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Background. The dynamic model of educational effectiveness (DMEE) is a
comprehensive theoretical framework including factors that are important for
school learning, based on consistent findings within educational effectiveness
research. Purpose. This study investigates the impact of teacher and school fac-
tors of DMEE on mathematics and science achievement, and identifies factors
with equalising qualities in terms of helping low-achieving student groups to
catch up with their better-achieving peers. Sample. Data were retrieved from a
large-scale, longitudinal project conducted in 571 classes in 334 schools in 6
European countries (Belgium/Flanders, Cyprus, Germany, Greece, Ireland and
Slovenia). In each country, a sample of about 50 schools was drawn, and tests in
mathematics and science were administered to all grade 4 students (N = 10,742)
at the beginning and end of school-year 2010–2011. Design and methods. Data
on teacher factors were collected through student questionnaires, and data on
school factors were collected through teacher questionnaires. Two-level regres-
sion models were applied. Interaction effects between the factor and the group
composition were estimated, while controlling for prior achievement. Results.
Our results confirm the importance of most tested teacher factors (except for
modelling and qualitative structuring) and all tested school factors of DMEE for
effective math and science education. The majority of these factors appear to
make an even greater difference for low-achieving student groups. Conclusions.
Our results provide further validity to DMEE at classroom and school level, and
indicate that most factors make a greater difference for low-achieving student
groups. Thus, effective teaching is an important aspect for reducing the achieve-
ment gap. This illustrates the importance of placing the most effective teachers
in schools with the highest percentage of underachieving students. Policy should
encourage good teachers to teach in low-achieving schools by making these jobs
more attractive, both financially and in terms of work conditions.
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science; multilevel regression analysis; teacher effectiveness, school effectiveness,
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Introduction

Despite major advances in model development and theory-driven research during
the latest decades, the field of educational effectiveness research still suffers a lack
of well-developed theoretical models (Creemers and Kyriakides 2006; Scheerens
2014a, 2014b). Due to this lack of theory development, not many studies in educa-
tional effectiveness aim at validating components of effective education for their
generalisability across countries and cultures. The dynamic model of educational
effectiveness (DMEE) is probably the best attempt till date to describe the factors
and processes of effective education in a comprehensive and general way.

The dynamic model (DMEE) is a comprehensive theoretical framework
including factors that are of importance when it comes to school learning, based on
general research findings within educational effectiveness research. DMEE distin-
guishes four hierarchical levels, i.e. the student, the class, the school and the system.
Each level is associated with factors referring to characteristics or practices that have
proven to be effective elements of education (Creemers and Kyriakides 2006).
DMEE is tested by its developers in several studies in different countries (Creemers
and Kyriakides 2009; De Jong, Westerhof, and Kruiter 2004; Kyriakides 2005,
2007, 2008; Kyriakides and Creemers 2008, 2009). However, whether the factors of
this model are effective to the same extent for all types of student groups, and in dif-
ferent educational systems, has not yet sufficiently been investigated.

Many countries have developed policies to promote equal educational opportuni-
ties. Educational research has proven that effective education and good teachers can
help underachieving students to catch up with their peers. Despite this knowledge,
many attempts from policy-makers to narrow the gap between low- and high-
achieving student groups have no – or sometimes even an opposite – effect. Identi-
fying effective teacher factors that are associated with learning outcomes may help
researchers, policy-makers, educational leaders and teachers to develop ways to
improve effectiveness in education. Further testing of DMEE is therefore important
as it might help to establish an evidence-based and theory-driven approach in
policy-making; hence the need to test its validity in a cross-national context.

In this study, we aim at testing DMEE in a cross-national setting, with a special
focus on the differential effects of teacher and school factors for low- and
high-achieving student groups. To that end, we use a rich and longitudinal database,
collected in 571 classes in 334 schools across six European countries.

The paper unfolds as follows: the first section provides an overview of the theo-
retical framework upon which the European study has been based; we start with a
brief description of DMEE at teacher and school level; and next, we give a short
overview of the literature on differential teacher and school effects. In the second
section, we provide a more detailed description on the sample and data, and we
elaborate on the analysis processes. The third section presents the results; and in the
fourth section, we interpret the results and discuss practical implications.

Theoretical framework

The DMEE

A full description of DMEE goes beyond the scope of this paper. In what follows,
we give a short overview of the teacher and school factors of DMEE that we tried
to test in the current study. For an extended overview, we refer to the book The
Dynamics of Educational Effectiveness (Creemers and Kyriakides 2008).
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Teacher factors of DMEE

DMEE refers to eight teacher factors that are related to student outcomes and
describe teachers’ instructional role: orientation, structuring, questioning, teaching-
modelling, application, time management, teacher role in making classroom a learn-
ing environment and classroom assessment. These eight factors do not merely refer
to one approach of teaching, such as the direct and active teaching approach (Joyce,
Weil, and Calhoun 2000) or the constructivist approach (Brekelmans, Sleegers, and
Fraser 2000; Schoenfeld 1998), but combine factors that are derived from different
approaches. That way, an integrated approach is adopted to define effective teaching:
DMEE refers not only to teacher-guided instruction models (e.g. direct teaching and
mastery learning), but also to more student-guided teaching and learning models
(Muijs and Reynolds 2001). A short description of each teacher factor follows.

(A) Orientation refers to providing the reason(s) for which specific tasks or
lessons take(s) place and/or challenging students to identify the reason(s)
why the lesson involves a particular activity. It is expected that when
orientation tasks take place during a lesson, students will be motivated to
participate in the activities of the lesson, and, thus, student engagement rates
will be increased (e.g. De Corte 2000; Paris and Paris 2001).

(B) Structuring refers to reviewing the objectives of a lesson or series of
lessons, calling attention to important aspects, pointing out transitions
between different parts of a lesson and summing up the main objectives of
the lesson at the end (Rosenshine and Stevens 1986). Structuring assists
students to comprehend information as an integrated whole with recognition
of the association between parts and, that way, facilitates the memorisation
of the information.

(C) Questioning refers to stimulating student interaction by raising different
types of questions (i.e. product and process questions) at appropriate diffi-
culty level, and appropriate dealing with student responses. Previous
research has shown that effective teachers tend to more frequently use
process questions, which expect students to provide explanations of their
thinking methods (Askew and William 1995; Evertson et al. 1980).
Additionally, questioning techniques refer to the clarity of a question posed
by the teacher based on the students’ individual abilities as well as the
provision of sufficient time for the students to respond.

(D) Teaching-modelling is associated with teaching higher-order thinking skills,
especially problem-solving. Teachers are expected to encourage students to
use and develop their own strategies to help them effectively deal with dif-
ferent problematic situations (Grieve 2010; Kyriakides, Campbell, and
Christofidou 2002; Vanlaar et al. 2014).

(E) Application refers to the opportunities provided to students to practice and
apply new knowledge. Effective teachers are expected to encourage
application tasks by using seatwork or small-group tasks (Borich 1992).
Application activities are expected to serve the purpose of practice and also
to act as a linkage of the content covered in a lesson with the next steps of
learning. Thus, application tasks should not merely constitute a repetition of
the content covered during a lesson, but also require students to discover
and employ more complex ways of thinking.

Research Papers in Education 3

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

yp
ru

s]
 a

t 0
3:

56
 0

6 
O

ct
ob

er
 2

01
5 



(F) The classroom as a learning environment comprises five elements, i.e.
teacher–student interaction, student–student interaction, students’ treatment
by the teacher, competition between students and classroom disorder
(Creemers and Kyriakides 2008). Generally, this factor refers to the extent
to which teachers are able to establish on-task behaviour through promotion
of interactions and to teachers’ attempts to create an efficient and supportive
environment for learning in the classroom (Vandecandelaere et al. 2012;
Walberg 1986).

(G) Time management: according to DMEE, effective teachers are capable of
organising and managing the classroom environment so that time used for
organisational purposes (for giving instructions, organising the materials to
be used in a lesson, etc.) does not result in significant loss of teaching time
(Creemers and Reezigt 1996). Time management is considered an important
indicator of a teacher’s ability to manage the classroom effectively (Evertson
and Weinstein 2006).

(H) Assessment is seen as an integral part of teaching (Stenmark 1992), and
special attention is given to formative assessment. Research findings indi-
cate that teachers who emphasise formative assessment are more effective.
Information gathered from assessment is expected to enable teachers to
identify their students’ needs, as well as to evaluate their own practice (e.g.
Black 2001; Black and Wiliam 1998, 2010; Kyriakides 2005; Shepard
1989).

DMEE is based on the assumption that each of these factors can be defined and
measured by using five dimensions: frequency, focus, stage, quality and differentia-
tion (Creemers and Kyriakides 2008). In this study, however, even though it was
possible to measure most factors, we were unable to measure all five dimensions of
each factor.

School factors of DMEE

The school policy aspects that are emphasised in DMEE are concerned with teach-
ing, creating and improving the learning environment and school evaluation. The
factors at the school level in DMEE are expected to have direct and indirect effects
on student achievement. School factors can influence classroom-level factors, espe-
cially the teaching practice. DMEE refers to factors at the school level that are
related to key concepts of quantity of teaching, provision of learning opportunities
and quality of teaching. Within the current study, the following aspects of these poli-
cies were tested: evaluation of teaching, evaluation of school learning environment,
collaboration and interaction between teachers, provision of learning resources,
partnership policy, relation with community and school policy in relation to quantity
of teaching, learning opportunities and quality of teaching (Creemers and Kyriakides
2008; Kyriakides et al. 2010).

Differential effects for low- and high-achieving student groups

Earlier research generally indicated that effective education matters most for under-
achieving students, i.e. students with less advantaged background characteristics
such as low socioeconomic status (SES) or not speaking the language of instruction
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at home (Campbell et al. 2004b; Scheerens and Bosker 1997). As early as 1966, the
famous Coleman report revealed that school effects in the US were almost twice as
large for black students as for white students (Coleman et al. 1966). More recently,
Nye, Konstantopoulos and Hedges (2004) found larger teacher effect variance in
low-SES schools compared with high-SES schools.

Despite this knowledge, however, few studies have examined which practices
are most effective for underachieving students. The studies that did investigate dif-
ferential teacher or school effects for different student groups usually found no, little
or mixed differential effects (Konstantopoulos 2009; Konstantopoulos and Chung
2011; Muijs et al. 2005; Strand 1999). For instance, Raudenbush and Bryk (1992)
found that the differences between public and private schools were twice as large
for low-SES students as for high-SES students, suggesting that attending private
schools is of more benefit to at-risk students. Sammons, Nuttall and Cuttance (1993)
studied differential effects in reading in primary education and discovered that dif-
ferential effects could only be demonstrated for the prior achievement of students,
but not with respect to their SES, or ethnicity. Campbell et al. (2004a) found no, or
little, differential effects with regard to different socioeconomic and achievement
groups. These inconsistent findings are partly due to the use of different variables to
investigate differential effects: ethnicity, SES and prior achievement. Indeed, identi-
fying the sources of educational achievement gaps is not straightforward and pre-
sents a confusing and uncertain picture – particularly about the impact of schools on
different students (Hanushek and Rivkin 2009).

Even so, a handful of studies reveal some teacher factors that can influence
the association between students’ at-risk status and their educational achieve-
ment, either directly or indirectly. For example, research investigating the effects
of teacher relationships (e.g. Maulana et al. 2011) suggests that a good teacher-
student relationship matters even more for minority students (e.g. den Brok
et al. 2010). Hamre and Pianta found that it is extra important for students with
high functional risk to have close relations with their teachers (2005). High-risk
students tend to benefit even more from high-quality instruction than their low-
risk peers do (Curby, Rimm-Kaufman, and Ponitz 2009). Furthermore, connect-
ing learning to real-life experiences and stressing practical applications, putting
emphasis on basic skills and offering external rewards have been found particu-
larly important to low-SES students (Campbell et al. 2004a). Vanlaar et al.
(2014) found negative effects of constructivist class practices on reading
comprehension for high-risk students, while the more traditional class practices
had no differential effects.

Thus, although different types of students have different educational needs, the
existing literature still does not give sound answers on how to more effectively
implement and monitor education strategies for vulnerable, low-achieving students
(Kyriakides 2007). If teachers and schools have greater effects for underachieving
students, it is important for governments and practitioners to know which practices
can help at-risk students to catch up with their more advantaged peers. More
research is needed to clarify from which practices underachieving student groups
can benefit the most.

The present study addresses this need by answering the following research
question: ‘Do the teacher and school factors of DMEE have the same impact for
high- and low-achieving student groups on science and math learning in grade 4?’

Research Papers in Education 5
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Method

This part is divided in two sections: (1) description of the data, including the setting
in which the data were gathered, the sample characteristics and measurement proce-
dures, and (2) description of the multilevel models used to analyse the differential
effects of the teacher and school factors.

Data

Setting

We used data from the European collaborative research project ‘Establishing a
knowledge-base for quality in education: Testing a dynamic theory of educational
effectiveness’. The project was conducted in six countries, i.e. Belgium/Flanders,
Cyprus, Germany, Greece, Ireland and Slovenia. Math and science tests were
administered to 10,742 grade 4 students at the beginning and end of the school-year
2010–2011. The central aim of the project was to further develop and test the
validity of DMEE in different educational settings, i.e. in relation to the diversity of
student intake, processes and prospective outcomes. Thus, the project aimed to
improve the knowledge base on effectiveness of education.

By testing students from different countries, diversity is likely to be assured with
this project. Although all participating countries are OECD countries (except
Cyprus) and members of the European Union, the learning environment and school
organisation in these countries differ in certain ways, giving us a broad spectrum to
test and validate the teacher and school factors of the DMEE.

Another advantage of our data is that prior knowledge was measured, which
makes the data suitable for investigation of the differential effects of teacher and
school factors (Creemers, Kyriakides, et al. 2013). Only with correction for prior
achievement, it is possible to isolate teacher and school factors (Campbell et al.
2004a; Kyriakides 2004; Strand 2010).

Sample

In each participating country, a stratified sampling procedure (Cohen, Manion, and
Morrison 2000) was used to select a sample of at least 50 primary schools. Tests in
mathematics and science were administered to all grade 4 students at the beginning
and at the end of school-year 2010–2011. In total, 10,742 fourth grade students
participated, spread over 571 classes and 334 schools. Not all students completed the
two mathematics and science tests at the beginning and end of the school-year. The

Table 1. Sample description.

Country Belgium Cyprus Germany Greece Ireland Slovenia All

N students 1954 1990 1228 1196 2423 2155 10,946
Class sizea Mean 19.74 17.17 19.49 17.41 21.44 19.41 19.18

SD 4.72 4.10 4.83 5.30 7.30 4.43 5.44
N 99 116 63 69 113 111 571

School sizeb Mean 1.94 1.97 1.17 1.41 1.85 1.88 1.71
SD 0.70 0.74 0.38 0.61 0.96 0.67 0.76
N 51 59 54 49 61 59 333

aN students per class in our sample.
bn classes per school in our sample.
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data informing this paper include the test results for students who completed tests at
the two waves of data collection. Hence, the analyses cover 9321 students (86.8% of
total sample) who completed both mathematics tests and 9148 students (85.2%) who
completed both science tests, spread over 561 classes and 329 schools. In each school,
all teachers (N = 3010) were requested to fill in a questionnaire about their school
policy. Table 1 gives for each country the number of participating students, the average
class size per country and the average number of classes per school in our sample.

Measures

Achievement tests. The construction of the mathematics and science tests was mainly
based upon the released items of TIMSS 2007. TIMSS (Trends in International
Mathematics and Science Study) constitutes an international comparative study,
organised by the International Association for the Evaluation of Educational
Achievement (IEA), aiming to provide insights into student achievement in mathe-
matics and science.1 The tests measure three cognitive domains: knowing, reasoning
and applying. The math test covers the following content categories: whole
numbers; fractions and proportionality; measurement, estimation and number sense;
data representation, analysis and probability; and geometry, patterns, relations and
functions. The science questions cover: earth science; life science; physical science;
environmental issues; and nature of science. Thus, using items from TIMSS 2007,
two parallel tests were developed for both subjects.

For both subjects, the test scores were vertically equated using Item Response
Theory (IRT). IRT is a widely used statistical technique to compute standardised
estimates. It enables to vertically equate achievement scores of different levels on
one single measurement scale, so that, for instance, the math scores from several
sequential grades can be compared. In this study, all test scores were calibrated on
the same scale (with mean = 300 and SD = 60 for the first test) to make them com-
parable across test versions, countries and measurement occasions (Kyriakides et al.
2014). The test scores measured at the start of grade 4 are an indicator of students’
prior achievement. These individual prior achievement scores were aggregated to
class and school averages to create indicators for the class and school composition.
This resulted in four group composition variables: class mean prior achievement
math class mean prior achievement science, school mean prior achievement math,
and school mean prior achievement science. The test scores measured at the end of
grade 4 form the dependent variables. Figures 1 and 2 visualise the distribution of
the test scores and the group composition variables by country.

Factors of the dynamic model. Data on the factors were derived from questionnaires,
based on instruments developed in earlier studies to test the DMEE (Creemers and
Kyriakides 2010a, 2010b; Kyriakides and Creemers 2008). The instruments were
tailored for our project following discussion and agreement among the collaborating
researchers of the six participating countries. For each item, the researchers indicated
the applicability and relevance to the educational context of their country and
whether the students and teachers could reasonably be expected to answer the ques-
tions. Based on this information, a student questionnaire that measures the teacher
factors and a teacher questionnaire that measures the school factors were developed.
Initially, an English version of the questionnaires was developed; next, procedures
of translation and back translation were used to produce the questionnaires in the
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four other European languages, i.e. Dutch, German, Greek and Slovenian
(Kyriakides et al. 2014).

The factors are latent constructs (Fisher, Waldrip, and den Brok 2005); more
specifically, generalised variables are based on items measured at a lower level, and

Figure 1. Mathematics achievement.
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aggregated to indicate a group-level characteristic. The data analytic technique to
construct latent variables is structural equation modelling (SEM). SEM tests the
relationships among observed items by merging multivariate regression and factor
analysis. Thus, factor analysis is used to compress the information of several related

Figure 2. Science achievement.
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items, which measure the same latent construct, into one factor (Savalei and Bentler
2010; Schreiber et al. 2006).

Teacher factors. In addition to the achievement tests, all students completed a
questionnaire at the end of grade 4. The survey addressed teacher and classroom
practices; students were asked to indicate on a five-point Likert scale the extent to
which their teacher behaves in a certain way during their lessons. Although there is
some controversy about the use of student ratings, we found enough evidence in the
literature that student ratings provide reliable information on their teacher’s beha-
viour and the class environment (Kyriakides et al. 2014). For instance, De Jong and
Westerhof (2001) compared sixth graders’ perception of teacher behaviour to the
opinion of external observers and found that the quality of aggregated student
perceptions is as good as – or even better than – the quality of data from external
observers. Students are in a key position to rapport about their teacher’s behaviour
in the classroom. Student ratings constitute a main source of information regarding
opportunity for learning, the degree of rapport and communication between teacher
and students, the way and frequency of assessment, application, classroom equity,
etc. (Carle, 2009; Creemers, Kyriakides, and Sammons 2010; Kyriakides 2005;
Kyriakides et al. 2014).

Moreover, during preliminary analyses, we tested whether there was enough
consistency between the ratings of students within one class to ensure that the items
can be generalised to the class level. To measure this homogeneity, ANOVA was
used. This is called a generalisability study, which tests whether the students’ ratings
are a reliable source of information on their teacher’s behaviour and the usage of
practices in their class (Brennan 2003, 2010). ANOVA2 results confirmed that the
items can be aggregated to the class level as, for all the questionnaire items, the
between-group variance was higher than the within-group variance (p < 0.05)
(Kyriakides et al. 2014; Panayiotou et al. 2014).

In the current study, the teacher factors were computed based on aggregated
student questionnaire items. During the SEM analysis, some questionnaire items had
to be removed as it was shown that their contribution to the factor was not signifi-
cantly different from zero. Based on the results of SEM analysis, the teacher factors
were computed for each class in our sample. The teacher factor scores that were
used in the multilevel analysis are given in Appendix 1. For each factor, the items
that were included to predict the respective factor for each class, with their factor
loadings, are given.

School factors. School factors were measured by surveying all teachers in the
participating schools. The teachers completed the questionnaire during the last term
of the school-year. A four-point Likert scale was used to collect data on teachers’
perceptions of the school policy. As before, preliminary ANOVA showed that the
teacher ratings are generalisable, since the between-school variance was higher than
the within-school variance (p < 0.05). Also, to compute the school factors, SEM
analysis was used (Creemers, Panayiotou, et al. 2013). Appendix 2 gives an over-
view of the items that were used to calculate the school factor scores, together with
their factor loadings.

Missing values. Missing values of the teacher and school factors were imputed
using SPSS software (Schafer and Graham 2002; SPSS Inc 2011). The proportion of
missing data was limited (maximum 8% per variable), the sample size was large
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enough and we built a comprehensive imputation model including all available
variables that were relevant and not causing multicollinearity as auxiliary variables,
that way minimising potential bias (Graham 2009).

Multilevel analyses

Our data have a hierarchical structure (students nested in classes, nested in schools,
nested in countries). Multilevel modelling techniques have been recognised as a pre-
vailing tool in analysing this kind of hierarchically structured data-sets (Goldstein
2003; Hox 2010; Raudenbush and Bryk 1992). Multilevel models portray significant
advantages such as accounting for the dependency of observations within a group
and identifying the variance at different levels (Luyten and Sammons 2010). It is
recommended to have as many units as possible at the top level of the multilevel
hierarchy (minimum 25), and to have enough observations within each group
(Maxwell, Kelley, and Rausch 2007; Roy et al. 2007).

For our study, the data fitted best in a two-level model. We could not include a
country level because there are only six countries. And the current study mainly
comprises primary schools with only one class per grade; thus, the school and class
level comprise often the same observations (average number of classes per school in
our sample is shown in Table 1). Therefore, we estimated two-level models – (i) stu-
dents within classes for the models testing the teacher factors, and (ii) students
within schools for the models testing the school factors – using MLwiN software
(Rasbash et al. 2012). We chose not to include ‘country’ as a covariate in the analy-
sis, because this might take away some of the variety in teacher and school factors.
Before running the models, we centred all predictors around the grand mean, in
order to facilitate the interpretation of the results (Hox 2010). Next, we estimated
four series of multilevel models:

(a) differential effects of teacher factors on math achievement,
(b) differential effects of teacher factors on science achievement,
(c) differential effects of school factors on math achievement and
(d) differential effects of school factors on science achievement.

Each of these series was executed in the following order:

(1) We ran a two-level null model (i.e. without any explanatory variables) to
investigate the distribution of the variance over the two levels (student and
class level for series a and b, and student and school level for series c
and d).

(2) We added student prior achievement for math (series a and c) or science
(series b and d) to the model.

(3) The group composition (class or school mean of prior math or science
achievement, respectively) was added; this third model was named the ‘basic
model’. This basic model can be seen as a type B value-added model since a
correction is made for student prior achievement and for group composition
(Timmermans, Doolaard, and de Wolf 2011).

(4) We added one factor plus its interaction with the group composition to the
basic model to test whether the effect of this factor differs for high- and low-
achieving classes/schools. This fourth step was repeated for every factor
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separately, resulting in one model for each factor. Each model underwent the
following tests:

(a) We tested how well this model fits to the data by comparing the
log-likelihood with that of the basic model. The likelihood is the
probability of the data set given the model with its parameter esti-
mates. We use the log likelihood as an indicator of the model fit,
where higher values indicate a better fit. Statistical significance was
tested using a chi-squared test, with two degrees of freedom (since
two parameters were added to the basic model that is compared).
The log-likelihood ratio test can only be used when two models are
based on the same data, with an equal number of observations,
which was a reason for imputing the missing values of the factors.

(b) To test whether an effect is statistically significant from zero, it is
necessary to take into account the standard error of the estimates. To
that end, a two-sided Wald-test was done (estimate divided by
standard error), which is the most commonly used method to test the
significance of a regression estimate.

(c) To have a measure of the size of this effect, we calculated the
explanatory power of the factors, by comparing the second-level
variance of the model with this variance of the basic model. The
proportion of variance that is reduced after adding the extra variables
to the basic model tells us how much of the differences between
classes/schools can be explained by these added variables.

Results

Math and science achievement

For mathematics, 24% of the variance lies at school/class level, and 76% of the vari-
ance lies at student level. After adding prior achievement to the model, 71/69% of
the school/class-level variance, and 38% of the student-level variance is explained.
Adding the group composition (mean of prior achievement) explains another 8/7%
of the variance at school/class level. Comparing the null model with the basic

Table 2. Multilevel analyses of teacher factors: summary of results.

Mathematics Science

Teacher factor Main effect Interaction effect % Main effect Interaction effect %

Struct QuanT 8.12** −0.38*** 5.7 9.55** −0.09 2.2
Struct QuaL 3.93 −0.30** 1.7 2.55 −0.32** 2.1
Questioning 10.42** −0.40*** 5.1 5.93 −0.24* 1.8
Modelling 5.20 −0.34** 3.3 6.36 −0.25* 1.5
Application 9.86** −0.49*** 6.1 14.18*** −0.16 3.5
TS interaction 16.95*** −0.56*** 9.8 22.51*** −0.23† 6.8
Time Manag 19.91*** −0.05 10.9 12.48*** 0.02 2.8
Misbehaviour 11.26*** 0.08 5.3% 5.69* 0.10 1.0
Assessment 11.26*** −0.47*** 8.6 12.16*** −0.14† 3.4

Notes: % = per cent of class variance explained by factor + factor x group composition.
Significance level (based on Wald-test).
†p < 0.1; *p < 0.05; **p < 0.01; ***p < 0.001.
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model, there is a large improvement of the model fit (school: χ2(2) = 4699.21;
p < 0.000/ class: χ2(2) = 4819.75; p < 0.000).

For science, 31/32% of the variance lies at school/class level and 69/68% lies at
student level. Prior achievement explains 62/60% of the school/class-level variance
and 29% of the student variance. Group composition explains another 13/26% of
the school/class variance. Thus, these two prior-achievement covariates together
cause a large model-fit improvement (school: χ2(2) = 3432.76, p < 0.000; class:
χ2(2) = 3581.16, p < 0.000).

Differential effects of teacher factors

The results of the two-level models showing at least one significant teacher-factor
effect are shown in Appendix 3 and compared with the basic model. Table 2 gives a
summary of the findings.

Quantitative structuring is associated with both math and science achievement,
but is particularly strongly associated with math achievement among low-achieving
classes. Quantitative structuring and the interaction with group composition explain
5.7% of the class variance in math achievement and 2.2% of the class variance in
science achievement.

Qualitative structuring has no significant main effects, but the interaction with
group composition is significant. Qualitative structuring appears to be more effective
for low-achieving classes than for high-achieving classes. These findings hold for
both math and science achievement. The math model explains 1.7% more of the
class variance compared to the basic model, while the science model explains an
extra 2.1% of the class variance.

The more adequate questions a teacher poses during the lessons, the higher the
math achievement of the students, especially in low-achieving classes. The effect on
science achievement is not statistically significant, but the interaction effect with
group composition is negative and significant. The quality of the questions explains
5.1% of the variance in math and 1.8% of the variance in science.

Modelling appears to have no significant main effects, neither on math nor on
science. There is a significant negative interaction effect with class mean, indicating
that the effect is larger for low-achieving classes, and explaining 3.3% of the class
variance in math and 1.5% of the class variance in science.

Application is an effective class practice for both math and science, and for math,
this effect is stronger among low-achieving classes. The explanatory power for the
class variance in math achievement is 6.1% and for science achievement is 3.5%.

The quality of the interaction between the teacher and their students is associ-
ated with both math and science achievement. Concerning math achievement, this is
more important in low-achieving classes. Almost 10% of the class variance in math,
and 6.8% of the variance in science, is explained by this factor and its interaction.

Time management appears to be important for both math and science
achievement, and for all types of classes. Time management explains 10.9% of the
class variance in math achievement, and 2.8% of the class variance in science
achievement.

Effective dealing with misbehaviour is associated with math achievement,
explaining 5.3% of the variance. The relation with science achievement is less
strong, but nevertheless significant, and explains 1% of the class variance. Dealing
well with misbehaviour is equally important in high- and low-achieving classes.
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Finally, assessment appears to be an indicator of effective education. For math
achievement, assessment is more effective in low-achieving classes. For science
achievement, assessment has the same effect for all student groups. Assessment
explains 8.6% of the variance in math achievement and 3.4% of the variance in
science achievement.

Differential effects of school factors

Appendix 4 shows the results for the multilevel models analysing the school factors
and their interactions with group composition, i.e. the school mean of prior achieve-
ment. Table 3 gives a summary of the findings. All tested school factors are posi-
tively associated with both math and science achievement at the end of grade 4.
Almost all school factors have a significant negative interaction effect with group
composition, meaning that these school factors are more important in schools with a
low average achievement level. The exceptions, which appear to be equally impor-
tant for high- and for low-achieving student groups, are: evaluation of teaching (for
science), relationship with community (for science) and policy on the quantity of
teaching (for math).

As we found for the teacher factors, the school factors consistently explain a
higher percentage of the second-level variance in math achievement than in science
achievement. The percentage of school-level variance in math achievement
explained by the school factors and their interaction with the group composition var-
ies between 11% (evaluation of teaching) and 2.9% (policy on learning opportuni-
ties), with an average of 7.2%. For science achievement, the explanatory power of
the school factors and their interactions with group composition varies between
7.6% (collaboration) and 0% (resources), with an average of 3.5% (see Table 3).

All models, both the ones analysing teacher factors and the ones analysing
school factors, resulted in a significant improvement of the model fit (p < 0.01).

Discussion

Aims of this paper were to investigate whether the teacher and school factors of the
DMEE are valid elements of effective primary education across six countries, and to

Table 3. Multilevel analyses of school factors: summary of results.

Mathematics Science

School factor Main effect Interaction effect % Main effect Interaction effect %

Evaluation Teaching 15.58*** −0.49*** 11.0 20.34*** −0.20 7.1
Evaluation SLE 13.59** −0.31† 3.7 16.61** −0.31† 0.1
Collaboration 20.22*** −0.48** 9.3 25.64*** −0.48** 7.6
Resources 17.54*** −0.30* 6.3 18.37*** −0.46*** −0.3
Community 17.97*** −0.27* 10.7 19.74*** −0.18 6.9
Partnership 21.90*** −0.34* 6.7 23.16*** −0.42** 3.1
PT quantity 12.21*** −0.13 5.2 10.12** −0.46*** 2.1
PT learning opp 11.90*** −0.29* 2.9 12.09** −0.42** 0.4
PT quality 16.13*** −0.31** 8.8 13.38*** −0.30** 4.4

Notes: % = per cent of school variance explained; PT: policy on teaching; SLE: school learning
environment.
Significance (based on Wald-test).
†p < 0.1; *p < 0.05; **p < 0.01; ***p < 0.001.
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identify potential factors that can help low-achieving student groups to progress and
keep pace with their high-achieving peers.

Theoretical implications

This European study created important data for testing a model of educational
effectiveness in different contexts. It is the first study that allows to test and validate
the teacher and school factors of the DMEE in six European countries. The results
show that almost all tested teacher factors and all tested school factors are important
elements of effective math and science education, which suggests that these factors
of the DMEE can be generalised to a broader context, at least within Europe.

However, we were not able to validate the teacher factor orientation. Also, the
factor learning environment seems to fall apart in two factors, which might indicate
that this factor is too broadly defined or has a higher cultural loading and gives,
therefore, inconsistent results in cross-cultural research. Moreover, the study was not
in a position to measure the five dimensions proposed by the dynamic model, and
therefore this assumption could not be tested. In fact, this study raises some doubts
on whether the five dimensions can be used to measure the functioning of teacher
and school factors in different countries. There is still need for studies investigating
the validity of the dynamic model. One implication of the findings of this study is
that we need to more carefully consider the context specificity of the functioning of
factors, especially the use of dimensions to measure them through better instru-
ments. Our study demonstrates the importance of validation and replication in
research (Duncan et al. 2013; Makel and Plucker 2014).

Concerning differential effectiveness, the results suggest that most factors have a
greater effect on low-achieving student groups, especially for mathematics achieve-
ment. This finding might indicate that implementing effective practices is not only
important for student learning in general, but also for promoting equity. These
findings support most of the literature on differential effectiveness described in the
theoretical framework; this study also demonstrates that teacher and school factors
make a greater difference for low-achieving classes and schools (e.g. Kyriakides and
Creemers 2011). No factor was found to be more beneficial for high-achieving
student groups. Our findings do not allow to formulate conclusive answers on how
these interactions between factors and the achievement level of the student group
exist, or which underlying processes cause them.

Where most effectiveness studies focus on interaction effects of student-level
characteristics, a notable contribution of this study is the examination of the interac-
tion between effectiveness factors and the achievement level of the student group
(i.e. aggregated achievement score). Since many schools have more or less homoge-
nous student populations, the interaction with the group is an interesting approach
for practitioners.

The significance of this study also lies in its investigation of the effects of tea-
cher and school factors on science achievement, which is an understudied subject in
educational effectiveness research (most studies focus solely on either mathematics
or language learning).

Importance of cross-national research

Teacher effectiveness research has been criticised for showing ethnocentric
tendencies. Due to a lack of theory development, not many studies in educational
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effectiveness aim at validating components of effective education for their
generalisability across countries and cultures. A lack of cross-national perspectives
and inter-cultural collaboration between educational effectiveness researchers is seen
as intellectually detrimental (Panayiotou et al. 2014; Reynolds 2000). Over the last
two decades, several education policy-makers attempted to raise standards based on
the simplistic application or transplantation of knowledge and ideas from one country,
or one culture, to another (Panayiotou et al. 2014). Several educational effectiveness
researchers voiced concerns about the potential hazards of improvident transplanta-
tion of educational policies from one culture to another (e.g. Reynolds 2006;
Scheerens 2012). Examples of this practice include the proposed lengthening of the
school-day and shortening of school-holidays discussed in some American states,
following Japan, where students spend the most hours per year in school. Another
example is the trend in British primary schools towards whole-class lecturing, which
is clearly inspired by the popularity of this approach in the East Asian countries that
have the highest rankings in international assessment studies (Reynolds 2000).

Obviously, in an era when educational policy follows the international route, it is
unfortunate that EER appears to mainly conduct within-country studies rather than
cross-national research. Cross-national studies on educational effectiveness are
required to gain understanding about the complex structures of education policy
across different countries and cultures, and to explain how policies affect student
outcomes in different settings. This cross-national study contributes to the develop-
ment of the international dimension of educational effectiveness research.

Limitations

This transnational nature of this study might also have implications for the inter-
pretation of our results. Although the mathematics and science tests were carefully
developed for the TIMSS-study (Kyriakides et al. 2014), the associations between
factors and student achievement might somehow reflect associations between certain
cultural aspects within the different countries and the extent to which the test materi-
als reflect their math and science curricula. We chose not to include ‘country’ as a
covariate in the analysis, because it was felt this might take away some of the vari-
ety in teacher and school factors. This was based on the arguable assumption that
the six countries are relatively similar culturally, due to the fact that they are all
members of the European Union and the OECD. It should be acknowledged that
our findings might partially be caused by the fact that some factors are more fre-
quently found within high-achieving countries, or vice versa.

Although this cross-national study is a step in the right direction, it should be
noted that it is also important to examine the generic nature of the teacher and
school factors in countries outside the European Union with different educational
contexts in which even greater variation can be found.

Cross-national research also has its drawbacks. When using measurement
instruments in different countries, the researcher needs to assure that the items
measure the same thing in every country. Only items that show high factor load-
ings for both the across and the within-country analyses can be assumed to be
valid across countries. However, 9 out of 49 student questionnaire items had to be
removed because they acted differently in different countries. As a result, some
factors are based on two or three items, while it is recommended to construct a
latent variable on more items. This is an important limitation of this study. Due to
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the omission of some items in order to obtain reliable factor scores for all six
countries, the remaining items do not always cover all aspects of the teacher and
school factors. Our data did not allow to investigate the precise implementation of
the factors. A score on a few items does not fully reflect the daily practices in a
class/school, and is, arguably, a poor representation of very complex and rich
interactions between human beings. Unfortunately, there were no means for
observations in classes and schools in our project, which would have yielded extra
information on teacher behaviour in class and/or the application of certain
education policies within the daily school context.

It should be noted that the teacher factors are not subject-specific and that there
are also other possible ways of modelling the data (for instance, we could have used
a repeated measures design to focus more on learning gains). Also, the data on the
teacher and school factors are based on questionnaires; therefore, limitations of
using perceptual methods to measure factors should be acknowledged. Student
ratings of teacher performance were used for the measurement of the teacher factors.
Although student ratings have been questioned in terms of reliability, recent studies
demonstrate their capability of providing valid data on the classroom behaviour
of their teachers. Our data seem to support these studies, since the student ratings
showed enough consistency within classes. This finding can be seen as a
confirmation that young students can be considered as good sources of information
on class characteristics, as they ‘taste the dinner that is served’ (Kyriakides et al.
2014).

Conclusion

In conclusion, despite the limitations, this study contributes to the literature by
giving more information on how the teacher and school factors of the DMEE
interact with different types of student groups. The findings suggest that the factors
of the DMEE are effective for most student groups, and especially for under-
achieving student groups. A better comprehension of this interaction is required in
order to help inform policy decisions when aiming at creating equal educational
opportunities for all students, especially for underachieving student groups. A
comprehensive, general theoretical framework in educational effectiveness might
help policy-makers to make evidence-based decisions, on school reformations for
instance. The DMEE is an attempt in the right direction. Although more studies
are needed, this study suggests that cross-national research can reveal both univer-
sal and differential components of effectiveness, and might actually help to get
more insights into differential teaching effects for low-achieving student groups.
Professional development programmes need an evidence-based theory to rely on
and it is the task of educational researchers to further develop, replicate and vali-
date their findings (Makel and Plucker 2014).

Although more sound research is needed to understand the interaction between
teacher factors and different student types, our findings suggest that there are
differential effects and that differences in teacher factors might partly explain the dif-
ferences in achievement levels in different classes and countries. These findings sug-
gest that it is important that the most effective teachers are placed in schools with
the highest percentage of underachieving students. Policy-makers should encourage
‘good’ teachers to work in schools with high percentages of underachieving students
by enhancing these jobs financially and in terms of work conditions.
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