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Abstract First findings of IEA’s “Teacher Education and Development Study in
Mathematics (TEDS-M)” had revealed differences in the demographic background,
prior knowledge, opportunities to learn (OTL), and outcomes of primary teacher
education between future teachers from different countries. In this chapter, two hy-
potheses are examined: (1) OTL and teacher background are significant predictors
of mathematics content knowledge (MCK) and mathematics pedagogical content
knowledge (MPCK) as teacher education outcomes. (2) OTL effects are partly me-
diated by differential student teacher intake. Data from multilevel models reveal
that effects on MCK are in general larger than on MPCK. Gender, prior knowledge
and OTL in mathematics are significantly related to both types of outcomes whereas
other background characteristics affect MPCK only. Motivation mediates the effects
of prior knowledge and the OTL effects are partly mediated by teacher intake. Con-
sequences for educational policy are discussed based on these results. Policymakers
have on the one hand to be aware of the continuing problem of societal inequali-
ties. Providing OTL in mathematics as well as increasing entrance selectivity may,
on the other hand, have positive consequences for the outcomes of primary teacher
education.

Keywords Effectiveness (of teacher education) · Teacher knowledge · MCK ·
MPCK · Opportunities to learn · OTL · Value added · Comparative study ·
Pre-service teacher education

Adjusted version of Blömeke et al. (2012).

S. Blömeke (B) · U. Suhl
Department of Education, Humboldt University of Berlin, 10099 Berlin, Germany
e-mail: sigrid.bloemeke@staff.hu-berlin.de

G. Kaiser
Department of Education, University of Hamburg, 20146 Hamburg, Germany

M. Döhrmann
Department of Sciences and Mathematics, University of Vechta, 49337 Vechta, Germany

S. Blömeke et al. (eds.), International Perspectives on Teacher Knowledge, Beliefs and
Opportunities to Learn, Advances in Mathematics Education,
DOI 10.1007/978-94-007-6437-8_15, © Springer Science+Business Media Dordrecht 2014

327

mailto:sigrid.bloemeke@staff.hu-berlin.de
http://dx.doi.org/10.1007/978-94-007-6437-8_15


328 S. Blömeke et al.

1 Introduction

With the publication of comparative studies on K-12 student achievement, the com-
petencies of their teachers have become areas of considerable interest. This interest
is reflected by the “Teacher Education and Development Study: Learning to Teach
Mathematics (TEDS-M)” which examined the competencies of mathematics teach-
ers in fifteen countries at the end of their training (Tatto et al. 2008, 2013).1 Mathe-
matics teachers have a central role in the preparation of future generations of K-12
students. Mathematics not only belongs to the core academic subjects worldwide
(Mullis et al. 2008) but is also essential for meeting everyday occupational require-
ments (Freudenthal 1983).

An examination of mathematics teachers’ competencies and to ascertain whether
and how teacher education contributes to their development is therefore one of the
most important parameters of school quality. Efforts to fill corresponding research
gaps have already been made since the 1990s (Cochran-Smith and Zeichner 2005;
Darling-Hammond 2000). Most of the research, however, focused on future teacher
beliefs as one subdomain of teacher competencies (see e.g. Bramald et al. 1995;
Calderhead 1991; Tamir 1988). Large-scale assessments or studies including direct
measures of teacher knowledge as another subdomain of teacher competencies are
still widely lacking (Brouwer 2010; Wilson et al. 2002).

TEDS-M offers a unique chance to examine the relationship of teacher educa-
tion and future teachers’ knowledge in detail. It was the first comparative large-
scale assessment of higher education in which graduates from fifteen countries were
tested. The first descriptive results revealed significant mean differences in the future
teachers’ background, their opportunities to learn (OTL) during teacher education,
and outcomes in terms of mathematics content knowledge (MCK) and mathematics
pedagogical content knowledge (MPCK) between countries (Babcock et al. 2010;
Blömeke et al. 2011, 2012; Hsieh et al. 2010; Oser et al. 2010). It had to remain an
open question though to what extent teacher background and OTL influenced the
outcomes. This relationship, examined with respect to future primary teachers, is
the focus of the present chapter.

In examining the effects of program characteristics on teacher education out-
comes, the chapter contributes to effectiveness research on the level of the teacher
education system. It transfers an approach frequently used in K-12 research where
effectiveness is defined as “the degree to which schools achieve their goals, in
comparison with other schools that are ‘equalized’, in terms of student-intake”
(Scheerens 2000, p. 20). The advantage of an approach on the system level is a
high precision of estimates due to large sample sizes. At the same time our study is
a first approximation of a value-added model because the effects of OTL in teacher

1The international costs of TEDS-M were funded by the IEA, the US National Science Foundation
(REC 0514431) and the participating countries. The instruments are copyrighted by the TEDS-M
International Study Center at MSU (ISC). This publication was made possible by grant number
BL 548/3-1 from the German Research Foundation (DFG). Any views expressed in this paper are
those of the authors and do not necessarily reflect the views of the funders or the ISC.
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education are not distorted by teacher background (McCaffrey et al. 2003). The ad-
vantage of such an approach is that it filters out characteristics which are not under
the control of teacher education.

2 Theoretical Framework

2.1 Opportunities to Learn

TEDS-M followed the tradition of the IEA in connecting educational opportunity
and educational achievement. As it was done in TIMSS, OTL were framed as con-
tent coverage, specifically as “the content of what is being taught, the relative impor-
tance given to various aspects of mathematics and the student achievement relative
to these priorities and content” (Travers and Westbury 1989). OTL were in this sense
defined as future primary teachers’ encountering occasions to learn about particular
topics during teacher education. Since subject matter specificity is the defining el-
ement of an educational opportunity (Schmidt et al. 1997), in the case of TEDS-M
as a study about “learning to teach mathematics” the particular topics reflected the
areas of mathematics and mathematics pedagogy. Teaching mathematics represents
a small but important part of primary teachers’ responsibilities since they usually
work as class teachers and teach most subjects.

OTL in teacher education can be regarded as having been intentionally devel-
oped by educational policymakers and teacher education institutions (Schmidt et al.
2008). They give characteristic shape and direction to instruction. Every choice pro-
vides some OTL at the expense of others. National program choices in this sense
reflect particular visions of what primary teachers are supposed to know and be able
to do in class and how teacher education should be organized in order to provide the
knowledge and skills necessary for successful accomplishment of their professional
tasks.

In expansion of TIMSS, TEDS-M also examined the quality of OTL, e.g. the
teaching methods experienced during teacher education (McDonnell 1995). The
idea of teacher education as a model for future teaching in class has always played
an important role in pedagogical discourse; see e.g. the theory of “signature pedago-
gies” developed by Shulman (2005). In this paper we take OTL quality into account
by including research-based learning approaches.

2.2 Teacher Background

In studies of school effectiveness, not only OTL but also K-12 student background
is almost always a powerful predictor of achievement. Specifically with respect to
mathematics, gender, socio-economic status and language background as well as
generic and domain-specific prior knowledge play an important role (Scheerens and
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Bosker 1997). Equity with respect to these characteristics is rarely accomplished. It
is reasonable to assume that the same applies to teacher education.

Mathematics has been regarded as a male-dominated subject for a long time
(Burton 2001). Longitudinal and trend studies reveal that even though differential
mathematics achievement by gender has decreased over the past decades, females
still show lower achievement compared with their male counterparts in mathematics
tests in higher school grades and college (Fan et al. 1997; Hyde et al. 2008). The
reasons for such inequity mainly point to socio-psychological aspects: the females
had received less support and encouragement from teachers and parents and they
had had fewer opportunities to learn mathematics (Henrion 1997). One of the few
studies on gender effects in teacher education, the comparative study “Mathemat-
ics Teaching in the 21st Century (MT21)”, carried out with future lower-secondary
mathematics teachers (Schmidt et al. 2011), provides evidence that gender-related
achievement differences in mathematics also apply to teacher education. Male lower
secondary teachers from Germany significantly outperformed their female counter-
parts in mathematics tests (Blömeke and Kaiser 2010).

Differences in language background are a characteristic known to be associated
with K-12 student achievement as well. In many countries, those students whose
OTL occur in their second language perform significantly worse than first-language
learners (Walter and Taskinen 2007). Classroom discourse plays a major role in this
context as Schütte and Kaiser (2011) show with respect to German primary students.
The magnitude of language disadvantages is usually increased by the difference
between language skills sufficient for communication at home or with peers and the
language proficiency necessary for school success (Council of Chief State School
Officers 1990; Cummins 1983). Correspondingly, Thomas and Collier (1997) found
cumulative effects in the sense that language effects increase in higher grades of
K-12 schooling.

Students’ socio-economic status is generally significantly associated with achieve-
ment as well (Coleman et al. 1966). The higher the SES, the better students perform
in tests. SES represents in this context access to resources important for learning
like wealth or education (Mueller and Parcel 1981). These resources are actively
used, or implicitly play out, as support for student progress.

Prior generic and domain-specific knowledge has to be included in a study about
teacher education effects not only because it has frequently proven to be associated
with K-12 student achievement in a strongly positive way (Simmons 1995) but also
because not correcting for it could result in an overestimation of other background
or institutional effects (Goldhaber and Brewer 1997; Thomas and Mortimore 1996).
Prior knowledge has to be regarded as probably having been affected by these char-
acteristics in the past.

Motivation is often positively related to learning outcomes, especially if the
learning tasks are complex (Benware and Deci 1984; Grolnick and Ryan 1987) and
if motivation is modeled as intrinsic motivation (Singh et al. 2002). With respect
to teachers, intrinsic reasons to decide on this profession can be distinguished into
altruistic-pedagogical and subject-related motives (Brookhart and Freeman 1992;
Watt and Richardson 2007). How these affect cognitive outcomes of primary teacher
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education is an open question. The effects of extrinsic motivation on achievement—
with respect to teachers it is related to job security and job benefits (Brookhart and
Freeman 1992)—are generally mixed (Ryan and Deci 2000). A controversy exists
about the extent to which motivation can be regarded as a background characteris-
tic at all. Some researchers argue that including motivation in effectiveness studies
would require the inclusion of a variable that may mediate real background effects
like socio-economic status and therefore represents an explanation of how these ef-
fects play out. Thus, motives will only be included stepwise in the present study
about primary teacher education.

2.3 Outcomes of Teacher Education

TEDS-M is based on the notion of professional competencies as they are defined in
general by Weinert (2001) and specifically with regard to teaching by Taconis et al.
(2004). Competencies in this tradition mean the cognitive and affective-motivational
wherewithal to solve job-related problems successfully. In the case of TEDS-M,
cognitive abilities have been categorized into three facets which are frequently dis-
cussed in the literature: mathematics content knowledge (MCK), mathematics ped-
agogical content knowledge (MPCK), and—due to feasibility reasons in only three
countries: Germany, Taiwan, and the US—general pedagogical knowledge (GPK)
(Blömeke 2002; Shulman 1985). The job-related problems to be dealt with by fu-
ture primary teachers were defined according to existing standards (see e.g. NCTM
1991).

In the present study, MCK and MPCK were used as indicators of the outcomes
of primary teacher education. Since we had GPK data from only three countries,
we had to leave out this component of teacher competencies. But by including
two subdimensions of teachers’ professional competencies we lowered the risk of a
“mono-operation bias” (De Maeyer et al. 2010): Evidence exists that teachers need
to draw on MCK and MPCK in order to foster student achievement in mathematics
(Baumert et al. 2010). If we used only one of these as outcome indicator, we would
miss the breadth of teacher competencies. Although school effectiveness research
has established a certain degree of consistency across cognitive outcome measures
(Scheerens and Bosker 1997; Thomas et al. 1997), we do not have the same kind of
information in teacher education research.

3 Hypotheses

In line with the results from school effectiveness research, we hypothesize that OTL
matter for teacher education outcomes (H1). More specifically, we expect that across
the fifteen TEDS-M countries OTL in mathematics and mathematics pedagogy as
well as research-based learning during primary teacher education significantly pre-
dict outcomes in terms of MCK and MPCK. The strengths of the relationships may
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vary though. OTL in mathematics should have a stronger impact on MCK than
on MPCK, and OTL in mathematics pedagogy should have a stronger impact on
MPCK than on MCK because the respective predictors and outcomes correspond
more closely to each other. Still, we expect cross-effects, especially an influence of
OTL in mathematics on MPCK, because MPCK requires by definition MCK and
the two latent traits correlate. Research-based learning should have a stronger influ-
ence on MPCK because—in the way it was defined in TEDS-M (including videos
of mathematics instruction, for example)—it is much more prominent in the field of
mathematics pedagogy than in mathematics.

At the same time, and again in line with the results from school effectiveness
research, we suppose that background matters for teacher education outcomes (H2).
In particular, we hypothesize significant effects of gender (in favor of males), socio-
economic status (in favor of higher SES) and language background (in favor of first-
language learners), prior generic and domain-specific knowledge (in favor of those
primary teachers with higher perceived high-school achievement), and motivation
(in favor of those with higher altruistic-pedagogical and subject-related motives and
lower extrinsic motives) on the acquisition of MCK and MPCK.

Finally, we hypothesize that OTL effects are partly mediated by differential
teacher intake (H3). The first descriptive results of TEDS-M had revealed that
the composition of future teachers differed in many countries by teacher edu-
cation program (Tatto et al. 2013). This applied especially to prior knowledge
in the sense that teachers who reported better high-school achievement were
more often selected—either formally by the institutions or by self-selection—for
teacher education programs with more OTL in mathematics and mathematics peda-
gogy.

4 Study Design

4.1 Sample

The target population of the present study was defined as future teachers in their
final year of teacher education who would receive a license to teach mathematics
in primary schools (Tatto et al. 2008). This definition included primary teachers
who would work as class teachers. A teacher education program was identified
as preparing primary teachers if the license covered one of the grades 1 through
4 as the common denominator of education level 1 in the “International Stan-
dard Classification of Education” (primary or basic education, cycle 1; UNESCO
1997).

In a two-stage process, random samples were drawn from this target popula-
tion in each participating country. The samples were stratified according to impor-
tant teacher education features like “route” (consecutive vs. concurrent programs),
“type” of program (grade span the license included, e.g. grades 1 through 4 vs. 1
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Table 1 Participating countries in the TEDS-M primary study

Botswana Chilee Germany Georgia

Malaysia Norwayd,e Philippines Polandb,e

Russia Spain Switzerlanda Singapore

Taiwan Thailand USAc,e,f

aColleges of Education in German-speaking regions
bInstitutions with concurrent programs
cPublic Universities
dResults for Norway are reported by combining the two data sets available to cover the entire
population of primary future teachers
eCombined Participation Rate <75 %
fSubstantial proportion of missing values

through 10) or “focus” of opportunities to learn (with or without extensive opportu-
nities to learn mathematics) in order to reflect accurately the distribution of primary
teachers’ characteristics at the end of their training.

In 2008, about 14 000 future primary teachers from more than 500 teacher ed-
ucation programs in fifteen countries (see Table 1) were tested on their MCK and
MPCK in a standardized paper-and-pencil assessment. All countries had to meet
the quality requirements of the “International Association for the Evaluation of
Educational Achievement (IEA)” as known from studies like the “Third Interna-
tional Mathematics and Science Study (TIMSS)”. These included controlling of
translation processes, monitoring of test situations, and meeting participation rates.
If a country missed the participation benchmark only slightly, its results are re-
ported briefly (“Combined Participation Rate <75 %”). This applies to Chile, Nor-
way, Poland, and the US. In the US, about a quarter of the primary sample had
to use a shortened version of the survey instrument for administrative reasons.
Therefore, the basic proportion of missing values is higher than in other coun-
tries.

In most countries, TEDS-M covered the full target population. Only Switzerland,
Poland and the US had to limit their study for economic or other reasons. In Poland,
due to difficulties identifying the target population, it was not feasible to include
about 10 % of the teacher education institutions where teachers were trained in con-
secutive programs only. In the US, it was not feasible immediately to include pri-
vate universities where about one third of the teachers in the target population were
trained. They were examined in a separate step; the results did not differ systemat-
ically from those at public universities. In Switzerland, only the German speaking
regions agreed to participate in the study. Particularly complex is the composition
of the Norwegian sample. Data from two different primary programs are available
for this country. Although these sub-populations are not completely disjunct be-
cause students had the chance to change to the other programs, the present chapter
combines them in order to cover the entire population of primary future teachers in
Norway.
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4.2 Instruments

The gender variable was dichotomous with two values (0: female, 1: male). Across
the fifteen TEDS-M countries, on average 81 % of the primary teachers in their final
year of training were female (range: 59 % in Botswana through 100 % in Georgia).

The language spoken at home in contrast to the official language of instruc-
tion in teacher education was captured with a four-point Likert scale (0: “never”
through 3: “always”). A distinct difference between two groups of countries ex-
isted. In Botswana, Malaysia, and the Philippines, future teachers were tested in
English although this was the language always or almost always spoken at home by
less than 13 %. In Singapore, Thailand and Taiwan, between 30 and 40 % of the
teachers always or almost always spoke a different language at home. In the other
nine countries, between 86 and 99 % of the future teachers always or almost always
spoke the official language of instruction at home.

Measuring socio-economic status (SES) is complex. Owing to its multidimen-
sionality, SES can be indicated by different aspects or be a composite of parental
education, home resources, parental occupation, and/or parental income (Sirin 2005;
van Ewijk and Sleegers 2010). These subdimensions are commonly associated with
each other but represent different aspects of societal inequality. Based on their meta-
analysis, van Ewijk and Sleegers (2010) recommend either the use of a composite
or the use of one single indicator as continuous variables. Dichotomies have to be
regarded as unreliable measures of the underlying continuous construct. Including
several SES indicators may lead to ambiguity in the interpretation and the true effect
would probably be underestimated. Therefore, in the present study parent education
was used as an indicator of SES. It was separately measured for future teachers’ fa-
thers and mothers on scales covering the seven most important ISCED levels (1 =
“primary” through 7 = “beyond ISCED 5A”). One variable was created to represent
the parents’ highest education level. On average, almost 40 % of the primary teach-
ers had parents with a university degree (range: 12 % in Botswana through 52 % in
Norway).

Perceived high-school achievement was used as a proxy for generic prior knowl-
edge. It was measured across school subjects with a five-point Likert scale repre-
senting the perceived high-school achievement compared with a future teacher’s
age cohort (1: “generally below average” through 5: “always at the top”). Across
the TEDS-M countries, about 38 % of the primary teachers reported high-school
achievement at or near the top (range: 14 % in Germany through 58 % in Malaysia).

Domain-specific prior knowledge was surveyed through the number of math-
ematics classes taken during K-12 schooling as a proxy (five-point Likert scale
from 1: “below year 10” through 5: “year 12 (advanced level)”). Across the fifteen
countries, 68 % of the primary teachers reported at least twelve years of mathemat-
ics at school with a minimum of 0 % in Russia where high school ends after grade 11
and a maximum of 100 % in Taiwan and Poland where twelve years of mathematics
are mandatory.

The motives to become a teacher were captured in three subdimensions:
altruistic-pedagogical, subject-related and extrinsic motivation. Four, two or three
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statements respectively had to be rated on four-point Likert scales (1: “not a rea-
son” through 4: “a major reason”). An indicator of altruistic-pedagogical motives
was e.g. “I like working with young people.” An indicator of subject-related mo-
tives was “I love mathematics” and an indicator of extrinsic motives was “I seek
the long-term security associated with being a teacher.” On average, altruistic-
pedagogical motives dominated the decision to become a primary teacher much
more (M = 3.18, SD = 0.65) than extrinsic motives (M = 2.05, SD = 0.69) but
also more than subject-related motives (M = 2.04, SD = 0.79). In an international
context, the reliability of the pedagogical scale was sufficient (Cronbach’s α = 0.73)
whereas the reliability of the other two scales was only at or slightly above the criti-
cal limit (α = 0.50 or 0.60 respectively). Thus, the number of items turned out to be
too low. If we had used more items, we still would have achieved a higher reliability
though. In any case, we have to be wary of drawing conclusions in the context of
this study if we do not find significant correlations.

The OTL index for mathematics was based on the future primary teachers’ re-
sponses to what extent content was covered in 15 domains across three key areas:
(1) continuity and functions, e.g. beginning calculus or multivariate calculus, (2) dis-
crete structures and logic, e.g. linear algebra or number theory, and (3) geometry,
e.g. axiomatic geometry or differential geometry. Opportunities to learn probability
and statistics were ignored in this paper because the corresponding knowledge is
only poorly represented in the mathematics test. The index represents a regression
score (M = 0, SD = 1) with a minimum of −0.75 in Germany (SD = 0.94) and
a maximum of 1.56 in Thailand (SD = 0.46) from a factor analysis with the three
OTL indices which explained 68 % of the variance.

The OTL index for mathematics pedagogy was based on eight domains, includ-
ing foundations like the development of mathematics ability and thinking, and in-
structional applications like developing teaching plans. The index once again rep-
resents a regression score (M = 0, SD = 1) based on a factor analysis with the two
counts which explains 71 % of the variance. The minimum was −1.05 in Germany
(SD = 1.11) and the maximum was 0.75 in Malaysia (SD = 0.73).

In TEDS-M, teaching methods were captured in several subdomains. For the pur-
pose of this paper, the scale “research-based learning” was chosen which was the
only one that corresponds with subject-specific OTL and points to their academic
nature of teacher education. Its reliability was good (α = 0.83). Four statements
covered the reading of research papers as well as active research strategies like ana-
lyzing videos. They had to be rated on four-point Likert scales (1: “never” through
4: “often”). Across the fifteen countries, primary teachers reported a medium level
of research-based learning during teacher education (M = 2.36, SD = 0.81) with
the lowest level in Germany (M = 1.65, SD = 0.67) and the highest in Russia
(M = 2.76, SD = 0.70).

TEDS-M sought to measure future teachers’ MCK and MPCK as outcomes at the
end of primary teacher education. For this purpose, a 60-minute paper-and-pencil as-
sessment had to be completed during a standardized and monitored test session. The
items were supposed to depict classroom performance of mathematics teachers in
grades 1 through 4 as closely as possible. A matrix design with five test booklets of
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the type “Balanced Incomplete Block Design” was applied. Scaled scores were cre-
ated separately for MCK and MPCK in 1-dimensional models using item response
theory. For dichotomous items, the standard Rasch model and for polychotomous
items the partial credit model were used (see Tatto et al. 2013). Both item types
were analyzed simultaneously with ACER Conquest software (Wu et al. 2007). The
resulting achievement estimates were transformed into a scale with an international
mean of 500 and a standard deviation of 100 test points.

The 74 items of the mathematics test covered number (25 items), algebra (23) and
geometry (21) but only to a small extent data (5). Three cognitive dimensions were
covered: knowing (33), applying (29) and reasoning (12). About a quarter of the
TEDS-M items have been released by the IEA and are available at: teds@msu.edu.

The 32 items of the mathematics pedagogy test covered two subdimensions: pre-
active curricular and planning knowledge (16 items) which is necessary before a
teacher enters the classroom (e.g. establishing appropriate learning goals, know-
ing different assessment formats or linking pedagogical methods and instructional
designs, identifying different approaches for solving mathematical problems) and
interactive knowledge about how to enact mathematics for teaching and learning
(16 items; e.g. diagnosing typical students’ responses including misconceptions,
explaining or representing mathematical concepts or procedures, providing appro-
priate feedback).

4.3 Validity of the TEDS-M Measures

As an IEA study, TEDS-M had to meet the benchmarks set by prior large-scale
assessments like TIMSS in order to prove validity of its instruments. First of all,
the item development had to follow a conceptual framework (Tatto et al. 2008)
and it had to be connected to previous research. These precautions provided strong
validity-related evidence regarding the content of the scales as well as their mean-
ingfulness and appropriateness. To avoid cultural bias, items had to be sent in from
all participating countries. The item pool was reviewed by large groups of experts,
and this on the international level and within the participating countries. Translation
processes had to follow strict rules and they were controlled by the IEA headquarter.
All national research coordinators had to approve the final version of the different
instruments in order to satisfy ethical aspects of the research.

In addition to this conceptual validity, measures were taken to ensure high psy-
chometric quality, including the provision of internal-consistency evidence, score
reliability evidence, and particularly evidence of measurement invariance (see Tatto
et al. 2013). Based on data from an extensive pilot study, initial exploratory fac-
tor analyses were carried out. These were followed by confirmatory factor analyses
based on data from the main study and referring to the conceptual framework in or-
der to assess the fit of each scale to the data. The structure of the scales was similar
to the pilot findings and there was strong consistency between the primary future
teacher and secondary future teacher studies. These results again provided validity-
related evidence regarding the construct definitions.

mailto:teds@msu.edu
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To assess the degree to which these factor structures were invariant across coun-
tries, Multiple Group Confirmatory Factor Analysis (MCFA) was used. The results
provided evidence of the fit of the given factor structure in each country—an impor-
tant test to defend the meaningfulness of each scale within and across countries.

OTL was measured by asking the future teachers what they perceived had been
covered. Such self-reported data always includes certain kinds of risks. Therefore,
evidence was collected to prove the validity of these data by correlating the future
teacher data to curriculum data (Blömeke and Kaiser 2010).

4.4 Data Analysis

The analyses took the multi-level structure of the TEDS-M data into account. The
international sampling plan used a stratified multi-stage probability sampling design
(Tatto et al. 2013). The future teachers (individual level) were randomly selected
from a list of future teachers for each of the randomly selected teacher education
institutions in a country. Teachers from all teacher education programs (level 2)
offered by an institution selected were considered in scope if the license formally
allowed for the teaching of mathematics in one of the grades 1 through 4 (including
in a class teacher’s role) and if they were in their final year of teacher education.
Countries represented the third level in our multi-level analyses.

Explicitly modeling the cluster structure has several advantages. First, we ob-
tain statistically efficient estimates of regression coefficients and correct standard
errors (Hox 2002). Second, and this is important in the context of this paper, we
can use covariates at any level of the hierarchy which enables us to examine the
extent to which differences in achievement are accountable for by OTL or teacher
background. One measure in this context is to adjust for intake differences.

The influence of individual level characteristics (teacher background) on MCK
and MPCK was examined first. The background variables were introduced by group
centering in order to separate level-1 effects from higher-level effects accurately.
When level-2 effects were examined (OTL and teacher intake), the individual-level
variables were controlled and therefore introduced by grand mean centering them.
In order to determine the mediating effect of teacher intake, it is not only important
to state separate significant effects of the predictors as well as of the mediator on
outcomes of teacher education but also a significant relationship between the predic-
tors and the mediator (Baron and Kenny 1986). Therefore, an additional multi-level
model will be estimated in which this relationship is examined.

In order to check how justified it was to aggregate the OTL and teacher-intake
data (self-reported high-school achievement) which were collected on the individual
level, we estimated the ICC(K) and the rwg(J ) indices as indicators of reliability
across our clusters and agreement within these (McGraw and Wong 1996; James
et al. 1993). Overall, the results indicated that it was justified to aggregate these
measures (see Table 2). Based on the ICC(K) index, we can conclude that all four
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Table 2 Indices of reliability and agreement of future primary teachers with respect to self-
reported OTL and high-school achievement

ICC(K) ICC(K) range rwg(J ) rwg(J ) range

OTL in mathematics 0.85 (0.53–1.00) 0.90 (0.83–0.97)

OTL in mathematics pedagogy 0.88 (0.55–0.99) 0.84 (0.77–0.90)

Research-based learning 0.88 (0.63–0.99) 0.67 (0.50–0.78)

Teacher intake 0.83 (0.50–0.97) 0.59 (0.38–0.79)

measures were stable enough across programs in the 15 TEDS-M countries to use
them as composites (LeBreton and Senter 2008). The average reliability was very
good and none of the scales dropped below 0.50 in any of the countries.

Based on the rwg(J ) index, the within-group agreement was sufficient with re-
spect to both OTL measures and research-based learning as well. The perceived
high-school achievement showed only moderate agreement though (ibid.). How-
ever, the average reliability across teacher education programs was high. This result
pointed to a lack of consensus within programs—may be because of an insufficient
supply of applicants so that institutions had to fill their slots with a wide range of
future teachers—but still to a relative high consistency across programs which is the
more important feature in the context of our analyses.

Within countries, it can reasonably be assumed that effects of predictors play
out in the same way. Thus, slopes were defined to be the same across programs in
our multi-level analyses. In contrast, due to possible cultural differences between
countries the strength of effects like gender could vary on this level. If the number
of countries were large enough, random slopes should be estimated. However, due
to the already relatively low number of countries this procedure was not feasible
in our case and the strength of predictor effects was defined to be the same across
countries as well.

One question was whether the model for the examination of OTL effects had to
include these variables—introduced on the aggregated level—on the individual level
as well. In many studies of composition effects this is a common practice and it is
recommended in technical handbooks (see e.g. Snijders and Bosker 1999) because
peer effects would be overestimated otherwise. In fact, we followed this recommen-
dation when we examined the role of teacher intake. The focus was different when
OTL were concerned, however. Here, we were not interested in separating individ-
ual and composition effects. The variables represented OTL offered by programs
according to their specific requirements but may have been used with some varia-
tion by the future teachers. The mixture of level-1 and level-2 effects is therefore
precisely what we would like to obtain.

By including two indicators of teacher education outcomes—MCK and MPCK—
we increased the construct validity of our study. At the same time, however, we
“bought” an increased risk of type 1 errors because our dependant variables were
correlated to each other (Hox 2002). The range varied from a strong manifest cor-
relation in Poland (r = 0.68) to a low correlation in Botswana (r = 0.28). A multi-
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variate multi-level model would have taken care of this problem but it was not fea-
sible. We already had three levels to consider—future teachers, teacher education
programs and countries—so that adding another level would have led to unstable
results and difficulties in interpreting the results. Given the obvious fact that the risk
of missing important effects is negligible (De Maeyer et al. 2010), we applied two
univariate three-level models.

Weights were incorporated in order to reflect non-response rates so that robust
population estimates could be obtained. Teacher education programs with fewer
than four future teachers in an institution were excluded from the analyses in order to
insure stable estimates. This measure reduced the original data set of 13 871 primary
teachers in their final year of teacher education to 13 829 (=99.7 %) nested in 527
teacher education programs and fifteen countries.

Given this large sample size, statistical significance is not sufficient to distinguish
between practically relevant results and results less relevant. Therefore, each effect
will be discussed with respect to its practical relevance based on its proportion of
one standard deviation. All analyses were done with HLM for Windows Version
6.08.

5 Results

5.1 Variance in the Outcomes of Primary Teacher Education

The unconditioned models revealed that the country level explained a large propor-
tion of variance in the outcomes of primary teacher education. About one-third of
the MCK as well as of the MPCK variance was explained by this level (see the foot-
notes below Tables 4 and 5). This result reflects the huge disparity in the country
means (see Table 3). Systematic variance also existed between teacher education
programs within countries. The proportion of variance in the future teacher level
was higher in the case of MPCK than MCK.

5.2 Effects of Background Characteristics on Teacher Education
Outcomes

Our data generally supported H2 in that background matters for outcomes of pri-
mary teacher education. We have to be careful, however. There was large variation
depending on whether we examined MCK or MPCK and whether we examined
demographics, prior knowledge or motivation.

With respect to MCK (see Table 4), gender turned out to be the most impor-
tant individual characteristic across the participating TEDS-M countries. On av-
erage, a difference between one-fifth—if gender was introduced separately—or
even a quarter of a standard deviation—if the other background characteristics
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Table 3 Means and standard errors (SE) of future primary teachers’ MCK and MPCK

Mathematics content knowledge Mathematics pedagogical content knowledge

Country Mean (SE) Country Mean (SE)

Taiwan 623 (4.2) Singapore 593 (3.4)

Singapore 590 (3.1) Taiwan 592 (2.3)

Switzerlanda 543 (1.9) Norwayd,e 545 (2.4)

Russia 535 (9.9) USAc,e,f 544 (2.5)

Thailand 528 (2.3) Switzerlanda 537 (1.6)

Norwayd,e 519 (2.6) Russia 512 (8.1)

USAc,e,f 518 (4.1) Thailand 506 (2.3)

Germany 510 (2.7) Malaysia 503 (3.1)

International 500 (1.2) Germany 502 (4.0)

Polandb,e 490 (2.2) International 500 (1.3)

Malaysia 488 (1.8) Spain 492 (2.2)

Spain 481 (2.6) Polandb,e 478 (1.8)

Botswana 441 (5.9) Philippines 457 (9.7)

Philippines 440 (7.7) Botswana 448 (8.8)

Chilee 413 (2.1) Chilee 425 (3.7)

Georgia 345 (3.9) Georgia 345 (4.9)

aColleges of Education in German-speaking regions
bInstitutions with concurrent programs
cPublic Universities
dResults for Norway are reported by combining the two data sets available in order to approximate
a country mean
eCombined Participation Rate <75 %
fHigh proportion of missing values

were controlled—between male and female teachers existed in favor of the males.
This is a highly substantial effect. In contrast, future teachers’ language back-
ground and their parents’ education were influential but the effect sizes were small.
The effect of language even disappeared when the teachers’ motivation was con-
trolled.

Important for the acquisition of MCK were both proxies of prior knowledge, the
perceived high-school achievement as well as the number of mathematics classes.
Those future primary teachers within a program who perceived themselves as good
students compared to their peers and reported more years of mathematics dur-
ing schooling performed better on average in our MCK test. One more year of
mathematics and a one-point difference on the perceived high-school achievement
scale led to a difference of about twelve test points. Once motivation was intro-
duced, the effect sizes of perceived high-school achievement and number of math-
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Table 4 Three-level modeling of future primary teachers’ MCK regressed on background charac-
teristics

M1
b

(SE)

M2
b

(SE)

M3
b

(SE)

M4
b

(SE)

M5
b

(SE)

M6
b

(SE)

M7
b

(SE)

M8
b

(SE)

M9
b

(SE)

M10
b

(SE)

Individual predictors

Gender 20.7∗∗∗
(3.2)

23.7∗∗∗
(2.9)

24.7∗∗∗
(2.8)

Parent
education

2.2∗∗
(0.8)

1.8∗
(0.9)

2.0∗
(0.9)

Language
background

2.9∗
(1.5)

3.3∗∗
(1.2)

ns

High-school
achievement

11.7∗∗∗
(1.0)

12.3∗∗∗
(1.0)

9.8∗∗∗
(0.8)

Mathematics
classes

13.8∗∗∗
(1.5)

11.8∗∗∗
(1.3)

9.5∗∗∗
(1.4)

Pedagogical
motives

ns −4.4∗∗∗
(1.2)

Subject-rel.
motives

13.8∗∗∗
(2.0)

13.2∗∗∗
(1.6)

Extrinsic
motives

−2.2∗∗
(0.8)

−6.9∗∗∗
(1.6)

Variance components in the unconditioned model: Country 33.6 %, Teacher education program
18.6 %, Future teacher 47.9 %. Predictors have been centered around their group means (programs
within institutions) in order to obtain pure level-1 effects. ns: not significant, ∗ p < 0.05, ∗∗ p <

0.01, ∗∗∗ p < 0.001

ematics classes taken decreased slightly. This result may indicate a mediating ef-
fect.

Motivation itself had a varying influence on the acquisition of MCK—depending
on which subdimension was concerned. Across the fifteen TEDS-M countries, the
correlation of subject-matter related motives to subject-matter knowledge was pos-
itive and especially strong, even stronger than prior knowledge. The correlation
of extrinsic motivation to MCK was significant as well but negative. Altruistic-
pedagogical motives neither supported nor limited substantially the acquisition of
MCK if this characteristic was introduced separately. If all background characteris-
tics were controlled, a small negative effect emerged.

With respect to MPCK (see Table 5), fewer or less substantial effects of back-
ground characteristics existed across the fifteen TEDS-M countries. With respect to
demographics, only gender had on average a small significant effect in favor of male
primary teachers and this effect even disappeared if the other background variables
were controlled. Neither which language a future teacher spoke at home nor his/her
parents’ educational background was significantly correlated to the acquisition of
MPCK.
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Table 5 Three-level modeling of future primary teachers’ MPCK regressed on background char-
acteristics

M1
b

(SE)

M2
b

(SE)

M3
b

(SE)

M4
b

(SE)

M5
b

(SE)

M6
b

(SE)

M7
b

(SE)

M8
b

(SE)

M9
b

(SE)

M10
b

(SE)

Individual predictors

Gender 4.8∗
(2.2)

ns ns

Parent
education

ns ns ns

Language
background

ns ns ns

High-school
achievement

10.4∗∗∗
(0.8)

10.1∗∗∗
(0.9)

8.8∗∗∗
(0.9)

Mathematics
classes

9.0∗∗∗
(1.1)

7.1∗∗∗
(0.7)

5.5∗∗∗
(0.6)

Pedagogical
motives

3.4∗∗
(1.3)

ns

Subject-rel.
motives

10.9∗∗∗
(1.2)

9.1∗∗∗
(1.5)

Extrinsic
motives

−3.0∗∗∗
(0.9)

−7.2∗∗∗
(1.6)

Variance components in the unconditioned model: Country 31.6 %, Teacher education program
11.5 %, Future teacher 56.9 %. Predictors have been centered around their group means (programs
within institutions) in order to obtain pure level-1 effects. ns: not significant, ∗ p < 0.05, ∗∗ p <

0.01, ∗∗∗ p < 0.001

In contrast, both proxies of prior knowledge turned out to be significantly in-
fluential in relation to the acquisition of MPCK. On average, those future primary
teachers who indicated better school achievement by one point (e.g. the difference
between “generally about average for my year level” and “generally above average
for my year level”) performed better by ten test points. One more year of mathe-
matics at school added another seven test points. Also in this case, the effect sizes
of perceived high-school achievement and the number of mathematics classes de-
creased slightly once motivation was introduced.

Motivation itself significantly influenced the acquisition of MPCK. Across the
TEDS-M countries, the correlation of subject-matter related motives to this type of
outcome had about the same positive effect size as perceived high-school achieve-
ment. If introduced separately, altruistic-pedagogical motives had a positive effect
on the acquisition of MPCK as well. The effect size was small, however, and disap-
peared altogether if all background characteristics were controlled. It is important
to note that extrinsic motives were generally significantly negatively correlated to
the acquisition of MPCK. A one-point difference on the four-point Likert scale was
associated with a loss of seven points in the MPCK test.
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5.3 Effects of Opportunities to Learn on Teacher Education
Outcomes

With respect to the acquisition of MCK (see Table 6), two of the program features
were of high relevance across the TEDS-M countries: OTL taken in mathematics
and OTL taken in mathematics pedagogy. Thus, the data strongly supported H1.
Both factors led to differences in MCK of one-third or almost a quarter of a stan-
dard deviation in favor of those future teachers in a program where they had had one
standard deviation more of the respective OTL during teacher education. In particu-
lar, OTL taken in mathematics explained a substantial proportion of variance in the
outcomes of primary education between programs whereas the proportion was rela-
tively low in the case of OTL taken in mathematics pedagogy. Correspondingly, the
data revealed that—if the OTL were mutually controlled—a substantial proportion
of the mathematics pedagogy effect on MCK was mediated by OTL in mathematics.
Across the TEDS-M countries, the effect size was almost halved.

The research-based learning during primary teacher education generally did not
have a significant effect. The acquisition of MCK was neither supported nor lim-
ited significantly by reading research papers or using active research strategies like
analyzing videos. In this respect, H1 has to be rejected.

Some of the results for MPCK correspond to the MCK results (see Table 7). Sim-
ilarly to MCK, OTL in mathematics were important for the acquisition of MPCK.
In addition to background characteristics, this type of OTL explained a substantial
proportion of variance between teacher education programs in the fifteen TEDS-
M countries. No matter whether OTL in mathematics were introduced separately
or whether other OTL characteristics were controlled, a difference of a quarter of a
standard deviation in MPCK existed in favor of those future teachers whose program
had offered one standard deviation more of OTL in mathematics during teacher ed-
ucation.

Slightly less additional variance in MPCK was explained by OTL taken in math-
ematics pedagogy. If introduced separately, the data revealed that future primary
teachers who had taken more of these topics performed better in our test, and this
by one-fifth of a standard deviation. Similarly to MCK but against our hypothesis,
the relevance of OTL in mathematics pedagogy decreased if the OTL in mathemat-
ics were controlled. Across the TEDS-M countries, the effect size was more than
halved then.

An interesting deviance from the MCK results was the relevance of research-
based learning for the acquisition of MPCK. Even though the substantial positive
effect disappeared if the other two OTL variables were controlled, the separate effect
may point to an important feature of primary teacher education. The proportion
of variance explained across the TEDS-M countries by using active and passive
research strategies and the average gain in test points corresponded to the effect size
of OTL in mathematics pedagogy.
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Table 6 Three-level modeling of future primary teachers’ MCK regressed on OTL in teacher
education and teacher intake (controlling for background characteristics)

M0
b

(SE)

M1
b

(SE)

M2
b

(SE)

M3
b

(SE)

M4
b

(SE)

M5
b

(SE)

M6
b

(SE)

Individual predictors

Gender 25.5∗∗∗
(3.2)

25.0∗∗∗
(2.8)

25.4∗∗∗
(3.1)

25.4∗∗∗
(3.1)

25.0∗∗∗
(2.8)

25.1∗∗∗
(3.0)

24.7∗∗∗
(2.8)

Parent
education

2.2∗
(0.9)

2.3∗
(1.0)

2.2∗
(0.9)

2.2∗ 2.3∗
(1.0)

2.2∗
(0.9)

2.2∗
(0.9)

Language
background

ns ns ns ns ns ns ns

High-school
achievement

10.3∗∗∗
(0.9)

10.3∗∗∗
(0.9)

10.2∗∗∗
(0.9)

10.3∗∗∗
(0.9)

10.3∗∗∗
(0.9)

9.7∗∗∗
(0.8)

9.8∗∗∗
(0.8)

Mathematics
classes

9.8∗∗∗
(1.3)

9.7∗∗∗
(1.2)

9.8∗∗∗
(1.4)

9.8∗∗∗
(1.3)

9.7∗∗∗
(1.3)

9.7∗∗∗
(1.4)

9.6∗∗∗
(1.3)

Pedagogical
motives

−4.7∗∗∗
(1.0)

−4.4∗∗∗
(1.2)

−4.8∗∗∗
(1.0)

−4.8∗∗∗
(1.0)

−4.4∗∗∗
(1.2)

−4.7∗∗∗
(1.0)

−4.4∗∗∗
(1.2)

Subject-rel.
motives

14.4∗∗∗
(1.9)

13.6∗∗∗
(1.5)

14.3∗∗∗
(1.9)

14.3∗∗∗
(1.9)

13.6∗∗∗
(1.5)

14.1∗∗∗
(1.8)

13.5∗∗∗
(1.5)

Extrinsic
motives

−7.5∗∗∗
(1.8)

−7.4∗∗∗
(1.7)

−7.5∗∗∗
(1.8)

−7.5∗∗∗
(1.8)

−7.4∗∗∗
(1.7)

−7.2∗∗∗
(1.7)

−7.2∗∗∗
(1.6)

Program predictors

OTL in
mathematics

34.1∗
(14.9)

31.5∗
(14.6)

25.9∗
(11.8)

OTL in math
pedagogy

23.7∗
(11.9)

13.7†

(7.6)
ns

Research-based
learning

ns ns ns

Teacher intake 44.7∗∗
(13.8)

31.9∗∗∗
(3.7)

R2 24.6 % 38.1 % 29.5 % 27.5 % 40.7 % 37.8 % 46.3 %

R2: Proportion of null-model variance on the program level explained by the respective model.
Individual predictors have been centered around the grand mean in order to control for level-1
effects and thus obtain pure level-2 effects. OTL predictors have been centered around their group
means (countries) in order to obtain pure level-2 effects. ns: not significant, † p < 0.10, ∗ p < 0.05,
∗∗ p < 0.01, ∗∗∗ p < 0.001

5.4 The Role of Teacher Intake

Entry selection according to perceived high-school achievement seemed to play a
major role in the acquisition of MCK and MPCK across the fifteen TEDS-M coun-
tries although program effects in terms of OTL in mathematics were still substantial
even after controlling for teacher intake and background effects (see Tables 6 and 7,
M6). The data revealed that across the TEDS-M countries a difference of about two-
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Table 7 Three-level modeling of future primary teachers’ MPCK regressed on OTL in teacher
education and teacher intake (controlling for background characteristics)

M0
b

(SE)

M1
b

(SE)

M2
b

(SE)

M3
b

(SE)

M4
b

(SE)

M5
b

(SE)

M6
b

(SE)

Individual predictors

Gender ns ns ns ns ns ns ns

Parent
education

ns ns ns ns ns ns ns

Language
background

ns ns ns ns ns ns ns

High-school
achievement

9.3∗∗∗
(1.0)

9.3∗∗∗
(1.0)

9.3∗∗∗
(1.0)

9.3∗∗∗
(1.0)

9.3∗∗∗
(0.9)

8.6∗∗∗
(0.8)

8.8∗∗∗
(0.9)

Mathematics
classes

6.0∗∗∗
(0.6)

5.8∗∗∗
(0.6)

6.0∗∗∗
(0.6)

5.8∗∗∗
(0.6)

5.8∗∗∗
(0.6)

5.8∗∗∗
(0.6)

5.7∗∗∗
(0.6)

Pedagogical
motives

ns ns ns ns ns ns ns

Subject-rel.
motives

10.3∗∗∗
(2.3)

9.4∗∗∗
(1.6)

10.1∗∗∗
(2.2)

10.2∗∗∗
(2.3)

9.3∗∗∗
(1.6)

9.9∗∗∗
(2.0)

9.2∗∗∗
(1.6)

Extrinsic
motives

−7.8∗∗∗
(1.8)

−7.7∗∗∗
(1.7)

−7.8∗∗∗
(1.8)

−7.8∗∗∗
(1.8)

−7.7∗∗∗
(1.7)

−7.4∗∗∗
(1.6)

−7.4∗∗∗
(1.6)

Program predictors

OTL in
mathematics

27.0∗
(12.8)

24.6∗
(12.3)

19.9∗
(9.9)

OTL in math
pedagogy

20.5∗
(9.6)

9.7†

(5.1)
ns

Research-based
learning

22.2∗
(10.5)

ns ns

Teacher intake 37.6∗∗
(12.2)

26.5∗∗∗
(3.5)

R2 20.1 % 32.2 % 25.9 % 25.3 % 36.7 % 32.9 % 41.7 %

R2: Proportion of null-model variance on the program level explained by the respective model.
Individual predictors have been centered around the grand mean in order to control for level-1
effects and thus to obtain pure level-2 effects. OTL predictors have been centered around their
group means (countries) in order to obtain pure level-2 effects. ns: not significant, † p < 0.10,
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

fifths of a standard deviation in MCK as well as in MPCK existed between teacher
education programs in favor of those programs where the primary teachers reported
a one-point higher mean school achievement level if this indicator of teacher intake
was introduced separately. These are highly substantial effects. The corresponding
school achievement effect on the individual level decreased only slightly after the
composite was introduced.

If the composition characteristic was introduced in addition to the OTL char-
acteristics, the intake effect and the effects of OTL in mathematics on MCK and
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Table 8 Two-level modeling of teacher intake regressed on OTL in primary teacher education

M1 b (SE) M2 b (SE) M3 b (SE)

Predictors

OTL in mathematics 0.15† (0.08) ns

OTL in mathematics pedagogy 0.19∗∗ (0.07) 0.15∗ (0.08)

Variance components in the unconditioned model: Country 46.0 %, Teacher education program
54.0 %. Predictors have been centered around their group means (countries) in order to obtain pure
level-2 effects. ns: not significant, † p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

MPCK decreased by 13 or 11 and by 6 or 5 test points respectively and the effects
of OTL in mathematics pedagogy disappeared completely. These results pointed to
a mediating effect in the sense that primary teachers with a better perceived school
achievement were selected or selected themselves to a higher extent for programs
with more OTL to learn mathematics and mathematics pedagogy so that the entrance
differences mediated the OTL effects.

In order to support this hypothesis, it is necessary to show in addition to our
previous results that OTL as predictors significantly influenced teacher intake as
the assumed mediator as well (Baron and Kenny 1986). For this purpose an ad-
ditional two-level model was examined with programs as level 1 and countries as
level 2. This model allowed us to use composition of programs according to per-
ceived high-school achievement as the dependant variable and OTL in mathematics
and mathematics pedagogy as predictors.

In fact, if introduced separately both OTL characteristics showed a systematic
relationship with the mean level of perceived high-school achievement in teacher
education programs (see Table 8). In particular, the effect of OTL in mathematics
pedagogy was significant which fits well to our prior results. It seems as if OTL in
mathematics pedagogy are an especially important feature of primary teacher edu-
cation programs that drove the (self-)selection process—and thus have an indirect
effect on MCK and MPCK. If examined separately without taking teacher intake
into account (Tables 6 and 7, M2 and M4), there is a significant relationship of OTL
in mathematics pedagogy to MCK and MPCK. This relationship disappears if one
controls for teacher intake. In contrast, OTL in mathematics does not have a signif-
icant relationship to teacher intake. So, the effects remain in M6 compared to M4
(see Tables 6 and 7).

6 Discussion

Data from the comparative TEDS-M study revealed that the mathematics content
knowledge (MCK) and the mathematics pedagogical content knowledge (MPCK)
of primary teachers differed significantly at the end of teacher education between
the participating countries and between teacher education programs within coun-
tries. In this chapter, we examined to what extent teacher background, prior knowl-
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edge, motivation, opportunities to learn (OTL) during teacher education and teacher
intake influenced the knowledge acquisition across countries on average in order to
contribute to a global theory of teacher education effectiveness.

Our hypothesis that teacher background generally influenced the outcomes of
teacher education (H2) was only partly supported by the data. Gender turned out
to be an important individual characteristic but only with respect to the acquisition
of MCK and not with respect to MPCK. In the first case, university training may
have suffered from cumulative effects during a long history of gender inequity in
K-12 schooling (Hyde et al. 2008). The acquisition of MPCK started only after that,
which may have reduced the disadvantages of females.

Against our hypothesis, the language background of the teachers and their par-
ents’ education were relevant neither for MCK nor for MPCK. Given that these are
important predictors on the school level (Coleman et al. 1966; Thomas and Collier
1997), this result is surprising. It seems as if the many selection processes during
schooling had filtered out those students who were at a disadvantage because of
their background.

In contrast, our data strongly confirmed our hypotheses that the perceived high-
school achievement as well as the number of mathematics classes at school sig-
nificantly correlate with MCK and MPCK. Effect sizes were large in both cases.
Assuming that both predictors are appropriate to indicate prior knowledge, these
results are in accordance with the general state of research (see e.g. Anderson and
Lebière 1998; Simmons 1995). A possible explanation may be that higher prior
knowledge facilitates the acquisition of new knowledge, e.g. by supporting the in-
tegration of new information into existing schemata, the modification of knowledge
structures or the compilation and chunking of knowledge.

With respect to motivation, it is important to distinguish between subdimensions
because it had either no practically relevant (altruistic-pedagogical motives) or con-
tradictory effects (positive: subject-related motives, negative: extrinsic motives) on
the outcomes of primary teacher education. It seems as if the persistence to over-
come mathematics-related learning difficulties or to invest time and energy in the
learning of mathematics decreases if somebody wants to become a teacher primarily
because s/he wants the long-term security of the job but increases if s/he is interested
in the subject (Wigfield and Eccles 2000). Some evidence surfaced that motivation
was one of the channels through which prior knowledge played out. Further research
is needed at this point but such a result would support the critical evaluation laid out
at the beginning of the paper that motivation should not be regarded purely as a
background characteristic.

With respect to program characteristics, the data supported our hypotheses that
OTL and teacher intake are highly relevant to teacher education outcomes (H1 and
H3). Both features were introduced as aggregated variables on the program level
in order to increase the reliability of the measures. In fact, the ICC(K) estimates
revealed strong agreement within programs.

OTL in mathematics were of outstanding relevance for the outcome of primary
teacher education. They had not only a strong direct influence on MCK but also on
MPCK and they probably mediated the effects of OTL in mathematics pedagogy.
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Fig. 1 Hypothetical model of the effects of teacher background, opportunities to learn and teacher
intake on outcomes of primary teacher education

These in turn probably mediated the effect of research-based learning although fur-
ther research is needed about the specifics of these processes.

Besides the relevance of OTL, the relevance of entry selection at the beginning of
primary teacher education—either carried out officially by an institution or program
or implicitly happening as self-selection by the future teachers—became apparent as
well. OTL in mathematics pedagogy were an important feature here and thus had an
indirect effect on MCK and MPCK. This result probably reflects the widespread na-
ture of primary teacher education programs as trainings of generalists with broader
coverage of mathematics pedagogy than of mathematics. The larger this coverage
is, the more it attracts students with higher self-perceived high-school achievement
who in turn show higher MCK and MPCK at the end of teacher education.

In addition, the composition effect significantly mediated the effects of opportu-
nities to learn. It is important to note, however, that OTL in mathematics were still
substantial even after controlling for teacher intake and background effects.

These results lead to a first hypothetical model of the effectiveness of primary
teacher education from a global perspective, which is summarized in Fig. 1.

Before conclusions are drawn, we have to point out some methodological limi-
tations of our study. TEDS-M was a cross-sectional study with a retrospective self-
report about school achievement. Longitudinal data and a better measure of prior
knowledge are needed for far-reaching conclusions. Furthermore, owing to the low
number of countries we had to use a “one size fits all approach” (van Ewijk and
Sleegers 2010) with parameter estimates the same for all countries. Thus, a risk
exists that country-specific variation in the effects sizes of some predictors was
overlooked (with respect to variation in gender and language effects by country
see Blömeke et al. 2011). At least for the larger countries in the TEDS-M sample, it
seems therefore worthwhile to estimate country-specific models.

In future research, in addition to MCK and MPCK as subject-specific criteria of
teacher education outcomes, other cognitive criteria like general pedagogical knowl-
edge or affective characteristics like teacher beliefs should be included in order to
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develop a full model. Such an approach would increase the validity of a study of
teacher education effectiveness. In this context the increased risk of type 1 errors
owing to correlation between different criteria should be addressed as well, e.g. by
multi-level structural equation modeling.

With respect to effects of single variables, we have to point out that the SES effect
may have been underestimated because a single indicator instead of a composite was
used (van Ewijk and Sleegers 2010). To create a composite, in our study data about
parental occupation were missing. In addition, the reliability of the scale measuring
extrinsic motivation was at a critical limit. Since we discovered a significant effect
in any case, we can assume that its size was underestimated as well.

7 Conclusions

If school effectiveness can be defined as “the degree to which schools achieve their
goals, in comparison with other schools that are ‘equalized’, in terms of student-
intake” (Scheerens 2000, p. 20), we examined in this chapter the effectiveness of
teacher education in 527 programs from fifteen countries with respect to MCK and
MPCK as cognitive outcomes after equalizing their teacher intake. Future research
should continue this line of research but aim at improving some of the methodolog-
ical weaknesses discussed above. Also, it seems necessary to include classroom
observations of teacher performance and possibly even K-12 student achievement
to examine the construct validity of our outcome measures. With respect to OTL, it
may be beneficial to go into more detail instead of examining broad constructs like
“OTL in mathematics” to gain more insight into the relationship between program
characteristics and knowledge acquisition. Subdomains like number or algebra or
indicators like types of practical experience are worth examination.

Policymakers have to be aware of the continuing problem of societal inequalities
even in teacher education outcomes. Special support of female teachers when it
comes to the acquisition of MCK in order to overcome cumulative disadvantages
of a long history of K-12 schooling seems to be a meaningful measure in many
TEDS-M countries.

For achieving an increase of teacher education effectiveness, our study points to
two potential measures, each with separate effects. Providing OTL in mathematics
as well as increasing entrance selectivity may have positive consequences for the
outcomes of primary teacher education and thus in the long run for student achieve-
ment in mathematics. Mathematics is one of the most important school subjects
and a gatekeeper to academic and professional success. Investments in the training
of teachers should therefore pay off quickly. Entrance selectivity is a sensitive is-
sue, however. Not everywhere is teaching at primary schools such a popular and
rewarding job that enough applicants for teacher education are available. Higher se-
lectivity, however, may increase the reputation of the profession in the long run so
that institutions can recruit from a larger pool.
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Teacher educators may want to compare the outcomes of different programs and
different institutions in their country. Within almost all countries, huge between-
program disparity existed. This means that within the same cultural context some
institutions are doing better than others. They may represent a benchmark and pro-
vide important information about features of teacher education which can be more
easily adapted than features from other countries. Especially the structure and con-
tent of the mathematics and the mathematics pedagogy curriculum should be put to
the test.
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