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� Consistency of TIMSS results across subjects, grades, outcomes, countries was examined.
� Instructional quality was consistently positively related to student outcomes.
� Other teacher characteristics were mostly inconsistently related to student outcomes.
� Instructional quality predicted student outcomes well and with large effect sizes.
� Effect sizes of other teacher characteristics were generally moderate only.
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a b s t r a c t

How teacher characteristics are related to student outcomes may indicate ways to improve the effec-
tiveness of schooling. This paper examines how consistent such relations are by utilizing TIMSS data on
five teacher characteristics (teacher education major, teaching experience, professional development,
preparedness and instructional quality) and two outcomes (achievement, motivation) in five countries
(England, Norway, South Korea, Thailand, Tunisia) for two grades (4, 8) and two subjects (mathematics,
science). Data revealed little consistency, if at all within countries only and regarding instructional
quality as a predictor. Policy makers are advised not to make inferences across grades, subjects or
outcomes.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
The number of publications presenting results regarding teacher
effects on student outcomes has substantially increased during the
past decade. Researchers from many countries have provided evi-
dence for effects on mathematics achievement for example
(Baumert et al., 2010; Boyd, Grossman, Lankford, Loeb, & Wyckoff,
2009; Kersting, Givvin, Thompson, Santagata, & Stigler, 2012).
Looking across the available evidence, the consistency of these
results beyond one specific subject, school level, outcome or
country examined is an open question though. Much of the
research has focused on mathematics, often in middle school.
Furthermore, outcome measures have often been limited to either
cognitive or motivational outcomes of schooling. Finally, most of
the research has relied on analysis of data from single countries.

If results were always discussed limited to the context examined
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in terms of subject, school level, outcome or country, reasons for
concerns would be limited. However, even in peer-reviewed jour-
nals conclusions sometimes include rather general policy sugges-
tions without supporting these with data from other subjects,
school levels or countries. A particular problem emerges when
policy makers want to use research to support a request for change,
for example, of teacher education programs as Lingard and Lewis
(2016) pointed out. Two reports by the Organisation for Economic
Co-operation and Development [(OECD 2005]) and the European
Commission (2015) may serve as examples. No matter how care-
fully these reports were based on data, they describe desirable
teacher qualifications and teacher education programs on a general
level across subjects and school grades although the underlying
research was typically limited to a few grades and subjects e and
this in a few countries only.

Against this background, the purpose of this paper is to examine
how justified inferences from research results regarding teacher
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effects for a selected set of predictors and outcomes are beyond one
specific sample. If it turns out that relations of teacher effects to
student outcomes are inconsistent across subjects, school levels,
outcomes, and countries, it is difficult to use the available research
to justify or argue for general reforms, for example of teacher
education.

Hanushek and Luque (2003) did a pioneering study in this
respect by comparing relations between teacher degree and
teaching experience across about 15 countries with grade 4
mathematics data from the Trends in International Mathematics
and Science Study (TIMSS) 1995 and across about 30 countries with
grade 8 data. Studies by Akiba, LeTendre, and Scribner (2007) using
TIMSS 2003 grade 8mathematics data and teacher degree, teaching
experience and teacher specialization as predictors, by Luschei and
Chudgar (2011) using TIMSS 2003 grade 4mathematics and science
data and teacher degree, teaching experience and teachers' sense of
preparedness as predictors as well as by Bl€omeke, Olsen and Suhl
(2016) using TIMSS 2011 grade 4 mathematics data worked simi-
larly with a few indicators and related these to one type of outcome.

All authors pointed out though that more teacher and teaching
characteristics, subjects, grades and outcomes should be included
in further studies and that a systematic estimation of the degree of
consistency should take place. Such a systematic examination of
the degree to which teacher and teaching characteristics consis-
tently predict outcomes of schooling while transcending contexts is
the first purpose of this paper. It adds, secondly, to the state of
research by using TIMSS 2011 grade 4 and grade 8 data from
mathematics and science with student achievement and student
motivation as outcomes and including for the first time instruc-
tional quality as a predictor besides the common teacher charac-
teristics. Although one can question how well the TIMSS variables
characterize teacher and teaching quality and how suitable the
cross-sectional design is for drawing conclusions about teacher
effects, TIMSS provides still the richest dataset available when it
comes to different countries, grades and subjects (for a discussion
of limitations see the final section of this paper).

1. Conceptual framework

1.1. Teacher characteristics, instructional quality and student
achievement

TIMSS collects data from representative 4th and 8th grade stu-
dent samples of intact classrooms, including their mathematics and
science teachers (Joncas & Foy, 2012). The data set provides thus a
unique opportunity to link responses fromstudentswith those from
their teachers. Teacher characteristics have, to varying degrees, been
shown to have effects on student outcomes (Wayne & Youngs,
2003). These teacher characteristics cover a range of indicators.

Teacher education specialization in terms of major academic
disciplines studied can be interpreted as a rough approximation of
opportunities to learn during teachers' programs. This indicator has
been identified as a strong predictor of learning outcomes by
educational effectiveness research (Berliner, 1985; Carroll, 1963;
Scheerens, 2016). We have general evidence from U.S. studies that a
major in a subject and a major in the pedagogy of this subject are
positively related to student achievement (Clotfelter, Ladd, &
Vigdor, 2007; Cochran-Smith & Zeichner, 2005). Subject-specific
evidence exists with respect to mathematics teachers from
studies that used knowledge tests instead of majors as a proxy
(Baumert et al., 2010; Kersting et al., 2012).

Teaching experience is another teacher characteristic that has
proven to be relevant in a range of studies. Evidence exists in
particular with respect to mathematics teachers (Clotfelter et al.,
2007; Kersting et al., 2012). However, it seems as if this indicator
only played out fully if the experiencewas gained in the same grade
that was examined or if teachers were at the beginning of their
career (Huang & Moon, 2009).

Teachers feel to varying degrees prepared for their task (Kee,
2012) which may reasonably be assumed to reflect teachers' self-
efficacy (Bandura, 1986). Self-efficacy beliefs influence thought
patterns and emotions, which in turn enable or inhibit actions.
Teachers with strong self-efficacy are typically more persistent and
make stronger efforts to overcome classroom challenges than
others (Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998). A recent
research synthesis revealed that a significant relation to student
achievement and student motivation exists (Zee & Koomen, 2016).

Professional development (PD) activities taken by teachers may
vary from very short courses to comprehensive and continuous
programs (Goldsmith, Doerr, & Lewis, 2014). Meta-analyses of
single-subject studies supported the hypothesis that PD is posi-
tively related to student achievement if the activities meet certain
quality characteristics (Timperley, Wilson, Barrar, & Fung, 2007).
Desimone, Smith, and Frisvold (2010) classified these quality fea-
tures into a focus on content, active learning, coherence, a certain
minimum length and collaborative activities.

Besides teacher characteristics, teaching characteristics in terms
of instructional quality (INQUA)matter for student outcomes (Seidel
& Shavelson, 2007). Educational effectiveness studies and qualita-
tively oriented classroom observational studies converge on key
INQUA features and their relation to student achievement and
motivation. Classroom management, cognitive activation, clarity of
instruction and a supportive climate are regarded as essential
features (Decristan et al., 2015).

1.2. Dimensions of consistency

The question how consistent relations between teacher char-
acteristics, INQUA and student outcomes are may be raised in
several respects. Similarities and differences across different sub-
jects are one important issue in this context. Expertise research has
from early on pointed out that learning and achievement are
domain-specific (Berliner, 2001) because, for example, experts are
not able to transfer their speed and accuracy from one domain to
another (Glaser & Chi, 1988; De Groot, 1946/1978). If a situation
presented to an expert was completely different compared to those
where he/she had gained the expertise, performancewas not better
than that of novices.

TIMSS allows examining potential differences between subjects
with respect to predictors andoutcomesofmathematics and science
education. These two subjects are relatively similar though, for
example in both relying on hypotheses and providing evidence for
these. At the same time, differences exist.Whereas experiments and
observations as well as hypothesis testing against natural phe-
nomena are crucial in science, axiomatic structures, logical deduc-
tion and modelling patterns are crucial in mathematics.
Correspondingly, theTIMSSassessment framework stressesnumber
sense, operations and algebraic thinking (collapsed in grade 4),
patterns and relationships, geometric shapes and data organisation
in mathematics (Mullis, Martin, Ruddock, O'Sullivan, & Preuschoff,
2009). The science assessment framework distinguishes between
biology, chemistry (collapsed as life science ingrade4), earth science
and physics. If it turns out that relations of teacher characteristics
and INQUA to student outcomes are little consistent already across
these two subjects that are relatively similar, it is difficult to
implement general reforms across even broader ranges of subjects.

In addition to consistency across subjects, consistency across
different grades is an issue e in particular if they belong to different
school levels. TIMSS allows examining potential differences in re-
lations between predictors and outcomes between grade 4 and 8. A
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conceptual overlap between education in grade 4 and 8 exists due to
their jointbelonging to formal schooling.However, teachers for these
grades areprepareddifferently inmanycountries, and theymayhave
different roles (Schwille, Ingvarson, & Holdgreve-Resendez, 2013).
Grade4 teachers areoften trainedasgeneralistswith limited subject-
specific opportunities to learn (OTL). In contrast, grade 8 teachers are
often trained as subject specialists with deep OTL in one or two
subjects to be able to serve as subject-matter experts. It may be that
these differences lead to inconsistent relations between teacher
characteristics andstudentoutcomes. In this case, conclusionswould
have to be limited to a particular school level.

Another crucial perspective on the consistency of results targets
the selection of the dependent variable. Most studies use cognitive
student outcomes whereas motivation is often neglected. It is well
known though (Snow, 1994) that there are two pathways to
achievement, a cognitive and a motivational one. It is also well
established from Eccles et al.’s (1983) expectancy value model of
achievement that motivation is of vital importance for educational
choices students make. TIMSS provides the opportunity to examine
effects of teacher characteristics and INQUA on both student
achievement and students' intrinsic motivation e defined as “the
doing of an activity for its inherent satisfactions rather than for
some separable consequence” (Ryan & Deci, 2000, p. 56) e to learn
mathematics or science. In the context of the present paper it is
important to clarify whether results on students' cognitive and
motivational outcomes are consistent. If a difference in the re-
lations exists, one should be very careful to suggest for example
instructional changes that may enhance achievement in the short
run but include a risk to damage it in the long run because moti-
vation may decrease.

A final dimension of relevance is the question of generalizability
of relationships across countries. Policy makers are often looking to
other countries to learn about potential teacher education reforms,
and this idea was also underlying the introduction of international
large-scale assessments. Correspondingly, many studies exist (e.g.,
OECD, 2016), describing differences in teacher and teaching char-
acteristics across countries. However, on the one hand such dif-
ferences do not necessarily lead to different outcomes. On the other
hand, wemust be cautious as the shape of these characteristics and
their relation to outcomes may be influenced by cultural charac-
teristics, thus making it difficult to transfer results from one context
to another. Althoughmathematics can be regarded as a fairly global
construct (Bishop, 2004), the mathematics education is assumed to
be heterogeneous across countries and influenced by the context in
which it is implemented (Even & Ball, 2009; Leung, 2006).

Research on cultural influences in education has found distinct
philosophies by country transmitted and meditated for example
through the classroom talk between teachers and students
(Alexander, 2001; Tobin, Hsueh, & Karasawa, 2009; Tobin, Wu, &
Davidson, 1989). Besides larger cultural differences in education
between “the East” and “the West” (Leung, 2006), national cultures
of education within these regions were found as well (Klieme &
Baumert, 2001; Schmidt, McKnight, Valverde, Houang, & Wiley,
1997). Additionally, the developmental state of a country was
identified as a factor affecting relations between predictors and
outcomes in education (Heyneman & Loxley, 1983). The effect of
teacher and teaching quality was found to be higher in low-income
than in high-income countries. Such cultural and economical dif-
ferences should therefore be reflected in a sample of countries
selected for examining the consistency of results.

From the pool of countries participating in TIMSS 2011, about 20
countries took part in the grade 4 and grade 8 as well as in the
mathematics and science studies. In addition, these countries had
only one teacher assigned to one mathematics or science class (an
important precondition for relating teacher and student
characteristics). Out of this pool of countries five were selected
representing the different cultures and developmental stages
identified as potentially affecting relationships. Within Asia and
Europe, two countries were selected with again different cultural
backgrounds (English-speaking and non-English speaking in
Europe, Confucian and non-Confucian heritage in Asia) to test
consistency across heterogeneous contexts.

1.3. Evidence for (in-)consistency across subjects, school levels,
outcomes and countries

The state of research regarding consistency of results across
mathematics and science is scarce but suggests that relationships
between teacher characteristics and student achievement may be
similar though less strong in science than in mathematics (Bolyard
& Moyer-Packenham, 2008). Luschei and Chudgar (2011) also
found relatively consistent patterns in the relations between
teaching experience and preparedness on student achievement
across 25 countries in grade 4 mathematics and science. We are not
aware of studies including grade 8 mathematics and science or of
studies that estimated the degree of consistency systematically.

Research on differences between grade 4 and grade 8 regarding
the relation between teacher characteristics, INQUA and student
outcomes is also scarce.On theonehand, given the less deep subject-
specific trainingof grade 4 teachers compared to grade8, the relation
between the constructs may be lower in the first case (Bolyard &
Moyer-Packenham, 2008). On the other hand, the power to actually
reveal such effects may be lower for 8th grade students given that
their outcome is influenced by several teachers over the years,
reducing the potential to isolate effects from their current teacher. To
our knowledge, studies examining this question do not exist.

More research exists with respect to comparisons of teacher and
teaching effects on cognitive and motivational outcomes of
schooling. A study in Germany found differential effects with
respect to middle school (Kunter et al., 2013). Stronger cognitive
activation in the classroom predicted higher student achievement
in mathematics whereas better classroom management predicted
higher motivation to learn mathematics. Better student support
predicted both types of outcomes. Another study in the US about
grade 4 mathematics teaching led to similar results (Blazar & Kraft,
2017). Students who had experienced better classroom manage-
ment and student support showed stronger self-efficacy and
happiness but not necessarily higher cognitive achievement. We
are not aware of studies that examine the consistency of results
across different student outcomes with respect to predictors
beyond INQUA.

Several studies are available that examined the consistency of
relations between teacher characteristics, INQUA and student out-
comes across countries. They more or less warn against quick gen-
eralizations (Bl€omeke et al., 2016; Hanushek& Luque, 2003; Scherer
&Nilsen, 2016). These studies have in addition in common that they
found little evidence for systematic or even strong relations (Akiba
et al., 2007; Luschei & Chudgar, 2011). In contrast to earlier work
(Heyneman & Loxley, 1983), more recent studies found no sys-
tematic differences in relations between high- and low-income
countries (Hanushek & Luque, 2003; Luschei & Chudgar, 2011).

1.4. Evidence for (in-)consistency with respect to specific predictors

Hanushek and Luque (2003) found almost no significant re-
lations between teacher education degree and student achieve-
ment in mathematics. Akiba et al. (2007), Luschei and Chudgar
(2011) as well as Bl€omeke et al. (2016) confirmed this lack of ef-
fects so that the degree from teacher education will not be taken
into account any further. This decision is supported by the fact that
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this variable is almost a constant in many countries.
In contrast, the international studies confirmed generally the

relevance of teaching experience with respect to grade 4 and grade
8 mathematics teachers across different TIMSS cycles (Akiba et al.,
2007; Bl€omeke et al., 2016; Hanushek & Luque, 2003). Effect sizes
varied substantially across countries so that little consistency
across countries was found. In addition, the effects seemed to vary
across subjects if mathematics and science teachers were compared
(Luschei & Chudgar, 2011). No systematic attempt has yet been
made to assess the consistency of these relations across grades,
subjects, and countries because conclusions were based on count-
ing how many and which relations were significant.

Another relevant though inconsistent indicator was teachers'
specialization in terms of their major. Results from the interna-
tional studies varied across countries but pointed on average to
significant though small effects (Akiba et al., 2007; Bl€omeke et al.,
2016).

The two international studies that examined the relation of
teachers' sense of preparedness to student outcomes across several
populations e countries or subjects e found significant relations to
achievement (Bl€omeke et al., 2016; Luschei & Chudgar, 2011). We
have again to point out though that the effect sizes varied sub-
stantially, that no attempt was made to estimate consistency sys-
tematically and that the results were limited to cognitive student
outcomes.

As far as we can see only one study used grade 4 mathematics
teachers' participation in PD activities to look into cross-country
similarities or differences (Bl€omeke et al., 2016). The authors
found a significant relation in the pooled model but variation be-
tween countries.

INQUA is probably the best examined teacher or teaching indi-
cator. Most of the studies focused on cognitive achievement in
mathematics and they found small but significant effects. Scherer
and Nilsen (2016) were in addition able to provide evidence for a
positive relationship between INQUA and student motivation for a
broad range of countries including developing ones.

This state of research can be summarized in a hypothetical
structural equationmodel (SEM) as displayed in Fig. 1. Note that the
question about consistency should not be mixed up with signifi-
cance or strength of effects. It could be an important result, for
example, if we do not find any significant relation between a certain
predictor and a certain outcome because all effect sizes are more or
less around 0. This would be a very consistent result and thus
robust across contexts. This paper is in that sense not about the size
of effects but about how well these match each other across the
different contexts examined.

1.5. Research questions and hypotheses

The first research question concerns the consistency of results
across subjects. How consistent are the effect sizes of structural
relations between teacher characteristics, INQUA and student
outcomes if one compares mathematics and science education?We
hypothesized based on the state of research some but not full
consistency of effect sizes (H1) due to the conceptual overlap be-
tween mathematics and science while at the same time differences
exist.

The second research question concerns the consistency of re-
sults across school levels. How consistent are effect sizes of struc-
tural relations between teacher characteristics, INQUA and student
outcomes if one compares grades 4 and 8? Based on the state of
research, we again hypothesized some but not full consistency of
effect sizes (H2) due to some overlap in the nature of education in
grades 4 and 8 while differences exist.

The third research question concerns the consistency of results
across different types of student outcomes. How consistent are
effect sizes of structural relations if one compares student
achievement and student motivation? Here, we hypothesized
inconsistent relational patterns (H3) based on the state of research.

Finally, the fourth research question is about the consistency of
results across countries. How consistent are effect sizes of struc-
tural relations between the different constructs if one compares the
five countries? Based on the state of research we hypothesized
again inconsistency in the relations between teacher characteristics
and student outcomes (H4).

2. Methodology

2.1. Sampling

The present study was based on student and teacher data from
five countries participating in TIMSS 2011 that implemented both
the grade 4 and 8 studies both in mathematics and science. The five
countries were carefully selected according to theoretically devel-
oped criteria. In addition, the different subdimensions of science
(biology, chemistry, earth science and/or physics) had to be taught
in an integrated way since the focus of the research was on the
teacher/classroom level with outcomes of each class linked to one
specific teacher and the instructional quality he or she imple-
mented in the classroom. In countries where biology, chemistry,
earth science and/or physics are taught separately up to four
teachers may affect student outcomes which introduces a lot of
noise in terms of differences in background characteristics and
INQUA. Although mathematics and science were taught in an in-
tegrated way in the countries selected for the present study, stu-
dents had more than one teacher in a few cases. Data from these
were excluded (less than 1.5%).

In each country, random samples of schoolswere drawn and then
intact classesof studentswere randomlyselected fromeachschoolas
a second step. Students were thus representative samples of the
entire population of students within their country. The sample of
teachers was built by those teaching the sampled classes in the
respective subject (mathematics or science). The data set had a hi-
erarchical structure,where studentswerenested inone specific class
with one specific teacher. This structure was taken into account
through multi-level modelling, which addressed the concern from
earlier research on effects of teacher education programs to over-
estimate effects due to too small standard errors if the clusteringwas
not taken into account (Koedel, Parsons, Podgursky,& Ehlert, 2012).

The sample included overall about 90,000 students nested in
about 4000 classrooms/teachers with an average classroom size of
about 23 students. Student sample sizes per country, subject and
grade level varied between 2919 and 6,124, with the number of
classrooms/teachers ranging from 147 to 510, and an average
classroom size between 6 and 36 students. For details see Table 1.
The school level was neglected in the analyses to avoid overly
complex hierarchical models. Furthermore, the choice of omitting
the school level in the analysis is based on the fact that for many
countries the classroom and school level cannot be analyzed
separately, since only one grade 4 or 8 mathematics and science
classroom was drawn per school.

2.2. Variables

Teacher characteristics. Four predictors were included with
respect to teachers' characteristics, namely their teaching experi-
ence, their specialization, their participation in PD activities, and
their sense of preparedness.

Teachers' years of experience were assessed with the question
“By the end of this school year, howmany years will you have been



Fig. 1. Hypothesized model of relations between teacher characteristics, instructional quality (INQUA) and student outcomes.
Note. PDcont¼ broad content-related professional development activities, PDspec¼ specific professional development activities, PV¼ plausible values. To increase readability of the
figure, correlations between the individual-level variables are not displayed.

Table 1
Sample size of the five countries examined.

Country G4 Mathematics G4 Science G8 Mathematics G8 Science Total

Stud Cl Stud/Cl Stud Cl Stud/Cl Stud Cl Stud/Cl Stud Cl Stud/Cl Stud Cl Stud/Cl

England 2948 159 18.5 2919 161 18.1 3654 197 18.6 3071 510 6.0 13,321 1052 15.3
South Korea 4332 152 28.5 4247 147 28.9 5163 376 13.7 4270 148 28.9 19,769 874 25.0
Norway 3119 198 15.8 3121 197 15.8 3752 165 22.7 3830 169 22.7 13,829 728 19.3
Thailand 4448 168 26.5 4448 168 26.5 6124 172 35.6 6124 172 35.6 21,144 680 31.1
Tunisia 4912 222 22.1 4912 222 22.1 5128 207 24.8 5128 207 24.8 20,080 858 23.5
Sum 19,759 899 22.3 19,647 895 22.3 23,821 1117 23.1 22,423 1206 23.6 88,143 4192 22.8

Note. G4¼ grade 4, G8¼ grade 8, Cl¼ classroom, Stud ¼ students.
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teaching altogether?” The different teacher groups included in this
study had on average between 11 (England, grade 8, Science) and 19
years of experience (Thailand, grade 4, Science; see Table A1).
Across the five countries examined, primary teachers were a bit
more experienced than secondary teachers.

With respect to teachers' subject-specific specialization, a
dichotomous variable was created that identified mathematics
teachers with a major in mathematics or in mathematics education
and science teachers with a major in science (grade 4) or in biology,
chemistry, earth science or physics (grade 8) or in science educa-
tion. The data came from the questions “During your< post-sec-
ondary> education, what was your major or main area(s) of
study?” and “If your major or main area of study was education, did
you have a <specialization> in any of the following?” The propor-
tion of teachers with a subject-specific qualification varied between
10 (South Korea, grade 4, mathematics) and 99% (Tunisia, grade 8,
science). Secondary teachers were generally more specialized than
primary teachers.
The two-level model reflecting the hypothesized relations be-

tween teacher characteristics, INQUA and student outcomes,
included teaching experience and teacher education specialization
as manifest variables on the second (teacher) level.

Measures of teachers' participation in PD asked whether or not
the teachers had participated in a range of PD activities during the
last two years. These reflected either broad activities such as
“mathematics (or science) content” or specific ones such as ”inte-
grating information technology into mathematics (or science)”. A
third set of PD represented collaborative school-based activities
such as “Visit another classroom to learn more about teaching”. In
the final model, each of the three sets of items was summed up and
included as an indicator of the latent variable PD activities. This
procedure is recommended when structural characteristics of a
construct are the focus of interest (Little, Cunningham, Shahar, &
Widaman, 2002) and sample size is limited compared to the



Table 2
Correlation between number of books at home and student achievement.

England Norway South Korea Thailand Tunisia

G4M 0.33 (0.03)* 0.23 (0.03)* 0.36 (0.02)* 0.05 (0.03) 0.06 (0.03)*
G4S 0.37 (0.03)* 0.30 (0.03)* 0.38 (0.02)* 0.03 (0.03) 0.12 (0.02)*
G8M 0.22 (0.03)* 0.39 (0.02)* 0.33 (0.02)* 0.08 (0.02)* 0.17 (0.02)*
G8S 0.35 (0.03)* 0.40 (0.02)* 0.38 (0.02)* 0.10 (0.02)* 0.15 (0.03)*

Note. Within-level estimates, standard errors in parentheses. * ¼ p < .05.
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number of parameters to be estimated (Bandalos & Finney, 2001).
The between-country variation of the scaled score was large

with respect to all three PD indicators for all four teacher groups
(grade 4 and 8 in mathematics and science) in the five countries. If
one uses teacher collaboration as an example, estimates differed by
more than a standard deviation between the lowest (Tunisia, grade
8, mathematics) and the highest scores (South Korea, grade 4,
mathematics and science; see Table A1). Secondary teachers tended
to report less collaboration than primary teachers.

Teachers' sense of preparedness to teach specific topics in
mathematics or science represented the fourth indicator of teacher
characteristics. Mathematics teachers were asked to rate topics
within the domains of number, geometry and data (and of algebra
in addition in grade 8) on a three-point Likert scale from “Not well
prepared” (0) to “Very well prepared” (2). “Adding and subtracting
with decimals” was an example topic for grade 4 teachers and
“Simple linear equations and inequalities” was one for grade 8
teachers. Science teachers were asked to rate topics within the
domains of biology, chemistry (combined to life science in grade 4),
earth science and physics on the same type of Likert scale. “Life
cycles and reproduction in plants and animals” was an example
topic for grade 4 and “Properties and uses of common acids and
bases” one for grade 8 teachers.

The three or four domains respectively were summed up and
served as indicators of the latent variable “Teachers' sense of pre-
paredness”. The proportion of teachers feeling very well prepared
to teach mathematics or science varied between 37 (Norway, grade
4, Science) and 94% (England, grade 8, mathematics; Table A1).
Science teachers felt generally less well prepared thanmathematics
teachers. Teachers were also invited to use a “not applicable”
response category if the topic was not covered in their curriculum.
In our analysis, the latter responses were treated asmissing; a score
was estimated if at least three topics were rated (out of 3e7
depending on the domain).

Teaching characteristics. Teaching characteristics were surveyed
with the fourpositivelyphrased items fromtheTIMSSscale “Students
Engaged in Mathematics (or Science) Lessons” representing INQUA.
Students were prompted to think of their mathematics or science
lessonsonly, not their instructional experiences ingeneralwhen they
rated INQUA. Example items were “I knowwhat my teacher expects
me to do” or “My teacher givesme interesting things to do”. Students
had to indicate their agreement on a 4-point Likert scale from
“Disagree a lot” (0) to “Agree a lot (3). The average ratings of INQUA
differed by more than 1.5 standard deviations between the lowest
(South Korea, grade 8, mathematics) and the highest estimates
(Tunisia, grade 8, science). Data for the four itemswere aggregated to
the teacher/classroom level and included in our model as indicators
of the latent variable INQUA.Given that variation in student ratings of
INQUA may exist within classrooms, the INQUA indicators were
included in our multi-level models on the student level as well to
control for these within-class differences (Marsh et al., 2012).

Student outcomes. Student achievement in mathematics and
sciencewere represented by five plausible values whichmeans that
all models were run five times before the results were averaged.
This procedure provides the most robust population estimates and
unbiased sampling variance (OECD, 2009). The respective domains
assessed were closely aligned with those relevant in the teacher
questionnaires: number, geometry and data in the grade 4 math-
ematics assessment and in addition algebra in grade 8; life science,
earth science and physics in the grade 4 science assessment with
the first domain separated into biology and chemistry in the grade
8 assessment (Mullis et al., 2009).

Multiple choice and constructed response items were used as
item formats. 175 (mathematics) or 172 (science) items respectively
were included in the two grade 4, and 217 items were included in
the two grade 8 assessments. A rotating matrix-sampling design
was used to reduce the time load of the assessments. To deal with
the large number of data missing completely by design, multiple
imputationmethodology was applied to obtain achievement scores
for all students (Martin & Mullis, 2012). In 1995, the mean math-
ematics and science scores were set to 500 with a standard devi-
ation of 100. Since then, all cycles have been calibrated to this scale
(Martin & Mullis, 2012). In our study, average achievement varied
between 346 (Tunisia, grade 4, Science) and 613 test points (South
Korea, grade 8, mathematics) and covered thus a broad range from
outstanding to weak results as intended (see Table A1). The
achievement variable was included as a manifest variable on the
teacher/classroom level because this served our research interest
but it was also introduced on the individual (student) level to
control for within-class differences in mathematics achievement.

Student motivation was assessed by six items expressing
intrinsic motivation to learn mathematics or science respectively as
conceptualized by Ryan and Deci (2000). Students had to indicate
their agreement on 4-point Likert scales from “Disagree a lot” (0) to
“Agree a lot” (3). An example of students' enjoyment and interest in
learning mathematics or science respectively was “I enjoy learning
mathematics (or science)”. Similar to the other variables assessed
on the student level but of interest on the class level, the construct
was implemented as a latent variable on the teacher/classroom
level while at the same time controlling for within-class differ-
ences. The motivation between the student groups examined
differed bymore than a standard deviation between the groupwith
the lowest estimate (South Korea, grade 8, Science) and the highest
one (Tunisia, grade 4, mathematics; see Table A1).

Control variable. Socioeconomic status (SES) had to be controlled
to compensate for potential selection bias of students into classes or
schools. IEA and other international studies have a long tradition to
ask about the number of books at home for this purpose. We fol-
lowed this tradition. The variable includes five categories with up to
10 books as the lowest andmore than200 books as the highest level.

On the student level, all variables were allowed to correlatewith
each other. As Table 2 reveals, the SES indicator and achievement in
mathematics or sciencewere often strongly related. The association
between the SES indicator and the student motivation items was in
contrast weaker or even not significant at all.

2.3. Data analysis

We used the IEA IDB Analyzer 3.2 to merge student and teacher
data from the five countries examined based on TIMSS 2011 data.
Four multi-level structural equation models (MLSEM) were then
applied to the datasets of five countries in multiple-group (MG)
analyses to tests our hypotheses:

Student achievementj (or student
motivationj)¼ g00 þ g10booksij þ g20INQUAij þ g30student achie-
vementij (or g30student motivationij) þg01teaching experiencej þ
g02majorj þ g03PDj þ g04preparednessj þ g02INQUAj þ u1jbooksij þ
u2jINQUAij þ u3jstudent achievementij (or u3jstudent
motivationij) þ u0j þ eij



1 For example, with respect to H1 the relation between the teaching experience
of Norwegian grade 8 science teachers and Norwegian students' motivation in
science at grade 8 was compared to the relation between the teaching experience of
Norwegian grade 8 mathematics teachers and Norwegian students' motivation in
mathematics at grade 8.

2 For example, the relation between the teaching experience of Norwegian grade
8 science teachers and Norwegian students' motivation in science at grade 8 was
compared to the relation between the teaching experience of grade 8 science
teachers and student motivation in mathematics at grade 8 in England, South Ko-
rea, Thailand and Tunisia.
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The first MG-MLSEM included mathematics education in grade
4 (G4M), the second one science education in grade 4 (G4S), the
third one mathematics education in grade 8 (G8M) and the fourth
one science education on grade 8 (G8S). Multi-level modelling was
applied because the intra-class correlation (ICC) for student out-
comes in the data sets were high or even very high (student
achievement in grade 8 science in England for example ICC¼ 0.64)
(Snijders & Bosker, 2012). The clustered data structure of students
nested in teachers/classrooms was taken into account in our esti-
mations of standard errors by using a maximum-likelihood esti-
mator with robust sandwich standard errors to protect against
being too liberal (Muth�en & Muth�en, 2012).

We included weights on the individual and the teacher/class-
room level as recommended (Rutkowski, Gonzalez, Joncas, & von
Davier, 2010). Missing data were handled by using the full-
information-maximum-likelihood (FIML) procedure. We fit all
models in MPlus 7.3 (Muth�en & Muth�en, 2012) and applied indi-
vidual student as well as class level sampling weights as recom-
mended (Rutkowski et al., 2010). Model fit was evaluated to
common criteria: The Akaike information criterion (AIK) provides
information about the relative quality of a model based on the
likelihood function (LL) and the number of parameters to be esti-
mated (par). Lower AIK values indicate better model fit. The
adjusted Bayesian information criterion (BICadj) provides similar
information but includes a stronger penalty for the number of pa-
rameters to be estimated. Estimates of the comparative fit index
(CFI) and the Tucker Lewis index (TLI)> 0.95 indicate a very good,
estimates> 0.90 a good model fit (Hu & Bentler, 1999). Estimates of
the root mean square error of approximation (RMSEA)< 0.05
indicate a very good, estimates< 0.08 a good model fit. Estimates
on the between-level model fit are reported as well (standardized
root mean square residual, SRMRB) to which roughly the same
cutoff criteria as to RMSEA apply in our case given the high ICC
(Hsu, Lin, Kwok, Acosta, & Willson, 2016).

To ensure comparability across countries, measurement invari-
ance was examined for all latent constructs and could be confirmed
on the level necessary for the present study, i.e. metric invariance
(Schweig, 2014; Van de Vijver & Leung, 1997). Correspondingly,
factor loadings of the respective items were constrained to be the
same in the five countries, reflecting the metric invariance crite-
rion. In our case, even the scalar invariance assumption hold (see
Table A2). In addition, the measurement models of the latent
constructs PD, INQUA, and student motivation were fixed to be the
same across mathematics and science as well as for grades 4 and 8.
This was possible because the same number of items and content-
wise the same items were used to assess the latent constructs (just
differing by the terms “mathematics” or “science”). In contrast,
such an approach was not possible for teachers' sense of pre-
paredness because it was assessed in three domains in the grade 4
studies whereas it was assessed in four domains in the grade 8
studies. In this case, item parameters from the construct-specific
measurement models were used. Estimation parameters revealed
a good fit to the data for all four models (see Table 3).

The study design for testing our hypotheses corresponded to a
three-factor design with two levels for each factor. Mathematics
and science as subjects represented the first factor, grade 4 and
grade 8 as school levels the second, and student achievement and
student motivation as outcomes the third. Each time teacher edu-
cation specialization, teaching experience, PD, preparedness as well
as INQUA served as predictors and each time the five countries
served as groups where the models were applied. With five teacher
predictors on the grade 4 and 8 levels, each with student
achievement and motivation in mathematics and science as out-
comes, and five countries examined, 200 data points provided in-
formation about the relations between teacher characteristics,
INQUA and student outcomes. H1, H2 and H3 could therefore be
tested with 100 comparisons using two data points each (math vs.
science, grade 4 vs. grade 8, achievement vs. motivation e each
time holding all other conditions constant1); while H4 could be
tested with 40 comparisons using five data points each (England,
Norway, South Korea, Thailand, Tunisia e again holding all other
conditions constant2).

In addition to examining overall consistency of relations be-
tween teacher characteristics, instructional quality and student
outcomes within each of the three factors and across the five
countries using the 100 comparisons mentioned, we examined the
same type of consistency within subdivided parts of the data to get
an idea about variation. For instance, the 100 pairs of data points
used to evaluate the consistency of effects across mathematics and
science, was divided into two subsets of data according to the
school level. This means that we had 50 comparisons within grade
4 and 8 to which the same overall model was applied to check
whether the results were comparable. Another example would be
to subdivide the data by predictors because consistencymay vary in
this respect. In addition to overall consistency, a stronger criterion
would therefore be to require that the overall effects would
simultaneously apply also to the subdivided parts of the data.

To estimate the size of consistency of the relations between
teacher characteristics, instructional quality and student outcomes,
the intra-class correlation (ICC) was used. The ICC is a reliability
coefficient that reflects the ratio of true score variance to the total
variance of a score to determine how much of the variability is due
to errors inmeasurement and howmuch is due to variability in true
scores. This measure can thus be used to quantify the degree to
which objects resemble each other. Shrout and Fleiss (1979) sug-
gested different types of ICC. In contrast to Pearson's and Spear-
man's correlation coefficients, they can deal with more than two
objects as it was necessary for testing H4. The ICC3 fit best to our
research questions because a fixed set of instruments assessed the
same constructs, and no further generalization was intended. In
this case, the between-measure variance is removed from the de-
nominator (k refers to the number of ratings):

ICC(3,k)¼ s2
p / (s2

p þ (s2
e / k))

This estimate is implemented in SPSS as a two-way mixture
analysis of variance model of the type consistency. Based on
Cicchetti (1994), we interpreted estimates below 0.40 as “poor
consistency”, between 0.40 and 0.59 as “fair consistency”, between
0.60 and 0.74 as “good consistency” and above 0.75 as “excellent
consistency. To control whether the number of comparisons may
have inflated our estimates, we repeated all analyses within the
different subpopulations of interest in this paper. This way we
could also learn how even the consistency was across the different
groups and thus validate our overall results.

Given the relative small number of units at the between-
(classroom) level as compared to the number of parameters to be
estimated, relations were regarded significant if p< .10 (Hanushek
& Luque, 2003).



Table 3
Fit of the multi-group multi-level structural equation models to the grade 4 and 8 datasets in mathematics and science.

par LL AIC BICadj df X2 RMSEA CFI TLI SRMRB

G4M 646 �339,489.3 680,270.6 683,315.5 794 1327.5 0.01 0.99 0.98 0.09
G4S 646 �334,025.8 669,343.5 672,384.7 794 1384.6 0.01 0.99 0.98 0.10
G8M 652 �412,126.0 825,555.9 828,751.0 893 1624.4 0.01 0.99 0.99 0.08
G8S 652 �379,177.4 759,658.8 762,814.4 893 1427.3 0.01 0.99 0.99 0.10

Note. Par¼ number of free parameters, LL¼ loglikelihood, AIC¼Akaike information criterion, BICadj¼ sample-size adjusted Bayesian information criterion, CFI¼ comparative
fit index, TLI¼ Tucker-Lewis index, SRMRB¼ standardized root mean square residual for the between level. Estimates are the means of five replications.
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3. Results

3.1. Consistency of results across subjects (H1)

The average effect size for relations between teacher charac-
teristics, INQUA and student outcomes across the 100 comparisons
was b¼ 0.12 (SD¼ 0.27) with a range from b¼�0.23 to b¼ 0.96 in
mathematics and b¼ 0.13 (SD¼ 0.28) with a range from b¼�0.29
to b¼ 1.03 in science (see Table 4). Means and variances were thus
relatively similar for mathematics and science.

Table 4 documents that in 21 out of 100 comparisons predictors
had significant effects towards the same direction in both subjects
(20 times positive, 1 time negative; often even with similar effect
sizes). Effects differed in 23 out of 100 comparisons, either in that a
predictor had a significant effect in only one of the two subjects or
effects pointed toward different directions. In 56 comparisons,
predictors had neither significant effects in mathematics nor in
science. Note that this is an indicator of consistency. The ICC esti-
mate exceeded correspondingly the degree of consistency expected
in H1 for the relations between teacher characteristics, INQUA and
student outcomes across mathematics and science (see Table 5).
Based on 100 comparisons the consistency could be regarded as
excellent (ICC(3,2)¼ 0.89). Thus, inferences made from mathe-
matics to science or vice versa would be supported by the data.

Such excellent consistency still applied to the relational patterns
acrossmathematics and science if the data set was split into the five
countries. Although the number of comparisons each time was
lower now (n¼ 20), the estimates were above the 0.75 threshold in
all five countries (Tunisia: ICC(3,2)¼ 0.94, Thailand: ICC(3,2)¼ 0.91,
Norway: ICC(3,2)¼ 0.90, England: ICC(3,2)¼ 0.86, South Korea:
ICC(3,2)¼ 0.83). Some variation in consistency across mathematics
and science existed between the five countries but it was not in line
with any regional or developmental patterns. The size of the effects
varied to some degree as well. Relations between teacher charac-
teristics, INQUA and student outcomes were the lowest in England
(math: b¼ 0.07, science: b¼ 0.10) and about twice as strong in
South Korea (math: b¼ 0.17, science: b¼ 0.14).

In a next step, the data set was split up by school level to check
whether excellent consistency applied to both grades. Indeed, both
estimates for grade 4 and for grade 8 were around 0.90 for 50
comparisons across mathematics and science each (grade 4:
ICC(3,2)¼ 0.86; grade 8: ICC(3,2)¼ 0.91). Thus, inferences made
frommathematics to science or vice versa would also be supported
by the data for these two subgroups. The differences in mean effect
sizes for the relations between teacher characteristics, INQUA and
student outcomes were small (b¼ 0.12e0.14).

However, the picture changed substantially when we analyzed
the data student outcome-by-student outcome (n¼ 50 compari-
sons each). Whereas the consistency of relations across mathe-
matics and science was still excellent with respect to student
motivation as an outcome (ICC(3,2)¼ 0.93), it was at the lower end
of the classification as good consistency with respect to achieve-
ment (ICC(3,2)¼ 0.64). Teacher characteristics, INQUA and student
achievement were thus less consistently related to each other
across mathematics and science than the relations of teacher
characteristics and INQUA to motivation across the two subjects.
Inferences made from one subject to the other would therefore
include a larger risk of being wrong in case of models including
achievement. The effect sizes of the relations differed substantially
between the two types of student outcome as well. Whereas
teacher characteristics and INQUA were only weakly related to
student achievement (math: b¼ 0.07, science: b¼ 0.08), the re-
lations tomotivationwere more than two times stronger to student
motivation (math: b¼ 0.17, science: b¼ 0.19).

Finally, the data revealed in part fully inconsistent pictures
when the relations were analyzed predictor-by-predictor. Large
variation existed with respect to the consistency of effect sizes
across mathematics and science depending onwhich predictor was
considered (n¼ 20 each). INQUA was the only predictor with
excellent consistency of its relations to student outcomes across
mathematics and science (ICC(3,2)¼ 0.95). This was also the only
predictor with strong effect sizes (math: b¼ 0.48, science:
b¼ 0.51). Thus, inferences made from mathematics to science or
vice versa would be supported by the data.

However, this applied only to INQUA. Consistency in the effects
of the other predictors on student outcomes was substantially
lower. Whereas teaching experience (ICC(3,2)¼ 0.46) and profes-
sional development (ICC(3,2)¼ 0.50) showed still fair consistency,
effects of preparedness (ICC(3,2)¼ 0.17) and teacher education
specialization (ICC(3,2)¼ 0.04) on outcomes were almost fully
inconsistent across mathematics and science. Inferences made
from one subject to the other would therefore bewrongmost of the
times which also means that changes made in teacher education
with respect to these predictors may not lead to the same outcomes
in the two subjects. The mean effect sizes for the relations of these
predictors to student outcomes were mostly small
(b¼�0.02e0.09).
3.2. Consistency of results across school grades (H2)

The same 200 data points were re-organized in the next step to
test the consistency of relations across grades 4 and 8 (see Table 4).
One example would be a comparison of the predictive effect of
teaching experience on mathematics achievement in grade 4 in
England with the effect of the same predictor on the same outcome
in the same country in grade 8. The average effect size across the
100 comparisons was b¼ 0.12 in grade 4 and b¼ 0.13 in grade 8. In
16 cases, predictors had significant effects towards the same di-
rection in both grade 4 and grade 8 (typically positive). Effects
differed in 32 out of 100 comparisons, either in that a predictor had
a significant effect in only one of the two subjects or significant
effects pointed toward different directions. In 52 cases, predictors
did not have significant effects in any of the two grades.

The relations of teacher characteristics and INQUA to student
outcomes showed an excellent degree of consistency across grades
4 and 8 (ICC(3,2)¼ 0.81; see Table 5). Subject-by-subject analyses
(math: ICC(3,2)¼ 0.78, science: ICC(3,2)¼ 0.84) and country-by-
country analyses validated the overall result (Norway: ICC(3,2)¼



Table 4
Effects of predictors on outcomes based on TIMSS 2011 data (standardized regression coefficients).

Achievement Motivation

ENG G4 Math G4 Science G8 Math G8 Science G4 Math G4 Science G8 Math G8 Science

TEd spec �0.13 0.09 0.02 0.12** �0.02 �0.15 �0.14** 0.11
Exper 0.23** 0.22* �0.09 0.05 �0.10 0.14 �0.14** 0.11
PD �0.22** �0.07 �0.23** �0.29*** 0.10 0.04 �0.13* 0.01
Prepared 0.14 0.07 0.15** �0.04 0.15 �0.03 0.07 �0.10
Inqua �0.16 �0.15 0.32*** 0.19** 0.83*** 0.82*** 0.84*** 0.80***

Achievement Motivation

NOR G4 Math G4 Science G8 Math G8 Science G4 Math G4 Science G8 Math G8 Science

TEd spec 0.09 0.20 0.24** 0.08 0.09 0.17 0.16** 0.12**
Exper 0.07 �0.08 0.02 0.04 0.08 0.14 �0.11 0.07*
PD �0.07 �0.07 0.08 0.20 0.07 0.00 0.10 0.09**
Prepared 0.10 �0.10 �0.19* 0.02 �0.23** �0.07 �0.15** �0.01
Inqua 0.14 0.37** 0.32** 0.22 0.75*** 0.75*** 0.96*** 0.99**

Achievement Motivation

KOR G4 Math G4 Science G8 Math G8 Science G4 Math G4 Science G8 Math G8 Science

TEd spec 0.27** 0.03 0.02 0.15 0.07 �0.04 0.03 0.08
Exper 0.21 0.02 0.19*** 0.32** 0.04 �0.02 0.17** 0.04
PD 0.11 �0.21 0.04 �0.00 0.00 �0.11 0.03 0.18
Prepared 0.07 0.21 �0.01 0.05 0.01 0.05 �0.03 �0.01
Inqua 0.27* 0.23* 0.52*** 0.28** 0.71*** 0.82*** 0.70*** 0.82***

Achievement Motivation

THA G4 Math G4 Science G8 Math G8 Science G4 Math G4 Science G8 Math G8 Science

TEd spec 0.03 0.05 0.03 0.11 0.17** �0.13** 0.03 �0.00
Exper �0.09 0.01 0.20** 0.03 �0.14* �0.03 0.10 �0.04
PD �0.10 �0.15 �0.01 �0.10 0.08 �0.05 �0.07 �0.04
Prepared 0.09 0.24* 0.06 0.09 0.07 0.22** 0.00 0.03
Inqua 0.14 0.24** �0.17 �0.23** 0.77*** 0.92*** 0.90*** 0.89***

Achievement Motivation

TUN G4 Math G4 Science G8 Math G8 Science G4 Math G4 Science G8 Math G8 Science

TEd spec 0.09 0.16 0.01 0.03 �0.03 �0.07 �0.00 �0.09
Exper 0.17* 0.28** 0.29*** 0.39*** 0.05 �0.01 �0.03 0.07
PD �0.06 0.02 0.11 0.14 0.01 �0.02 0.05 �0.01
Prepared 0.10 �0.01 0.03 0.01 �0.03 0.04 �0.12* 0.06
Inqua 0.38*** 0.29** �0.12 0.04 0.67*** 0.91*** 0.90*** 1.03***

Note. G4 ¼ grade 4, G8 ¼ grade 8, ENG ¼ England, NOR¼Norway, KOR¼South Korea, THA ¼ Thailand, TUN ¼ Tunisia, TEd spec ¼ Teacher education specialization (major),
Exper ¼ Teaching experience, PD¼Professional development, Prepared ¼ Preparedness, INQUA¼Instructional quality; between-level estimates; *p < .10, **p < .05, ***p < .01.

Table 5
Intra-class correlations (ICC) across contexts and within contexts.

ICC estimates Across subjects (H1) Across grades (H2) Across outcomes (H3) Across countries (H4)

Across all contexts 0.89 0.81 0.22 0.79

England 0.86 0.78 0.03 e

Norway 0.90 0.85 0.48 e

South Korea 0.83 0.82 0.53 e

Thailand 0.91 0.80 �0.01 e

Tunisia 0.94 0.84 0.04 e

Grade 4 0.86 e 0.26 0.80
Grade 8 0.91 e 0.18 0.80

Mathematics e 0.78 0.23 0.76
Science e 0.84 0.25 0.82

Student achievement 0.64 0.19 e 0.08
Student motivation 0.93 0.94 e 0.93

Teacher education specialization 0.04 0.24 0.41 0.11
Teaching experience 0.46 0.29 0.29 0.07
Professional development 0.50 0.18 0.31 0.05
Preparedness 0.17 0.54 0.61 0.19

Instructional quality 0.95 0.78 �0.28 0.81
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0.85, Tunisia: ICC(3,2)¼ 0.84, South Korea: ICC(3,2)¼ 0.82,
Thailand: ICC(3,2)¼ 0.80, England: ICC(3,2)¼ 0.78).

Similar to the tests across subjects, student outcome-by-student
outcome and predictor-by-predictor analyses revealed much less
consistent effects across grades. In the cases of student achieve-
ment, the relations of teacher characteristics and INQUA to this
outcome were widely inconsistent across grade 4 and grade 8
(ICC(3,2)¼ 0.19) whereas those to motivation showed excellent
consistency (ICC(3,2)¼ 0.94). Effects of teacher specialization
(ICC(3,2)¼ 0.24), teaching experience (ICC(3,2)¼ 0.29) and PD ac-
tivities (ICC3¼ 0.18) on outcomes were also inconsistent across
grades, and the consistency of preparedness effects were only fair
(ICC(3,2)¼ 0.54). The relation between INQUA and outcomes were
the only one that could once again be regarded consistent, this time
across grades (ICC(3,2)¼ 0.78).

3.3. Consistency of results across student outcomes (H3)

As to be expected after the outcome-by-outcome analyses
documented above and as hypothesized in H3, there was poor
consistency in the relations between teacher characteristics, INQUA
and student outcomes across the two types of outcomes used,
achievement and motivation (ICC(3,2)¼ 0.22; see Table 5). This
result was validated through the subject-by-subject analyses
(math: ICC(3,2)¼ 0.23; science: ICC(3,2)¼ 0.25) and the grade-by-
grade analyses (grade 4: ICC(3,2)¼ 0.26; grade 8: ICC(3,2)¼ 0.18).
Furthermore, some of the country-by-country analyses revealed
inconsistent results (Thailand: ICC(3,2)¼ -0.01, England:
ICC(3,2)¼ 0.03, Tunisia: ICC(3,2)¼ 0.04), and also in Norway
(ICC(3,2)¼ 0.48) and South Korea (ICC(3,2)¼ 0.53) the consistency
of the effect sizes was fair only. The same applied to the predictor-
by-predictor analyses. Four of them revealed inconsistent results
for their relations to student outcomes, including INQUA this time
(ICC(3,2)¼ -0.28; teaching experience: ICC(3,2)¼ 0.29, PD:
ICC(3,2)¼ 0.31) whereas teacher education specialization showed
fair consistency only (ICC(3,2)¼ 0.41). Preparedness was the only
predictor with good consistency (ICC(3,2)¼ 0.61).3

The average effect size across the 100 comparisons was b¼ 0.08
with respect to student achievement while it was much stronger
(b¼ 0.18) with respect to student motivation. In 16 cases predictors
had significant effects towards the same direction on both out-
comes (typically positive; see Table 4). Effects differed in 32 out of
100 comparisons whereas in 52 cases predictors did not have sig-
nificant effects on any of the two outcomes.

3.4. Consistency of results across countries (H4)

Finally, we used the 200 data points available for 40 compari-
sons of relations between teacher characteristics, INQUA and stu-
dent outcomes across the five countries examined in this study. The
average effect sizes varied between small effects in England
(b¼ 0.09) and Thailand (b¼ 0.10) and somewhat larger effects in
Norway (b¼ 0.14), Tunisia (b¼ 0.14) and South Korea (b¼ 0.16). In
four cases predictors had significant effects on an outcome towards
the same direction in all five countries (see Table 4). Effects differed
in nine out of the 20 comparisonswhereas in seven cases predictors
did not have significant effects in any of the five countries.

In contrast to our hypothesis (H4), the effect sizes of relations
between teacher characteristics, INQUA and student outcomes
3 Note that consistency does not mean effects are substantial (see Table 4 that
reveals only few statistically significant parameters). Consistency describes that the
different results are similar to each other, the respective effect sizes can well be
weak altogether.
showed overall excellent consistency across countries
(ICC(3,5)¼ 0.79; see Table 5). The subject-by-subject analyses
(math: ICC(3,5)¼ 0.76; science: ICC(3,5)¼ 0.82) and the school
level-by-school level analyses (grade 4: ICC(3,5)¼ 0.80; grade 8:
ICC(3,5)¼ 0.80) validated this result.

However, similar to the results above, the student outcome-by-
student outcome analyses revealed excellent consistency with
respect to student motivation (ICC(3,5)¼ 0.93) but almost full
inconsistency with respect to student achievement
(ICC(3,5)¼ 0.08). The predictor-by-predictor analyses revealed
inconsistent results as well (teacher education specialization:
ICC(3,5)¼ 0.11; teaching experience: ICC(3,5)¼ 0.07; PD:
ICC(3,5)¼ 0.05; preparedness: ICC(3,5)¼ 0.19) although these have
to be used with care because of the low number of comparisons
(n¼ 8). Only INQUA showed again excellent consistency of its re-
lations to student outcomes (ICC(3,5)¼ 0.81).

4. Discussion and conclusions

Effect sizes of relations between teacher characteristics and
student outcomes looked at a first glance consistent if one took all
predictors and all countries into account. This applied both to
possible inference across subjects and grades. Country-by-country
examinations supported this result even more strongly. This over-
all consistency was in line with our hypotheses and may be
explained by conceptual overlap betweenmathematics and science
education on the one hand and between mathematics (or science)
education in grade 4 and 8 on the other hand. Furthermore, within
countries largely the same cultural background applied which
should increase the probability that relational patterns are the
same across different target groups because the background serves
as a confounder or third variable in this case (Cozby, 2009).

However, once relationships for each of the five teacher char-
acteristics were examined more specifically, strong variation with
respect to the consistency of effect sizes became apparent. Only one
predictor remained as related to outcomes in a consistent way, and
this was INQUA. INQUAwas in most cases (except across outcomes)
significantly positively related to student achievement and student
motivation in mathematics and science education in grades 4 and 8
in England, Norway, South Korea, Thailand and Tunisia. A first
conclusion could therefore be that consistency in this relationship
exists that makes it possible to infer a positive effect across
different subjects, grades, outcomes and countries. A weaker, but
still reasonable (fair) consistent pattern could be seen for teacher
experience and professional development with consistency co-
efficients close to .5 in case of comparisons across subjects and
grades but not across outcomes and countries.

Two cautionary notes need to be made: Whereas the heteroge-
neity of countries was relatively large by covering high-achieving
countries with different cultural backgrounds, and grades as well
as outcomes also covering a broad range of possible options, this did
not apply to subjects. The results are restricted to the domains of
mathematics and science and cannot be generalized to languages,
arts, humanities, social sciences or other subjects. Differences are too
large between these domains. In contrast, it is possible that more
consistency could be found across countries if one selects countries
with similar culturalbackgrounds insteadofhighlydiverse countries.

Another caution has to be applied from a methodological
perspective. On the one hand, some part of the inconsistency could
be assigned to a less than optimal way of measuring the constructs
intended. As an example, specialization in a subject could be well
understood in one country but not in another. The relation may be
weaker in the latter case although the actual relevance could be the
same. On the other hand, the assessment of INQUAwas very similar
to the assessment of student motivation. This similarity may serve
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as a confounder and may lead to an overestimation of the true
correlation (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). The
two sections followed immediately onto each other in the TIMSS
student questionnaire and they were presented in the same way.
Furthermore, we used an INQUAmeasure reported by the students.
Wagner et al. (2016) pointed out though that there is little con-
sistency of teacher and student evaluations of INQUA. This caution
is to some extent supported by the fact that effect sizes of the
relation between INQUA and outcomes were lower in case of
achievement. However, they were still significantly positive and
stronger than most other effects.

Whereas the relation of INQUA to student outcomes seems,
thus, to be consistent, inconsistencies became apparent with
respect to all other relations between teacher characteristics and
student outcomes pointing to differences in effect sizes between
countries, subjects, grades and outcomes. These results warn
against making inferences if one learns about results in one grade,
subject, country or outcome. A predictor that works in one context
may not be effective in another one. Explanations why relational
patterns are so little consistent may again be conceptual or meth-
odological. Conceptual differences between instruction in grades 4
and 8 (Schwille, , Ingvarson, , & Holdgreve, 2013), between math-
ematics and science education (Berliner, 2001), between cognitive
and motivational outcomes (Snow, 1994) and between countries
(Bl€omeke et al., 2016) exist which limit the possibility to generalize.

However, also in this case a cautionary note needs to be made.
TIMSS invests a lot of care into comparability of constructs but these
can only be approximations.Methodological differencesmay lead to
the underestimation of the true size of correlations (Podsakoff et al.,
2003). Based on the fact that there was consistency in the item for-
mats and wordings across grades and subjects at an overarching
level, we implemented a constraint by fixing the factor loadings in
the measurement models. However, even if the questionnaire form
was parallel across grades and subjects, some terms had of course to
be different, such as the term “mathematics” and “science”.
Furthermore, topics taught in mathematics are other ones than
those in science, and topics taught at grade 4 are other ones than at
grade 8. Suchdifferences in the specific operationalizationwill likely
lead to somewhat idiosyncratic estimates of regression estimates
and hence to a downward bias of the consistency estimates.

In any case, with the exception of the positive relation between
INQUA and outcomes, policymakers are advised based on the results
of our study not to jump to conclusions based on results from other
countries and not to plan premature educational changes based on
single results. Similarly, researchers areadvised to interpret theirown
results from one study with more caution than often applied. If a
single predictor has a positive effect for example on cognitive
achievement, the same predictor may play out differently with
respect to student motivation which may damage long-term
achievement given the two pathways to educational success (Snow,
1994). Another predictor may work well with respect to mathe-
matics but not with respect to science. And, finally, positive effects in
grade 4may not transfer to grade 8. How precisely different contexts
have influenced the relationships would be an important follow-up
research question of this paper as well as taking into account that
cultural and economical background canvarywithin classrooms, too.
Our results confirminanycaseoncemore thateducational research is
a cumbersome and often incomplete enterprise that is often not able
to fulfill expectations of policy makers (and researchers).

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.tate.2018.09.018.
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Table A2
Results of group-wise testing on measurement invariance of the latent constructs by subject and grade.

Construct Type of invariance Chi-square (df) p AIC BICadj CFI RMSEA SRMRB

Student motivation Scalar invariance 2981.80 (69) * 5,931,124.99 5,932,089.19 0.99 0.02 0.08
Metric invariance 2874.44 (51) * 5,931,134.33 5,932,239.63 0.99 0.02 0.08
Configural invariance 2234.19 (32) * 5,929,926.43 5,931,180.68 0.99 0.03 0.08

Instructional quality Scalar invariance 335.58 (29) * 4,008,988.75 4,009,513.86 1.00 0.01 0.03
Metric invariance 297.85 (17) * 4,008,998.92 4,009,618.07 1.00 0.01 0.03
Configural invariance 78.84 (4) * 4,008,748.77 4,009,469.81 1.00 0.01 0.00

Professional development Scalar invariance 13.37 (12) ns 57,241.25 57,428.95 1.00 0.01 0.01
Metric invariance 12.82 (7) ns 57,250.83 57,477.63 1.00 0.00 0.01

Note. AIC¼Akaike information criterion, BIC¼Sample-Size Adjusted BIC, df¼ degrees of freedom, RMSEA¼ Root Mean Square Error Of Approximation, SRMRB¼Standardized
Root Mean Square Residual on the between level. Grouping variable was mathematics in grade 4, mathematics in grade 8, science in grade 4 and science in grade 8. Countries
were included with equally weighted number of clusters. Preparedness was assessed in three domains in the grade 4 studies whereas it was assessed in four domains in the
grade 8 studies and could not be tested on measurement invariance. The teacher construct Professional development was defined by three indicators only and could thus not
be tested on configural invariance. The number of years of teaching experience, teacher education specialization and student achievement are not latent variables and can thus
not be tested on measurement invariance. The full set of invariance tests including construct-by-construct testing with countries as the grouping variable and within-country
testing on configural, metric and scalar invariance is available from the first author. p< .01, ns¼ not significant.
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