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1. Introduction

Since the first international comparative study on students’ achievement in the beginning of
1960’s, the interest of countries from all over the world to participate in studies initiated by
the International Association for the Evaluation of Educational Achievement (IEA), has been
growing rapidly. In the First International Mathematics Study (FIMS, 1964) just 12 countries
participated. In TIMSS-2011 and PIRLS-2011 almost 70 countries are participating in one or
both studies.

Participating in these studies is quite an enterprise in terms of costs, time and effort.
Researchers from all participating countries work together in developing the achievement
tests and context questionnaires (student, teacher school and curriculum questionnaires). The
research instruments are translated and adapted for each country, and a lot of effort is put in to
guarantee the international validity of these instruments. In each country, at least 4500
students from a representative sample of schools are tested, and these students, their teachers
and schools principals are asked to fill in questionnaires about the context of teaching and
learning. Each country has to make sure that the conditions for the assessment are the same.
Students’ answers on the open ended test items (about half of the test) are individually scored
by trained scorers, and part of the items are doubled scored to ensure the reliability of the
scoring. Finally, the data of all participating countries are collected, cleaned, weights are

calculated and items response analyses are conducted for the achievement scores.

In return, TIMSS and PIRLS offer more than ranking countries in students’ achievement in

mathematics, science or reading. These studies provide an in-depth insight in the diversity in



education systems from all over the world. Furthermore, countries which participated in more
than one of the TIMSS or PIRLS projects, are able to analyse trend data across assessments.
Most importantly, these studies have the potential to contribute to effective education policy
making (Mullis, Martin, & Foy, 2008; Postlethwaite, 1995; Postlethwaite & Ross, 1992). The
studies are classroom based, which means that the context of teaching and learning can be
related to students’ achievement.

Increasing the knowledge about and the empirical support for what is effective in education,
was one of the main reasons for the foundation of IEA in 1958. The founders viewed the
world as “a natural educational laboratory, where different school systems experiment in
different ways to obtain optimal results in the education of their youth” (http://www.iea.nl).
By sharing the outcomes and characteristics of these ‘experiments’, international comparative
studies offer empirical based insights in what matters in education within different contexts.
For this, the data of these studies are well documented and made easy accessible for all who

are interested.

Of all the different IEA studies conducted, TIMSS is the largest international comparative
study in terms of longitude, participation and research populations. However, based on
reviews of studies on TIMSS-1995 and -1999, Beaton and Robitaille (2002) concluded that

the impact of TIMSS on educational effectiveness was still limited:

A great deal of what have been published to date about TIMSS has focused on the
achievement results, and on the ranking of the participating countries in “league tables”
that have been published in wide variety of publications. Much less has been written
and published so far about the more important-at least from an educational
perspective—questions relating to ways and means of improving the teaching and

learning experience in school mathematics and science for students in all countries .

It is not only the ambition of IEA and TIMSS that the project should contribute to the
improvement of teaching and learning world wide. From the field of Educational
Effectiveness Research (EER), there seem to be a growing interest to use international
comparative studies to further develop their so called integrated multilevel educational
effectiveness models (Kyriakides, 2006). The basic assumptions of these models are a) that

influences on student achievement are multilevel, b) that the effect of manipulative factors



(manipulative by teachers, schools or policymakers) at the classroom and school level on
students achievement, need to be controlled for student background characteristics, and c¢)
that the higher levels provide the conditions for what happens in the classroom. According to
Kyriakides (2006) there are two reasons why an international component should be added to
EER. First, it is too simple to assume that what works in one education system will also be
effective in another education system. Insights in the influence of contextual characteristics on
effective education could prevent the simplistic transportation of knowledge from one
education system to another. Secondly, international studies offer the possibility to study a
full range of variation in school and classroom characteristics. This last argument is in line
with IEA’s laboratory view. The TIMSS-data offers the possibility to analyse the effects of
manipulative school and classroom factors on students’ achievement in mathematics and
science, controlled for student characteristics within a wide range of school and country

contexts.

2. Purpose and research questions

Recent contributions in academic journals (including special issues), reports and books on
TIMSS as well as PhD studies on TIMSS and PIRLS data, indicate that researchers are
becoming increasingly interested in analyzing the relation between teaching and learning
characteristics and students’ achievement in international contexts (Bos, 2002; Diepen, 2007;
Howie, 2002; Kaya & Rice, 2009; Martin, Mullis, Gregory, Hoyle, & Shen, 2000; Meelissen
& Luyten, 2008; Papanastasiou, 2008; Van den Broeck, Opdenakker, & Van Damme, 2005).
With so many data collected since TIMSS-1999 (TIMSS-2003, TIMSS-2007, TIMSS-
Advanced 2008), in so many countries, and with so many researchers and policy makers
showing an interest in TIMSS, it seems likely that the contribution of TIMSS to theories on
educational effectiveness has increased since the last review of TIMSS-studies by Beaton and
Robitaille (2002). Therefore, the aim of this study is to give an overview of studies based on
TIMSS data which contribute to theories of Educational Effectiveness Research. This is done
by systematically analyzing these studies as they are represented in scientific journals since
the release of the TIMSS-1995 data. Each article is carefully examined with the following

research questions in mind:

1. To what extent have secondary analyses on TIMSS data contributed to theories of

educational effectiveness, in terms of the number and impact of these studies?



2. How can the TIMSS studies which contribute to theories of educational effectiveness
be characterized and what is their quality?

3. To what extent have secondary analyses on TIMSS data contributed to theories of
educational effectiveness in terms of the extent in which the findings of these studies

support existing theories on educational effectiveness?

The studies under review are publications on TIMSS data aimed at the relation between
students’ achievement and characteristics of teaching and learning on school, class and
student level. In this study, educational effectiveness refers to manipulative (changeable)
factors which are presumed to have a positive effect on students’ achievement. For this, the
study used the conceptual framework for school effectiveness by Scheerens (1997), which is
developed within the tradition of EER. This framework has been used for several meta-
analyses on effectiveness enhancing factors in education (Scheerens, Luyten, Steen, &
Luyten-de Thouars, 2007). In the next section, a further explanation of this framework is

given.

3. Conceptual Framework

The aim of school effectiveness research is to analyse the association of hypothetical

effectiveness enhancing conditions of schooling and output measures such as student

achievement. According to Scheerens et al. (2007) the idea of quality inherent in integrated

school effectiveness models is that (pp. 55-56):

1) Outputs are the basic criteria to judge educational quality.

2) These output measures should be controlled for student characteristics in order to assess
the added-value of schooling

3) Indicators for process characteristics should be selected based on correlations found with
relatively high output. These measures should also be adjusted for the influence of student
characteristics.

4) The model is multi-level, uniting effectiveness enhancing conditions at system, school,

classroom, and individual student level (Scheerens & Creemers, 1989).

The basic model from system theory is often used as a conceptual framework to summarise
the results of school effectiveness research (Scheerens, et al., 1997; Scheerens, et al., 2007;
Scheerens, Seidel, Witziers, Hendriks, & Doornekamp, 2005). In this model (see Figure 1) the

school as organizational unit is the starting point. A distinction is made between student (prior



achievement or SES), context (country or school characteristics such as size or student-body
composition), input (teacher experience or parent support), process (educational leadership or
opportunity to learn) and output characteristics (achievement). Only the characteristics on the

process level (either classroom or school) can be directly influenced by the school and the

teacher.
Context
A\ 4
Process or throughput
A\ 4 \ 4
Inputs N School level » Outputs

Figure 1. A basic systems model on the functioning of education (Scheerens, et al., 2007, p. 28)

Based on systematic reviews and meta-analyses on studies conducted in developed countries,
in which the output factor is achievement in core subjects, Scheerens et al. (2007) identified
12 school effectiveness factors and 5 instructional effectiveness dimensions (see Table 1 and
Table 2). Table 1 also contains factors that could be defined at both school and classroom
level. These factors are considered to be aggregated classroom level factors; for example,

school policies stimulating a student oriented teaching approach.



Table 1 Effectiveness factors on school level (including aggregated classroom level factors), based on
Scheerens et al. (2007, p. 62)

achievement orientation/high expectations/teacher expectations
educational leadership

consensus and cohesion among staff

curriculum quality/opportunity to learn

school climate

evaluative potential

parental involvement

classroom climate

effective learning time (classroom management)
10. structured instruction

11. differentiation, adaptive instruction

12. feedback and reinforcement

CoNoa~wNhE

Table 2 Dimensions and effectiveness factors on classroom level, based on Scheerens et al. (2007, p.
194)

1. curricular dimension: opportunity to learn, strategies to learn about the deep structure of domain
specific knowledge, and textbooks;

2. dimension of teacher orchestrated classroom management and climate creation: including time,
achievement orientation, high expectations, disciplinary climate, activating measures, such as variation
in representation formats, media, forms of practice, variation in applications (theoretical and authentic)
grouping forms and differentiation/adaptive teaching;

3. teaching strategy dimension with two main sub-categories:

a) structured, direct teaching, mastery learning orientation, drill and practice;

b) constructivist oriented teaching strategy, teaching meta-cognitive strategies, cognitive
activation, frequent open learning tasks, discovery learning, fading from more structured to
more open assignments

4. climate dimension: support and positive interactions

5. evaluation and feedback dimension

Based on the school effectiveness framework and the four criteria of Scheerens et al. (2007)
mentioned before, only studies which focus on manipulative process factors on school and
classroom level (such as the factors mentioned above) related to mathematics or science
achievement are included in this study. The choice to focus on process factors also means that
manipulative factors on system level —for example the influence of central exit examinations
(Jurges, Buchel, & Schneider, 2005)- are not part of this review. However, one of the
intended outcomes of this study will be an overview of process factors related to achievement
per country.

Educational effectiveness models do not only focus on cognitive outcomes; non-cognitive
outcomes like the attitudes, motivation or self-confidence of students could be considered as
output factors as well. However, it can also be argued that these affective factors are student

characteristics for which students’ achievement need to be controlled for. Self-confidence for



example, could also be regarded as indicator of prior achievement in cases where a true
measure of prior achievement is unavailable, which is the case in TIMSS (Dumay & Dupriez,
2007; Kaya, et al., 2009; Xin, Xu, & Tatsuoka, 2004). Up till now, the cognitive outcome
achievement in core subjects has dominated educational effectiveness research (Scheerens, et
al., 2007). In this review, only articles in which the TIMSS-test is the output factor, will be
included. Studies which focus only on the attitudes of students as dependent or independent
variables, or only on other student background characteristics, input and/or context factors are
excluded from this systematic review. The factors mentioned in Table 1 and 2 will be the
starting point for the identification and categorization of the factors found based on the

secondary analyses of the TIMSS-data sets.
4. Method

4.1 Selection procedure

To gather references to published scientific articles on secondary analyses of TIMSS data, the

following online databases were used: Web of science (www.isiknowledge.com), Scopus

(www.scopus.com), Picarta (a Dutch electronic database, www.picarta.nl), ERIC and

Psycinfo (provided through Ebscohost). All databases were searched using the following
search key: “timss OR "trends in international mathematics and science” OR "third
international mathematics and science”. In all databases is searched in the title, the abstract or
the keywords. The search was carried out in February 2010. In total, more than 1600 hits were

found (see Table 3). After removing the duplicate articles 988 unique articles were identified.


http://www.isiknowledge.com/�
http://www.scopus.com/�
http://www.picarta.nl/�

Table 3 Results literature search (February 2010)

Database Number of hits
ERIC 636
PiCarta 385
PsyclInfo 181
Scopus 274
Web of Science 168
Total 1664
Duplicates 656
Total number of possible relevant articles 988

Five inclusion criteria were formulated to select the studies for the review. To evaluate the

usefulness of these criteria a scoping review was done on 25 studies. This evaluation

determined the order in which the criteria were used. The following five criteria have been

used:

1.

The study must be published in peer reviewed journal.

Non research articles like book reviews and editorials or popular articles (almost half of
all references) were excluded at this criterion.

The language of the study must be in English.

The analyses must be done on ‘regular’ TIMSS-data.

Data from the TIMSS-video study and the performance test (1995) were excluded at this
criterion. It turned out that in many studies (almost 40%) in which ‘TIMSS’ was referred
to, the data itself were not used for analyses.

The dependent variable of the study must be the mathematics or science achievement of
the students. Studies in which only descriptive analyses were done or studies in which the
dependent variable was not achievement but other variables such as the attitudes of
students, were excluded.

Of all the factors included in the study, at least one is a manipulative process factor on
classroom or school level. Articles which focused only on input, context or student
characteristics (or combinations of these factors) were excluded. This criterion resulted in

a further reduction of the selection by more than a half.

Bibliographic information like abstract, title, journal title, etcetera was used for the evaluation

of the articles based on the first four criteria. When it was not clear whether an article full-

filled a certain criterion, the article continued to be part of the selection. For most of the

remaining articles it was necessary to review the full text of the article to find out if it also

fulfilled the fifth criterion. Two reviewers evaluated each article for the final criterion. In



Table 4 an overview of the selected articles of each step is given. From the 988 articles found
in this search, only 61 satisfied the inclusion criteria. That is 6% of all articles.

Table 4 Overview of the selected articles with each criterion

Inclusion criteria N

Peer reviewed articles 514
Language English 442
Based on TIMSS data 271
Dependent variable mathematics or science Achievement 164
At least one process factor on school or class level 61

4.2 Analyzing the data

For each of the 61 studies selected, a data-extraction form was filled in. The data-extraction

form had two goals:

1) Categorising the remaining studies in year of data collection, subject, population (age and
country), number of citations and journal impact factor (research question 1 and 2)

2) Assessing the quality of the remaining studies, using the quality criteria for quantitative
studies as are formulated by Petticrew and Roberts (2006, research question 2). Studies

with a ‘low’ quality were excluded from the final review.

The articles were evaluated by three reviewers. A part of the articles were assessed by two
reviewers to check for inter rater reliability. To evaluate the quality of the study two criteria
played a decisive role in the final judgement. In accordance with Scheerens et al. (2007)
achievement measures should be controlled for student characteristics. Secondly, the study
should take into account the specific research design of TIMSS; the so called nested design.
In TIMSS, the schools are sampled and within each school one class (in most countries).
Therefore, students are not randomly sampled but are nested in classes. This means that a
study either should use a method like hierarchical linear modelling (multilevel analyses) or
adjust the standard errors for clustering effects (f.e. the jack-knife procedure). However, it
must be noted that pad-analyses in a multilevel structure (for analysing direct and indirect
effects), were not possible till recently (Muthén & Muthén, 1998-2010). However, if a study
conducted pad-analyses (PLS or LISREL) without mentioning the clustering effects it was
still considered of low quality. Because of the large number of potentially influencing process
factors, this review study will limit itself to only direct effects on achievement. Also,

interaction effects were not included in the final analyses.



In summary: if the nested design of TIMSS was not taken into account and/or there was no
use of control variables such as student background characteristics (e.g. SES) or context
variables (e.g. average SES of the school) without argumentation or reflection, the articles
were categorized as low quality.

In general, an article was considered sufficient if it met the criteria above but had one of the

following quality issues:

e Only the effect of individual items is analysed in cases where composites or indexes seem
to be possible (such as items referring to liking math) without argumentation.

e The level of analyses is different from the level of conclusion/implications. For example, if
analyses on student level resulted in conclusions on class (instructional) level.

e It is not clear how the different factors were operationalised and measured in TIMSS
(including the TIMSS-test itself). It turned out that the labelling of the same factors could
differentiate between authors, or that the same factors were not operationalised in the same
way. This means that the author should be clear which variables (composites and items)
were included in the analyses.

e There was no information about the number of students/schools included in the analyses.

If more than one of these or other quality issues were found, the article was also indicated as

“low quality”.

If a study was considered sufficient or high quality, the factors studied in the article were
categorized based on the factors, Scheerens et al. (2007) distinguished (research question 3).
When appropriate, a factor was added as a new category in the data-extraction form. The

effects of the factors were also described (positive, negative, level of significance).

The next section starts with a description of the characteristics of the studies that based on
TIMSS-data analysed the relationship of manipulative process factors (either on the classroom
or school level) with achievement. This means all 61 studies. The second part of this section
presents the results of the quality assessment; the third part describes the conceptual analysis
of the analysed factors. For this last part only the studies that were considered to be sufficient

or high quality were included.
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5. Preliminary results

5.1 Characteristics of the sample

In Figure 1 an overview is given of the number of the selected articles per year. The most
productive year was 2008. In this year a special issue was published regarding secondary
analyses of the TIMSS-data in the journal “Studies in Educational Evaluation”. Also in 2005
a special issue was published in “Educational Research and Evaluation”. After 2003 the
number of TIMSS articles regarding secondary analysis on process factors seems to be
increasing. However, in 2009 the number declined again. In general, the TIMSS data seems to

be used more and more for secondary analysis related to educational effectiveness.

14-

12+

10+

oM

1999 2001 2003 2005 2007 2009

O Number of publications

Figure 1 Distribution of articles in our sample over the years 1996-2010 (nh = 61)

Authorship, citations and journals

Seventy-four unique authors were identified in the sample of 61 articles. The most productive
author in this sample has written 14 articles (J. D. House). A majority of the authors only have
contributed to one article regarding the topic of educational effectiveness in relation to TIMSS
data. Ten of the 74 authors have contributed to more than one article in this sample. This does
not mean that these authors could not have written TIMSS-related articles on other subjects,
like the attitudes of students. However, generally there seem to be only a few authors who
systematically use the TIMSS data for secondary analysis in relation to school and classroom

process factors.
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Based on the data of the citation index of the Web of Science it was determined (May 2010)
how often the 61 selected articles were cited in other peer reviewed articles. The number of
citations in Scopus or Google scholar has not been included in these numbers. Therefore, the
actual amount of citations is probably higher because both Scopus and Google Scholar take
into account the citations from others sources than the articles from the ISI-journals. The 61
articles together were cited 108 times. On average, an article in this sample has been cited
1.77 times, 35 of the 61 articles have not been cited. Four of the 61 articles were cited more
than 5 times. The article of Baker from 2002 has been cited the most times, 24 times. As
mentioned before, this study only describes the characteristics of a selected set of articles
which focus on the influence of process factors on the classroom or school level. Numbers
concerning the citations of TIMSS-articles are different if also articles are included which
focus on input or context characteristics. A good example is the article of Baker, Akiba,
LeTrendre and Wiseman (2001) which focuses on the influence of shadow education and is
cited 18 times. However, the impact of the articles that use TIMSS data to study process
factors that influence achievement seems to be limited. Only few articles are cited frequently.

The majority of the articles have not been cited at all (yet).

The 61 articles were published in 31 journals. Sixteen of these 37 journals are ISI-journals
and have a so called impact factor. An impact factor reflects the average number of citations
from articles published in an ISI-journal. In Table 5 an overview is given of the journals

which published more than one TIMSS article related to process factors.
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Table 5 Overview of the journals which published more than one selected TIMSS article, the number

of citations and impact factor

Journal name Total articles  Total citations’ Impact factor
Education 2 0 -
Educational Research and Evaluation 9 9 -
International Journal of Educational 2 0 -
Research

International journal of instructional 8 7 -
media

Journal of Educational Research 2 18 0.667
Prospects: Quarterly Review of 4 1 -
Comparative Education

Studies in Educational Evaluation 10 12 -

Note: ~ based on citation figures of the Web of Science.

5.2 Characteristics of the TIMSS-data used

Tables 6a, 6b and 6¢ describe some of the characteristics of the TIMSS data which were used
in the 61 studies. A majority of the studies use data from TIMSS-1995 or TIMSS-1999. Only
three of the articles used data of more than one TIMSS-study. Grade 8 students are mostly
studied in the selected articles. This can be partly explained by the fact that the population of
TIMSS-1999 was only grade 8 students. However, in general, there seems to be little attention
for grade 4 students as only nine studies focused on this age group (Table 6b). There is also
little attention for the possible relation between classroom or school process factors and
science achievement. The majority of the selected articles used the TIMSS mathematics
achievement scores as output measure (Table 6c).

Table 6a Overview of the TIMSS data used in the articles

TIMSS-study Number of studies
TIMSS-1995 22
TIMSS-1999 27
TIMSS-2003 14
TIMSS-2007 1

13



Table 6b Overview of the research population used

Population Number of studies
4 (3/4) 9
8 (7/8) 52
12 (pre-university or final year) 2

Table 6¢ Achievement scores studied in articles

Achievement scores Number of studies
Mathematics 37
Science 14
Both achievement scores 10

Besides the characteristics mentioned above, the number of countries included in a study was
also determined. Twenty-one of the 61 studies used the data of more than one country in their
analyses. Countries which were often studied in these articles were Japan, the United States
and Australia.

5.3 Assessment of the quality

Based on the evaluation of the quality of the studies 26 were selected for the conceptual
analyses (see section 4.2). Three articles were excluded from this set, because they didn’t
comply with the inclusion criteria after further review. The remaining articles were qualified
as low quality. In 50% of these articles the authors did not take the nested design of TIMSS
into account (and provided no argumentation) and in 47% of these articles the authors did not

include any control variables and provided no argumentation for not doing so.

In 92% of the articles that were assessed as sufficient (13 articles), a type of multilevel
analyses were applied. All articles that were considered to be of high quality used some form
of hierarchical modelling (in most cases HLM of MLwin). Of all 61 studies; 21% were

labelled “high quality’.

In the articles under review, a distinction can be made between three different EER
approaches: the economic approach, the psychological/sociological approach and the
generalist-educationalist approach (Kyriakides, 2006). In Table 7 an overview is given of the
61 articles by the result of the quality assessment and by approach of EER.
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Table 7 Results of the quality assessment of the selected articles on process factors, by approach

(n=61)
Quality
Approach low sufficient high
Economic 3 1 1
Sociological” 28 0 0
Generalist-educationalist 1 12 12
Total 32 13 13

The economic approach is characterized by the use of so called ‘education production
models’, in which it is assumed that increased inputs will lead to increased outputs. Often, in
this approach, there is no distinction made between manipulative and non-manipulative
(control or contextual) input factors. Another characteristic is that often no composites or
indexes were used, instead the data was analysed on item level. In total, five of the reviewed
articles were written from this economic perspective. Only two of these articles used a

multilevel education production model.

The second approach focuses on factors at the student level; and includes a further distinction
between psychological researchers (focus mainly on affective variables) and sociological
researches who focus mainly on student background factors (SES or gender) and on process
factors that emerged from the organizational theories (such as school climate or school
contextual characteristics). The main characteristic of this approach is that no multilevel
structure is used. This does not mean that articles written from this perspective were
automatically categorized as low quality. Often, the nested design of TIMSS was taken into
account by using the jack-knife procedure. In this selection, none of these articles were
indicated as high quality, due to other quality issues. None of the selected articles could be
characterized as ‘psychological’.

In the generalist-educationalist approach findings of school effectiveness research, teacher
effectiveness research and early input-output studies are combined, resulting in models with a
multilevel structure (Kyriakides, 2006). Of all the articles written with this perspective in

mind, only one was indicated as low quality (Table 7).

5.4 Conceptual analyses

The data extraction forms were used as a starting point for the conceptual analyses. Next to a

table with questions about the quality, these forms include an overview of all process factors
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mentioned by Scheerens (2007). For this, Table 1 (process factors on school level) and Table
2 (process factors on teacher level, see section 3) were combined.

Tables 8a (grade 8), 8b (grade 4) and 8c (grade 12) show the results of the analyses for studies
of sufficient and high quality. Only indicators that showed a significant effect (<.05) in at
least one study, country or data set were included, also if the indicator showed no significant
effect in another study, country or data set. An overview per article of all indicators of process
factors that were included is presented in Appendix A. The direction of the effects is also
indicated in the tables below. If the results were contradicting (in one country, subject or
study a positive significant effect, in another a negative significant effect) the indicators are
presented in bold. In some studies, the answering categories of variables were analysed as
dummies. Often, these variables showed no linear effect. For example, no effect for ‘not’
working in small groups, a positive effect for ‘sometimes’ working in small groups and a
negative effect for ‘frequently’ working in small groups. In the tables, these indicators are

underlined.
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Table 8a Results of the systematic review of TIMSS-studies on process factors derived from the

school effectiveness model of Scheerens (2007), grade 7 and/ or 8

Process school level

indicator with a significant effect (<.05)

Achievement orientation and expectations

Periods scheduled for teacher to counsel students

Educational Leadership

Principal responsible for community relationships

Consensus and cohesion among staff

Staff-cooperation

Teachers use of professionalization activities

Teachers meet regularly to discuss instructional goals and
issues

Curriculum quality/ Opportunity to learn

Number of topics taught

School mean teachers emphasis on homework
Students tracked in top stream

Students tracked in bottom stream

No streaming or tracking

School climate

Academic climate

Safety at school (teachers’ perception)

Cheating of students

Absence of students

Violations of dress code

Students causing injury to other students

Frequency school has to deal with class disturbance
Problems with late arrival on school

Evaluative potential

Parental involvement

Parental involvement (all items)

Direct parental involvement

School expects parents to ensure child’s homework
completion

Structured instruction

Differentiation, adaptive instruction

School mean relating to everyday life

School mean trying to solve an example related to a new
topic

School mean having the teacher ask us what we know
related to new topic

Feedback and reinforcement
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Table 8a (continued) Results of the systematic review of TIMSS-studies on process factors derived

from the school effectiveness model of Scheerens (2007), grade 7 and/ or 8

Process class level

indicator with a significant effect (<.05)

Achievement orientation and expectations

Curriculum quality/ Opportunity to learn

Amount of homework

Providing practice and application opportunities
Using various teaching means

Minutes of instruction per week in subject

Use of inquiry in science

Teacher’s emphasis on understanding concepts
Using calculator for solving problems

Using calculator for explorations

Using calculator for checking

Using calculator for test

Using calculator for routine procedures

Extent of calculator use

Percentage no homework in class

Amount of time using textbook

Class climate (creation and dimensions of)

Class climate

Class mean attitude toward math

Class mean self-confidence

Disruptive students limit teaching in maths class
Perceived limitations in teaching due to problem students
Class mean uncontrollable attribution

Class mean self pressure

Evaluative potential

Having quiz or test

Effective learning time

Student self rated attentiveness
Lesson interruption

Structured instruction

Practicing of basic mathematics operations without
calculator

Whole class teaching

Listening to the teacher

How often students are asked to provide explanations
Looking at the textbook while the teacher talks about it
Having the teacher explain the rules and definitions

Differentiation, adaptive instruction

Providing opportunities for collaboration

Working out problems on their own

Working in small groups

Relating to everyday life

Having the teacher ask us what we know related to the new
topic

Feedback and reinforcement

Teacher’s time spent on scrutiny of exams/tests
Discussion on homework made

Note: Normal= positive effect in at least one country or one subject, without contradicting negative effects
Italic= negative effect in at least one country or one subject, without contradicting positive effects
Bold= contradicting results for countries, subjects or TIMSS-year (positive and negative effects)

Underlined=effect is not linear
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Table 8b Results of the systematic review of TIMSS-studies on process factors derived from the

school effectiveness model of Scheerens (2007), grade 4

Process school level

indicator with a significant effect (<.05)

Achievement orientation and expectations

Educational Leadership

Consensus and cohesion among staff

Curriculum quality/ Opportunity to learn

Number of topics taught
Ability grouping

School climate

Evaluative potential

Parental involvement

Structured instruction

Differentiation, adaptive instruction

Feedback and reinforcement

Process class level

Achievement orientation and expectations

Curriculum quality/ Opportunity to learn

Use of inquiry in science

Class climate (creation and dimensions of)

Teachers’ support perceived by students
Class mean self—confidence

Evaluative potential

Effective learning time

Structured instruction

Differentiation, adaptive instruction

Student oriented teaching

Feedback and reinforcement

Note: Normal= positive effect in at least one country or one subject, without contradicting negative effects
Italic= negative effect in at least one country or one subject, without contradicting positive effects
Bold= contradicting results for countries, subjects or TIMSS-year (positive and negative effects)

Table 8c. Results of the systematic review of TIMSS-studies on process factors derived from the

school effectiveness model of Scheerens (2007), grade 12

indicator with a significant effect (<.05)

Process school level

Achievement orientation and expectations

Educational Leadership

Consensus and cohesion among staff

Curriculum quality/ Opportunity to learn

School climate

Schools’ report on incidents with students

Evaluative potential

Parental involvement

Structured instruction

Differentiation, adaptive instruction

Feedback and reinforcement

Process class level

Achievement orientation and expectations

Curriculum quality/ Opportunity to learn

Class climate (creation and dimensions of)

Evaluative potential

Effective learning time

Structured instruction

Passive teaching

Differentiation, adaptive instruction

Active teaching

Feedback and reinforcement

Note: Normal= positive effect in at least one country or one subject, without contradicting negative effects
Italic= negative effect in at least one country or one subject, without contradicting positive effects
Bold= contradicting results for countries, subjects or TIMSS-year (positive and negative effects)




Table 8a,b,c show that indicators of many factors that are distinguished by Scheerens (2007)
are also studied in the selected TIMSS-studies. In the TIMSS Curriculum Framework, on
which both test and questionnaires are based; it is assumed that the attained curriculum
(student achievement) is the result of the intended (what should be taught) and implemented
curriculum (what is actually taught) and the result of country, school, class and student level
characteristics. Because of this curriculum framework, a lot of attention is paid to collect
information on curriculum related indicators. Therefore, relatively a lot of studies used
indicators of curriculum quality’ and ‘opportunity to learn’ on both school and class level.
Especially opportunity to learn (often operationalised as number of topics taught) turned out
to be an important positive factor in most countries (although not in all countries, see also
Table 9).

Table 8 also shows that class and climate factors are often included in studies. Composites or
indexes as well as individual items are used to study the effect of class and school climate on
achievement. Table 8a,b,c as well as Appendix A show that most of the effects found are
comparable across the different studies. A less clear effect is the class mean of experienced
self pressure (O'Dwyer, 2005). In some countries a positive effect was found, in other
countries a negative effect. Other school- or class climate factors show that an orderly, safe
school or classroom environment with few disruptive incidents has a positive effect on
achievement. A notable exception is the positive effect (where a negative effect would be
expected) found in the study of Pugh and Telhaj (2008) regarding the cheating of students.

Process level factors related to instruction (structured instruction, differentiated, adaptive
instruction) are relatively often included in the selected studies as well. Most articles used the
individual items opposed to composites or indexes to study these factors. It seems that making
composites of indicators of instruction measured in TIMSS is more difficult compared to, for
example, school climate. Furthermore, the effects of a number of these indicators turned out
to be contradicting or not linear. Table 8a shows that the effects found for these factors (for
instance working in small groups) is different across the different studies or even within a
study. Both negative and positive effects are found. The study of Ma and Papanastasiou
(2006) indicate that possibly the intensity of these activities determine the positive or negative

influence on achievement.
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Finally, there seems to be little attention for a number of process factors on both school and
classroom level. These factors are: achievement orientation and expectations, educational
leadership, evaluative potential and reinforcement and feedback. Until now, these factors are

not or limitedly operationalised in the TIMSS-questionnaires.
Table 9 gives an overview of the effects of the most researched process factors per country. A

positive sign is given to a country when at least one positive effect has been found and no

negative effects have been found.
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Table 9 Effects of selected process factors per country

Classroom level factors School level factors

Countries

[Perceived limitations in teaching due to problem students

Amount of homework

Class mean self pressure

Class mean attitude toward math
[Teachers’s support perceived by students
[Whole class teaching

[Working together in small groups
[Number of topics taught

Academic climate

Safety at school (teachers’ perception)

Australia
Bulaaria
Canada o + o o +-

Chile
Cyprus 0 (o] 0

Czech Rebublic + -
Estonia
England -

+ 4+ + 4+

Flemish Belgium + - - +

France [0} o}
Germany o} o}
Hong Kong + + + + -
Hungary + 0

Iceland [0} 0 o]
Iran + -

o o o + +

o
o
'

Irsael
Japan 0
Korea

+

Latvia
Lithuania
Netherlands
New-Zealand
Slovakia
Slovenia
Romania

o + o o o o o + o
o

+ + o + o +

Russia
Scotland
Singapore 0 + 0 o}

South-Africa [0} + +
South-Korea

Thailand + +

uU.S. + 0 + + [0} [0} + 0

Note: o= no effect found
+ = positive effect
- = negative effect



Tables 8a,b and c showed that the highest number of the analysed TIMSS-variables are
categorised as indicators of curriculum quality and opportunity to learn on both school and
class level. Although there are a number of studies or countries were no effect was found for
the number of topics taught (five countries, see Table 9), this indicator of ‘opportunity to
learn’ on school level seem to have a positive influence on achievement. For eight countries a

positive effect was found.

The amount of homework given by the teacher is an indicator for opportunity to learn on
classroom level. This factor also has been analysed in the selected studies for at least 21
countries. The positive effect of this factor is less clear than the number of topics taught at the
school level. The results are mixed; in 10 countries a positive effect was found, in 11
countries no effect was found. Furthermore, the studies selected have not found positive or
negative effects for the type of homework given. One explanation could be that in some
countries (such as the Netherlands in grade 4) homework is assigned to students who are
falling behind. It seems that more attention should be given to conditions in which giving

homework has a positive influence of on achievement.
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6. Conclusions

The aim of this study was to give an overview of studies based on TIMSS data which
contribute to theories of Educational Effectiveness Research (EER). This was done by
systematically analyzing these studies as they are represented in scientific journals since the
release of the TIMSS-1995 data. The method of this systematic review was based on that of
Petticrew and Roberts (2006) and included a selection of relevant articles based on the
framework of school effectiveness and an assessment of the quality. The final selection
(studies which were indicated as sufficient or high quality) was analysed further to find out to
what extent the results of these studies supported the list of Scheerens et al.(2007) of effective

process factors on school and class level.

The selection procedure started with almost a thousand articles, of which only 61 were
selected because they met all selection criteria. Based on the evaluation of the quality of the
studies, only 26 articles were selected for the conceptual analyses. Of this final selection, two
studies were conducted from an economic approach (Kyriakides, 2006). The remaining
articles could be characterized as the generalist-educationalist approach. In most of the studies

that were considered to be of high quality, multilevel analyses were applied.

There are a number of remarks than can be made about the studies in this systematic review.
First, over the years, the TIMSS data seems to be used more and more for secondary analysis
related to educational effectiveness. The number of studies in which TIMSS-data is used (271
studies), but the achievement test is not the dependent variable (107 studies), has become
smaller than the number of studies in which achievement is the dependent variable (164
studies). This seems to be a more positive result compared to the conclusion of Beaton and
Robitaille in 2002 . However, of these 164 studies, less than 40% included indicators of

process factors.

Second, it turned out that most of the 61 TIMSS-studies used grade 7 and/or grade 8 data. The
low number of grade 12 or final year studies was to be expected, because the grade 12 study
was only conducted in 1995 and 2008 (TIMSS-Advanced 2008) and the final year study in
1995. However, although grade 4 was not part of TIMSS-1999, grade 4 students were
assessed in 1995, 2003 and 2007. It seems that researchers using TIMSS for secondary

analyses on factors related to achievement, are more interested in lower secondary education
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than primary education. The same goes for mathematics compared to science. The majority of
the selected articles used the TIMSS mathematics achievement score as output measure. In
the final selection (after the quality assessment), only one study on science achievement of
grade 4 students remained (Kaya, et al., 2009). In terms of the contribution of TIMSS to
education effectiveness research, the contribution seems to be limited to lower secondary
education. Furthermore, the impact of these studies seems to be limited as well. Only a few

articles were cited frequently while the majority of the 61 articles have not been cited at all
(yet).

Most of the selected 61 studies used the data of European or Asian countries. In most case
these are not the countries that performed extremely low in the international ranking lists of
TIMSS. One would expect that countries with very low performance would receive more
attention of researchers in order to find ways of improving the educational level. There were
a few studies, all by the same author, using the data of the lowest scoring country of TIMSS-
2003, South Africa (Howie, 2004; Howie, 2005a; Howie, 2005b; Howie & Scherman, 2008;
Howie, Scherman, & Venter, 2008). From the perspective of the school effectiveness model,
analyses of TIMSS-data of Arabic or African countries would be an interesting addition
because this model is based on developed countries as well. Furthermore, the focus on

European and Asian countries does not mirror the participation of countries in TIMSS.

During the review process, one of the quality criteria became more important than expected
beforehand: the author should be clear which variables (composites and items) were included
in the analyses. It turned out that the labelling of the same factors quite often differentiated
between authors, or that the same factors were not operationalised in the same way. For
example, the indicator ‘number of topics taught” was labelled as opportunity to learn, number
of topics taught, or content coverage. In several cases the labelling and operationalisation of
variables was not clear and as a consequence the results could not or only partly used in the

conceptual analyses.

Many of the effective enhancing process factors that are distinguished by Scheerens (2007)
can also be found in the selected TIMSS-studies. Most results were also in line with the
results of the meta analyses of Scheerens et al.(2007). However, a number of process factors
received no or little attention. Three of these factors, reinforcement and feedback, educational

leadership and evaluative potential are included in the Contextual framework of TIMSS-2011
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(Mullis, Martin, Ruddock, O'Sullivan, & Preuschoff, 2009). Recently, the evaluative potential
receives an increasing interest from the field of EER (Schildkamp, Visscher, & Luyten, 2009;
Verhaeghe, Vanhoof, Valcke, & Van Petegem, 2010).

Finally, the systematic review described in this paper is not complete. The next step in this
research will be the inclusion of peer reviewed TIMSS-articles in books and dissertations.
Furthermore it must be noted that the use of only peer reviewed articles could result in
publication bias. Studies in which no significant effects are found, or are not able to explain a
certain percentage of variance, are less likely to be published. No effects could be relevant as
well, especially as this study has shown that the relation between manipulative factors and

achievement could differ a lot between countries or educational systems.
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Appendix A: Overview of process factors analysed in TIMSS-studies, per article

Author/year TIMSS-study Grade  Subject Country/Countries Process factors included
(Ammermuller, TIMSS-1995 7/8 Mathematics Czech Republic Amount of homework
Heijke, and Science  Hungary, Slovakia
Wossmann, Slovenia,  Latvia,
2005) Lithuania Romania
(Baker, TIMSS-1995 7/8 Mathematics 36 countries  Absence of students
Goesling, and Science  countries (time principal spent on discussing
Letendre, educational issues with teachers)
2002) (percentage of teachers working at
the school for more than 5 years)
(Bankov, TIMSS-2003 8 Mathematics Bulgaria Number of topics taught
Mikova, + all Use of inquiry in science
Smith, 2006) subjects
separately
(Dumay, et al., TIMSS-2003 8 Mathematics Flemish, England, Number of topics taught
2007) Netherlands, USA Academic climate
Safety at  school  (teachers’
perception)
Perceived limitations in teaching
due to problem students
(emphasis on homework)
(Howie, TIMSS-1999 8 Mathematics  South-Africa Time teacher spend on lesson
2005h) planning
(minutes of instruction per week)
(Istrate, TIMSS-2003 8 All science Romania Academic climate
Noveanu, subjects Use of inquiry in science
Smith, 2006) separately
(Jurges TIMSS-1995 7/8 Mathematics 23 OECD-landen Amount of homework
Schneider, Perceived limitations in teaching
2004) due to problem students
(Kaya, et al.,, TIMSS-2003 4 Science Singapore, Japan, Teachers’” support perceived by
2009) USA, Australia, students
Scotland Class mean self-confidence
Use of inquiry in science
(minutes of instruction per week)
(Kyriakides, TIMSS-1999 8 Mathematics all participating  Amount of homework
2006) countries Providing practice and application

opportunities
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Author/year TIMSS-study

Grade

Subject

Country/Countries

Process factors included

Using various teaching means
Providing opportunities for
collaboration

Student self rated attentiveness
Lesson interruption

(time spent on private tutoring)

(type of homework)

(classroom management)

(correcting and using completed
homework)

(using assessment information for

formative reasons)

(Lamb & TIMSS-1995 7/8
Fullarton,

2002)

Mathematics

Australia, U.S.

Amount of homework

Top stream or track

Amount of time using textbook
No streaming or tracking
Bottom stream or track

(% time teaching maths (class))
(% time teaching maths (school))
(behavioural disturbances)
(absenteeism)

(academically selective)
(open admission)

(same teacher)

TIMSS-1995 7/8
3/4

(Ma, 2001)

Mathematics

Science

Canada

Staff cooperation

(disciplinary climate)

(Ma, et al., TIMSS-1999 8
2006)

Mathematics
+ all
subjects

separately

Canada

Having the teacher explain the rules

and definitions

Looking at the textbook while the

teacher talks about it

Relating to everyday life

Working in small groups

Having the teacher ask students what

they know related to the new topic

Trying to solve an example related

to the new topic

(Meelissen, et TIMSS-2003 4
al., 2008)

Mathematics

The Netherlands

Number of topics taught
Safety in school (teacher)
Ability grouping

Feeling unsafe at school(student)
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Author/year TIMSS-study Grade  Subject Country/Countries Process factors included
Student oriented teaching
(cognitive safety in class)
(class atmosphere)
(Mere, Reiska, TIMSS-2003 8 Science Estonia (science teacher climate)
& Smith, (average inquiry across science
2006) teachers)
(O'Dwyer, TIMSS-1995 8 Mathematics 23 countries which  Amount of homework
2005) TIMSS-1999 participated in both Class mean attitude toward math
TIMSS studies Class mean self pressure
(Pong TIMSS-1995 8 Mathematics  Australia, Canada, Number of topics taught
Pallas, 2001) France, Germany Whole class teaching
Hong Kong, Korea  Discussion about homework
Iceland, Singapore,  Small group
u.S. (individual work)
(Pugh, et al., TIMSS-1999 8 Mathematics  Flemish Belgium Too many individual items for
2008) inclusion in table
(Ramirez, TIMSS-1999 8 Mathematics Chile. South Korea, Number of topics taught
2006) Malaysia, the  (curriculum materials and activities
Slovak developed by school)
Republic and  (subject emphasis (basic and
Miami-Dade advanced)
County (additional math course)
(Rodriguez, TIMSS-1995 7/8 Mathematics U.S. Homework frequency by teacher
2004) Class mean self-self-confidence
Percentage no homework in class
Class mean uncontrollable
attribution
(workbook worksheets)
(teacher made objective tests)
(Schreiber, TIMSS-1995 12 Mathematics U.S. Active teaching
2002) Passive teaching
(schools’ report on incidents with
students)
(Schreiber & TIMSS-1995 12 Mathematics U.S. Active teaching
Chambers, Schools’ report on incidents with
2003) students
(Tarr, Mittag, TIMSS-1995 8 Mathematics U.S, Japan, Using calculator for checking
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Author/year TIMSS-study

Grade

Subject

Country/Countries

Process factors included

Uekawa,

&

Lennex, 2000)

Portugal

Using calculator for test

Using calculator  for  routine
procedures

Using calculator for  solving
problems

Using calculator for explorations

Extent of calculator use

(Van
Broeck, et
2005)

den TIMSS-1999

al.,

Mathematics

Flanders-Belgium

(constructivist learning (as perceived
by the student)

(zZhao

& TIMSS-1999

Akiba, 2009)

Mathematics

South-Korea
uU.S.

Parental involvement (all items)
Direct involvement
(assisting teachers)

(participation in school governance)

(Zuzovsky,
2008a)

TIMSS-1999
TIMSS-2003

Mathematics

Science

Israel

Problems with late arrival on school
disruptive students behaviors limit
teaching

Working together in small groups
Working out problems on their own
Relating to everyday life

How often students are asked to
provide explanations

Having quiz or test

(reviewing homework)

(conducting an experiment)

(Zuzovsky,
2008b)

TIMSS-2003

8

Mathematics

Science

Israel

Teachers use of professionalization
activities offered by the school
Practicing of basic mathematics
operations without calculator
Listening to the teacher

Relating to everyday life

Note:

Normal= positive effect in at least one country or one subject, without contradicting negative effects

Italic= negative effect in at least one country or one subject, without contradicting positive effects

Bold= contradicting results for countries of subjects (positive and negative effects)
Underlined=effect is not lineair

Between brackets= no effect at all
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