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CHAPTER 1:
OVERVIEW OF THE TEACHER EDUCATION AND
DEVELOPMENT STUDY IN MATHEMATICS

Maria Teresa Tatto, Michigan State University

The Teacher Education and Development Study in Mathematics (TEDS-M), conducted
under the aegis of the International Association for the Evaluation of Educational
Achievement (IEA), was designed to inform policy and practice in mathematics teacher
education. For educational policymakers, TEDS-M contributes data on institutional
arrangements that are effective in helping future teachers become sufficiently
knowledgeable in mathematics and related teaching knowledge. For the teacher
educators who design, implement, and evaluate teacher education curricula, TEDS-M
contributes a shared terminology, a shared database, and benchmarks for examining
their teacher education provision against what has proved possible and desirable to
do in other settings. For mathematics teachers in schools, TEDS-M provides a better
understanding of what qualified teachers of mathematics learn about the content
and pedagogy of mathematics during their preservice education, as well as about the
arrangements and conditions conducive to acquisition of this knowledge. For educators
in general and for informed laypersons, TEDS-M provides a better understanding about
what and how teachers learn as they prepare to teach.

Seventeen countries participated in TEDS-M.! They 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 only), Thailand, and the USA (public institutions, concurrent and consecutive
teacher education program routes only).

The TEDS-M joint-international research centers at Michigan State University (MSU)
and the Australian Council for Educational Research (ACER) worked from 2006 to
2011 with the study’s national research coordinators (NRCs) in the 17 countries to
develop, implement, and report on the findings of this study. Funding for TEDS-M
came from the collaborating countries, IEA, and the United States of America National
Science Foundation. The TEDS-M framework is detailed in Tatto et al. (2008), and the
study’s findings can be found in the TEDS-M international report (Tatto et al., 2012).
This technical report provides detailed information about the procedures developed
and used during the study.” First, though, a brief account of the key features of the study
is in order.

1 In the case of Canada, four distinct education systems (four provinces) participated in TEDS-M. The term
“country” is used in this report to refer to both the countries and parts of countries that participated in the
study.

2 This report provides another supporting document for researchers engaged in secondary analysis of the TEDS-M
data. It should be used in conjunction with the TEDS-M 2008 User Guide for the International Database (Brese &
Tatto, 2012).
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1.1 Purpose of TEDS-M

TEDS-M was designed to explore not only how teachers are prepared to teach
mathematics in primary and lower-secondary schools but also variation in the nature
and impact of teacher education programs within and across countries. TEDS-M is
the first crossnational study to provide data on the knowledge that future primary and
lower-secondary school teachers acquire during their mathematics teacher education.
Established with the express aim of providing information to inform policy and practice
inteacher preparation, the study collected and analyzed data from representative national
samples of preservice teacher education institutions (and the programs within them)
as well as from their future primary and lower-secondary 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 content knowledge.

1.2 Research Questions
TEDS-M asked three key questions.

* Question 1: What are the policies that support primary and secondary teachers’
achieved level and depth of mathematics and related teaching knowledge? This
question concerned the policies directed at mathematics teachers, including
recruitment, selection, preparation, and certification.

* Question 2: What learning opportunities available to prospective primary and lower-
secondary mathematics teachers allow them to attain such knowledge? TEDS-M
examined the intended and implemented curriculum of teacher education at the
institutional level in each country, as well as the overall opportunities to learn
embedded in this curriculum.

* Question 3: What level and depth of mathematics and related teaching knowledge
have prospective primary and lower-secondary teachers attained by the end of their
preservice teacher education? The study examined, in relation to this question, the
intended and achieved goals of teacher education.

1.3 Data Sources

The first research question was addressed through individual case study country reports,
questionnaires, and interviews issued by the TEDS-M international study centers.
The second and third research questions were answered via surveys of 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 also preparing to teach mathematics.

The future teacher surveys included questions pertaining to respondents’ backgrounds,
opportunities to learn mathematics content and pedagogy, and beliefs about teaching
and learning mathematics. The surveys also included a knowledge assessment of the
mathematics content knowledge and the mathematics pedagogical content knowledge
of both categories of future teachers (primary and lower secondary). The assessments

were implemented just before these individuals were due to graduate from their
preservice teacher education programs.
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The survey data elicited came from over 15,000 primary and over 9,000 lower-secondary
future teachers and close to 5,000 teacher educators in 500 institutions of preservice
teacher education. These institutions included 451 units preparing future primary
teachers and 339 units preparing future lower-secondary teachers.

1.4  Sampling Procedure

TEDS-M implemented a two-stage sampling design when drawing the national samples
of teacher education institutions/programs, teacher educators, and future teachers. First,
the sampling unit of the IEA Data Processing and Research Center (DPC) in Hamburg,
Germany, worked with the national research centers in each participating country
to select samples representative of the national population of “teacher preparation”
institutions offering education to the target population of future teachers (i.e., those
preparing to teach mathematics at the primary and/or lower-secondary levels). Once
an institution had been selected, all of its programs associated with preparing future
teachers of mathematics were included in the survey. Second, each national center used
the IEA DPC-provided software package WinW3S to select the samples of future teachers
and educators from within these institutions (and programs). These individuals were
then asked to complete the surveys and/or knowledge assessments. All samples were
drawn using randomization.

The countries participating in TEDS-M were required to provide complete national
coverage of their national desired target populations. Some countries found it necessary
to selectall teacher preparation institutions in order to reach the IEA sampling standards.
Nearly every country also found it necessary to survey all eligible educators. Likewise,
in the majority of countries, all eligible future teachers in the sampled institutions were
surveyed. However, organizational and/or operational conditions made it difficult for
some national centers to obtain the complete required coverage. Sampling errors were
computed using balanced half-sample repeated replication (or BRR, a well-established
resampling method).

1.5 Content of this Report

The rest of this report presents the technical detail associated with TEDS-M. A brief
description of the content of each chapter follows.

+ Chapter 2 summarizes the study’s framework, instruments for data collection, and
guidelines for analyzing and reporting on the data presented in the participating
countries’ national reports.

+ Chapter 3 sets out the development of the assessment frameworks for the future
teachers’ mathematics content knowledge and their mathematics pedagogical content
knowledge, as well as the content of the assessments and their scoring guides.

* Chapter 4 describes the conceptual underpinnings and the development of
the TEDS-M survey questionnaires. This chapter also includes definitions and
descriptions of the TEDS-M target populations (institutions/programs, teacher
educators, and future teachers) and of each item included in the questionnaires.

+ Chapter 5 delineates the guidelines and rules for national adaptations to the TEDS-M
questionnaires and assessments, as well as for their translation and layout. It also
explains the procedures used to verify the national instruments.

*  Chapter 6 details the sampling design.
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*  Chapter 7 covers the implementation and administration of the surveys.
* Chapter 8 focuses on the procedures for quality assurance of the data collection.

* Chapter 9 describes the process of creating, verifying, and “cleaning” the content of
the TEDS-M database.

+ Chapter 10explains the processes used to estimate sampling weights and participation
rates.

+ Chapter 11 describes the study’s data-calibration and scale-development processes.
It additionally provides an account of the process used to report the assessment
and questionnaire data. Also covered is the development of anchor points for the
assessments of mathematics knowledge and mathematics pedagogical content
knowledge.

The report’s appendices detail, amongst other matters, the characteristics of the national
samples, set out the guidelines given to the national centers to help them prepare their
country reports, and provide various item statistics and scale characteristics.
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CHAPTER 2:
THE TEDS-M POLICY CONTEXT STUDY

John Schwille, Michigan State University
Lawrence Ingvarson, Australian Council for Educational Research

Maria Teresa Tatto, Michigan State University

2.1 Overview

This chapter focuses on the responsibilities, guidelines, instruments, analysis, and
reporting associated with the TEDS-M policy context substudy. This study involved an
analysis of the national policies relating to mathematics teacher education and of the
national contexts in which this area of education takes place. The questions framing
this component were these:

+ What are the policies that regulate and influence the design and delivery of
mathematics teacher education for elementary and lower-secondary teachers?

+ What institutions and programs have been established at the national level to
implement these policies?

* How do countries’ distinctive political, historical, and cultural contexts influence
policy and practice in mathematics teacher education?

+ What are the policies in each country regarding standards for degrees, coverage
of topics, certification practices, recruitment, selection, and preparation of future
mathematics teachers?

+ How do these policies vary across countries?

2.2 Data Collection

2.21 Preliminary Country Questionnaires

The policy study was launched with the implementation of two questionnaires—the
TEDS-M sampling frame questionnaire and the TEDS-M route questionnaire. Both
were completed at the national level by the TEDS-M national research coordinators
(NRCs) or other members of the TEDS-M national teams.

2.2.1.1 TEDS-M sampling frame questionnaire

The sampling frame questionnaire (also known as the route questionnaire) asked the
NRGC:s to identify all routes' leading to teaching primary school or lower-secondary
school mathematics in their system of teacher education. The questionnaire also
collected a small amount of information on a few very important characteristics of
each of these routes. In particular, the questionnaire asked respondents to provide the
grades/standards that the graduates of each route are qualified to teach, the types of
school for which they are qualified to teach (e.g., academic, vocational, comprehensive),
and the total number of graduates from the route for the latest year in which statistics
were available.

1 TEDS-M defined route as the sequence of opportunities to learn that lead future teachers from the end of their
general secondary schooling to the point at which they are considered fully qualified to teach in primary or lower-
secondary schools. A route is thus a prescribed pathway through which teacher education programs are made
available in a given country. Teacher preparation programs within a given route share a number of common
features that distinguish them from teacher preparation programs in different routes. Different countries have
different sets of routes available (see Tatto et al., 2008, pp. 25-26).
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The primary purpose of this questionnaire, included in Appendix A of this report, was
to produce information needed for the design of each country’s probability samples.
Once the sampling frame questionnaire had been completed, each country’s NRC, the
international study centers, the IEA Data Processing and Research Center (DPC), and
the sampling referee discussed the routes to be covered by TEDS-M in that country.
The information gathered during this process produced not only what was needed for
sampling, but also information for the policy study. This information was invaluable
in terms of clarifying understanding of how the respective countries organized their
teacher education provision.

2.2.1.2 TEDS-M route questionnaire

Once the routes to be studied by TEDS-M had been identified, each NRC completed
the route questionnaire, designed to provide further information on each route into and
through teacher education. Developed by the international teams and revised by NRCs
before use, the questionnaire required national centers to draw on diverse sources of
information, including interviews and focus groups, as needed. Topics covered were:

* The legislative/regulatory framework for teacher education;

+ Characteristics of the institutions, programs, and sequences that make up the route
(including duration and numbers of institutions);

+ External examinations required and credentials awarded during each phase;
+ Nationally prescribed or recommended curriculum content for the routes;

+ Nature and amount of school-based practicum experience in the route;

+ Levels at which curriculum decisions are made for the route; and

+ Qualifications required of teaching staff in the route.

2.2.2 Country Reports from NRCs

How teacher education is organized varies in many ways, both within and across
countries. Some of these differences are major in the sense that they are likely to have
substantial effects on the amount, scope, and nature of the opportunities to learn
offered to future teachers as well as on what they actually learn. In order to understand
more fully the nature of these differences, NRCs were asked to produce a country report
on national policy pertaining to teacher education in general and its organization and
context in particular. These reports were intended to serve two purposes:

1. Asastandalone report that, when combined with the reports from all countries, could
be published as one of the TEDS-M international reports (subsequently designated
the TEDS-M encyclopedia);

2. As input for crossnational analyses of teacher education policy, organization, and
context.

Each country report, written by the TEDS-M NRC and/or other members of the
TEDS-M national team, constituted a response to guidelines prepared by the TEDS-M
international teams. Lawrence Ingvarson and John Schwille took the lead in developing
and implementing these guidelines. To make the crossnational report as useful as
possible, the information sought aligned with the information obtained through the
route questionnaire. The latter produced data that were standardized and therefore
directly comparable, whereas the country reports provided the contextual narratives in
a qualitative form that enabled interpretation of the crossnational summary statistics.
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The country report guidelines provided an overall outline for the content of the
national reports as well as an indication of what to include under each heading. The
international teams asked that the report include three main parts:

1. Context and organization of teacher education;
2. Quality-assurance arrangements and program requirements; and

3. Funding and reform of teacher education.

Part 1 asked the NRCs to cover the historical, cultural, and social factors that had played
a significant role in shaping their country’s teacher education system. NRCs were also
directed to focus on current policies and issues related to the teacher workforce, the
teacher labor market, and teacher quality, and then to document the structure and
organization of the teacher education system in their country. The Part 2 guidelines
directed NRCs to focus more specifically on quality-assurance policies and program
requirements, as applied to, for example, entry into teacher education and full entry to the
teaching profession. NRCs were also asked to pay specific attention to teacher education
curricula and the requirements of the teaching practicum (field experience). Part 3 of
the country report required the NRCs to cover the financing of teacher education as
well as any current debates on reforming this area of educational provision.

More specific questions as well as additional guidance were provided under all these
headings (reproduced for this volume in Appendix B). In addition, the guidelines called
for clarity about the within-country differences across types of teacher education, levels
(e.g., elementary, lower secondary), states or provinces in federal systems, and public
and private institutions.

A process of consultation with TEDS-M NRCs that involved discussing any matters in the
reports requiring clarification or meriting further elaboration followed. The TEDS-M
team encouraged NRCs to modify the recommended report outline by tailoring their
descriptions and discussion to the distinctive conditions in their respective countries.

Some of the topics covered in the country reports did not elicit the information sought.
For example, countries generally were not able to report the costs of teacher education
with sufficient accuracy and coverage for this information to be used in reporting
TEDS-M findings at the international level. The sections on curricula were generally
more limited and general than had been intended. This outcome may simply have meant
that discourse at the national level on teacher education and the specific requirements
imposed on it are largely framed in ways that apply to all subjects rather than in terms
limited and specific to mathematics teacher education. Due to lack of resources, the
Russian Federation was unable to provide a country report.

2.3  Analysis and Reporting

The data from the two questionnaires and country reports are described and discussed
in three TEDS-M publications: summarily in the main international report (Tatto et al.,
2012), from a crossnational perspective in the international report devoted exclusively
to the policy context study (Ingvarson et al., 2013), and in the TEDS-M encyclopedia,
which contains condensed versions of each country report (Schwille et al., 2013).
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2.31 International Report on the Policy Study
2.3.1.1 TEDS-M organizational terminology

To avoid ambiguity, some special terminology was developed for TEDS-M. For example,
two key terms denote the structure and organization of teacher education: program
and program-type. Program refers to a prescribed course of study leading to a teaching
credential. Program-type refers to groups of programs that share similar purposes and
structural features, such as the credential earned, the type of institution in which it is
offered, whether the program is concurrent or consecutive, the range of school grade
levels for which teachers are prepared, and the duration and degree of specialization.

In other words, program-type refers to the distinctive organizational features that
differentiate the pathways to becoming qualified to teach. For example, in Poland, one
of the teacher education program-types is a relatively new first-cycle Bachelor’s degree
designed to prepare teachers for integrated teaching in Grades 1 to 3. The opportunities
to learn organized for future teachers in this program-type have certain attributes in
common regardless of which university is the provider. Also, some of these common
features differ from the common features of other program-types in Poland, such as
those that prepare mathematics specialists to teach in Grade 4 and above. In contrast,
the word program in TEDS-M refers to the particular form or the way a program-type
is implemented in a particular institution. In short, the terms program and program-
type are meant to replace using the one word, program, which on its own could refer
ambiguously both to teacher education as organized in one particular institution and
to closely related offerings at multiple institutions.

Thus, whatever National Taiwan Normal University (Chinese Taipei) offers to qualify
students in secondary mathematics teacher education is a program, whereas the
program-type “secondary mathematics teacher education” consists of the common
characteristics of all such programs throughout Chinese Taipei. Multiple programs
of the same type in multiple institutions therefore typically make up a program-type.
Exhibit 2.1 lists, country by country, all program-types included in the TEDS-M target
population together with some of their most important organizational features.

Finally, in order to provide a more comparable and sufficiently large grouping of future
teachers across countries, TEDS-M aggregated program-types into program-groups.

2.3.2 Organization and Context of Teacher Education

How the countries participating in TEDS-M organize their teacher education varies
considerably from one country to another. Ongoing changes in countries’ education
systems and their teacher education provision contribute to this diversity, making it
difficult to give definitive descriptions of teacher education that are likely to apply in
the longer term. Nevertheless, the TEDS-M crossnational data indicated that it would
be possible to characterize and compare the organization of teacher education in terms
of a few key parameters. We discuss each of these below, indicating why they were
chosen and what their likely importance is crossnationally. It is important to note that
countries differ greatly with respect to which parameters they determine nationally and
which they leave to teacher education institutions to decide.
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2.3.2.1 Key organizational parameters
2.3.2.1.1 Concurrent and consecutive program-types

The distinction between concurrent and consecutive program-types is one of the ways
to distinguish the organization of teacher education in TEDS-M, both within and
across countries. Concurrent program-types grant future teachers a single credential
for studies in subject-matter content, pedagogy, and other courses in education. All
of this learning happens simultaneously (concurrently) during the first period of
postsecondary education. In contrast, consecutive teacher education program-types
require completion of two phases of postsecondary education: first, a university degree
with specialization in the subject-matter to be taught, followed by a separate second
phase of study focused primarily on pedagogy and practicum.

The only TEDS-M country for which this distinction did not closely apply was
Germany, where preparation for teaching is spread across two phases. The first takes
place in universities. The second—practical—phase occurs in special institutions within
each federal state and under the jurisdiction of that state. In addition to coursework
in academic subjects, the first phase includes classes in subject-specific pedagogy and
general pedagogy. During the second phase, future teachers pursue further study while
taking full responsibility for teaching assigned classes in primary or secondary schools.

Although the distinction between concurrent and consecutive program-types is widely
used, few systematic crossnational studies have investigated how the two differ in regard
to curricula and practices, except for the fact that consecutive tend to place all or most
of their subject-matter content early in the program and their pedagogical content
and field experience toward its end. The TEDS-M findings have narrowed that gap in
understanding.

A third type of program, namely, the school-based program, is now widely available
in some countries, such as the United States, and runs in addition to the consecutive
and concurrent program-types. The school-based type of program takes more of an
apprenticeship approach to learning to teach. It is not, however, represented in the
TEDS-M database.

2.3.2.1.2 School grade levels for which a program-type prepares teachers

One of the most obvious ways in which to classify teacher education program-types is
in terms of whether they prepare teachers for primary or secondary schools. However,
it quickly became apparent in TEDS-M that this distinction would be an over-
simplification. The terms primary and secondary do not mean the same thing from
country to country.

For example, a number of countries, such as Chinese Taipei, Georgia, and Malaysia,
have primary programs that prepare teachers to teach from Grades 1 to 6 because
these grades constitute primary school in those countries. Other countries, such as
Botswana, Chile, and Thailand, have program-types that also start at kindergarten or
Grade 1 and extend up to Grade 7, Grade 8, and even Grade 12, respectively. At the
other extreme, primary school in most German states is limited to Grades 1 to 4. Chile
and Norway have only one type of program for preparing teachers for primary and
lower-secondary schools and so make little or no distinction between the preparation
of teachers for the early grades and for the middle grades. Their approach is radically
different from the approach in countries such as Chinese Taipei and Germany where
there is considerable differentiation.
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Grade spread is another useful indicator of policy decisions (albeit shaped by tradition
and history) about the extent to which the teacher workforce should be unified in its
knowledge base and practice. As Exhibit 2.1 shows, these differences in grade span were
reflected in the decisions that the TEDS-M researchers made about which instruments
to administer for each program-type.

2.3.2.1.3 Program-type duration

The TEDS-M programs preparing primary teachers are usually four years long, but
there is some variation. Exhibit 2.1 shows the duration of the countries’ single-phase
concurrent program-types. It also shows the duration of the first phase and second
phase of countries’ consecutive program-types (e.g., four years for Phase 1 and one
year for Phase 2). Programs preparing secondary teachers also show some variation.
Concurrent program-types commonly require four years of study. The first phase of
consecutive program-types typically lasts four years and the second phase one year.
Germany, where the first phase usually lasts three and a half or four and a half years and
the second phase lasts two years, is again the exception.

As is the case with grade span, program duration is a key aspect of higher education
policy. According to the literature, variation in the duration of teacher education
within and across countries is striking, ranging in the sources consulted from a few
months to eight years (Dembélé, 2005; Lewin & Stuart, 2003; OECD, 2005, Stuart &
Tatto, 2000; Tatto, 1997a, 1997b, 2008; Tatto, Lehman, & Novotnd, 2010). This variation
is due to various conditions, including economic constraints, the relationship between
the demand for and the supply of teachers, the education level of available applicants
to teacher education, and (in particular) the amount and quality of those applicants’
subject-based and pedagogical-based content knowledge.

2.3.2.1.4 Subject-matter specialization

Program-types can also be classified according to whether they prepare generalist
teachers or specialist teachers of mathematics. In TEDS-M, the primary school teachers
in most of the participating countries were being prepared as generalists destined to
teach most if not all of the core subjects in the school curriculum. However, some of
the countries were also preparing specialist teachers of mathematics to teach below
Grade 6.

Specialization tended to be the norm in lower-secondary schools across the TEDS-M
countries, although in most cases this meant teaching not one but two main subjects,
such as mathematics and science. Without keeping the degree of specialization in
mind, it would be misleading to compare programs that differ in this respect. A future
teacher being prepared to specialize in teaching mathematics is likely to learn more
mathematics content knowledge than a future teacher being prepared to teach more
than one subject.

However, the differences between being prepared to teach one, two, three, or more
teaching subjects are not necessarily clear-cut. In some of the country reports, authors
spoke of future teachers studying aspects of a second or third subject but were not
explicit about whether and under what conditions these students would be able to teach
those subjects. TEDS-M addressed this problem by classifying each program-type in
terms of primarily teaching only one subject, primarily teaching only two subjects
(mathematics and one other), and primarily teaching three or more subjects (i.e., the
generalist).
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Also, in some countries, practicing teachers teach “out of field,” that is, in a subject for
which they are neither adequately prepared nor qualified according to the countries’
official expectations of teachers of those subjects. In this and other respects, the state
of preparation among the future teachers surveyed by TEDS-M may be very different
from the situation among practicing teachers. Exhibit 2.1 above shows the degree of
specialization in each of the program-types included in TEDS-M.

2.3.2.1.5 Relative size of different program-types

Paying attention to the relative size of program-types is essential to understanding the
structure of teacher education in any one country. Nonconsideration of this matter
could easily lead to the assumption that some programs are bigger than they are in
reality, and also that they are less marginal than they actually are in meeting the demand
for new teachers.

The country by country graphs in the summary chapter (Chapter 2) of the TEDS-M
policy report illustrate the extent to which the number of future teachers in the TEDS-M
target population varied across program-types. For each country, the graph indicated
which program-types were producing the most graduates and which the fewest (for an
example, see the right-hand graph in Exhibit 2.2 on the next page). This estimate of
program-type enrollments in the last year of teacher education was based on the sum
of weights from the achieved TEDS-M sample.

These sums of weight were unbiased estimates of the actual total number of future
teachers in the target population broken down by program-type. The estimates were
necessary because countries rarely collect and maintain this type of data, even at national
levels, and especially in the case of teacher education for lower-secondary schools where
interest for TEDS-M lay not in the total number of future teachers preparing to become
lower-secondary teachers, but in those future teachers preparing to teach mathematics
as their only or as one of their two main teaching subjects. National educational statistics
are also not ordinarily maintained on numbers of secondary future teachers by subject-
matter specialization.

2.3.2.2 Usefulness of key parameters in terms of characterizing teacher education
at the national level

Examination of the key parameters described in this chapter indicated that classifying
program-types into concurrent versus consecutive and elementary versus secondary
greatly oversimplified the organizational characteristics of teacher education at national
levels. Our more precise crossnational analysis of organizational features suggested that
some of these characteristics, including those examined in depth in other TEDS-M
reports, do have a major impact on the opportunities to learn and outcomes associated
with teacher education. One hypothesis developed during the policy study was that
three of the variables (highest grade level for which future teachers are prepared, the
duration of the program-type, and the greatest degree of subject-matter specialization)
are those especially powerful in shaping opportunities to learn and outcomes.
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2.3.3 The Distinctive National Imprint of Each TEDS-M System

Although national systems of teacher education have many commonalities, at least in
terms of key organizational parameters, each also has its own particular characteristics.
This national imprint is rooted in history and reflects a particular cultural, social,
and political context. Therefore, for the policy study, we also compiled from standard
statistical sources on the internet a comparison of the 17 countries in terms of relevant
demographic and development indicators (see Ingvarson et al., 2013). Furthermore,
on the basis of the country reports and subsequent crossnational analyses, we wrote a
brief capsule summary of the salient, distinctive organizational features of the teacher
education systems represented in TEDS-M. Although the countries and their teacher
education systems paralleled one another in various respects, each country also differed
from the other countries in distinctive, nonparallel ways that need to be taken into
account when analyzing and interpreting TEDS-M survey and assessment data.

Because each program-type reported on in TEDS-M had developed its own distinctive
character in response to different policies and contexts, the capsule summaries were
necessary to portray the distinctive characteristics and context of each national system
in terms of what the national report authors deemed was most important for readers
to know when considering the TEDS-M data. In addition to a narrative explanation,
each summary contains three graphs, designed to give an immediate visual image of the
diversity of program-types within and between countries.

The graphs are based on Exhibit 2.1 in this chapter and on the aforementioned table
of sums of weights by program-type. Exhibit 2.2, featuring Botswana, is an example of
this graphic. The three organizational characteristics portrayed in each set of graphs are
the same as those discussed above—the grade span for which systems prepare teachers,
the duration of each program-type (i.e., the total number of years of postsecondary
education required to become fully qualified), and the size of the program-type in
terms of number of future teachers in their final year of preparation (as estimated from
the TEDS-M sample).

Exhibit 2.2: Example graphic: Teacher education program-types in Botswana

) )
A
5 D
C
rrrrrrrrrrr Tl I I I I I I I I I I
1 2 3 4 5 6 7 8 9 0 11 12 0 1 2 3 4 5 6 0 40 80 120 160 200
Grade span for which teachers are prepared Duration of program-type (years) Estimated no. of final-year students per program-type

Key to program-type

A—Bachelor of Secondary Education (Science), university
B—Diploma of Secondary Education, colleges of education
C—Diploma in Primary Education

Note: Because the Postgraduate Diploma in Education one-year consecutive program produces very few graduates, it was not
included in the TEDS-M target population. The Bachelor of Primary Education at the university was also excluded because of a
lack of students. The Bachelor of Education (secondary) program was not included because it is intended for practicing teachers
who have at least two years of teaching experience. It was therefore outside the scope of TEDS-M.

Source: Ingvarson et al. (2013), p. 42.
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The narrative accompanying this graphic summarizes the distinctive national context
information required for understanding these program-types and for interpreting the
survey and assessment data presented in other TEDS-M reports. These characteristics
are discussed under three headings:

1. Institutions and governance;
2. Program-types and credentials; and

3. Curriculum content, assessment, and organization.

2.3.4 Crossnational Comparison of Quality-Assurance Policies

International interest in policies that promote teacher quality has increased markedly
in recent years. With mounting evidence that the major in-school influence on student
achievement is teachers’ knowledge and skill, policymakers have been giving closer
attention to strategies likely to recruit, prepare, and retain the best possible teachers.
Each country deals with these issues in its own way. Some countries have specific policies
to ensure that teaching presents an attractive career option in comparison with other
professions. Some have national agencies with responsibility for selecting entrants to
teacher education programs. Others leave the selection to individual universities and
other teacher education providers.

Part 2 of the international report on the policy study documents the quality-assurance
arrangements operating in the countries that participated in TEDS-M. It addresses the
following questions:

*  Recruitment and selection: Who decides, and how, which students gain entry to teacher
education programs? What policies and agencies are in place to monitor and assure
the quality of entrants to teacher education? What are the standards or requirements
for eligibility to enter programs for preparing teachers of mathematics? How do the
academic standards of entrants to teacher education compare with standards for
entry to most other university or professional preparation programs?

+ Accreditation of teacher education institutions: Who decides, and how, which
institutions are allowed to train teachers? What policies and agencies are in place
to monitor and assure the quality of teacher education institutions and programs?
What procedures are used to assess and accredit the quality of teacher education
institutions or programs? What requirements are laid down for the curriculum, field
experience (practicum in schools), and staffing in teacher education institutions and
programs?

+ Entry to the teaching profession: Who decides, and how, which students meet the
requirements for full entry to the profession? What policies and agencies are in place
to monitor and assure that graduates are competent and qualified to gain certification
and full entry to the profession?

The last part of the international policy report brings together the findings generated
by these questions and summarizes arrangements for assuring the quality of teacher
education programs. The TEDS-M international research teams rated each type
of policy in terms of its strength (i.e., a weak through to a strong policy) and then
combined these ratings in an overall rating. This second group of ratings provided the
basis for a preliminary investigation into the relationship between quality-assurance
arrangements and the quality of graduates from teacher education programs. At this
level, the relationship was found to be strongly positive.
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3.1 Overview

The knowledge teachers use when teaching mathematics was a key TEDS-M outcome
variable. It consisted of two hypothesized dimensions—mathematics content knowledge
(MCK) and mathematics pedagogical content knowledge (MPCK). The first step that
the TEDS-M research team took when developing the TEDS-M mathematics assessment
instruments was to conceptualize the TEDS-M frameworks for these two dimensions.

The MCK and MPCK frameworks developed for the study that preceded TEDS-M,
known as Mathematics Teaching for the 21st Century or MT21 (Schmidt, Blomeke,
& Tatto, 2011), informed the TEDS-M conceptualizations. However, because MT21
focused on the lower-secondary level only, a considerable amount of work was needed
to extend these conceptualizations to include future primary teachers. The same was
true of the assessment frameworks eventually developed for the two dimensions of
knowledge. That work included drawing on other studies of mathematics education.
The specifications eventually established for the TEDS-M assessment frameworks
required, in turn, the development of a large number of items designed to measure the
MCK and MPCK of the future teachers who participated in the study.

The elaboration of the TEDS-M mathematics assessment frameworks, items, and
instruments was a collaborative process lasting almost four years, from the fall of 2003
to the fall of 2007. To ensure that TEDS-M reflected an international perspective, the
people involved in developing both the assessment framework and the test included
prominent mathematicians, mathematics educators, and psychometricians. Together,
they represented a range of nations and cultures.

In this chapter, we describe and discuss the conceptualization and development of the
TEDS-M frameworks for MCK and MPCK. We also explain how the international
pool of items was developed, refined, selected, and categorized. In the final part of the
chapter, we look at the design of the instruments and assessment booklets as well as the
development of the scoring guides.
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3.2 Developing the TEDS-M 2008 Assessment Frameworks

Building on the work of past studies in mathematics education, the TEDS-M research
team developed an assessment framework for each of the two dimensions of mathematics
knowledge for teaching.

In order to maximize connections with other international studies, the Grades 4
and 8 mathematics frameworks for the 2007 iteration of the Trends in International
Mathematics and Science Study (TIMSS) (Mullis et al., 2005) and the 2008 TIMSS
Advanced frameworks (Garden et al., 2006) were used as the basis of the frameworks
designed to assess the MCK of students enrolled in teacher preparation programs.

The framework for MPCK required more extensive development. While educational
stakeholders accept MPCK as a meaningful and important construct (see, for instance,
Hill, Sleep, Lewis, & Ball, 2007), there is no corresponding consensus worldwide on
how best to categorize and describe the aspects of this dimension of mathematics
knowledge for teaching (Even & Ball, 2009). Differences exist, for example, between
the European notion of didactics (Pepin, 1999) and the Anglo/American notion of
pedagogical content knowledge (Shulman, 1986). The involvement of countries with
an Asian culture of pedagogy in TEDS-M further enriched and added to the complexity
of the development of an MPCK framework that would fairly represent the countries
involved. The careful description and measurement of MPCK during TEDS-M was a
product of the contribution that each country participating in TEDS-M made to these
processes.

3.21 The Mathematics Content Knowledge (MCK) Framework

The MCK of interest in TEDS-M was that required to teach primary and lower-
secondary school students. All MCK items developed by TEDS-M were categorized
according to three domains: content, cognitive, and curricular level (Tatto et al.,
2008). After the team of TEDS-M researchers who developed the items for the MCK
assessment had finished categorizing each item to one of these domains, panels of
experts in mathematics education along with members of the national research teams
reviewed the categorizations. This process led to all items in each domain of the MCK
instruments being classified according to subdomains:

1. Content domain (subdomains of number and operations, geometry and
measurement, algebra and functions, data and chance);

2. Cognitive domain (subdomains of knowing, applying, reasoning); and

3. Curricular-level domain (subdomains of novice, intermediate, advanced).

3.2.1.1 Content subdomains

Although the mathematics knowledge that teachers of lower-secondary students need
is not the same as that which teachers of primary school students need, TEDS-M used
the same broad subdomains of number and operations, geometry and measurement,
algebra and functions, and data and chance for both. Exhibit 3.1 shows the content
knowledge framework that TEDS-M adapted from TIMSS 2007 (Mullis et al., 2005)
and TIMSS Advanced 2008 (Garden et al., 2006). As is evident from the exhibit,
TEDS-M researchers considered most of the mathematics content listed in Exhibit 3.1
to be appropriate for both future primary and secondary teachers. However, content
related to advanced topics in algebra and functions was deemed suitable for the lower-
secondary students only.
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Exhibit 3.1: Mathematics content knowledge framework: content knowledge subdomains and content areas

Subdomain Content Areas

Number and Operations Whole numbers (ps)

Fractions and decimals (ps)

Number sentences (ps)

Patterns and relationships (ps)

Integers (ps)

Ratios, proportions, and percentages (ps)
Irrational numbers (ps)

Number theory (ps)

Geometry and Measurement Geometric shapes (ps)
Geometric measurement (ps)
Location and movement (ps)

Algebra and Functions Patterns (ps)

Algebraic expressions (ps)

Equations/formulas and functions (ps)

Advanced topics, e.g., limits, continuity, matrices (s)

Data and Chance Data organization and representation (ps)
Data reading and interpretation (ps)
Chance (ps)

Note: p = primary level; s = lower-secondary level.

The TEDS-M researchers initially planned to give approximately equal emphasis to all
four content subdomains. However, subsequent analyses of the primary and secondary
mathematics curricula and the teacher preparation curricula in the participating
countries indicated that some countries gave lesser emphasis to data and chance than
to the other three content subdomains. Consequently, number and operations, algebra
and functions, and geometry and measurement received more emphasis than data and
chance in the MCK assessment instruments used in TEDS-M.

3.2.1.2 Cognitive subdomains

TEDS-M adopted the three cognitive subdomains—knowing, applying,and reasoning—
used in TIMSS 2007 and TIMSS Advanced 2008. These subdomains were described by
Garden et al. (2006, p. 17) as follows:

Understanding a mathematics topic consists of having the ability to operate successfully in
three cognitive subdomains. The first domain, knowing, covers the facts, procedures, and
concepts students need to know, while the second, applying, focuses on the ability of students
to make use of this knowledge to select or create models and solve problems. The third
domain, reasoning, goes beyond the solution of routine problems to encompass the ability to
use analytical skills, generalize, and apply mathematics to unfamiliar or complex contexts.

Exhibit 3.2 sets out the behaviors associated with each of these three cognitive
subdomains. As was the case for TIMSS 2007 and TIMSS Advanced 2008, TEDS-M
aimed to achieve a balance of MCK items across the cognitive subdomains in terms of
approximately 35 percent knowing, 35 percent applying, and 30 percent reasoning.

Exhibit 3.2: Mathematics content knowledge framework: cognitive subdomains and behaviors associated with them

Subdomain Associated Behaviors
Knowing Recall, recognize, compute, retrieve, measure, classify/order
Applying Select, represent, model, implement, solve routine problems
Reasoning Analyze, generalize, synthesize/integrate, justify, solve nonroutine problems

Source: Mullis et al. (2005, pp. 33-38).
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3.2.1.3 Curricular levels

In order to gain a deeper understanding of the knowledge needed to teach mathematics,
TEDS-M sought information as to which level of school mathematics curricula each
participating future teacher would be able to teach. All MCK items were therefore
categorized into one of three curricular levels—novice, intermediate, and advanced.
Exhibit 3.3 provides the descriptions of each adopted for TEDS-M.

TEDS-M researchers agreed that, given the limited assessment time available for future
teachers to answer each TEDS-M assessment (60 minutes), the focus of the mathematics
knowledge items should be on the novice and intermediate levels. For example, future
teachers of primary school students would be tested mostly on the mathematics taught
up to Grade 8, while future teachers of lower-secondary school students would be tested
mostly on mathematics up to Grade 10. However, in order to gain information about
future teachers with more advanced MCK, the TEDS-M team also developed some
advanced-level items.

Exhibit 3.3: Mathematics content knowledge framework: curricular levels

Curricular Level

Description

Novice

Mathematics content that is typically taught at the grades the future teacher is preparing to teach.

Intermediate

Mathematics content that is typically taught one or two grades beyond the highest grade the future teacher
is preparing to teach.

Advanced

Mathematics content that is typically taught three or more years beyond the highest grade the future teacher
is preparing to teach.

3.2.2 The Mathematics Pedagogical Content Knowledge (MPCK)
Framework

Three studies that particularly informed the development of the TEDS-M MPCK
framework were the international MT21 study (Schmidt et al., 2011), the German-
based COACTIV study (Kunter et al., 2007), and the work of the Learning Mathematics
for Teaching (LMT) project in the USA (see, for example, Ball & Bass, 2000; Hill &
Ball, 2004; Hill, Rowan, & Ball, 2005; Hill, Schilling, & Ball, 2004). The TEDS-M expert
panels (consisting of internationally prominent mathematicians and mathematics
educators) and the TEDS-M national research coordinators (NRCs) provided feedback
on initial drafts of the MPCK framework. As was the case with development of the
MCK assessment framework, the TEDS-M researchers needed to categorize the items
in the MPCK assessment framework to ensure a balanced assessment of MPCK. The
items were therefore classified according to:
1. Content domain (subdomains of number and operations, geometry and
measurement, algebra and functions, and data and chance);
2. MPCK-specific domain (subdomains of curricular knowledge, planning for
mathematics teaching and learning, enacting mathematics for teaching and learning);
and

3. Curricular level (subdomains of novice, intermediate, and advanced levels).
The descriptions immediately below as well as the information contained in Exhibit 3.4

elaborate the final MPCK-specific framework used for both the primary and the lower-
secondary item development.
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The curricular subdomain refers to mathematical curricular knowledge and comprises
the preliminary theoretical knowledge that a teacher should possess in order to teach
effectively. It covers, among other elements, knowledge about the curriculum and
student learning trajectories, knowledge about teaching goals and formative and
summative assessment, and knowledge of key concepts in school mathematics and their
interconnections.

This planning subdomain refers to the knowledge teachers need to plan their
mathematics teaching and learning and refers to the preparatory work that they need
to do before teaching in the classroom. The items for this subdomain on the assessment
were therefore directed at, for example, assessing lesson-planning activities, selecting
appropriate instruction methods and designs, using classroom assessment to inform
and plan lessons, and predicting students’ reactions and possible misconceptions.

The third subdomain, enacting, refers to the enactment of mathematics for teaching
and learning and includes the main activities that may happen in the classroom during
a lesson. Teachers viewed from this subdomain are seen not only as lecturers but also as
people who playan interactive role in the classroom. The TEDS-M assessment goal in this
area was to measure, among other competencies, ability to analyze teacher and student
interaction following students’ questions, develop solutions, consider and respond to
argumentation and misconceptions, provide explanations, and give feedback.

Exhibit 3.4: Mathematics pedagogical content knowledge (MPCK) framework *

MPCK Subdomain Elaboration

Mathematical Curricular Knowledge * Establishing appropriate learning goals

* Knowing different assessment formats

* Selecting possible pathways and seeing connections within the curriculum
Identifying the key ideas in learning programs

Knowing the mathematics curriculum

Knowledge of Planning for * Planning or selecting appropriate activities

Mathematics Teaching and Learning ¢ Choosing assessment formats

(Preactive) Predicting typical student responses, including misconceptions ®
Planning appropriate methods for representing mathematical ideas
Linking the didactical methods and the instructional designs
Identifying different approaches for solving mathematical problems
* Planning mathematical lessons

Enacting Mathematics Analyzing or evaluating students’ mathematical solutions or arguments
Analyzing the content of students’ questions

Diagnosing typical student responses, including misconceptions
Explaining or representing mathematical concepts or procedures
Generating fruitful questions

* Responding to unexpected mathematical issues

Providing appropriate feedback

Notes:

a This framework paid attention to the temporal dimension of teacher knowledge as well as the way in which mathematical
categories refer to different types of knowledge.

b Attention to choice of verbs may prove useful in distinguishing between the preactive and interactive dimensions of the
categories.
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3.2.3 Developing the Mathematics and Mathematics Pedagogy Items

Developing the item pool for TEDS-M was an international collaborative process.
Permission was granted to include some items from past studies of mathematics teachers’
knowledge, namely the aforementioned MT21 study and the Learning Mathematics for
Teaching (LMT) project at the University of Michigan (see http://sitemaker.umich.edu/
Imt/home), as well as the Knowing Mathematics for Teaching Algebra (KAT) project
at Michigan State University (see http://www.educ.msu.edu/kat/). The TEDS-M
researchers from the international study centers (ISCs) in Australia (ACER) and the
United States (MSU), the NRCs in the participating countries, and the expert panels of
mathematics researchers and educators from around the world contributed additional
items.

Draft items were submitted to the ISCs for review, a process designed to ensure the
TEDS-M instruments aligned with the assessment frameworks. MSU had primary
responsibility for the pool of items for the future teachers preparing to teach primary
school, and ACER for the items for the lower-secondary future teachers. This process
resulted in an initial item pool of about 500 items across both levels, covering a broad
range of MCK and MPCK topics.

In the remainder of this section, we give a brief overview of the challenges associated
with the item development work, as well as a more detailed account of the steps taken
to develop the two pools of items used in the TEDS-M main study. These steps included
item review and revision, pilot testing of the items and their answer formats, and final
selection of the items for the main survey.

3.2.4 Methodological and Measurement Considerations

These considerations were informed by one of the TEDS-M research questions: How
can the outcomes of teacher education programs for teachers of mathematics be
measured in ways that are reliable and valid? A range of robust items (mathematically
clear, culturally valued, and psychometrically sound) was needed in order to develop
reliable and valid measures of future teachers’ MCK and MPCK.

The TEDS-M researchers faced several challenges when developing the items that could
be used to measure MPCK. We have already discussed one such challenge—identifying
and delineating the two hypothesized dimensions forming mathematical knowledge
for teaching. Creating items that would motivate future teachers to participate in the
TEDS-M research was a second challenge. Determining which of the two dimensions of
teachers’ mathematics knowledge each item contributed to was a third.

To meet the second challenge, the TEDS-M researchers focused their item-development
work on items set in teaching and learning contexts, an approach similar to that taken
in the recent studies of mathematics teachers’ knowledge cited earlier in this chapter
(i.e., MT21, COACTIV, and LMT). Development of the MPCK items also referenced
mathematics problems appropriate to the level at which the future teachers were being
prepared to teach. The assumption here was that items developed according to these
considerations would be interesting for the future teachers because of the items’ close
connection with these preservice teachers’ eventual profession.

The third challenge—whether each item contributed most to MCK or MPCK—arose
when the TEDS-M researchers decided that the items used in the main TEDS-M survey
should contribute to one of the dimensions only. This approach contrasted with that
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used in the MT21 study and the TEDS-M field trial, where some assessment items
measured both dimensions. The TEDS-M international centers therefore asked the
members of the expert panels as well as the TEDS-M NRCs to classify items as either
MCK or MPCK and then to discuss those items that could not be readily classified or
where there was disagreement over the classification.

3.2.5 Initial Item Review and Revision

The TEDS-M ISCs assembled, reviewed, and revised the draft items and confirmed the
classification of items with respect to the frameworks and submitted them for review
by an expert panel consisting of mathematicians and mathematics educators from the
countries that intended to participate in TEDS-M. Selected draft items were pilot-tested
in four countries.

Finally, working from the frameworks described earlier, two expert panels (one for the
future primary teachers and the other for the future lower-secondary teachers) classified
and rated the items and refined the most promising ones. They also, where necessary,
added in items for those domain and subdomain areas lacking coverage.

3.2.6 The Field Trial

To evaluate the international performance of the items developed for TEDS-M, a
full-scale field trial was conducted at both the primary and lower-secondary levels.
In total, 11 countries submitted data from the field trial. To ensure that an adequate
number of items would be available for selection, substantially more items, particularly
constructed-response ones, were field-tested than were needed in the main study (140%
to 180% more). In total, 179 primary-level items in seven assessment booklets and 199
lower-secondary-level items in five assessment booklets were field-tested.

The IEA Data Processing and Research Center produced data almanacs containing
basic item statistics for each country and internationally. The almanacs reported item
difficulty, how well items discriminated between high-performing and low-performing
students, the frequency of distracters in the multiple-choice items, scoring reliability for
constructed-response items, and the frequency of occurrence of diagnostic codes used
in the scoring guides.

3.2.7 Item Selection for the Main Study

The TEDS-M ISCs conducted an initial review of the field trial results, which identified
translation-related problems that could affect the reliability and validity of the items
used in the main international study. The expert panels also reviewed the field-trial items
and item statistics for any anomalies. Items that had not worked well psychometrically,
such as those which had point-biserial correlations lower than 0.2 or poor fit identified
through item response theory (IRT) modeling, were deleted. Revisions to items
included improving graphics and item layout, clarifying stems, and revising or deleting
distracters selected by very low percentages of respondents. In a few instances, item
format was changed. These prepared items were then submitted to the NRCs for their
review. They recommended a number of additional improvements, most of which were
incorporated into the final instruments.
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3.2.8 Item Compilations and Booklet Design for the Main Study

Experience gained from MT21 and the TEDS-M item pilot and field trials indicated
the feasibility of reliably assessing three subdomains for MCK (number, algebra, and
geometry) and at least one subdomain for MPCK in the 60 minutes of testing time
available (see below). TEDS-M classifications for the MCK cognitive subdomains and
curricular levels were used solely during test development in order to achieve a good
balance among these categories of the framework, and not for reporting.

In order to ensure the required coverage of all domains and subdomains in the
frameworks, the total pool of items for TEDS-M required much more testing time than
could be allotted to any one individual future teacher. Therefore, as occurs in other IEA
studies, TEDS-M employed a rotated block design. This involved dividing the entire
item pool into unique blocks of items, distributing these blocks across a set of booklets,
and rotating the booklets among the future teachers at both primary and secondary
levels.

Five blocks of items (B1PM to B5PM) were used for the TEDS-M main survey at the
primary level (see Exhibit 3.5). Due to time constraints and the number of items required
per subdomain, it was not possible to achieve a balanced incomplete block (BIB) design
where every pair of blocks appeared together once in a booklet. A primary-level BIB
design reporting on five subdomains would have required an individual primary future
teacher to attempt 75 items in 60 minutes. This was considered too many, especially
given the nature and proportion of the MPCK items and the likelihood of returning
an unacceptably high proportion of missing responses. The design that the TEDS-M
researchers eventually selected required about 50 items to be attempted in 60 minutes.
As can be seen from Exhibit 3.5, the block rotation still ensured that every block
appeared in each position of a test booklet once.

Exhibit 3.5: Design for primary blocks

Booklet Primary Mathematics Blocks
Booklet 1 B1PM, B2PM
Booklet 2 B2PM, B3PM
Booklet 3 B3PM, B4PM
Booklet 4 B4PM, B5PM
Booklet 5 B5PM, B1PM

Note: B1PM to B5PM = mathematics blocks primary (1-5).

At the lower-secondary level, the small size of the target populations within institutions,
within programs, and within countries imposed still further restrictions. The TEDS-M
research teams therefore considered three blocks of items (B1SM to B3SM) to be
appropriate for the main study’s lower-secondary assessment. Exhibit 3.6 shows the
three-booklet, three-block BIB design used for this target population. It required the
future teachers to answer about 40 items in the 60 minutes available. It also permitted
estimation and analysis of the full covariance matrix. The rotated-block design for both
the primary and lower-secondary assessments included enough items and score points
to generate IRT scales and reports for the subdomains listed above.
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Exhibit 3.6: Design for lower-secondary blocks

Booklet Secondary Mathematics Blocks
Booklet 1 B1SM, B2SM
Booklet 2 B2SM, B3SM
Booklet 3 B3SM, B1SM

Note: B1SM to B3SM = mathematics blocks lower secondary (1-3).

3.2.9 Assembling the Item Blocks for Inclusion in the Booklets

The item blocks were assembled to create a balance across booklets with respect to
the content and cognitive domains, curricular level, and item format. The TEDS-M
researchers decided that future teachers’ performance on items related to the subdomains
of algebra, geometry, and number would be reported on. However, while they agreed
that the MCK assessment should include data items at both the primary and lower-
secondary levels so as to more completely represent the overall MCK dimension, they
decided that performance on this subdomain would not be reported on for the reason
given in Section 3.2.1.1 above.

The researchers similarly decided that items relating to the curriculum and planning
subdomains for the MPCK dimension at both primary and lower-secondary levels
should be combined so that future teachers’ performance on only two subdomains
(curriculum and planning, and enacting) would be reported (see Brese & Tatto, 2012;
Tatto et al., 2012). The number of items per block for the primary level is shown in
Exhibit 3.7; the numbers for the lower-secondary level can be found in Exhibit 3.8.

Exhibit 3.9 shows the number of MCK items in the content, cognitive, and curricular
domains in the final instruments. Both the primary and lower-secondary instruments
had an approximately equal balance of items assessing knowledge of number, geometry,
and algebra, but only a small number of data items. This outcome led to the previously
mentioned decision not to report the data subdomain. Forty-seven percent of the items
in the final primary instruments were classified as knowing, 33 percent as applying, and
17 percent as reasoning. The lower than intended proportion of reasoning items was a
function of the relatively small number of reasoning items that survived selection into
the final item pool for the primary level.

Exhibit 3.7: Primary items by subdomains and blocks

Number of Items in Block Items
Subdomain B1PM B2PM B3PM B4PM B5PM Total
Algebra 2 6 6 9 2 25
Geometry 4 2 8 4 26
Number 8 7 4 5 8 32
Data ® 1 1 4 0 1 7
Mathematics Pedagogy 1 5 2 3 3 4 17
(Curriculum and Planning)
Mathematics Pedagogy 2 2 3 4 7 1 17
(Enacting)
Total 22 21 29 28 24 124

Note: a Data was not a reporting subdomain.
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Exhibit 3.8: Lower-secondary items by subdomains and blocks

Number of Items in Block Item
Subdomain B1SM B2SM B3SM Total
Algebra 1 8 3 22
Geometry 9 9 1 29
Number 10 7 15 32
Data @ 1 1 2 4
Mathematics Pedagogy 1 8 4 1 13
(Curriculum and Planning)
Mathematics Pedagogy 2 1 9 6 16
(Enacting)
Total 40 38 38 116

Note: a Data was not a reporting subdomain.

Exhibit 3.9: Distribution of the MCK items across the mathematics content subdomains

Content Number of Items Cognitive Number of Items Curricular Number of Items
Subdomain Primary Secondary Subdomain [ primary Secondary | Level Primary Secondary
Number 32 32 Knowing 42 25 Novice 29 18
Geometry 26 29 Applying 33 38 Intermediate 31 46
Algebra 25 22 Reasoning 15 24 Advanced 30 23
Data 7 4
Total 90 87 90 87 90 87

For both the primary and lower-secondary levels, the largest number of items measuring
MCK was classified as items pertaining to the intermediate curriculum level. About
68 percent of the items in the primary pool were classified at either the novice or
intermediate level, and about 74 percent of the items in the secondary pool related
to these two levels. Exhibit 3.10 shows the number of items in the final instruments
for each MPCK domain. The limited number of items in the mathematics pedagogy
subdomains of curriculum (primary) and planning (secondary) reflects the reporting
decision mentioned above, that is, to combine these two into one subdomain.

Exhibit 3.10: Distribution of the MPCK items across the mathematics pedagogy

subdomains
Subdomain Number of Items
Primary Secondary
Curriculum 6 9
Planning M 4
Enacting 17 16
Total 34 29
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3.2.9.1 Item formats

TEDS-M used three item formats—multiple-choice (MC), complex multiple-choice
(CMC), and constructed-response (CR) to assess both MCK and MPCK. MC and CMC
employ closed responses, whereas CR items require open responses. Exhibit 3.11 shows
how many of the three different item formats were used to assess each dimension of
mathematical knowledge for teaching.!

Exhibit 3.11: Distribution of item formats by subdomain in both primary and lower-
secondary TEDS-M instruments

Number of Items Number of Items
Primary Secondary
[tem Format MCK MPCK Total MCK MPCK Total
MC 23 6 29 10 4 14
CcMC 62 14 76 64 23 87
CR 5 14 19 13 2 15
Total 90 34 124 87 29 116

3.3  Scoring the Assessment Items

Responses to the multiple-choice items and each part of the complex multiple-
choice items received one point if correct and no (0) points if incorrect. Scoring the
constructed-response items was based on the methodology developed for IEA’s Trends
in International Mathematics and Science Study. A description of this method along
with the process used to develop the scoring guide and the scoring training materials
and procedures for these items follows.

3.3.1 General Method Used to Score the Constructed-Response Items

Depending on the degree of complexity that they involved, the TEDS-M constructed-
response (CR) mathematics and mathematics pedagogy items were given either one or
two points for fully correct answers.

+ One-point CR items were scored as correct (1 score point) or incorrect (0 score
points).

+ Two-point CR items were scored as fully correct (2 score points), partially correct (1
score point), or incorrect (0 score points). For example, a response to a MCK item
containing an incorrect solution but a mathematically appropriate reasoning and
procedure received partial credit. A response to a MPCK item that was incomplete or
lacking some clarity was awarded partial credit.

In addition to differentiating between correct and incorrect answers, the design of the
scoring system meant thatinformation could be collected on what the participating future
teachers knew and were able to do. Information sought included common approaches
to solving problems and addressing common misconceptions. The diagnostic scoring
system for CR items used two digits to categorize each response. The first digit was the
score indicating the degree of correctness of the response: 2 for a two-point response, 1
for a one-point response, and 7 for an incorrect response. The second digit, combined

1 Please note that each part of a complex multiple-choice item was counted as one item. Complex multiple-choice
items are closed items consisting of several parts. Each part must be answered. For an example, see the released
item set MFC202A-D (from the primary item pool) in Brese and Tatto (2012).
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with the first, was used to classify the method that the future teachers employed to solve
a problem, or it was used to track common errors or misconceptions. The information
from the second digit referenced questions of interest to TEDS-M such as these:

+ Do approaches that lead to correct responses to the item vary across countries?
+ Is there one approach that future teachers have more success with than others?

+ What common misconceptions do future teachers have about the matter being
tested?

« What common errors are made?

Scorers could use the second digit from within the range of 0 to 5 for predefined
international codes at each correctness level. A second digit of 9 corresponded to “other”
types of responses that fell within the appropriate correctness level but did not fit any of
the predefined international codes. A special code (99) was given for completely blank
responses. Examples of these scoring guides can be seen in the TEDS-M released item
set (Brese & Tatto, 2012). Exhibit 3.12 provides a generic example of a double-digit
scoring guide for a two-point CR item.

Exhibit 3.12: Example of generic double-digit scoring guide used for constructed-response items

Code Response

Correct Response

20 Correct response Type 1
21 Correct response Type 2
29 Other correct
Partially Correct Response
10 Partially correct response Type 1
1 Partially correct response Type 2
19 Other partially correct
Incorrect Response
70 Incorrect response Type 1
71 Incorrect response Type 2
79 Other incorrect (including crossed out, erased, stray marks, illegible, or off task)
Nonresponse
99 Blank

3.3.2 Developing the Scoring Guides

The TEDS-M research teams developed the scoring guides for the field-trial CR items
after investigating the responses of future teachers to pilots containing limited numbers
of items and conducted in Australia, Botswana, Chile, Chinese Taipei, Philippines, and
the United States. Selected student responses from the pilots were included as examples
in the scoring guides and materials that were used to train scorers during the field
trial.

The field trial results, including psychometric analyses, indicated the need for some
revisions to the scoring guides that were to be used in the main study. Feedback from
the NRCs based on their scoring experiences during the field trial also informed
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improvements to the scoring guides. In addition, sets of student responses from the
field trial were collected from English-speaking field-trial countries as sources of
sample student responses that could be used to clarify codes and prepare the scoring
training materials for the main study. In order to add diversity to these materials, the
non-English-speaking countries participating in TEDS-M were invited to translate
sample students’ responses into English and to send these on to the international study
centers.

3.3.2.1 Scoring training materials and procedures

TEDS-M used a “train-the-trainers” approach to providing training on the international
procedures for scoring the TEDS-M CR items. NRCs and/or other personnel responsible
for training scorers in each country participated in the training sessions for the field
trial and main survey. The national representatives at these sessions suggested a few
additional revisions and clarifications. These were incorporated into the guides prior to
their general distribution.

During each of these sessions, those attending reviewed the general TEDS-M scoring
approach, and the trainee scorers received training on a subset of CR items. The
subset of items selected reflected a range of the types of scoring and scoring situations
encountered across the TEDS-M items. They also related to some of the most complicated
scoring guides. To expedite training, participants received the international version of
the scoring guides and a binder containing a set of prescored future-teacher responses.
These illustrated the diagnostic codes and the rationale used to score the responses, as
well as a set of 5 to 10 unscored practice responses for each item. The future teachers’
responses were selected from the item-pilot and field-trial booklets.

The purpose of the international scoring training was to present a model for use in each
country and an opportunity to practice and resolve the scoring issues associated with
the most difficult items. The training teams discussed the need for NRCs to prepare
comparable materials for training in their own country for all CR items and to have
on hand a larger number of practice responses for the more challenging scoring guides
during the national training sessions. The following general procedure was followed
during the scoring training for each item:

+ Participants read the item and its scoring guide.
+ Trainers discussed the rationale behind and the methodology of the scoring guide.

+ Trainers presented and discussed the set of prescored example future-teacher
responses.

+ Participants scored the set of practice future-teacher responses.

+ Trainers led a group discussion of the scores given to the practice responses in order
to reach a common understanding of the interpretation and application of the
scoring guide.

At the end of the training sessions, the NRCs were given the example and practice
papers along with their associated coding sheets and were asked to use these during
scoring training in their own countries.
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3.3.2.2 Scoring reliability

To establish scoring reliability, up to 760 of the booklets (380 primary and 380 lower-
secondary) completed by future teachers during the main study were assigned for
reliability scoring. Two different scorers independently scored the booklets; neither saw
the other’s scores. This approach is known as double “blind” scoring.

During the scoring of the national sets of booklets completed by future teachers, duos
of scorers maintained blind scoring by having one person write down his or her scores
on a separate scoring sheet and the other person write his or her scores in the booklet.
There was one scoring sheet for each survey booklet. The two sets of scores were
compared and the percentage of agreement between scorers in each country calculated.
Agreement above 85 percent was considered good; between 70 percent and 85 percent
was deemed acceptable, and below 70 percent was seen as a concern.

In general, countries were able to apply the scoring guides for the CR items with high
reliability. For 89.5 percent of the items on the primary forms and for 100 percent of the
items on the lower-secondary forms, the international reliability averages were greater
than 85 percent.

3.3.3 Item Release Policy

The ISCs decided to release approximately one third of the items to the public and to
keep the other two-thirds secure for possible use in future research studies. The items
are included in Brese and Tatto (2012).
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4.1 Overview
The TEDS-M research team developed four survey questionnaires:

+ The future teachers’ questionnaire (FTQ) for teachers in primary preparation
programs, which also included an assessment of mathematics knowledge for teaching
at the primary levels;

+ The future teachers’ questionnaire for teachers in secondary preparation programs,
which also included an assessment of mathematics knowledge for teaching at the
secondary levels;

+ The educators’ questionnaire (EQ); and

+ The institutional program questionnaire (IPQ).

In this chapter we describe the purpose and content of the questionnaires, the process
for their development, and the main constructs underlying the questionnaire items. Part
C of the FTQ, containing items assessing future teachers’ knowledge of mathematics
and mathematics pedagogy, is described in detail in Chapter 3 of the report. The entire
set of questionnaires is available as an appendix to the user guide for the TEDS-M
international database (Brese & Tatto, 2012).

4.2 Development of the TEDS-M Survey Questionnaires

The international study centers (ISCs) at Michigan State University (MSU) and the
Australian Council for Educational Research (ACER) led the design and development
of the TEDS-M survey questionnaires in collaboration with the national research
coordinators (NRCs) of the participating countries, and other experts. The surveys
were piloted in 2005 and field trialed in 2006 (see Chapter 3 of this report). Exhibits 4.1
and 4.2 provide information relating to the variables that the researchers wanted the
questionnaires to capture and the relationships they wanted to explore.

The TEDS-M survey design allowed multilevel analysis at the individual (future teacher)
and at the teacher education program level. The questionnaires were designed to be
consistent with one another in terms of design, layout, question format, and wording.
Parallel questions were used across the questionnaires to measure the same constructs
from different sources. We describe and discuss each questionnaire in the following
sections.
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Exhibit 4.1: Mapping the processes and outcomes of mathematics teacher preparation using the data collected
from the TEDS-M surveys

National Context

Program Structure

Program Process

Program Outcomes

1. Policy, education, social
and economic context

2. Regulatory framework
(e.g., requirements set
by national or state
registration bodies
for entry, methods of
course assessment and
accreditation, graduation
and registration)

3. Labor market for teachers
(i.e., supply and demand
for teachers)

« Sources of recruits
(teacher education,
career changers,
overseas, etc.)

Relative salaries and
working conditions for
teachers

Age profile of teachers

Retirement and
resignation rates

Teacher skills needed
to meet curriculum
requirements

1. Staffing profile/
experience

2. Methods of selection

3. Internal quality assurance
process

4. Entry levels, degree of
selectivity

5. Funding policies/allocation
of funds/course costs

1. Structure (e.g., concurrent
undergraduate,
postgraduate, etc.)

2. Opportunity to learn (e.g.,
content to be taught,
pedagogical content
knowledge, practice
of teaching, planning,
assessment, feedback,
reflection, etc.)

3. Course quality (e.g.,
course coherence,
links between theory
and practice, quality of
teaching, etc.)

4. Practicum arrangements
(e.g., length, scheduling,
nature, quality of
supervision/feedback/
assessment, strength
of partnership between
teacher education
institution and schools,
etc.)

5. Student intake (e.g., prior
achievement, subject
background, prior careers,
etc.)

1. Surveys of teacher
knowledge and beliefs
(measures of teachers’
beliefs, mathematics
knowledge, and
mathematics pedagogical
content knowledge)

2. Survey of perceived
preparedness

Note: a The TEDS-M framework (Tatto et al., 2008) provides explicit definitions of the TEDS-M concepts and terminology.

4.21

The Future Teacher Questionnaires (FTQs)

In addition to questions designed to measure future teachers’ knowledge of mathematics

and mathematics pedagogy, the future teacher questionnaires for the primary and

secondary levels included questions on (1) general background, (2) program learning
opportunities, and (3) beliefs about teaching and learning mathematics.

4.2.1.1 Part A: Background

The FTQs included a number of indicators of the future teachers’ backgrounds and
demographics. These indicators, which related to the variables that the TEDS-M team
wanted to address during the data analysis, are listed below and set out in more detail

in

Exhibit 4.3. They were:

Age, gender, parents’ education/socioeconomic status, language spoken at home;

Nature and level of secondary school mathematics knowledge;

Academic/general education, area of specialization, routes into teaching, degrees

obtained;

Teaching/work experience, motivation/plans/intention with respect to becoming a

mathematics teacher, special circumstances/personal costs of becoming a teacher,

and how long the future teacher planned to stay in the profession.
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Exhibit 4.2: TEDS-M research model for the TEDS-M surveys

Level 2 Measures

(Program Level) Program Characteristics (from IPQ)

- Program structure
- Program length

Level 1 Measures - Time spent on subject-matter

(Individual) preparation
- Time spent on pedagogy Outcome Measures
FT Characteristics (from - Entry requirements (Individual)
FTQ) - Selection policies
- Age - Acaqlemic achievement level Outcome Measures (from FTQs)
- Gender - Clurrlculumlemphases - Mathematics knowledge
- Socioeconomic - Field experience - Mathematics pedagogical knowledge
background > | - Preparedness for teaching mathematics
- Language background - - Perceived program effectiveness
~ Highest year level Program Characteristics
mathematics studied in (aggregated from FTQs) A
school - OTL
- Most advanced level of - Teaching methods
mathematics studied - Field experience
— Prior career - Coherence
- Motivation for
teaching mathematics .
Program Characteristics

(aggregated from EQ)

- Professional experience
- QOTL provided

- Educator beliefs

4.2.1.2 Part B: Opportunities to learn

TEDS-M considered the concept of opportunity to learn (OTL) integral to explaining
the impact of teacher preparation on teacher learning. The FTQs therefore included
a number of items and scales developed to allow exploration of several types of OTL
experienced by the future teachers both before and during their teacher preparation
programs (see also Exhibit 4.4):

« OTL tertiary-level mathematics: The items in this part of the questionnaire were
designed to determine whether the future teachers had studied key mathematics
topics at tertiary level (e.g., geometry-related topics, algebra, number theory, calculus,
functions, etc.). Because opportunities to learn in this area can occur either before
future teachers enter teacher preparation (i.e., the consecutive programs) or during
teacher preparation (in concurrent programs), these questions asked future teachers
whether they had ever studied such topics. The mathematics domains covered were:

— Continuity and functions (e.g., beginning calculus, calculus, multivariate calculus,
advanced calculus or real analysis, and differential equations);

— Discrete structures and logic (e.g., linear algebra, set theory, abstract algebra,
number theory, discrete mathematics, and mathematical logic);
— Geometry (e.g., foundations of geometry or axiomatic geometry, analytic or
coordinate geometry, non-Euclidean geometry, and differential geometry); and
— Probability and statistics (e.g., probability and theoretical or applied statistics).
* OTL school-level mathematics: This section contained items designed to allow
exploration of the interaction between mathematics content and mathematics

pedagogy within the contexts of the secondary school curriculum, techniques for
teaching mathematics topics at this level of the education system, and student
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Exhibit 4.3: Content of future teacher questionnaire, Part A: General background

Part A Item Content Item Number Description
General background 1 Age.
Gender.

The number of books in <future teacher’s>, <parents’, or guardian’s home.
The question consisted of four options for the number of books (ranging from
“0-10 books” to “more than 200 books").

4 The possession of specified items in <parents’ or guardian’s> home. The question
listed eight common items and three country-specific items.

5 The highest educational attainment by <future teacher’s> mother or female
guardian. The question consisted of eight academic categories.

6 The highest educational attainment by <future teacher’s> father or male guardian.
The question consisted of eight academic categories.

7 The frequency of speaking the language used for testing at home. The response
options ranged from “always” to “never”.

8(a) The highest grade level at which <future teacher> studied mathematics in
<secondary school>.

8(b) The most advanced mathematics course in <secondary school>.

9 The level of grades that <future teacher> received during his/her secondary
schooling.

10 Whether <future teacher> had another career before commencing his/her teacher

education program.

i Reason for becoming a teacher. The question consisted of nine possible reasons.
Each <future teacher> rated the significance of the reason to become a teacher.

12 The circumstances—if any—hindering studies during the teacher education program
(such as family responsibility, borrowing money, or having a job).

13 <Future teacher’s> perception of his/her future in teaching.

Note: Carets (< >) denote information to be replaced with the nationally-appropriate term.

learning. This area also included items regarding the depth of mathematics learning
(e.g., at the level of the secondary school curriculum or at a deeper level beyond the
school curriculum and with no relation to it). The mathematics domains covered
included:

— Numbers (e.g., whole numbers, fractions, decimals, integers, rational and
real numbers, number concepts, number theory, estimation, ratio, and
proportionality);

— Measurement (e.g., measurement units, computations and properties of length,
perimeter and area, and volume estimation and error);

— Geometry (e.g., one-dimensional and two-dimensional coordinate geometry,
Euclidean geometry, transformational geometry, congruence and similarity,
constructions with straightedge and compass, three-dimensional geometry, and
vector geometry).

The domains pertaining to mathematics taught at the upper-secondary school level
were:

— Data representation, probability, and statistics;

Calculus (e.g., infinite processes, change, differentiation, integration);

Functions, relations,and equations (e.g.,algebra, trigonometry, analytic geometry);
and

Validation, structuring, and abstracting (e.g., Boolean algebra, mathematical
induction, logical connectives, sets, groups, fields, linear space, isomorphism,
homomorphism).
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Exhibit 4.4: Content of future teacher questionnaire, Part B: Opportunities to learn

Part B Item Description
Item Content Number
Opportunities to 1 <Future teachers> were asked to indicate whether or not they studied each of the
learn: University following 19 university-level mathematic topics during their teacher education program:
or tertiary-level  Foundations of geometry or axiomatic geometry
mathematics  Analytic/coordinate geometry
* Non-Euclidean geometry
« Differential geometry
 Topology
* Linear algebra
« Set theory
 Abstract algebra
* Number theory
* Beginning calculus
* Calculus
* Multivariate calculus
» Advanced calculus or real analysis or measure theory
« Differential equations
* Theory of real functions and theory of complex functions or functional analysis
* Discrete mathematics, graph theory, game theory, combinatorics, or Boolean algebra
* Probability
* Theoretical or applied statistics
* Mathematical logic.
Opportunities to 2 <Future teachers> were asked to indicate whether or not they studied each of the
learn: School-level following seven topics during their teacher education program:
mathematics * Numbers
* Measurement
* Geometry
* Functions, relations, and equations
* Data representation, probability, and statistics
* Calculus
* Validation, structuring, and abstracting.

3 <Future teachers> were asked to indicate the level (i.e., school-level curriculum, more
conceptual level than the school curriculum, and/or beyond the school curriculum) of
emphasis given to learning mathematics during their teacher education program.

Opportunities to 4 <Future teachers> were asked to indicate whether or not they studied each of the
learn: Mathematics following eight topics during their teacher education program:
education * Foundations of mathematics

e Context of mathematics education

* Development of mathematics ability and thinking

¢ Mathematics instruction

* Developing teaching plans

* Mathematics teaching: observation, analysis, and reflection
¢ Mathematics standards and curriculum

o Affective issues in mathematics.
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Exhibit 4.4: Content of future teacher questionnaire, Part B: Opportunities to learn (contd.)

Part B Item Description

Item Content Number

Opportunities to 5 <Future teachers> were asked to respond to statements about the frequency

learn: Mathematics (responses ranging from “never” to “often”) with which they experienced the following
education activities during their teacher education program:

(contd.) * Listening to lectures

» Asking questions during class time

* Participating in a whole-classroom discussion

¢ Making presentations

* Teaching a class session using methods of own choice and using the methods
demonstrated by the instructor

* Working in groups

* Reading research on mathematics, mathematics education, and/or teaching and

learning

Analyzing teaching examples

Writing mathematical proofs

¢ Problem-solving with respect to applied mathematics

 Providing multiple strategies to solve a problem

¢ Using computer and calculator.

6 <Future teachers> were asked to indicate how frequently (responses ranging from
“never” to “often”) they engaged in each of the following activities during their teacher
education program:

¢ Accommodated a wide range of students’ abilities

¢ Analyzed students’ assessment data

* Analyzed/used national or state standards or frameworks for school mathematics
¢ Assessed high- and low-level goals

* Built on students’ existing mathematics knowledge and thinking skills

Created experiences that made clear the central concepts of the subject matter
Created projects that motivate all students to participate

Dealt with learning difficulties

Developed activities with high-interest level

Developed instructional materials that build on students’ experiences
 Explored mathematics as the source for real-world problems

Explored the method of applying mathematics to real-world problems

* Gave appropriate feedback to students about their learning

Helped students self-assess their learning

* Used assessment to give feedback to parents, guardians, and students

Learned the method of exploring multiple-solution strategies

Learned the method of integrating mathematics ideas

Learned the method of making distinctions between procedural and conceptual
knowledge

Learned the method of showing why a mathematics procedure works

Located appropriate curriculum materials

» Used classroom assessment to guide instructional decisions

¢ Used concrete materials to solve mathematics problems

¢ Used standardized assessment to guide instructional decisions

» Used students’ misconceptions to plan instruction.
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Exhibit 4.4: Content of future teacher questionnaire, Part B: Opportunities to learn (contd.)

Part B
Item Content

Item
Number

Description

Opportunities to
learn: Education and
<pedagogy>

7

<Future teachers> were asked to indicate whether or not they studied each of the
following topics during their teacher education program:

* History of education and educational systems

Philosophy of education

Sociology of education

Educational psychology

Theories of schooling

Methods of educational research

Assessment and measurement

Knowledge of teaching.

Opportunities to
learn: Teaching for
diversity and reflection
on practice

<Future teachers> were asked to indicate whether or not they had opportunity to learn
each of the following specific skills/strategies related to teaching students with diverse
backgrounds during their teacher education program:

* Teaching students with behavioral/emotional problems

* Teaching students with learning disabilities

Teaching gifted studies

Teaching students from diverse cultural backgrounds

Accommodating the needs of students with physical disabilities

Working with students from disadvantaged backgrounds

Teaching standards and codes of conduct

Reflecting on the effectiveness of their own teaching

Reflecting on their own professional knowledge

Identifying their own learning needs.

<Future teachers> were asked whether or not they learned how to enhance each of
their own following listed instruction and teaching skills during their teacher education
program:

* Stages of child development and learning

» The method of developing research projects to test teaching strategies

The relationships between education, social justice, and democracy

New teaching practices by observing teachers

The method of developing/testing new teaching practices

The method of setting appropriate learning expectations for students

The application of research findings to improve knowledge and practice

The method of connecting learning across subject areas

Ethical standards and codes of conduct

Methods of enhancing students’ confidence and self-esteem

Changing schooling practices

Finding appropriate resources for teaching.

Opportunities

to learn: School
experience and the
field experience/
practicum

102

<Future teachers> were asked whether or not they spent time in a <primary/secondary
school> during their <field experience>.

Future teachers were asked to specify the proportion of time that they were in charge
of teaching the class during their field experience. The response range was “(a) less
than one quarter of the time,” “(b) a quarter or more, but less than half,” “(c) half or
more, but less than three quarters,” “(d) three quarters or more.”

Future teachers were asked to specify the proportion of time that assigned <mentors/
instructors/supervisors> were present in the same classroom as them during their field
experience.

<Future teachers> were asked to indicate the frequency (response options were “never,”
“"rarely,” "occasionally,” “often”) with which they experienced each of the following
listed activities during their field experience:

» Observing modeling of teaching strategies

* Putting into practice theories for teaching mathematics

Completing assessment tasks that required them to apply ideas they learned during
their coursework

Receiving feedback on their implementation of teaching strategies

Collecting and analyzing evidence about student learning

Testing findings from educational research

Developing strategies to reflect on their own professional knowledge
Demonstrating the application of teaching methods learned during coursework.

"o
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Exhibit 4.4: Content of future teacher questionnaire, Part B: Opportunities to learn (contd.)

Part B
Item Content

Item
Number

Description

Opportunities

to learn: School
experience and the
field experience/
practicum (contd.)

14

<Future teachers> were asked to rate their level of agreement (responses ranging from
"disagree” to “agree”) with each of the following statements pertaining to experiences
during their teacher education program:

<Future teacher> had a clear understanding of what a school-based <supervising
teacher> expected of him/her in order to pass the <field experience>

The school-based <supervising teacher> valued the ideas and approaches the <future
teacher> brought from his/her teacher education program

The school-based <supervising teacher> used criteria/standards provided by a
university when reviewing lessons with <future teacher>

<Future teacher> learned the same criteria or standards for good teaching during his/
her teacher education coursework and <field experience>

Future teacher in his/her <field experience/practicum> had to demonstrate that he/
she could teach according to the same criteria/standards used in his/her <university/
college> courses

The feedback <future teacher> received from a school-based <supervising teacher>
that helped him/her improve his/her understanding of students

The feedback <future teacher> received from a school-based <supervising teacher>
that helped him/her improve his/her understanding of teaching methods

The feedback <future teacher> received from a school-based <supervising teacher>
that helped him/her improve his/her understanding of students, teaching methods,
and the curriculum

The feedback <future teacher> received from a school-based <supervising teacher>
that helped him/her improve his/her knowledge of mathematics content

The teaching methods <future teacher> used during his/her <field experiences> were
quite different from the methods he/she learned during the teacher preparation
program

The regular supervising teacher in the <future teacher’s> <field-experience>
classroom taught in ways that differed markedly from the methods the <future
teacher> learned during his/her teacher education program.

Coherence of the
teacher education
program

<Future teachers> were asked to state whether they agreed or not with each of the
following statements designed to gauge their opinion of the coherence of their teacher
preparation program:

The coherence between the teacher education program and <future teachers’> main
needs

The consistency of courses in the program

The coherence between the program’s organization and preparing effective teachers
The logical sequence of program development in terms of content and topics
covered by courses

The coherence of the program with respect to providing explicit standards
expectations for beginning teachers

The clarity of links between the courses in the program.

Notes:

Carets (< >) denote information to be replaced with the nationally-appropriate term.

a If a <future teacher> did not have any field experience, he or she was asked to skip Questions 11 to 14 and answer

Question 15.
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« OTL mathematics education/pedagogy: This section included items designed to
allow exploration of the interaction between mathematics content and pedagogy.
Additional scales included items about learning strategies in mathematics. Future
teachers were asked to indicate whether or not they had studied each topic as part
of their teacher preparation program. Other questions asked them how often they
had engaged in a number of activities and learning strategies during their teacher
preparation program.

+  OTL general knowledge for teaching: These items focused on topics considered relevant
for all teachers to know, such as educational theory, general principles of instruction,
classroom management, curriculum theory, and so on. These items asked future
teachers whether they had studied such topics during their teacher preparation
program.

* OTL teaching for diversity and reflection on practice: The items included ones about
developing and using materials for teaching as well as items about accommodating
diverse levels of student learning. Additional items explored learning how to assess
and reflect on one’s own teaching and develop strategies to improve one’s own
professional knowledge.

+ OTL school experience and the practicum: These items asked future teachers more
indepth questions about their school-based (field, practicum) experience in terms
of whether they had spent time in the classroom in a primary or secondary school
and, if so, for how long; whether a school supervisor had been assigned to them; the
particular activities in which they had been engaged and at what levels; and whether
they found the experience helpful. An additional set of questions asked about diverse
characteristics of the practicum (e.g., the role of the mentor, feedback received,
standards, methods used, and level of mathematics knowledge and pedagogy of the
classroom teacher or mentor).

* OTL in a coherent program: The items included here were designed to allow
exploration of program consistency across the courses and experiences offered to
future teachers, and whether their program had explicit standards with respect to
what they should learn from it.

4.2.1.3 Part C: Mathematics knowledge for teaching

TEDS-M measured the intended and achieved knowledge of mathematics and
mathematics pedagogy of future teachers in their last year of the sampled teacher
education programs. As described in Chapter 3, the items used to measure this area
of future teacher knowledge built on the Mathematics Teaching for the 21st Century
(MT21) study (Schmidt et al., 2007), which employed an earlier and shortened version
of this part of the FTQ.

4.2.1.4 Part D: Beliefs

The aim of the questions included in this part of the questionnaire was to elicit
information that would help determine whether teacher preparation can positively
influence future teachers’ beliefs about what they teach and how they teach or whether
these beliefs are an intrinsic characteristic of those individuals who become teachers
(Tatto & Coupland, 2003). In TEDS-M 2008, this measurement area was informed by
work related to the Teaching and Learning to Teach study at MSU (Deng, 1995; Tatto,
1996, 1998, 1999, 2003), and by work of other international scholars such as Grigutsch,
Raatz, and Torner (1998), Ingvarson, Beavis, Danielson, Ellis, and Elliott (2005), and
Ingvarson, Beavis, and Kleinhenz (2007).
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The TEDS-M beliefs scales encompassed five categories of belief (see also Exhibit 4.5):

The nature of mathematics: These questions, which asked future teachers to indicate
their perceptions of mathematics as a subject (e.g., mathematics as formal, structural,
procedural, or applied) were based on work by Grigutsch et al. (1998) and Ingvarson
etal. (2005, 2007). The items under this beliefs category formed two distinct scales—
mathematics as a set of rules and procedures, and mathematics as a process of
enquiry.

Learning mathematics: These questions focused on the appropriateness of particular
instructional activities, school students’ cognition processes, and the purposes of
mathematics as a school subject. The 14 items on beliefs about learning mathematics
formed two distinct scales—learning mathematics through reliance on the teacher,
and learning mathematics through self-reliance.

Mathematics achievement: The eight items in this section of the questionnaire
tapped into future teachers’ beliefs about various teaching strategies used to facilitate
mathematics learning, how mathematics learning takes place, and the application
of attribution theory to teaching and learning interactions (e.g., innate ability for
learning mathematics). The items used to measure these areas came from a number
of studies, including those by Deng (1995), the MT21 study (Schmidt, Blomeke, &
Tatto, 2011), and several studies by Tatto (1996, 1998, 1999, 2003). The items formed
two scales. The first embraced the notion that achievement in mathematics depends
largely on children’s fixed ability. The second held to the premise that achievement in
mathematics depends largely on children’s efforts to learn.

Preparedness for teaching mathematics: The questions asked in relation to this belief
concerned the extent to which future teachers perceived their teacher preparation
had given them the capacity to carry out the central tasks of teaching and to meet the
demands of their first year of practice. The items in this area were therefore designed
to explore different dimensions of the impact of teacher preparation on preparedness
to teach. The preparedness items used in TEDS-M came from ACER’s Preparedness
to Teach inventory, a robust measure based on extensive research by Ingvarson and
colleagues (2005, 2007). The items focused on preparedness to (amongst other skills)
conduct assessment, manage learning environments, and engage students in effective
learning. Questions designed to measure the extent to which the future teachers
felt they had become active members of their professional community were also
included.

Program effectiveness: These questions asked future teachers to indicate how well,
overall, they thought their teacher preparation had been in helping them learn to
teach mathematics. Questions probed future teachers’ beliefs about the degree to
which their instructors modeled good teaching practices and used and promoted
research, evaluation, and reflection in their courses. The questions also asked the
future teachers if their instructors valued future teachers’ various experiences before
and during their teacher preparation program.
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Exhibit 4.5: Content of future teacher questionnaire, Part D: Beliefs
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Part D
Item Content

Item
Number

Description

Beliefs about the
nature of mathematics

1

<Future teachers> were asked to state whether or not they agreed with each of

the following (abbreviated) statements regarding beliefs about the nature of

mathematics:

* Mathematics is a collection of rules and procedures that describe how to solve a
problem

* Mathematics involves the remembering and application of definitions, formulas,
mathematical facts, and procedures

* Mathematics involves creativity and new ideas

* When doing mathematics, you can discover and try out many things by yourself

* When solving mathematical tasks, you need to know the correct procedure

* If you engage in mathematics tasks, you can discover new things (connections, rules,

concepts)

* Logical rigor and precision are fundamental to mathematics

* Mathematical problems can be solved correctly in many ways

* Many aspects of mathematics have practical relevance

* Mathematics help us solve everyday problems and tasks

» Doing mathematics requires considerable practice, correct application of routines,
and problem-solving strategies

* Mathematics means learning, remembering, and applying.

Beliefs about learning
mathematics

<Future teachers> were asked to state whether or not they agreed with statements
reflecting beliefs about learning mathematics. The statements focused on the
following:

* The best way of doing well in mathematics

* Whether or not students need to be taught

* The importance of having understood the mathematical problem even when one has

got the answer right

Methods of being good at mathematics

* The best way to learn mathematics

* The aspect of learning given emphasis when students are working on mathematics
problems

* The importance of understanding the reason for the correct answer

* The importance of figuring out the method of solving mathematical problems

Nonstandard procedures for solving problems

The value of hands-on mathematics experiences

The value of the time used to investigate the reason for a solution

* The need for teachers to help students solve mathematical problems

* The need for teachers to encourage students to find their own solutions

Discussion of different ways of solving particular problems.

Beliefs about
mathematics
achievement

<Future teachers> were asked to state whether they agreed or not with statements
reflecting beliefs about mathematics achievement. The statements focused on the
following:

* The use of hands-on models and other visual aids for older students

* Being good at mathematics

* The importance of natural ability and effort in mathematics

* Participation in multi-step problem-solving activities

* Gender differences in mathematics

* The persistence of mathematical ability

* Being good at mathematics

Ethnicity and mathematics ability.
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Exhibit 4.5: Content of future teacher questionnaire, Part D: Beliefs (contd.)

Part D
Item Content

Item
Number

Description

Beliefs about
preparedness for
teaching mathematics

4

<Future teachers> were asked to state how well prepared they believed they were
(response options “not at all,” “a minor extent,” “a moderate extent,” “a major extent”)
to carry out the following activities:

» Communicate ideas and information about mathematics

Establish appropriate learning goals in mathematics

 Set up mathematics learning activities

* Use questions to promote higher-order thinking

* Use computers and ICT to aid the teaching of mathematics

* Encourage students to engage in critical thinking about mathematics

» Use assessment to give effective feedback

* Provide parents/guardians with useful information about their child’s progress
» Develop assessment tasks that promote learning in mathematics

Incorporate effective classroom management strategies into teaching

¢ Have a positive influence on difficult students

Work collaboratively with other teachers.

"o "o

Beliefs about program
effectiveness

<Future teachers> were asked to state their level of agreement (responses ranging from
“strongly disagree” to “strongly agree”) with statements about the effectiveness of
their program instructors. Three of the statements focused on the instructors’:

* Teaching practice

* Use of research relevant to the content of their courses

* Evaluation and reflection.

The remaining three asked <future teachers> about the following:

* The value of their learning and experiences prior to the teacher preparation program
* The value of their learning and experiences during field experience/practicum

* The value of the learning and experiences during the teacher education program.

<Future teachers> were asked to state how effective they believed their teacher
education program overall was in preparing them to teach mathematics.

Note: Carets (< >) denote information to be replaced with the nationally-appropriate term.
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4.2.2 The Educator Questionnaire (EQ)

TEDS-M conceptualized the educators of future mathematics teachers as particularly
important individuals through whom the intended teacher education curriculum
becomes the implemented curriculum. With that in mind, the TEDS-M researchers
determined that the survey instrument should collect data on the educators’ general
backgrounds and key aspects of the OTL they provided to the future teachers in their
respective programs. The questionnaire also asked the educators to answer questions
about their beliefs relating to the same areas addressed in the FTQs so that the educators’
responses could be compared with those of the future teachers.

4.2.2.1 Definition of educators of future teachers of mathematics

TEDS-M defined these educators as persons with regular, repeated responsibility for
teaching future teachers of mathematics within a given teacher-preparation route and/
or program. The study also classified these educators into three groups:

* Mathematics and mathematics pedagogy educators: Those educators responsible
for teaching one or more of the program’s required courses in mathematics or
mathematics pedagogy during the study’s data-collection year at any stage of the
institution’s teacher preparation program.

* General pedagogy educators: Those educators responsible for teaching one or more
of the program’s required courses in foundations or general pedagogy (other than
a mathematics or mathematics pedagogy course) during the study’s data-collection
year at any stage of the institution’s teacher preparation program.

+ Educators: Those individuals belonging to both Groups 1 and 2 as described above
and so responsible for teaching one or more of the program’s required courses in
mathematics and/or mathematics pedagogy and/or general pedagogy during the
study’s data-collection year at any stage of the institution’s teacher preparation
program.

4.2.2.2 Questionnaire content

The EQ asked mathematics, mathematics pedagogy, and general pedagogy educators
of future teachers within the sample of teacher preparation institutions questions
about, amongst other matters, their teaching background, professional and research
experience, and the OTL they offered the students in their courses. Exhibit 4.6 details
the areas covered by the questionnaire.

4.2.3 The Institutional Program Questionnaire (IPQ)

TEDS-M decided to conduct a survey of teacher preparation institutions in order to
elicit the following:

+ Dataoninstitutional program characteristics that might differ from the characteristics
in other institutions in the same teacher preparation route;

+ Data pertaining to variables potentially influencing the measured outcomes of the
study; and

+ Data that could not feasibly be collected by other means.



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

Exhibit 4.6: Content of educator questionnaire

Part Item Item Description
Content Number
Part A | General and academic 1 Current academic status.
backgrounds 2 Gender.
3 Highest educational qualification for six academic areas (i.e., mathematics,

mathematics education, education, other mathematics-related discipline or
field, and other discipline or field).

4 Whether educator considered himself/herself a mathematics specialist.
Whether educator held a <teaching certificate, license, or registration> to
teach.
6 Whether educator held a teaching position in a school.
Part B | Teaching background 1 Years of experience teaching in <primary> and/or <secondary> schools.
2 Years of experience teaching mathematics in <primary> and/or <secondary>
schools.

Years of employment with current institution.

4 Years of preparation for teaching <future teachers> who will teach at
<primary> or <secondary> schools.
5 The proportion of <future teachers> in the course that educator teaches.
6 The level of the course that educator teaches.
Part C | Professional experience 1 Educators were asked to state whether and when (either prior to or after

starting work, or never) they received special preparation for teaching.

2 Educators were asked to state whether or not they had received professional
training in the areas of mathematics, mathematics <pedagogy>, and/or
general <pedagogy> during the last 12 months.

Part D | Research experience 1 Educators were asked to state whether or not they had research experience in
the following areas:

* Mathematics

* Mathematics education or mathematics <pedagogy>, and/or

¢ Other than mathematics <pedagogy>.

2 Educators were asked to specify the percentage of working time (out of a
total 100% for five listed options) that they had devoted over the previous 12
months to the activities:

* Teaching

* Research

e Administration

 <Service> to the profession

* Other.

Part E | Field-based instruction 12 Educators were asked to state if their role in <future teachers'> <practicum/
field experience> included the following activities:

* Observing <future teachers'> teaching

* Providing advice

¢ Assessing <future teachers'> teaching acumen.

2 Educators were asked to state the length of time they spent instructing and/or
supervising <future teachers> during their <practicum/field experience>.

Part F Opportunities to learn in Educators were asked about the career objectives of the <future teachers>
educator’s <course>"® enrolled in their course.

Educators were asked to specify the main subject covered by the course.
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Exhibit 4.6: Content of educator questionnaire (contd.)

Part

Item
Content

Item
Number

Description

Part G ¢

Opportunities for
<future teachers> to
learn mathematics
and mathematics
<pedagogy> during
educator’s <course>

Educators were asked to state the level at which the <future teachers> in their
course were learning mathematics:

* Level of the school curriculum

* A more conceptual level than the school curriculum, and/or

* Beyond the school curriculum.

Educators were asked to state whether or not the <future teachers> in their

course had opportunities to learn each of the following specific skills or areas

of knowledge during the course:

¢ Use of national/state standards or framework for school mathematics

¢ Methods of building on students’ existing mathematics knowledge

 Application of mathematics to real-world problems

* Use of concrete materials to solve mathematics problems

¢ Methods of exploring multiple solutions

* Methods of showing why a mathematics procedure works

* Methods of making distinctions between procedural and conceptual
knowledge

* Methods of integrating mathematics ideas.

PartH ¢

Opportunities for
<future teachers>
to learn general
<pedagogy> during
educator’s <course>

Educators were asked to state whether or not the <future teachers> in their
course had opportunities to learn each of the following skills or knowledge
areas (aimed at enhancing <future teachers’> instruction and teaching skills)
during the course:

* Stages of child development and learning

* Methods of developing research projects to test teaching strategies

* Relationships between education, social justice, and democracy

* New teaching practices through observing teachers

* Methods of developing/testing new teaching practices

* Methods of setting out learning expectations for students

Application of research findings to improve knowledge and practice

* Methods of connecting learning across subject areas

Ethical standards and codes of conduct

* Methods of enhancing students’ confidence and self-esteem

* Changing schooling practices

* Finding appropriate resources for teaching.

Educators were asked to state whether or not the <future teachers> in their
course had opportunities to learn each of the following skills or knowledge
areas relating to teaching students with diverse backgrounds:

* Strategies for teaching students with behavioral/emotional problems

« Strategies for teaching students with learning disabilities

* Strategies for teaching gifted students

* Strategies for teaching students from diverse cultural backgrounds

* Accommodating the needs of students with physical disabilities

» Working with students from disadvantaged backgrounds

Using teaching standards and codes of conduct

Reflecting on the effectiveness of their teaching

Reflecting on their professional knowledge

Strategies for identifying their own learning needs.
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Exhibit 4.6: Content of educator questionnaire (contd.)

Part

Item
Content

Item
Number

Description

Part |

Opportunities to learn
during educator’s
<course>

Educators were asked to state whether or not they expected the <future
teachers> in their course to do each of the following activities:

* Listen to a lecture

* Ask questions

Participate in class discussions

Make presentations

Demonstrate teaching using <future teacher’s> selected method
Demonstrate teaching using educator’s selected method

Group work

Read research on mathematics, mathematics education, and/or teaching
and learning

* Analyze teaching examples

» Write mathematical proofs

* Problem-solve in relation to applied mathematics

* Provide multiple strategies to solve a problem

e Use computer and calculator.

Educators were asked to state whether or not they required the <future
teachers> in their course to do each of the following activities:

* Observe modeling of teaching strategies

* Practice theories for teaching subject-matter content

* Conduct assessment

* Provide feedback about their teaching

* Evaluate their students’ learning

* Apply research findings on learning difficulties to their teaching practice
* Use strategies to reflect on their professional knowledge

» Demonstrate teaching methods.

Educators were asked to state whether or not the <future teachers> in their
course had opportunities to learn each of the following skills or knowledge
areas during the course:

* Accommodate a wide range of student ability

* Analyze students’ assessment data

* Assess high- and low-level goals

 Create experiences that make clear the central concepts of subject matter
* Create projects that motivate all students to participate

Deal with learning difficulties

* Develop activities with high-interest level

* Develop instructional materials that build on students’ experiences

* Give students appropriate feedback

* Help students self-assess their own learning

* Locate appropriate curriculum materials

* Use assessment to give feedback to parents, guardians, and students

* Use classroom assessment to guide instructional decisions

* Use students’ misconceptions to plan instruction

Use standardized assessment to guide instructional decisions.

PartJd

Coherence of the
teacher education
program

Educators were asked to state the extent to which they agreed (four
response options ranging from “disagree” to “agree”) with statements about
the coherence of the education program. The statements focused on the
following:

* The coherence of the teacher education program with <future teachers’>
main needs

The consistency of courses in the program

The coherence between the program’s organization and preparing effective
teachers

The logical sequence of development in terms of the content and topics
covered by the program'’s courses

The coherence between the program and the explicit standards
expectations for beginning teachers

Clarity of the links across the program’s courses.
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Exhibit 4.6: Content of educator questionnaire (contd.)

Part

Item
Content

Item
Number

Description

Part K

Beliefs about
mathematics

Beliefs about learning
mathematics

Beliefs about student
achievement in
<primary/secondary>
mathematics

Educators were asked to state the extent to which they agreed (six response
options ranging from “strongly disagree” to “strongly agree”) with each of the
following “abbreviated” statements reflecting beliefs about mathematics:

¢ Mathematics is a collection of rules and procedures

Mathematics involves remembering and applying definitions, formulas,
mathematical facts, and procedures

Mathematics involves creativity and new ideas

When doing mathematics, you can discover and try out many things by
yourself

When solving mathematical tasks, you need to know the correct procedure
If you engage in mathematics tasks, you can discover new things

Logical rigor and precision is fundamental to mathematics

Mathematical problems can be solved correctly in many ways

Many aspects of mathematics have practical relevance

Mathematics helps us solve everyday problems and tasks

Doing mathematics requires considerable practice, correct application of
routines, and problem-solving strategies

¢ Mathematics means learning, remembering, and applying.

Educators were asked to state the extent to which they agreed (six response
options ranging from “strongly disagree” to “strongly agree”) with statements
reflecting beliefs about mathematics. The statements focused on the
following:

¢ The best way of doing well in mathematics

Whether or not students need to be taught

The importance of having understood the mathematical problem even
when one has got the answer right

Methods of being good at mathematics

The best way to learn mathematics

The aspect of learning given emphasis when students are working on
mathematics problems

The importance of understanding the reason for the correct answer
The importance of figuring out the method of solving mathematical
problems

Nonstandard procedures for solving problems

The value of hands-on mathematics experiences

The value of the time used to investigate the reason for a solution

The need for teachers to help students solve mathematical problems
The need for teachers to encourage students to find their own solutions
Discussion of different ways of solving particular problems.

Educators were asked to state the extent to which they agreed (six response
options ranging from “strongly disagree” to “strongly agree”) with statements
reflecting beliefs about student achievement in mathematics. The statements
focused on the following:

* The use of hands-on models and other visual aids for older students

* Being good at mathematics

* The importance of natural ability and effort in mathematics

« Participation in multi-step problem-solving activities

* Gender differences in mathematics

* The persistence of mathematical ability

¢ Being good at mathematics

* Ethnicity and mathematics ability.
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Exhibit 4.6: Content of educator questionnaire (contd.)

Part Item
Content

Item Description
Number

Part L Preparedness for 1 Educators were asked to state the extent to which they agreed (four response

teaching mathematics options ranging from “not at al

"

to "a major extent”) with statements
reflecting beliefs about the skills or knowledge areas <future teachers> should
possess when they start their teaching career. The statements focused on the
following:

¢ Communicating ideas and information about mathematics

* Establishing appropriate learning goals in mathematics

¢ Setting up mathematics learning activities

 Using questions to promote higher-order thinking

* Using computers and ICT to aid the teaching of mathematics

Challenging students to engage in critical thinking about mathematics
Establishing a supportive environment for learning

Using assessment to give effective feedback

Providing parents and guardians with useful information about their child’s
progress

* Developing assessment tasks that promote mathematics learning

* Incorporating effective classroom management strategies into teaching

¢ Having a positive influence on difficult students

* Working collaboratively with other teachers.

2 Educators were asked to state how effective they believed the teacher
education program overall was in preparing teachers of mathematics.

Notes:

Carets (< >) denote information to be replaced with the nationally-appropriate term.

a If an educator did not fit any of the listed roles, he or she was asked to skip the next questions and move to Part F.

b Educators were asked to select one of the courses they taught when answering the questions in Part F.

¢ Only those educators whose selected course included mathematics content or mathematics <pedagogy> were requested to
answer the Part G questions.

d Only those educators whose selected course included general <pedagogy> were asked to answer the Part H questions.

4.2.3.1 Definition of teacher preparation institutions

TEDS-M 2008 defined teacher preparation institutions as secondary or post-secondary
schools/colleges/universities offering structured OTL (i.e., a program or programs) on
a regular and frequent basis to future teachers within a route of teacher preparation.
For the purposes of this questionnaire, the term “program” referred to the set of courses
or units of study and other learning activities that constituted the formal preparation
provided to future primary or lower-secondary teachers of mathematics. These were
the programs (so-called teacher preparation units or TPUs) from which future teachers
were recruited to complete the TEDS-M FTQs.

Eligible teacher education programs were concurrent, consecutive, and apprenticeship.
TEDS-M defined a concurrent teacher preparation program as a single program that
included studies in subjects future teachers would be teaching (academic or subject-
matter preparation), studies of pedagogy and education (pedagogical and professional
studies), and practical experience in the classroom. A consecutive teacher preparation
program was defined as one that included pedagogical and professional studies and
practical experience, preceded by a separate program for academic or subject-matter
preparation (typically leading to a separate degree or diploma) that might or might
not occur in the same institution. An apprenticeship teacher preparation program
referred to a program consisting predominantly of school-based experience, with other
institutions playing only a minor, marginal, or supporting role.
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In order to secure confidentiality, TEDS-M determined that no findings arising out of
the data collection would be reported for individual programs. All TEDS-M publications
therefore refer to aggregate data.

4.2.3.2 Questionnaire content

The design of the IPQ took the form of a guided interview that could be conducted either
in a face-to-face format with particular individuals, or within a focus-group session. It
included questions about program description, future teacher background, selection
policies, program content, field experience, program accountability and standards,
staffing, program resources, and reflections on the program. Exhibit 4.7 provides more
detail about the content of this questionnaire. It should be noted that many of the
questions in this survey were covered by multiple items.

Exhibit 4.7: Content of institutional program questionnaire

Part

Item
Content

Item Description
Number

Part A

Program description 1 This question asked if the program prepared <future teachers> to teach in

primary schools, secondary schools, or both.

2 This filter question asked if the program was concurrent, consecutive, or
apprenticeship.

3 For concurrent programs, the questions were:

* How many years and months does it take for a typical <future teacher> to
complete this program?

» What credential is earned in this program? Please also enter ISCED level,
using the chart at the beginning of this questionnaire.

5-8 For consecutive programs, the questions were:

* How many years and months does it take for a typical <future teacher> to
complete this program?

* Does this academic or subject-matter preparation take place in your
institution?

* How many years and months does it take for a typical <future teacher> to
complete the <pedagogical> and professional studies (including practical
experience) of this program?

* What credential is earned at the end of the <pedagogical> and professional
studies (including practical experience) of this program? Please also enter
ISCED level, using the chart at the beginning of this questionnaire.

9-12 For apprenticeship programs, the questions were:

* How many years and months does it take for a typical <future teacher> to
complete this program?

* Is your training institution (other than the <primary> or <secondary> school
in which the practical experience takes place) responsible for coordinating
the learning program for <future teachers> during this apprenticeship
program?

* Who is responsible for the practical experience?

» What credential is earned in this apprenticeship program? Please also enter
ISCED level, using the chart at the beginning of this questionnaire.

Part B

<Future teacher> 1a) The minimum grade level of mathematics that <future teachers> are required

background

to have completed in <secondary> school.

1b) The most advanced mathematics course that <future teachers> are required to
have completed in <secondary> school.

2 The minimum required qualification for entry into the program.

3 The grade levels and the subject areas that the program prepares its <future
teachers> to teach.

Respondents were asked to indicate where the preparation was offered for
each of the listed subject areas (i.e., mathematics, sciences, literacy, social
studies, generalist, other) by grade level.
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Exhibit 4.7: Content of institutional program questionnaire (contd.)

Part Item Item Description
Content Number

Part B | <Future teacher>
(contd.) | background

The number of fields that program graduates are normally qualified to teach.

4
5 The proportion of parttime students during the first year of the program.
6 The location where the program takes place.

7

The number of <future teachers> who began or will begin the program.
(Respondents were asked to report by year from 2003 to 2008.)

8a) The number of <future teachers> who successfully completed or will complete
the program. (Respondents were asked to report by year from 2003 to 2008.)

8b) The number of <future teachers> who successfully completed or will complete
the program with a qualification to teach mathematics. (Respondents were
asked to report by year from 2003 to 2008.)

Part C | Selection policies 1 Who sets the admission policies for the program?

2 The degree of importance of the listed information for the selection of
<future teachers> for the program. The list of information included:

* The overall level of attainment of their final year of <secondary schooling>
measured by school marks

The overall level of performance of their final year of <secondary schooling>
measured by a national/state examination

Performance on an examination for admission specially prepared by the
institution

Stability for teaching

Level of mathematics achievement

Gender

Under-represented group in the teaching profession

The order of application

Region of residence

* Age.

3 Whether the institution has special strategies to attract <future teachers> into
the program.

4 The level of prior academic achievement of <future teachers> in the program
with reference to national norms.

5 Whether the program makes a special effort to attract fulltime workers with
no previous experience of teaching.

6 The proportion of previous fulltime employees among <future teachers>
before they entered the program.

Part D | Program content 1 The website address for the program requirement.
2 The program requirement.
3 A: The required number of <liberal arts> courses for the duration of the
program.

B: The required number of teaching contact hours per <liberal arts> course.

4 A: The required number of <academic mathematics> courses for the duration
of the program.

B: The required number of teaching contact hours per <academic
mathematics> course.

5 A: The required number of <mathematics content> courses for the duration of
the program.

B: The required number of teaching contact hours per <mathematics content>
course.

6 A: The required number of <mathematics pedagogy> courses for the duration
of the program.

B: The required number of teaching contact hours per <mathematics
pedagogy> course.
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Exhibit 4.7: Content of institutional program questionnaire (contd.)

Part

Item
Content

Item
Number

Description

Part D
(contd.)

<Future teacher>
background

10
"

12

132

14

A: The required number of professional foundation and theory courses for the
duration of the program.

B: The required number of teaching contact hours per professional
foundations and theory course.

A: The required number of general <pedagogy> courses for the duration of
the program.

B: The required number of teaching contact hours per general <pedagogy>
course.

The total number of required courses that <future teachers> needed to
complete during the teacher preparation program.

The attendance at scheduled <class time> by <future teachers>.

The weight (ranging from “little or no weight” to “major weight”) given to
goals relating to:

¢ Curriculum content knowledge

* <Pedagogical> content knowledge

* General <pedagogy>/educational foundations

¢ Assessing learning

* Knowledge of students and diversity

 Preparation for further development as a teacher

¢ Understanding the school environment.

The institutional requirements to be met in order to successfully complete the
program. The question listed eight common institutional requirements. For
each of the listed requirements, respondents were asked to select either “Yes"”
or “No.”

Whether or not the program had a document setting out the competencies
that <future teachers> needed to have in order to graduate from the program.

The origin of the guideline on competencies.

Part E

Field experience

3¢

The type of field experience included in the program (i.e., extended teaching
practice or introductory field experiences or both).

The number of days that <future teachers> spend in school setting by year
(from Year 1 to Year 5).

Respondents were asked to specify the number of days and the average
number of hours per day <future teachers> spend in (a) extended teaching
practice and (b) introductory field experience.

The frequency of the activities assigned as part of the introductory field
experiences in the program. For each of the listed activities, respondents were
asked to rate its occurrence during field experiences. The scale ranged from
“not at all” to “usually.” The list of activities included:

* Planning lessons

* Teaching individual lessons to whole classes

Tutoring individual students

Working with small groups of students

Assisting teachers

Assisting in school activities outside the assigned classroom

Carrying out case studies of selected students

Carrying out classroom observation

Collecting data for research projects

Visiting families in students’ homes

Interviewing teachers

Observing teachers’ meetings.

The frequency with which teacher educator observed <future teachers>.

Whether practicing teachers received compensation for supervising <future
teachers>.

Whether mathematics specialists had responsibility for supervising <future
teachers> in the program.
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Exhibit 4.7: Content of institutional program questionnaire (contd.)

Part Item Item Description
Content Number
PartE | Field experience 7 The percentage of <future teachers> who gained a satisfactory result for their
(contd.) expended teaching practice.
8 The policies regarding <future teachers'> unsatisfactory performance during

their extended teaching practice.

9 The assumed responsibilities of supervisors during extended teaching. The
question covered five major responsibilities:

 Helping <future teachers> plan

¢ Observations

« Instructing, modeling, coaching, etc.

* Giving oral feedback and fostering reflection
e Assessment.

Each of the major responsibilities also contained two to four specific
responsibilities. Respondents were asked to rate the likelihood of having to
assume the responsibilities (response options ranged from “definitely yes” to
“definitely not”).

10 Who determined the structure and nature of the activities undertaken in the
school during extended teaching practice.

" The frequency with which field experience supervisors provided the program
with written feedback on individual <future teachers>.

12 The kinds of persons who mentor and/or assess <future teachers> during
field experiences. The question asked respondents to indicate whether <future
teachers> received mentoring and assessment from the following individuals
during their teaching practice:

* Practicing classroom teacher in school

* Principal or other administrator

« Inspector, <pedagogical> advisor, or other mid-level administrator
* Postgraduate students in a university

 Senior university teaching staff

* Retired school teacher or administrator

¢ Other personnel not included in the above categories.

13 The type of guidance provided on how to assess extended teaching practice.
14 The person responsible for finding extended teaching practice placements.
15 The statement that best describes placement of <future teachers> in schools

for extended teaching practice.

Part F | Program accountability 1 The level in the institution at which decisions regarding the listed matters
and standards pertaining to the program'’s curriculum are made. The question listed a
number of topics regarding the curriculum. For each topic, respondents
were asked to identify who from institution, local district, state or provincial,
or national level made the decision.

The listed topics were:

Program goal and emphasis

Selection of textbooks, etc.

Standards of classroom performance

Standards of content knowledge

Subject-matter knowledge to be covered in mathematics
Mathematics <pedagogy> curriculum

General <pedagogy>/educational foundations curriculum/<liberal arts>
curriculum

Number of required credits in program areas

Length of practical training

Location of practical training

Monitoring of <future teachers’> progress

Quality and frequency of supervision during practical training
Type and content of assessments

External examinations.
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Exhibit 4.7: Content of institutional program questionnaire (contd.)

Part Item Item Description
Content Number
Part G | Staffing 1a) The number of fulltime staff with teaching responsibility in the program.
1b) The number of parttime staff with teaching responsibility in the program.
1¢c) The distribution of the credentials held by fulltime staff members with

teaching responsibilities.

2 The academic rank held by fulltime staff members with teaching
responsibilities.

3 The academic background requirement for staff in the program who teach
mathematics or mathematics-related content to <future teachers>.

4 The academic background requirement for staff in the program who teach
mathematics <pedagogy> to <future teachers>.

5 The academic background requirement for staff in the program who supervise
extended teaching practice.

PartH | Program resources 1 The overall annual budget of the program for the year of the study.

2 The budget for instruction.

3 Whether <future teachers> receive direct subsidies for living expenses.
Part | 1 Whether historical, social, or cultural factors are essential for <future

teachers’> ability to understand the content of the program. If respondents
answered “Yes," they were asked to provide a summary of these factors.

2 The most distinctive strengths of the program.

3 The main problems facing the institution.

4 The important or unique aspects of the program that need to be made
known.

Notes:
Carets (< >) denote information to be replaced with the nationally-appropriate term.
a If the answer to Question 13 was “No,” the respondent skipped Question 14 and moved to Part E.

b If the institution did not offer any type of field experience, the respondent skipped the rest of the questions in this part and
moved to Part F.

¢ If the institution did not offer short field experiences, the respondent skipped Question 3.
d If the institution did not offer extended teaching practice, the respondent skipped Questions 4 to 15 and moved to Part F.
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CHAPTER 5:

TRANSLATION AND TRANSLATION
VERIFICATION OF THE TEDS-M RESEARCH
INSTRUMENTS

Barbara Malak-Minkiewicz, IEA Secretariat

Inese Berzina-Pitcher, Michigan State University

5.1 Overview

The international version of the TEDS-M research instruments was developed and
prepared in English, the working language of IEA, by the TEDS-M international study
centers (ISCs) at Michigan State University (MSU) and at the Australian Council
for Educational Research (ACER), with contributions from the national research
coordinators (NRCs) of the 17 participating education systems (hereafter referred to
as countries). The national centers subsequently translated the instruments into local
languages, 12 in total.

When preparing these national versions, each center was expected to follow specific
procedures for translating and adapting the instruments to national contexts. These
procedures were designed to ensure the highest quality of translation possible and
appropriate cultural adaptations, while maintaining international comparability. The
document providing these guidelines, TEDS-M 2008 Survey Operations Procedures,
Unit 3: Translation/Verification (IEA, 2007a), was prepared by the ISCs and further
elaborated and discussed at relevant NRC meetings during the course of the study.

A rigorous process of verifying the translated/adapted instruments was necessary to
ensure the accuracy of the translation and equivalency of the national materials with the
international version. This externally-based process was managed by the IEA secretariat
in Amsterdam, the Netherlands, in association with cApStAn Linguistic Quality Control
(Brussels, Belgium). After language verification, instruments were returned to the NRCs
along with detailed feedback that included suggestions for changes and improvement.
Once necessary changes to the text had been implemented, the ISCs further reviewed
and noted any discrepancies between the layout of the national instruments and the
international version. These needed to be removed before the ISC teams could give final
approval to the printing and administering of the materials.

All TEDS-M participants complied well with the requirements for external verification
of the survey instruments. For the majority of them, translation/layout verification
occurred twice—once before the field trial and once before the main data collection,
thereby assuring the highest quality of each national version.

5.2 Translating the TEDS-M Instruments

5.2.1 Survey Languages

As already noted, the TEDS-M instruments were administered in 12 different languages
(see Exhibit 5.1), with English the most common language used (six countries). The
majority of the participating countries used only one language for administering the
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survey. Four participants (Canada, Norway, Oman, and Switzerland) used instruments
in two languages. The translation/adaptation process for these countries required
careful checking to ensure the equivalency of the different national-language versions.

Exhibit 5.1: Languages used for TEDS-M instruments

Educational System Language Instruments
Institutional Educator Future teacher Future teacher
program questionnaire booklets— booklets—
questionnaire primary secondary

Botswana English . . . .
Canada English . . . .

French . . . .
Chile Spanish . . . .
Chinese Taipei Traditional Chinese . . . .
Georgia Georgian . . . .
Germany German . . . .
Malaysia English . . . .
Norway ® Bokmal . . . .

Nynorsk . .
Oman ® Arabic . . .

English .
Philippines English . . . .
Poland Polish . . . .
Russian Federation Russian . . . .
Singapore English . . . .
Spain € Spanish (Castilian) . . .
Switzerland ¢ French . . .

German . . . .
Thailand Thai . . . .
United States English . . . .

Notes:

a Norway incorporated both Bokmél and Nynorsk into the same booklets for future teachers (part of the booklet in one
language and part in the other). This procedure is used in Norwegian education.

b Oman did not include future teachers of primar