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Foreword

As an international non-profit research organization, the International Association for
the Evaluation of Educational Achievement (IEA) has, over the past 50 years, conducted
a large number of studies which focus on the outcomes of schooling in key subject-
matter areas at important educational transition points. These studies have provided
powerful insights into the home- and school-based factors implicated in learning
outcomes at the school level. However, IEA has not focused undivided attention on
what is arguably the key element of successful learning—teachers. The IEA Teacher
Education and Development Study-Mathematics (TEDS-M) is a step toward remedying
that situation.

TEDS-M represents the first large-scale, international comparative study of the
preparation of primary and lower-secondary (specifically, mathematics) teachers. IEA
considers TEDS-M a landmark study in terms of its examination, within both national
and international contexts, of country-level policies relating to the preparation of
future teachers of mathematics. The authors of this report look closely at how these
policies are played out in the participating countries’ varied teacher education programs
and instructional practices, and speculate on the implications of these programs
and practices for student learning in schools. They also suggest how TEDS-M might
contribute to ongoing research into teacher education.

IEA sees TEDS-M as a blueprint for ongoing IEA (and other interested parties’) work on
teaching teachers to teach. The study evolved through a collaborative process involving
many individuals and experts from around the world, including not only the study
directors but also expert panel members and national research coordinators.

Support for this project was provided by generous funding from the US National
Science Foundation, participating countries, and from IEA’s own resources. It is,
however, ultimately the responsibility of a number of key individuals to ensure that the
ambitious goals of projects such as this one are translated into reality.

For their efforts in making TEDS-M and like projects a reality, I thank in particular
Michigan State University’s (MSU) Dr Maria Teresa Tatto, the study’s executive director
and a principal investigator. I also offer sincere thanks to the study’s co-directors and
investigators: Dr Jack Schwille and Dr Sharon Senk, from Michigan State University,
and Dr Lawrence Ingvarson, Dr Glenn Rowley, and Dr Ray Peck from the Australian
Council for Educational Research (ACER). MSU and ACER provided the international
research centers for TEDS-M. Thanks go to the researchers from both centers who
contributed to this project.

I furthermore acknowledge Dr Barbara Malak of the IEA Secretariat along with Dirk
Hastedt, Ralph Carstens, Falk Brese, Sabine Meinck, and Robert Whitwell of the IEA
Data Processing and Research Center for their contributions to the development and
reporting of this project. Jean Dumais from Statistics Canada served the important role
of sampling referee for TEDS-M.



THE TEACHER EDUCATION AND DEVELOPMENT STUDY IN MATHEMATICS (TEDS-M)

IEA studies rely on national teams headed by the national research coordinators in
participating countries. They are the people who manage and execute the study at
the national level. Their contribution is highly appreciated. This study also would
not be possible without the participation of many futures teachers, teacher educators,
and policymakers within these countries. The education world benefits from their
commitment.

Hans Wagemaker
Executive Director, [IEA
AMSTERDAM, MARCH 2012
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CHAPTER 1:

THE TEACHER EDUCATION AND DEVELOPMENT
STUDY IN MATHEMATICS: AN INTRODUCTORY
OVERVIEW

1.1. TEDS-M—Genesis, Purpose, Participants, and Funding

The Teacher Education Study in Mathematics (TEDS-M) 2008 is the first cross-national
study to provide data on the knowledge that future primary and lower-secondary school
teachers acquire during their mathematics teacher education. It is also the first major
study to examine variations in the nature and influence of teacher education programs
within and across countries.

The impetus for TEDS-M, conducted in 17 countries under the aegis of the International
Association for the Evaluation of Educational Achievement (IEA), was recognition
that teaching mathematics in primary and secondary schools has become more
challenging worldwide as knowledge demands change and large numbers of teachers
reach retirement age. It has also become increasingly clear that effectively responding
to demands for teacher preparation reform will remain difficult while there is lack of
consensus on what such reform should encompass and while the range of alternatives
continues to be poorly understood let alone based on evidence of what works. In
the absence of empirical data, efforts to reform and improve educational provision
in this highly contested arena continue to be undermined by tradition and implicit
assumptions. TEDS-M accordingly focused on collecting, from the varied national and
cultural settings represented by the participating countries, empirical data that could
inform policy and practice related to recruiting and preparing a new generation of
teachers capable of teaching increasingly demanding mathematics curricula.

Two particular purposes underpinned this work. The first was to identify how the
countries participating in TEDS-M prepare teachers to teach mathematics in primary
and lower-secondary schools. The second was to study variation in the nature and
impact of teacher education programs on mathematics teaching and learning within and
across the participating countries. The information collected came from representative
samples (within the participating countries) of preservice teacher education programs,
their future primary and lower-secondary school teachers, and their teacher educators.
The key research questions for the study focused on the relationships between teacher
education policies, institutional practices, and future-teachers’ mathematics content
knowledge and mathematics pedagogy knowledge.

The 17 countries that participated in TEDS-M were Botswana, Canada (four provinces),
Chile, Chinese Taipei, Georgia, Germany, Malaysia, Norway, Oman (lower-secondary
teacher education only), the Philippines, Poland, the Russian Federation, Singapore,
Spain (primary teacher education only), Switzerland (German-speaking cantons),
Thailand, and the United States of America (public institutions only).
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Michigan State University (MSU) and the Australian Council of Educational Research
(ACER) were selected as the international study centers for TEDS-M. The members
of the two international centers and the national research coordinators (NRCs) of the
participating countries worked together from 2006 to 2011 on the study, which received
funding from the United States of America National Science Foundation, IEA, and the
collaborating countries.

TEDS-M is sponsored by IEA. IEA generously contributed funds that helped initiate
and sustain this innovative study. Each participating country was responsible for
funding national project costs and implementing TEDS-M 2008 in accordance
with the international procedures.

Theinternational costs for TEDS-M 2008 were co-funded by the US National Science
Foundation NSF REC 0514431 9/15/2005 to 2/5/2012. Principal investigator (PI):
Maria Teresa Tatto. Co-PIs: John Schwille and Sharon Senk.

Any opinions, findings, and conclusions or recommendations expressed in this
material are those of the author(s) and do not necessarily reflect the views of the
National Science Foundation.

1.2 Factors of Potential Relevance to the Education and Performance
of Future Teachers

Justification for this study and the development of its conceptual framework, design, and
methodology were grounded in and supported by the findings of a review of relevant
research literature. The review highlighted five fundamental sources of variation within
and across nations with respect to the teaching and learning of mathematics. These
sources were also deemed to be those with the most potential relevance to the education
and performance of future teachers. They are briefly described in the following
sections.

1.2.1 Student Achievement in Mathematics

Data from IEA’s Trends in International Mathematics and Science Study (TIMSS) 2007
showed considerable variation in the average national achievement scores of students
from the 37 countries that participated in the study’s Grade 4 mathematics test and the
48 countries that participated in the Grade 8 mathematics test.

At the Grade 4 level, scores on the international achievement scale ranged from 224
points in Yemen to 607 points in Hong Kong SAR (Mullis et al., 2008). Twenty countries
had average scores at or above the TIMSS international scale average of 500. Students
who attained the highest scores (ranging from 607 to 568) were those from Hong Kong
SAR, Singapore, Chinese Taipei, and Japan. Students in the Russian Federation, England,
the United States, and Germany had slightly lower average scale scores, ranging from
544 in the Russian Federation to 525 in Germany.

At the Grade 8 level, the gap was even wider: students in only 12 out of the 48 countries
scored at or above the TIMSS scale average of 500. Students in five countries—Chinese
Taipei, the Republic of Korea, Singapore, Hong Kong SAR, and Japan—achieved very
high scores, which ranged from 598 (Chinese Taipei) to 570 (Japan). Students in
England, the Russian Federation, and the United States achieved average scores of 513,
512, and 508, respectively. Students in Qatar had the lowest average score (307) on the
international scale (Mullis et al., 2008; National Center for Education Statistics, 2010).
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1.2.2 The Mathematics Curriculum

While, at the macro-level, Grades K to 12 mathematics curricula are relatively consistent
in terms of content and difficulty across countries (Tatto, Lerman, & Novotna, 2009),
the heterogeneous performance of students in different countries may be associated
with differences in the topics included in the textbooks and/or grade-level mathematics
curricula of each country. For example, Valverde, Bianchi, Schmidt, McKnight, and
Wolfe’s (2002) analyses of Grade 8 mathematics textbooks from countries participating
in TIMSS assessments found that the books in some (albeit relatively few) countries
covered more complex topics than the books from other countries. The more complex
topics included “estimating computations” and “numbers and their properties.” Mullis
etal. (2000) noted considerable cross-national variability in the extent to which students
participating in TIMSS 1999 met international mathematics performance benchmarks
pertaining not only to the overall mathematics test but also to each item on that test.

1.2.3 The Quality of Mathematics Lessons

Both the TIMSS 1995 Video Study (Stigler, Gonzales, Kawanaka, Knoll, & Serrano, 1999)
and the TIMSS 1999 Video Study (Hiebert et al., 2003) rated the quality of mathematics
lessons (i.e., how well these lessons were being taught) in the countries participating in
these studies. Although the rating results for each study should be interpreted with
caution because of the small number of countries included in the ratings (in the case
of the 1995 study) and the small subsamples of lessons from each country in the 1999
study, the differences in the cross-national ratings suggest that the quality of lessons
(specifically how they are taught) is considerable enough to warrant further research.

During the TIMSS 1995 Video Study, an expert panel rated the overall quality of the
samples of mathematics lessons drawn for the three participating countries—Germany,
Japan, and the United States. The panel rated 51% of the lessons from Japan as medium
quality and 39% as high quality. In the United States, 89% of the lessons were rated
low quality; no lesson received a high rating. In Germany, low-quality lessons made up
34% of the whole sample while high-quality lessons made up 28% of the entire sample
(Stigler & Hiebert, 1997).

Subsamples of Grade 8 mathematics lessons from six of the seven countries that
participated in the 1999 study (Australia, the Czech Republic, Hong Kong SAR,
the Netherlands, Switzerland, and the United States') were rated for quality by a
“mathematics quality analysis group.” Quality was defined according to four precepts:
coherence, presentation, student engagement, and overall quality. The rating scale
ranged from 1 for low to 5 for high. Hong Kong SAR gained the highest average ratings:
coherence (4.9), presentation (3.9), student engagement (4.0), and overall quality (4.0).
The United States received the lowest ratings (3.5, 2.4, 2.4, and 2.3, respectively).

1.2.4 The Nature of Teacher Education Programs

The Organisation for Economic Co-operation and Development (OECD) (2005) case
studies of recruiting, preparing, and retaining effective teachers in 25 countries showed
that teacher education provision varied in important ways across countries. For example,
the providers of teacher education differed from country to country. In some countries,

1 Japan was not included because a sample of Japanese lessons was coded for quality during the earlier TIMSS 1995
Video Study.
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universities provided all teacher education. In others, teacher training colleges offered
non-university levels of preparation. There were also countries where agencies outside
the higher education system provided teacher education. The OECD report also revealed
that some teacher education programs were combined with undergraduate preparation
in the discipline students were being prepared to teach, while other programs provided
teacher education (i.e., pedagogy) only after candidates had finished a first university
degree in a subject-matter area. Some countries provided only one route to becoming a
teacher, while others offered more than one route.

Variation in teacher education is a product not only of readily visible differences in
organization and structure but also of divergent views (of, for example, educational
experts, policymakers, and reformers) on how best to conduct the preparation of
teachers. These views encompass the knowledge that is deemed most important to
teach, the relationship between theory and practice, the relative importance of subject
matter, pedagogy, and teacher understanding of students, and whether future teachers
learn best through actual experience in classrooms (Schwille & Dembélé, 2007; Tatto,
2000, 2007).

This diversity is reflected in the terminology used across the field of teacher education
(Eurydice, 2002; Stuart & Tatto, 2000; UNESCO, 1998). For example, the word
“pedagogy” has a wide array of meanings, ranging from a narrow technical focus on
teaching technique (as used in the United States) to a broad concern with everything
that happens in the classroom, including its moral and philosophical underpinnings
(Hamilton & McWilliam, 2001). The broader view is represented in European discourse
on teacher education, where the term “general pedagogy” is typically used to designate
all non-subject-matter theoretical aspects of teacher education programs. In the United
States, these aspects are covered by the term “educational foundations.”

1.2.5 The Content of Teacher Education Programs

Although experts may not be able to consensually define and measure all aspects of what
it takes to teach well, all agree on the importance of subject-matter knowledge (Monk,
1994). But agreement ends there: marked differences exist among stakeholders on
what knowledge is important for teachers to acquire, how teachers should acquire that
knowledge, and how important that knowledge is to each teacher’s success (Grossman,
1990).

Of particular importance to the debate on what should be taught in formal teacher
education is the question of whether teachers who know the subject-matter content
they are to teach can learn on the job everything else they need to teach well or whether
they need to engage in formal teacher education (Darling-Hammond, Holtzman,
Gatlin, & Vasquez Heilig, 2005). This debate tends, however, to ignore the relevance of
what is known in Europe as didactique (Boero, Dapueto, & Parenti, 1996) and in the
United States as knowledge for teaching or, to use educational psychologist Lee Shulman’s
(1987) term, pedagogical content knowledge. The importance that this latter type of
knowledge holds for teaching well is highlighted in a German study which found that
“when mathematics achievement in grade nine was kept constant, students taught by
teachers with higher pedagogy content knowledge (PCK) scores performed significantly
better in mathematics in grade ten” (Brunner et al., 2006, p. 62).
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Pedagogical content knowledge is just one category within Shulman’s (1987) teacher
knowledge framework. However, it is an important one because, as Shulman explains,
it is what allows teachers to effectively relay and make comprehensible to students
subject-matter knowledge and curricular knowledge. Subject-matter (or content)
knowledge is the set of fundamental assumptions, definitions, concepts, and problem-
solving methods that constitute the ideas to be learned. Pedagogical content knowledge
is evident when teachers use powerful analogies and examples to describe and explain
aspects of the subject being learned. It is also evident when they draw on insights
into what makes the learning of specific topics within the subject curriculum easy or
difficult and then tailor their teaching accordingly, and when they actively appreciate
the conceptions that students of different ages and backgrounds bring with them as
they start to learn various subject-related topics in school.

A number of studies indicate that the mathematics content and pedagogy knowledge
which teachers learn is frequently not the knowledge most useful for teaching
mathematics (see, for example, Ball & Bass, 2000; Graham, Portnoy, & Grundmeier,
2002; Hill, Sleep, Lewis, & Ball, 2007). Various other studies (e.g., Even & Ball, 2009;
Mullis et al., 2008) show that the mathematics knowledge of primary and secondary
school students is weak in many countries, an outcome that may be, in part, a product
of this situation. Also of relevance here is the claim that educational reforms directly
affecting the mathematics preparation of teachers and the curriculum they are expected
to teach are frequently prompted by mandates deployed with little or no empirical basis
supporting their effectiveness (for examples, see Tatto, 2007). These changes have led,
in some cases, to incoherent systems of teacher education and to increasing uncertainty
about what mathematics teachers need to know and how teacher education can help
them acquire such knowledge (Tatto, Lerner, & Novotn4, 2009).

1.3 Research Questions
The above considerations led to formulation of three key research questions:

1. What are the policies that support primary and secondary teachers’ achieved level
and depth of mathematics and related teaching knowledge?

2. What learning opportunities, available to prospective primary and secondary
mathematics teachers, allow them to attain such knowledge?

3. What level and depth of mathematics and related teaching knowledge have
prospective primary and secondary teachers attained by the end of their preservice
teacher education?

A common question across these three areas of inquiry (each of which is described in
more detail below) concerned cross-national and intra-national variation: thus, how and
to what extent do teacher education policy, opportunities to learn, and future teachers’
mathematics subject and pedagogy knowledge vary across and within countries?

1.3.1 Research Question 1

Effort to answer this question required examination of national policies directed at
mathematics teachers, including those pertaining to recruitment, selection, preparation,
and certification. More specifically, this question called for collection of data pertaining
to the following:

(a) The policies that regulate and influence the design and delivery of mathematics
teacher education for future primary and secondary teachers;
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(b) The institutions and programs charged with implementing these policies;

(c) The distinctive political, historical, and cultural contexts within each country that
influence policy and practice in mathematics teacher education; and

(d) The policies in each country regarding standards for degrees, coverage of topics,
certification practices, and the recruitment, selection, and preparation of future
mathematics teachers.

1.3.2 Research Question 2

This question focused on the intended and implemented curriculums of teacher
education at the institutional level, as well as the overall opportunities to learn embedded
in these curriculums. The data gathered included:

(a) The kinds of institutional and field-based opportunities provided for future
primary and secondary teachers;

(b) The enacted curriculums and standards of teacher education programs;

(c) Thecontenttaughtin teacher education programsand how instruction is organized;
and

(d) The qualifications and prior experiences of those responsible for implementing
and delivering these programs.

1.3.3 Research Question 3

This question required examination of the intended and achieved goals of teacher
education. Specifically, this question led to exploration and identification of the
following:

(a) The mathematics content knowledge that future teachers are expected to acquire
as an outcome of their teacher education;

(b) The depth of understanding of mathematics that they are expected to achieve;

(c) The mathematics teaching knowledge (i.e., content, pedagogy, curriculum) that
future teachers have achieved by the end of their teacher education (i.e., the point
at which they are considered “ready to teach”);

(d) Other characteristics that might help explain future teachers’ability to gain mastery
of this knowledge; and

(e) The beliefs about the nature of mathematics and about teaching and learning
mathematics that future teachers hold at the end of their preparation.

1.4 The Design of TEDS-M

The conceptual framework, design, and methodology of TEDS-M are outlined in
Appendix B of this report and thoroughly documented in various other reports (see
Tatto, 2012; Tatto, Schwille, Senk, Ingvarson, Peck, & Rowley, 2008), and we refer readers
to them. However, descriptions of the sources from which study data were collected and
the process used to draw samples of survey respondents provide important contextual
information with respect to the content of this report and so are given here.
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1.4.1 Data Sources

Data pertaining to the first research question were drawn from case study reports
from each participating country and from questionnaires and interviews issued and
conducted by the TEDS-M international study centers. Data relating to the second and
third questions were gathered through four surveys developed by the international
research centers and administered by the national research centers. The surveys targeted
nationally representative samples of (1) teacher-education institutions and programs, (2)
teacher educators, (3) future primary school teachers preparing to teach mathematics,
and (4) future lower-secondary school teachers preparing to teach mathematics.

1.4.2 Sampling Process

In most countries, TEDS-M implemented a two-stage random sampling design. First,
the sampling unit of the IEA Data Processing and Research Center (DPC) worked with
each participating country’s national research center to select samples representative of
the national population of “teacher preparation” (TP) institutions offering education to
future teachers intending to teach mathematics at the primary and/or lower-secondary
levels. Once an institution had been selected, all programs within that institution offering
mathematics preparation were identified. These institutions (and programs) along with
samples of educators and future teachers from within them were then surveyed. In
many countries, all TP institutions had to be selected in order to achieve IEA sampling
standards, and in the sampled institutions it was necessary for all but a few countries to
survey all eligible educators and all eligible future teachers.

The national research centers in each country used the software package WinW3S to
select the samples of programs, future teachers, and educators. Sampling errors were
computed using balanced half-sample repeated replication (or BRR, a well-established
re-sampling method). All countries participating in TEDS-M were required to provide
complete national coverage of their national-desired target populations. However, in
some cases, organizational and/or operational conditions made it difficult for the centers
to obtain complete national coverage. These occurrences are annotated throughout this
report.

1.5 Distinctive Characteristics of and Target Audiences for TEDS-M
The TEDS-M study is unique in several important respects. It is the first:

+ IEA study conducted within the sphere of higher education;

+ IEA study of teacher education;

+ Cross-national study of teacher education designed to gather data from nationally
representative probability samples on the knowledge outcomes of teacher education
and on the possible determinants of those outcomes;

+ Cross-national study of teacher education to integrate a specific subject matter
(mathematics) with generic issues in teacher education policy and practice and to
be conducted on a nationally representative basis; and

+ International assessment of student learning in any field of higher education to
employ representative national samples.
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For educational policymakers, TEDS-M contributes data on institutional arrangements
that are effective in helping teachers become sufficiently knowledgeable in mathematics
and related teaching knowledge. For teacher educators who design, implement, and
evaluate teacher education curriculums, TEDS-M contributes a shared language, a
shared database, and benchmarks for examining teacher-education program designs
against what has proved possible and desirable to do in other settings. For mathematics
educators, TEDS-M provides a better understanding of what qualified teachers of
mathematics are able to learn about the content and pedagogy of mathematics, as
well as the arrangements and conditions needed for acquisition of this knowledge.
For educators in general and for informed laypersons, TEDS-M provides a better
understanding about how and what teachers learn as they prepare to teach.

1.6 Content of this Report

The rest of this report presents the findings of TEDS-M. Chapters 2 and 3 address
Research Question 1. Chapter 2 compares national policies and employment conditions
in teacher education across the participating countries. It also pays particular heed to
the forces that shape the mathematics preparation of future teachers, including the
organization and characteristics of teacher education at the national level. Chapter 3
provides “capsule” descriptions of teacher-education systems at the national level in each
country. Taken together, Chapters 2 and 3 provide detail about the policy and systems
of teacher education that serves as context for the findings of the various surveys.

The remaining chapters present the results of the national surveys used to address
Research Questions 2 and 3. Chapter 4 summarizes the main characteristics of the
institutions, programs, teacher educators, and future primary and lower-secondary
teachers who responded to the TEDS-M questionnaires. The chapter also documents
the variation observed across countries with respect to teacher education institutions,
credentials granted, curriculum content, and the background characteristics of teacher
educators and future teachers. Chapter 5 details the frameworks that TEDS-M used to
measure future primary and lower-secondary teachers’ mathematics content knowledge
and mathematics pedagogy knowledge, and the results of these tests.

Chapter 6 includes findings concerning future teachers” beliefs about the nature of
mathematics, about learning mathematics, and about mathematics achievement.
Chapter 7 describes the theoretical framework, research questions, and domains used to
study the opportunities to learn to teach mathematics that the various national teacher
education programs offered future teachers.

The final chapter, Chapter 8, includes a discussion of the implications of the TEDS-M
findings for policy and further research analysis. Appendix A contains a number of
exhibits that complement the discussions in various chapters. Appendix B provides a
detailed account of the methodology informing the study as well as descriptions of
the research concepts underlying the study and of the methods used to implement the
four surveys and to analyze and report the data. Appendix C lists and acknowledges the
many people and organizations involved in designing and implementing TEDS-M and
in analyzing and reporting its data.
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