv/2 3
/arsiv_2 3 1.htm, Last accessed date April 25, 2006.

Bilgi, S., Ekmen, H., & Giirsoy, N. (1999). {lkégretim matematik ders kitab1 6.

Ankara: Turk Tarih Kurumu Basimevi.

Bloom, B. S., Englehart, M. D., Furst, E. J., Hill, W. H., & Krathwohl, D. R.
(1956). Taxonomy of educational objectives: The classification of
educational goals, handbook I: Cognitive domain. New York: Longmans,
Green.

Cai, J., Lo, J. J., & Watanabe, T. (2002). Intended treatments of arithmetic

average in U.S and Asian school mathematical textbooks. School Science

and Mathematics, vol. 102(8), 391-404.

Caldwell, J. H. & Goldin, G. A. (1987). Variables affecting word problem
difficulty in secondary school mathematics. Journal for Research in
Mathematics Education, 18(3), 187-196.

Carter, J., Li, Y., & Ferucci, B. J. (1997). A comparison of how textbooks

present integer addition and substraction in PRC and USA. The

Mathematics Educator, 2(2), 197-209.
Charles, R., Lester, F., & O’Daffer, P. (1987). How to evaluate progress in

problem solving. (Sixth printing), Reston, VA: National Council of

Teachers of Mathematics.

72



EARGED — T.C. M.E.B. Egitimi Arastima ve Gelistirme Dairesi-. (2003).
TIMSS -Uciincii Uluslar Arasi Matematik ve Fen Calismasi - Ulusal
Rapor. http://earged.meb.gov.tr/MURAT3.htm, Last accessed date April
25, 2006.

Fan, L. (1999). Application of arithmetic in US and Chinese textbooks: A
comparative study . In G. Kaiser, E. Luna, 1. Huntley (Eds.), Studies in

mathematics education series: II. International comparisons of

mathematics education (pp 151- 162). London: Falmer Press.

Flooden, R. E. (2002). The measurement of opportunity to learn. In A. C.
Porter & A. Gamoran (Eds.), Methodological advances in cross-national
surveys of educational achievements (p. 231-266). Washington: National

Academy Press.

Fraenkel, J. R., & Wallen, N. E. (1990). How to design and evaluate research

in education. Newyork: McGraw Hill

Haggarty, L., & Pepin, B. (2002). An investigation of mathematics textbooks
and their use in English, French, and German classrooms: who gets an
opportunity to learn what? British Educational Research Journal, 28(4),
567-590.

Hembree, R. (1992). Experiments and relational studies in problem solving: A
meta-analysis. Journal for Research in Mathematical Education, 23(3),

242-273.

Husén, T. (Ed.). (1967). International study of achievement in mathematics: A

comparison of twelve countries, 1 & 2. New York: John Wiley & Sons.

73



Johansson, M. (2005). Mathematics textbooks - the link between the intended
and the implemented curriculum. Paper presented to “the Mathematics
Education into the 21* Century Project” Universiti Teknologi, Malaysia.
http://math.unipa.it/~grim/21 _project/ 21 malasya Johanssonl19-

123 05.pdf, Last accessed date April 25, 2006.

Jonassen, D. H. (2000). Toward a design theory of problem solving.
Educational Technology: Research & Development, 48 (4), 63-85.

Krathwohl, D. R., Bloom, B. S., & Masia, B. B. (1964). Taxonomy of
educational objectives. The classification of educational goals, handbook

1I: Affective domain. New York: David McKay.

Li, Y. (1999). An analysis of algebra content, content organization and
presentation, and to-be-solved problems in eight-grade mathematics
textbooks from Hong Kong, Mainland China, Singapore, and the United
States. Doctoral dissertation, University of Pittsburg. (UMIL: AAT
9957757).

Li, Y. (2000). A comparison of problems that follow selected content
presentation in American and Chinese mathematics textbooks. Journal for

Research in Mathematical Education, 31, 234-41.

Martin, M. O., & Kelly, D. L. (Eds). (1996). Third International Mathematics
and Science Study Technical Report Volume I: Design and Development.
Chestnut Hill, MA: Boston College. http://timss.bc.edu/ timss19951/
TechVoll.html, Last accessed date April 25, 2006.

Martin, M. O., Mullis, I. V. S., & Chrostowski, S. J. (2004). TIMSS 2003
Technical Report, Chestnut Hill, MA: Boston College.

MEB. (2004). Ilkégretim Matematik Dersi Ogretim Programi 1-5. simiflar.
Ankara: Devlet Kitaplar1 Midiirligii Basimevi.

74



Mullis, I. V. S., Martin, M. O., Gonzalez, E. J., Gregory, K. D., Garden, R. A.,
O’Connor, K. M., Chrostowski, S. J., & Smith, T. A. (2000). TIMSS 1999
International Mathematics Report: Findings from IEA’s Repeat of the
Third International Mathematics and Science Study at the Eighth Grade.
Chestnut Hill, MA: Boston College.

Mullis, I. V. S., Martin, M. O., Ruddock, G. J., O’Sullivan, Y. O., Arora, A., &
Erberber, E. (2005). TIMSS 2007 Assessment Frameworks. Chestnut Hill,
MA: Boston College.

Mullis, I. V. S., Martin, M. O., Smith, T. A., Garden, R. A., Gregory, K. D.,
Gonzalez, E. J., Chrostowski, S. J., & O’Connor, K. M. (2001).
Assessment Frameworks and Specifications 2001. Chestnut Hill, MA:
Boston College.

Mullis, I. V. S., Martin, M. O., Smith, T. A., Garden, R. A., Gregory, K. D.,
Gonzalez, E. J., Chrostowski, S. J., & O’Connor, K. M. (2003).
Assessment Frameworks and Specifications 2003, (2nd Edition). Chestnut
Hill, MA: Boston College.

National Council of Teachers of Mathematics. (1989). Curriculum and

evaluation standards for school mathematics. Reston, VA: Author.

National Council of Teachers of Mathematics. (2000). Principles and
Standards for School Mathematics. Reston, VA: NCTM.

Nicely, R. F. Jr. (1985). High-order thinking skills in mathematics textbooks.
Educational Leadership, 42(7).

Nicely, R .F. Jr., Fiber, H. R., & Bobango, J. C. (1986). The cognitive content
of elementary school mathematics textbooks. Arithmetic Teacher, 34, 60-

inside back cover).

75



OECD. (1999). Programme for International Student Assessment.. Measuring
student knowledge and skills: A new framework for assessment.

http://www.pisa.oecd.org, Last accessed date April 16, 2006.

OECD. (2003). The PISA 2003 Assessment Framework—Mathematics, Reading,
Science and Problem Solving Knowledge and Skills.
http://www.pisa.oecd.org, Last accessed date April 16, 2006.

OKS. (2005). Orta Ogretim Kurumlar: Sinavi 2005. Ankara: MEB.
http://www.meb.gov.tr, Last accessed date April 25, 2006.

Olkun, S., & Aydogdu, T. (2003). Ugiincii Uluslararas1 Matematik ve Fen
Arastirmast (TIMSS) nedir? neyi sorgular? 6rnek geometri sorulari ve
etkinlikler. /lkégretim-Online, 2(1), 28-35. http://www.ilkogretim-
online.org.tr, Last accessed date April 25, 2006.

Olkun, S., & Toluk, Z. (2002, November 18)). Textbooks, word problems, and
student success on addition and subtraction. International Journal of
Mathematics Teaching and Learning. http://www.cimt.plymouth.
ac.uk/journal/ default.htm, Last accessed date April 25, 2006.

0SS. (2005). OSS 2005 Basin Kopyasi. Ankara: OSYM. Retrieved April 16,
2006 from http://www.osym.gov.tr

Ozgiin-Koca, S. A., & Sen, A. 1. (2003). 3. Uluslararas1 Matematik e Fen
Bilgisi Calismasi-Tekrar sonuglarmin Tiirkiye icin degerlendirilmesi.

Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 23.

Polatoglu, M., Camli, A., & Calikoglu, 1. (1999). ilkdgretim matematik ders
kitab1 8. Ankara: Tiirk Tarih Kurumu Basimevi.

Robitaille, D. F., & Garden, R. A. (1989). The IEA study of Mathematics II.
Contexts and outcomes of school mathematics. New York: Pergamon

Press.

76



Robitaille, D. F., Schmidt, W. H., Raizen, S. A., McKnight, C. C., Britton, E.
D., & Nicol, C. (1993). Curriculum frameworks for mathematics and

science (Vol. 1). Vancouver: Pacific Educational Press.

Schmidt, W. H., McKnight, C. C., Houang, R. T., Wang, H., Wiley, D. E., &
Cogan, L. S., et al. (2001). Why schools matter: A cross-national

comparison of curriculum and learning. San Francisco: Jossey-Bass.

Schmidt, W. H., McKnight, C. C., Valverde, G. A, Houang, R. T., & Wiley, D.
E. (1997). Many visions, many aims: A cross-national investigation of
curricular intentions in school mathematics. Boston: Kluwer Academic

Press.

Simpson, E. J. (1972). The Classification of Educational Objectives in the
Psychomotor Domain. Washington, DC: Gryphon House.

SPSS for Windows, Rel. 10.0.7. 2000. [Computer Software]. Chicago: SPSS
Inc.

Stahl, R. J., & Murphy, G. T. (1981, April). The domain of cognition: An
alternative to Bloom’s cognitive domain within the framework of an
information processing model. Paper presented at the meeting of the

American Educational Research Association, Los Angeles.

Stigler, J. W., Fuson, K. C., & Ham, M. S. (1986). An analysis of addition and
subtraction word problems in American and Soviet elementary

mathematics textbook. Cognition and Instruction. 3, 153-171.

TD. (1995). Milli Egitim Bakanlig1 ders kitaplar1 yonetmeligi. Milli Egitim
Bakanhgi Tebligler Dergisi, 2434. 597-612.

TD. (2004). Ders kitaplarinda aranacak nitelikler ile yaymn evlerinde aranacak
sartlar, ders Kkitaplarmin hazirlanmasi, degerlendirilmesi ve egitim
araglarmin se¢imine iligkin yonerge. Milli Egitim Bakanligi Tebligler
Dergisi, 2559. 2-15.

77



TD. (2005 a). Ilkogretim okullar1 haftalik ders ¢izelgeleri Milli Egitim
Bakanhigi Tebligler Dergisi, 2578. 889.

TD. (2005 b). Milli Egitim Bakanlig1 orta 6gretim kurumlar1 haftalik ders
cizelgesi. Milli Egitim Bakanligi Tebligler Dergisi, 2575. 542.

TD. (2005 c). Milli Egitim Bakanlig1 ilkogretim 1-5. smiflar matematik dersi
ogretim programinda yapilan degisiklikler ile ilgili karar. Milli Egitim
Bakanhigi Tebligler Dergisi, 2575. 511.

TD. (2005 d). Milli Egitim Bakanlig1 ilkdgretim 6-8. matematik dersi 6gretim
programi. Milli Egitim Bakanlig1 Tebligler Dergisi, 2575. 485.

TD. (2005 e). Milli Egitim Bakanlig1 orta 6gretim matematik dersi 6gretim
programi. Milli Egitim Bakanlig1 Tebligler Dergisi, 2575. 598.

Toluk, Z. (2003). Ugiincii Uluslararast Matematik ve Fen Arastirmas1 (TIMSS):
Matematik nedir? [lkégretim-Online, 2(1)., 36-41. http://www.ilkogretim-
online.org.tr, Last accessed date April 25, 2006.

Toluk, Z., & Olkun, S. (2003). Problem solving in Turkish mathematics
education: primary school mathematics textbooks. Educational Sciences:
Theory & Practice, 2(2), 579-581. EBSCO Publishing. Retrieved April
16, 2006 from http://www.edam.com.tr/ estp_previous_2-2.htm.

Toluk, Z. Olkun, S. ve Durmus, S. (2002). Problem merkezli ve gorsel
modellerle destekli geometri 6gretiminin sinif 6gretmenligi dgrencilerinin
geometrik diisiinme diizeylerinin gelisimine etkisi. Paper accepted 5.
Turkish National Congress of Science and Mathematics, 16-18
September: Ankara, Turkey.

Tortumlu, F., & Kilig, A. (1999). Ilkégretim matematik ders kitab1 7. Ankara:

Turk Tarih Kurumu Basimevi.

78



Tornroos, J. (2005). Mathematics textbooks, opportunity to learn and student
achievement. Studies in Educational Evaluation. 31(4), 315-327.

Valverde, G. A., Bianchi, L. J., Wolfe, R. G., Schmidt, W. H., & Houang, R. T.
(2002). According to the book: Using TIMSS to investigate the translation
of policy into practice through the world of textbook. Dordrecht; Boston:

Kluwer Academic Publishers.

Weber, R. P. (1990). Basic content analysis. (2nd ed.). Newbury Park, CA:

Sage Publications.

NCREL -North Central Educational Laboratory- Learning Point Associates.
(n.d.). Opportunity To Learn. http://www.ncrel.org/sdrs/areas/issues/

methods/assment/as81k18.htm, Last accessed date April 16, 2006

ISC. (n.d. a). TIMSS 1999 Mathematics Items Released Set For Eighth Grade.
http://www.timss.org/, Last accessed date April 25, 2006.

ISC. (n.d. b). TIMSS 2003 Mathematics Items Released Set Eighth Grade.
http://www.timss.org/, Last accessed date April 25, 2006.

MEB. (n.d). 2001 yuli basinda egitim. www.meb.gov.tr/Stats/ist2001/
Bolum4s1.htm, Last accessed date April 16, 2006.

Webster -Webster's Online Dictionary with Multilingual Thesaurus
Translation-. (n.d.). Geometry. http://www.websters-online-

dictionary.org/definition/geometry, Last accessed date April 25, 2006

The Royal Society. (July, 2001). Teaching and Learning geometry 11-19.
Report of a Royal Society / Joint Mathematical Council working group.
http://www.royalsoc.co.uk/downloaddoc.asp?id=1197, Last accessed date

April 25, 2006.

Kaufmann, H., Steinbiigl, K., Diinser, A., & Gliick, J. (n.d.). General training of

spatial abilities by geometry education in augmented reality.

79



http://www.ims.tuwien.ac.at/media/documents/publications/

CTO05_GeomEdu_SpatialAbilities.pdf, Last accessed date April 25, 2006.

Joyce, D. (n.d.). Active Learning and Research.
http://www.clarku.edu/activelearning/departments/math _cs/joyce/

joyceD.cfm, Last accessed date April 25, 2006.

Montague, Dr. M. (2005, April 19). Math problem solving for primary
elementary students with disabilities.
http://www.k8accesscenter.org/training_resources/documents/
Math%20Primary%20Problem%20Solving.pdf, Last accessed date April
25, 2006.

Zhu, Y., & Fan, L. (2004). An analysis of the representation of problem types
in Chinese and US mathematics textbooks. Paper accepted for ICME-10
Discussion Group 14, 4-11 July: Copenhagen, Denmark

80



Cube from folded 2-dimensional net
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APPENDIX A
Released Geometry Items of TIMSS 1999
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B11
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Students Responding Correctly Used in 1895

o

Figure A.1. Released geometry items of TIMSS 1999 with item code B11.

(From ISC, n.d. a).
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Figure A.2. Released geometry items of TIMSS 1999 with item code D07
(From ISC, n.d. a).
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NOT true for all rectangles J11

) Score | International Average Percentage of ]
Content Category Performance Expectation Key | Points |8th Grade Students Responding Correctly | Used in 1895
Geometry Knowing E 1 5 M

Of the following, which is NOT true for all rectangles?

=

The opposite sides are parallel.

B.  The opposite sides are equal,

2

All angles are right angles,
D.  The diagonals are equal.

E. The diagonals are perpendicular,

Figure A.3. Released geometry items of TIMSS 1999 with item code J11
(From ISC, n.d. a).
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Two similar triangles
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Figure A.4. Released geometry items of TIMSS 1999 with item code J15
(From ISC, n.d. a).
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Point on graph from coordinates
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Performance Expectation
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International Average Percentage of
8th Grade Students Responding Correctly

J16

Used in 1995

(Geometry

Using Routine Procedures

1
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A, Point P
B.  Pomt()
C. PomtR
D.  Point$

Which point on the graph could have coordinates (7,16)?
y

'R

5

10

5 0"

Figure A.5. Released geometry items of TIMSS 1999 with item code J16

(From ISC, n.d. a).
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Measure of angle in quadrilateral

Score | Int ,.
Key | Pointe |8th Grade Students Responding Cormectly
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Used in 1595
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Figure A.6. Released geometry items of TIMSS 1999 with item code L16
(From ISC, n.d. a).
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Position of point on number line

Content Category

Performance Expectation

Score |International Average Percentage of
Points | 8th Grade Students Responding Correctly

Used in 1995

(Geomefry

Using Routine Procedures

point M.

Foint I* (not shown| on the number ling is 5 units from perint N and 2 units from

r

Where 15 puiul P loculed?

A Between Oand L

B, Between Land M

. Retween Mand ¥

D, Tothe rightof ¥

Figure A.7. Released geometry items of TIMSS 1999 with item code NI12

(From ISC, n.d. a).
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Length of side from similar triangle

Score || al Average

Caontent Category Performanta Expactation Key | Points |Bth Grade Students Responding Correctly | Usedin 1995

Figure A.8. Released geometry items of TIMSS 1999 with item code P10
(From ISC, n.d. a).
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Right triangles to cover rectangle
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Figure A.9. Released geometry items of TIMSS 1999 with item code R11
(From ISC, n.d. a).
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UniquelD MD12005 Subject M Grade 8 MSBiock MOL MSBlockSeqg 05

TIMSS

Figure A.10. Released geometry items of TIMSS 1999 with item code M012005
(From ISC, n.d. b).
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UniquelD M012039 Subject M Grade 8 MSBlock MO1 MSBlockSeq 09

TIMSS

Figure A.11. Released geometry items of TIMSS 1999 with item code M012039
(From ISC, n.d. b).
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TIMSS

ongruence and similarity

Figure A.12. Released geometry items of TIMSS 1999 with item code M012015
(From ISC, n.d. b).
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Figure A.13. Released geometry items of TIMSS 1999 with item code M022202
(From ISC, n.d. b)
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TIMSS

Solving Routine Problems

Figure A.14. Released geometry items of TIMSS 1999 with item code M012026
(From ISC, n.d. b).
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UniguelD M022142 Subject M Grade 8 MSBlock MO3 MSBlockSeqg 09

TIMSS

nowing Facts and
: Procedures

Figure A.15. Released geometry items of TIMSS 1999 with item code M022142
(From ISC, n.d. b).
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UniqueID MO022154 SubjectM  Grade 8 MSBlock MO3 MSBlockSeq 14

TIMSS

Rectangle PQRS can be rotated (turned) onto rectangle UVST. Content Domain

Geometry

T 8 I
Main Topic
Symmetry and
transformations

p ]

Cognitive Domain

U V Reasoning
What point 1s the center of rotation?
® P e
N C
® R
© S
o 7
gV

Figure A.16. Released geometry items of TIMSS 1999 with item code M022154
(From ISC, n.d. b).
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UniqueID M022016 Subject M Grade 8 MSBlock M0O4 MSBlockSeq 08

TIMSS

Figure A.17. Released geometry items of TIMSS 1999 with item code M022016
(From ISC, n.d. b).
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APPENDIX B
Standings on Geometry Items of TIMSS 1999

B S S

835 15
577
G 7
SE7 5.8
586 4G
535 AL
ekl
524 59
527 58
522 80

87
436 5.5

87 A
434 4.4
254 45
434 W
252 155
381 inm
U
ATy
&1 U
i o
250 B
L

438 15
412 58
@7 an
3| A
335 E5

SARCE B4 Thid inberatirl Matheralies and Moo Sy RS, 1o 1

Figure B.1. International standings on geometry items of TIMSS 1999.
(From Mullis et al., 2000, p. 97).
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APPENDIX C
Item Examples of TIMSS 1999 and Performances

! Hong Kong, 548 * -
Acvectangular garden tiat B next o a bulldiag has a path agotod the ather Quse | Sigapors &
sdders, 18 whows, fapan »
! Chinese Taips -
; Kares, Fep, of &
Buitding Netherfands ! »
; Austratia *
T Malsysia &
Slovak Repibilic
Canada
Belgium Flemishy ! %
1Em Finland
Huraary 3
Sovenis $ 08
Lypius A5 Ly
A i taly 45 7
s2m ol : Bulgsris e
What {5 the wea of the path? e Zealand 49 L6
: Tunisis 3%
5 Rustan Factaration 3% ¢
A [EE ; Thattard 5L
5 \ A R Meddov 34 2.7
O 4 m= § Uritad States Bae ¥
- 5 Meorocsa 31 x
Lo M | Uthuamia * 3tan ¥
L Masedoria, fep ot WES ¥
D B8 gt Bomaria nos v
: orfan W
Isras) ¥ B;En"
tarvia syt o ¥
fran, Idami Bep, ST
indonesia A_2m .
Tarkey ey ¥
Chibls wis Y
Philippinss 1Ry v
4 b

dficantly Higher than &
AT R

Figure C.1. Item example of TIMSS 1999 with code J10 and student performances
(From Mullis et al., 2000, 64).
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Contunt Area; Date Repre sentation: Rrnalyils and Frobaiility

Cescription: Selechs relevant information from o adveriiements to solve 3
complex word problom involving dedimals.

s s ovder 24 taues of 2 mapsane, He wady e following sdveriissment
Foy v smpganines, Uy are the unis of cuvsney we Chers’ coumiry,

Teen Lifs Teen News
Magazine Magazine
24 i3nues 24 issues
Firgt fony issups FREE First six issugs FRER
Tive romt The rest
3 perfy eachy, 35 ceds sash,

Which magarin s thy losst oxpaasive for 24 issues” How mouch less expensive?
Shrw voue sk

Teen Lfes 20
Ly
;Wf" ceis

M Lo ceds

Teen Life 15 fess expendivt
ba} A ceds.

Tr arawres shown ifurtestes the type of Sudent pense et e givan il acly

s7an
218
s ay
2dn
W5
M}
¥2n
i )
35420
AN
34425
7AE
28
2828
282
T
2644
H )

S S R R T S S

7128
2118
21 018
bl )
1804
10415
a5
i
iy
o8
i
1845
2408
BT}
Si6
500
ERIES
14
1403

R a4 4 4 4 H A 444444

Courtn sversge donicaniy Naber than 4
pasrnaienst snae

jraty snificsre $iflarsrce betwerounty
wniEae atd nhamsiunal sersge

oty wenege sionfloanh lossr thae W
raaraEional Remne

Figure C.2. Item example of TIMSS 1999 with code V02 and student performances

(From Mullis et al., 2000, p. 65).

100

PSR P

TR B SRS T W haBosnl Oty bl S Thoe Sy (IRNES,

S



Content Area: Geomet

Owverall

Description: Uses properties of similar triangles to find the length of a H;"c:
corresponding side.

The figure represents two similar riangles. The triangles are not drawn to scale.

B C

ar

E 15 cm

In the aciual rangle ABC, what 1s the length of side BC?

A 35cm
C@ 4.5cm
[
D, 55cm
E #om

Korea, Rep, of 0y A
Japan BB (14 4
Singapore 61 (27 &
Hong Komg, S4B * 56 (22) &
Chines= Taipei B2y a
Belgium (Flemish) * B0 32 &
Netherands * M3
Hungary LER PR
Russian Federation 4 27
Finland 39 (2.9)
Australia 30 (2.5
Romanis |29

United States 36 (1.6
Maldova 36 (24)
Canada 3523
Mews Zealand 3427
Skovenia 34 (24)
England * 3427
Bulgaria 33 (38
Czech Republic 3225
Malaysia 3219
Jordan 32 2.
Lithuania * 31 (28)
Cypns 31 2.9)
Latvia (LS5) ' 30 (2.8
Thailand LR
ftaly w4 v
brasl * 20 (2.4)
Macedonia, Rep. of Ry v
Philippires FENF
Indonesia 620 ¥
Iran, Islamic Rep. By v
Tunisis Hmity v
Chile apn -
South Africa 3Ny v
Turkey a2y T

Couniry average significantly higher than 4
intamational aversge

P statistically sigrificamt differancs batween counmy
awersge and internationsl average

Couriry average significantly lower than W
intamational aversge

/ \Sigrificance tests adjusted for mubtiple comparisons

Figure C.3. Item example of TIMSS 1999 with code P10 and student performances

(From Mullis et al., 2000, p. 66).
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Overall

Description: Given the initial terms in a sequence and, for example, the 5th Pcf,'f,:"c:
term of that sequence, generalizes to find the next term.
. L. . Korea, Rep. of L P
The figures show four sets consisting of circles, Chinese Taipel B3 (15 4
r/‘—‘\' Japan 66 (1.E) &
Singapaore BG [2d4) 4
_h\". | Hong Kong, S8R © 5T 200 A
Metherlands * 48 (30 4
Belgium (Flemish) * 44 {1.7) 4
O Canada 432y 4
Australia 923y 4
] . ) - , Hungary ‘BN &
F 1 Fi 2 Fi Fi 4
igure igure igure 3 igure REEEE —
Slovenia 37 [2.3)
, ) ) England * 35 (2.5
a) Complete the table below. First, fill in how many circles make up Figure 4, United States Wy &
Then, find the number of circles that would be needed for the Stk figure if the Czech Republic 3 (25
sequence of figures is extended. Slovak Republic 31 25
New Zealand 31 (2.0
Number of International Avg.
Figure circles Finlard 30 (2.2
1 1 lsrael * 27 (1.8
3 3 Russian Federation 7 (20
rad
B Maldova % (2.3
I A 6 )
- Bulgaria 26 [2.2)
+ A, 19 Thailand 25 (2.0
5 f= |5 taly 24018 ¥
Indonesia M lE T
Latvia (L55) ' 2 21 A
by The sequence of fgures is extended o the Tih figure. How many circles would Rﬂ:n(ani; - [[iu: o
. k . o .
be needed [or Figure 77 e Wiy v
Q\E Cyprus 155 ¥
Anzwer: Macedonia, Rep. of (ERTE
Jordan (ENE
c) The S0th figure in the sequence contains 1275 circles. Determine the number Turkey iy T
of circles in the 515t figure, Without drawing the 51st figure, ex ]a.i‘.%nr show Philippires Sjog ¥
how you arnved at your answer. 'li'r\ Chile apm
X mg\‘.ﬂ: g:\nlw‘&. ¥ ) Tunisia gy v
W \2 \ h ___..-"'(9 Iran, Islamic Rep. g0 v
}‘b‘ls i 30 -
\\mi}\mkxm n\b.h 5 _ \ 1;3\ South Africa 0.6) N
?“ 5‘;&,“ \‘a‘\ Maoracon 3 [0.5)
‘bm.: éﬁ - t Counry average significantly higher than 4
intzmationzl average
Mo statistically significant differencs betwean couniry
Fyersge and imternational sverage
Courviry average significantly lowerthan W
intzmational average

\ The answer shown Hlustrates the type of student resporse that was given full cradit. / \ Significance tests adjusted for multiple comparisons

Figure C.4. Item example of TIMSS 1999 with code V04 and student performances
(From Mullis et al., 2000, p. 67).
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Eohantent s Fractions and Number Sanse '

Bescantion: Snades suuares o s re anatiar guin to eresEnk s n e fraction

3 . . .
Shade in Y of the usit sguares i the grid.
£

The angwer e Bunates the foe of gudent ranes MEONEs e cedit

Figure C.5. Item example of TIMSS 1999 with code N19 and student performances

(From Mullis et al., 2000, p. 72).
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Ban
T an
¥7 918
AL
£33
AL
TIEN
58 2.6
B 43 5
63 3.5
81T
B0 3.8
8o
(SR
53 0.6
G oam
20
2an
4541,

sational s 3508

G
4 .95
45 25
3% 05
#an
Erl ek
30 2.8
EE
o
a1 2.3
EEAR
s
%00
% 8
21 &
130
54

B L

Louniy sversge sigrifcartly highar than
ERINETRNE FHAge

- b sisistioally significant chfference betwesn sty
Fverzge and raamatival decsge

Counyy avense sigrifeantly kwer than
ipmsngtiong seseage

e R e

»

4 4 4 4 4 4 4 4 ¢ 4 4 4 4

DAL T N atona A

»

onfficancs teers sejusted o uuidtle compseleers

it el Sosnce Shedy RS, 108 30y




Desciption: Soivac g miitbstep
in o ghven ratic.

John sobd 60 magarines st Mark sold 30 magarines. The magasnes wore all
sl E :

he zame prce. The total amonnt of monsy reoerved for the magavines
W3 How much mondsy did Mark recedve?

# o

Sy

el
w,;? f)rf ?ﬂ z:';‘_s
106
Xy

The snvwee shon Husbates the tyoe of stutksd respons Hhat wis given cdit.

B LM
&7 Em
5o
0o
5AT
B
Mo
e
G4
oo
5B
52 8.0
e
4208

41 am
46128
72
3 En
Rotrr
EER iy
M oA
328
0 @6
%
2T 0
P )
e
2an
203
bty
£y

infernations sweEge

N wrgsial tpn it oo haveren (o vy
Fprage and rramational sesngw

Coxaniry average sigrificanty bower thay
irgRrnatony seMse

Loy average sigrificandy bigher than 0

8

iicancs ek adusied Yor multiple compiclions

Figure C.6. Item example of TIMSS 1999 with code R15 and student performances

(From Mullis et al., 2000, p. 73).
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Content Area: Measure

Dwerall
Description: Finds the area of a rectangle contained in a parallelogram of E‘;“,,;":}
given dimensions.
Singapore Bl &
The hgure shows a shaded rectangle inside a parallelogram. Japan g1 &
Hong Kong, SAR * TB(1E) &
Karea, Rep. of TA13 &
le——3om —= Chinase Taipei TS (14) &
Belgium (Flemish) * G520y &
Canada 53 (15 4
Slovak Republic 57 (25 &
g Finland g3 4
= Malaysia 510 &
Methedands * 55 (4.7)
Australia 5518y &
Bulgaria 52 (3.2)
% e - Slovenia QR0
Russian Federation 49 {2.8)
Italy 48 (2.1
t
‘What is the arca of the shaded rectangle? . :::L:::j ﬁ :i 3:
Hungary 45 {2.0)
Latvia (L55) ' 44 2.5 B
i
Romania Bzay - F
) &D News Zealand N3 ”E’
Answer: Cyprus My o E
Moldova 8 (26) g
Tunisia BUE T g
Lithuania * 3524 7 g
United States My vz
Thailand BEY T og
(8;3): 5 lwasl® B8 ¥ E
Jordan F B g
Iran, Islamic Rep. mEn v on
6 Macedonia, Rep. of wpny T E
x (—f Turkey wan T g
Irelonesia wpy ¥ S
Marocco gy ¥ E
ab Chile My v 3
Philippines sy v oo
South Africa pn Y od
Country average significanty higherthan &
imernational awsage
Mo seatistically significnt difiznen ce betwesn courtry
awerage and intamational average
Country averaga significanty lower than W
imternations| avsage
\ The answer shown illustrates the type of student response that was given medit. __/-' '-\é_i;ni‘ﬁa'.:g tests adjusted for multiple comparisors _','

Figure C.7. Item example of TIMSS 1999 with code T03 and student performances

(From Mullis et al., 2000,p. 74).
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o Content Area: Geometry

Lesnpion: Dalsnning the numbar ot iannles of g dimansions noeded
o tovar 3 gvenirettangie:

Oy
% On
R
nRY
san
% ne
Man
@
ey
§7 A
1
%07
55 136
5 a8
8 2
R
man
A4 e
Boa
47 5y

Hum

Howr many of the shaded right smngles shown abeve are needed to exactly sover
the serfacy of the recleagle?

HOBOR R R R R e

0

A Tous

22w
%47
3026
)
aum
%80
namn
15 (8
12048

LA A T fernatioant Mt buer st s St e HAEEN, Yend - aad

P

Taurry sescse sgeificanaiy highey than g
nmratian s swage

Yo sissiealyinicant Sfeerca bemsen cary
Fusage s ngEnatonal SRS

Conpstry 2vsage sgnificarnly bwar than ¥
npngtiand swrage

Horeficancs tests sdjusted ormultivhe comparsoes.

Figure C.8. Item example of TIMSS 1999 with code R11 and student performances
(From Mullis et al., 2000, p. 75).
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Content Area: Algebra

Overall
Percent
=
Japan By =
Hong Kong, SAR 1 o1m A
Korea, Rep. of Mg &
Slewak Republic TERE &
. . i . Russian Federation TEN A
Find the value of x if 12x — 10 = fix + 32 r——— %ag A
singapore T2y A
Hungary T™2E A
Chinese Taipei BRn
Raomania FLUNE S Y
Czech Republic Be (28 &
ANSwer: ks Lithuania * & (34 &
Latvia (LSS} ° 2 A
Belgium (Flemish) * By &
A Moldova (I &
A2¢- bk - “j' - Macedania, Rep. of g1 31)
Cyprus IER]
= br = Mt Israel 2 5 (34)
) Ital 4 (28
=7 E‘-—):': - International Auwg M (0
3 o Malaysia 827
Bulgaria MpEy v
__.‘) 7‘ = ’} United States Mgy v
Canada raEn v
Turkey R2@E T
Australia EVINET I
Thailand W v
England * xen v
Finland MRy v
Iran, lslamic Rep. FERN -
Netherlands * wRy v
News Zealand 1an ¥
Jordan waw v
Indonesia gan v
Chile i1y
Morocco o ¥
Philippines By T
Tunisia Bl w
South Africa Sy T
Country average significantly higher than &
internationd average
Mo statsticaly sigrificart difference betwesn country
average and international average
Country average sigrificantly lower than W
internationa averags
'-\_ The: answer shawn ilustratas the type of student resparsa that was given credit. __/-' '-\S_@?niﬁ-;anoete-madimbed for multiple mmpalisun_s_f,-'

Figure C.9 .: Item example of TIMSS 1999 with code L17 and student performances

(From Mullis et al., 2000, p. 76).
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COrtens fron: Fraction: and Nurmbor Sente i

Dostription: in aword problan toes rounding 1 iderdtii the surmbor sentence
st phaes the bortestimatc Tor tha sraguct

Thae ave B8 s of cors n a parkang e, Bach row hay 92 cars. Wisioh of these
winedd grve the closest estimute of the total number of cars m the pukmg le?

AL & W= 3400
B Al 100 = 8000
O MW s E s 8300

P s He TOOO

Figure C.10. Item example of TIMSS 1999 with code P13
(From Mullis et al., 2000, p. 80).
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B
B2 26
B
i U
>
8O
5 e
5536
S8
57628
S
{6
BoL
48 1
@ on
Hon
£20m
30018
1A

4 4 4 4 X 4 % %4 K 4 %
AT G T rbemestioned Rabieetion aov Seieace Shaky AR TO0E 1900,

Comery avpeson shyrdficzely Highas thas
by ae s

Ho srafeialy dgni o d¥ience bawnin ooy myy
g and imtamations] srenge

Countyy gwermae sndicerdly fowsr than
irdeeREanEl BNEragE

and student performances




Sontent Aren: Sronetny

Diescription: Locatas the paint an 3 gric Wit anit sivinions whanths naint

liakbatwean the gridilings

Wihich poiat an the graph could bave coordinates (71617

¥
H
3 = ok
i
5 S ¥ . {3
) - 2 =X
{ 3 i 15

A, Poit P
B Poim Q@

¢, PolmtR

@ Poden S

Ran
44
049
Han
023
729
AT
78 G4
%29
ey
Gk
w2 am
a8
HAs
"N
#ag
57 8
57 18
529
52 2h

R R R BB B R F PR R PR E P EFoE

3 )
53 8
]
5 2.0
A5 2.9
730
6425
A an
37D
R 4w
% 20
2408
2l yin)
2348
20 (1.7
04N

4 4 x4 % 444 A4 44

Country sverage sianifcantly Migher than 1 4
irgenatkng] wvsrags

No stafietady sqrifuar Gifamnos betaesn sty
: sverage a0 irdeena na! vags

County aveiage sgnaiiiandy weihan
s aage

s e e tests salasted for muttisle compar e

Figure C.11. Item example of TIMSS 1999 with code J16 and student performances

(From Mullis et al., 2000, p. 81).
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o v% a maber, When w omultphed by 7, and § i thon wilded, the result s 41, 5 (1};

Which of these equations represents g relation? 26 (0.8
BS (0.7

@ o L ]
2 8

82
B2 {18
g
S
009
REig )
7am
% {2
Ran
e dis
e
i
@S

B. T 3

[ T wH =il

£ Tmebyuidl]

Py P e P P EF FREFF R

-

=

5, T

1

internationalivg:

€% (1.8
62
it
e )
SR an
L2 (14
&1 s
(L
&5
4 i
BaE
BEE e
]
a
16 (15)

Sl T TR FE f e S PR P e
SR A I e B Ees S ST Sy f

Countyy avatsge signfuzenly highar thas 4
Bt Bt R

o staiticaly Spndcandifonsnce betwaen o
Fpemags and imaeradionsl yoenge

SRRy AR signiﬁﬁmlg' iwer thsn W
irsrnan S awsrage

Figure C.12. Item example of TIMSS 1999 with code B12 and student performances
(From Mullis et al., 2000, p. 82).
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Content Area: Fractions and Number Sense

Description: Rounds to estimate the sum of igit numbers.

The sum 641 + 208 18 closest (o the sum

A 600+ 200
@ TO0 + 200
C. 700+ 300
Do 900+ 200

\ J

Owerall
Percent
Correct
Singapore a7 g &
Belgium (Flemish) * 90T &
Japan 95 (G &
Netherlands * 95 (0E &
Hong Kong, SAR * G307 &
Canada 93 nn 4
United States 93 [0y A
Hungary 93 oy &
Korea, Rep. of 93 [0E &
Slovenia 902 Mg a
England * a2 (L A
Czech Republic a1 o) &
Australia 91 (0E &
Finland a1 (Lo A
Slovak Republic 90 (1) 4
Chinese Taipei 89 @7 A
New Zealand 28 (L0 A
Malaysia a8 o A
Latvia {L55) 8y A
Bulgaria % (LE) &
Cyprus 2511y &
Lithuania * 24 (1.5
Russian Federation 22 (1.9
Israel * 23 (1.6
hlamaliunal Aoy, 80 (0.2)
Macedonia, Rep. of FEEE ]
Italy 77 0.9
Thailand 77 (1.5
Turkey M3 v
Romania N B
Tunisia BT Q13 ¥
Jordan 6 (15 ¥
Moldowva & (g ¥
Chile B 13 ¥
Iran, Islamic Rep. B 1E ¥
Indonesia 5416 ¥
Philippines S3{lE ¥
Maoroooo 43 1) -
South Africa e T

Country aversge significantly higher than 4
international awerage

Mo statie cally sigrificant difference behwesn couniry
average ard intemationa average

Courry averge significantly lower than W
international aversge

' Significance tests adjusted for multiple comparisons

Figure C.13. Ttem example of TIMSS 1999 with code H09 and student performances

(From Mullis et al., 2000, p. 86).
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" Content Area: Fractions and Number Soree

Leschphon:Subiracte s e decimabpisce number roms anotherwdih

it regreuning:

Subiract: 47221935 =

a R
B 277
£ 2ER7

b 2aw

2
e
wan A
b0 (e *
B A
i A
oy
By
Wy
oo
85
Ay s
Bie A

206

Insratianat g

wan
HEn
73
@i
1 En
71 i
nEs
Al
5% (13
seam ¥
5%y ¥
RIS 0w
spn ¥
sipn ¥
Wpn ¥
Lan ¥

Sountry svsrsge signfiantly higher thin
mlemEtan HEsIE

Ho sisfistically s ificant diffeseine betasen couniry
Fwirage sad intreonaticral avags

Conpry 3eseage significanty e than W
imemations ey

3 Sgrificance tedts adjusted for mutipte mmparions

B THIRT sl kol WESEen i e S0 Stely CHMES), 19901909,

S

Figure C.14. Ttem example of TIMSS 1999 with code R07 and student performances

(From Mullis et al., 2000, p. 87).
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Fo - Cuntent R Fractions oo Nienber Sense

Digsrrintiane Subbosts Grenralinit nirnhoy fren anather INCORNNE Saraog.

Subtract;

AL MRS
@ 2035

[ WA

LR

oL
~ 4078

3501
i
96 119
36 (14
28t
3 Rn
230
2o
s e
6En
N e
Hen
TR
T3
I RA
s
76 R4
76 @

e R R R R E PR R

1t
Hetarnatinnat Sy
3N
s
nEh
5% 1%
£HC1)
5% 2.5
857 (a4
AT EA

Lanrtry sversge signifiardiy hsgr&rﬁm 3
e nstions! FveaTEne

svarigs snd ineenstionst e

it natiens! dregn

Figure C.15. Ttem example of TIMSS 1999 with code R13 and student performances
(From Mullis et al., 2000, p. 88).
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” Ares: Dats Reprogantation Ansivsls and Probabiility

Description: Beadk 2

Thiy tebde sbwney oaperndines 5 wsrions fieoes on foug deye

TEMPERATURE
Sman | Snon § Noon | 3pamn |8 pan.
Muordisy ¥ i P 2 53
Tueaday 24P L 1 1 e
Wadneaday & W H2 fte 5
Thursdyy & i° e w5 ¥
£ whichoday and a0 whiat tives was d Beaperin shovs ia the bk de s o

short S o i thermeesse

@ Mhewichiy, Moo

B Taesaw § gen

4

L Wedaenisy, 3 pon,

B Thassday, 3 o

a8 108
a5 4
bR 33
538
kA4
2Ry

121

0n

RE

223

RE]
a0 {15
o {15
B 25
B3 1301
48 (19
87 120
85 1.4
85 25
PR
52y
B3 (2.3

LEOM O OB R OB oRoRE R oFOFBE BB EOEE

R
non
67 1.8
68 128
65 18
58 i
6y
5825
54 2
B2
43 {20
E i

R N 4 4 4444 R

Cemyetey sneage sigeifogary bigher than
intamgiong! dverage

Mesticaly sty o diens bawear sty
ssrage ad asrnation s xeseage

Toarary seerane Sopificsetly o das ¥ :
inrematanal 2erage

igrifivancs tes adigieed by muticle compasiang 7

Figure C.16. Item example of TIMSS 1999 with code P16 and student performances

(From Mullis et al., 2000, p. 89).
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APPENDIX D
Standings on Mathematics Items of TIMSS 1999

Years of
Mathematics Achievement Scale Score shverage  Formal ‘“‘:’g:““
Schooling
singapore L A BM (B3 3 144
Korea, Rep. of . & 5E7 (2.0) 8 14.4
Chinese Taipesi L & 5EG (40 3 14.2
Hong Kong, SAR * L P A DED (43) 3 142
Japan o & ST 3 144
Belgium (Flemish) * L & 5ER(33) 3 14.1
Netherlands * B A& 54D (7Y ] 14.2
Slovak Republic [ A 534 (40 ] 143
Hungary L A 5 AT) 3 144
Canada L A 53125 3 140
Slovenia L A& 530 (28) ] 148
Russian Federation | A 56 (5.9) Tord 141
Australia L A 525 {434 Bord 143
Finland S - 7 128
Czech Republic T & G20 (42) 9 144
Malaysia L A& C10 {445 8 144
Bulgaria om0 & i1 (5.3) 3 148
Latvia (L55) ' L L & GO (34 3 145
United States o A 502 {40 3 14.2
England * L 4% (4.1 9 14.2
New Zealand L B 40 (5.2 251005 140
International Avg. I 257 (0.7 14.4
Lithuania " oo 482 (4.3) 85 15.2
Italy S 479 (3.8) 8 14.0
Cyprus s v 476 (18) 3 138
Romania o= 472 (5.8) 8 148
Maldewva o v 4ED (30) 9 14.4
Thailand e ¥ 4ET (51) 3 14.5
Israel ? oo ¥ 456 (39) 8 14.1
Tunisia L L v M4 3 148
Macedonia, Rep. of L v M7 A 8 1456
Turkey om ¥ o043 8 14.2
Jordan o ¥ 428 (36) 3 14.0
Iran, Islamic Rep. e v 0204 8 145
Indonesia o v 403 (49) ] 144
Chile L v 302 (44) ] 144
Philippines . LTI 7 14.1
Morocco o ¥ 337 (26) 7 14.2
South Africa L v 75 68 8 155
0 100 N0 300 AN SN & 700 3
~ Percentiles of Performance ~ -~ ~,
51,“ 25,“' FE‘,',m 957“' ( . _Courmylaaerage significantly higher than
international average
-
Average and 95% Corfidence Intervl (£25E) e R e el

¥ Country aversge significantly lowsr than
international avarage

'xéigni‘ﬁu:moe tests adjusted for multiple comparisons /

Figure D. 1. International standings on overall mathematics items of TIMSS 1999
(From Mullis et al., 2000, p. 32).
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SOURCE: EA Third Intemational M athematics and Sclence Study (TIMSS), 19981989,



