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Abstract

Background: Teacher-related factors such as gender, experience, conceptions related to mathematics, instructional practices
have effects with various magnitudes on students’ mathematics achievement. Classroom related factors such as class size, class
climate and limitations to teaching and their relation to mathematics achievement have also been studied. The TIMSS data
provides opportunities to researchers for dealing with these variables simultaneously, thus, makes comparisons in cross-cultural
settings.

Aim: To develop a multi-level model that investigate the relation of mathematics teacher and classroom characteristics to
students” mathematics achievement in the TIMSS-R data across Turkey and European Union (EU) countries.

Sample: The target population for TIMSS-R was 13-year-old students at the time of testing. Two-stage stratified cluster
sample design was used in TIMSS-R. In this study, the data from 10 countries, namely Turkey, Belgium (Flemish), Italy,
Netherlands, Czech Republic, Lithuania, Hungary, Slovak Republic, Slovenia and Cyprus were analyzed.

Method: Hierarchical linear modeling (HLM) techniques were employed.

Results: Except the home educational resources, no other variable is significant in all the countries. The variables have
different impacts with different magnitudes and directions across the countries except reteaching and clarification, class size, class
climate and limitations to teaching. Even though the overall findings obtained in the analyses indicated no consistency in line with
significant variables in different countries.

Conclusion: Findings indicated no overall consistency across the countries. Limitations to teaching, class size and class
climate are moderately related to mathematics achievement. Re-teaching and clarification and pair work do not contribute to
learning in any country. There is no best teaching method in the classroom, when lecture style, guided practice, independent
practice are considered. Emphasize on problem solving in the classroom clearly fosters learning in the European Union countries
whereas textbook based teaching is effective in Turkey.
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ZRTNIA = U B B A AE TIMSSHYBOER REL IA £

RS

AR ¢ BEERTAHBRAR RN A] - 388 - BB ERAIRIRAR - BERE R H R R A AR
FHBARHCE RIZRABERR A ~ AR~ SR BRI R IR TEAEEE o B PR G I TEfe e - TIMSSHYBIRfR HEpE &
FEWTE S FIRF P S L n A RISR - S SO bR LEE -

R« BRI a2 e st - B - E R R s S A B R A = o e B2 AR AE TIMS S-REUR B B2 B
R -

Hkg © TIMSS-REYHARRERUBAEHIEAZ IR =5k EA: - B FIRARE B oy T O ERE R G T - AEsE e -
ST e E ~ EERIRE (RBECER) ~ BOAH ~ farpl ~ e~ S2F5E ~ AR~ R AT ARIE ~ i Senn
FOZETES T B A B -

7 AR AR (HLM) #9EaT -

AR AEFTEBRZR S - BR 7S EASWEERERSN - HAb IS RN, - EEEETET - BR 7R
FIRIH ~ FEROA/IN ~ TSR ~ FIBCERIRIIRME SRS - HAth & rT B R AE R R A A BRI T 1A - BIEEHTHERS

77



Gozde Akyiiz and Giray Berberoglu

RS RIF SRS SRR — B0 - (HR B HA R R AR -

AR« WFFERUNZA SBIR —BUERER o BEPRIRIRME ~ BRSO N R SR R B R A LR PR - SR ORI
W] B N & S EE R R B - FERE B A ~ 5 PR EHER  NTHRE IS AT (R R EEETT
% o WCRBIRGEFHEAE TP R R RE A SRR IR P (e 2 - iAE L H L - JERIARI S 2 R -

s « BER AR - B - R ECER R T T e TR

INTRODUCTION
School achievement and factors that are related

to learning have been the concern of researchers all
around the world since the basic life skills covered
in the national curricula are considered as the major
requirement for coping with daily life challenges in a
literate society. Among different subject matter areas,
mathematics is given a special emphasis since many
countries suffer from low achievement of students
in mathematics related subjects as evidenced by
the international studies such as TIMSS (Trends in
Mathematics and Science Study) carried out by IEA
(The International Association for the Evaluation of
Educational Achievement) and PISA (Programme
for International Student Assessment) carried out by
OECD (Organization for Economic Co-operation and
Development).

Among various variables which are related to
mathematics achievement of students, the role of
teachers in classroom becomes one of the basic issues
in educational research since how they interact with
students affect learning and conceptual development
(Brophy and Good, 1986). The importance given
to the effective teaching and its impact on student
outcome is evident in various models (Harnischfeger
& Wiley, 1975; Simon, 1997; Howie, 2003; Cogan
& Schmidt, 1999). Among them, the model of
Educational Opportunities which was developed
by The Survey of Mathematics and Science
Opportunities (SMSO) project team (Cogan &
Schmidt, 1999) constitutes a comprehensive base for

a successful mathematics teaching in school settings.
This study indicated that lessons differed qualitatively
from one another in different countries.Since teachers
are the key people in this process, their background
and beliefs are also important besides some school
characteristics. This proposed model constitutes the
theoretical base for the TIMSS where teacher and
class characteristics are considered as the key aspects
for better educational practices. Thus, it is worth
investigating how the differences of the patterns
observed in the teacher and classroom characteristics
are related to mathematics achievement of the
students.

In fact, studies generally indicated that
teacher-related factors such as gender (Dee, 2006),
experience (Greenwald, Hedges and Laine, 1996;
Mullis et al, 1997), level of education (Goldhaber
and Brewer, 1997; Wayne and Youngs, 2003; Rivkin,
Hanushek and Kain, 2005), their conceptions related
to mathematics (Thompson, 1992; Romberg and
Carpenter, 1986), instructional practices (Koehler
and Grouws, 1992), emphasis on problem solving
(NCTM, 2000), emphasis on homework (Cooper,
Robinson, and Patall, 2006; Jaan, 2006; Braswell et al,
2001), group work (Slavin, 1990), use of textbooks in
class (Keeves, 2001), use of calculators (Hembree and
Dessart, 1986) have effects with various magnitudes
on mathematics achievement of the students.On the
other hand, classroom related factors such as class
size, class climate and limitations to teaching and
their relation to mathematics achievement have also
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been extensively studied in the literature (Greenwald,
Hedges & Laine, 1996; Howie, 2005). The TIMSS
data set provides opportunities for researchers in
dealing with all of these variables mentioned above
simultaneously, thus, makes comparisons of patterns
across classrooms with differing characteristics
possible in a cross-cultural setting (Philippou and
Christou, 1999; Bos and Kuiper, 1999, Schmidt et al,
1999; Keeves, 2001; Stemler, 2001; Papanastasiou,
2002; Schreiber, 2002; Howie, 2003; Kupari, 2003;
Fullarton, 2003; Rodriguez, 2004; Van den Broeck,
Van Damme and Opdenakker, 2005; Howie, 2005;
Yayan and Berberoglu, 2004).

Actually, the variables which are determinant
of school learning have been the concern of
educators for many years. For instance, the model

Background

Curriculum
Institutional Factors

Teaching-Learning Process

of Harnischfeger and Wiley (1975) which is based
on the Carroll’s Model of school learning includes
background characteristics, teaching-learning
processes and acquisition as the major sources of
variables related to learning (Figure 1). Background
includes factors such as courses offered, courses
taken, school size, school climate, school resources,
socio-economic status, gender. Teaching—learning
process includes factors such as in-class and out-of-
school activities like answering questions in class,
working in groups, or homework. Acquisition is the
achievement level for a student in the subject area.
As was elaborated in Harnischfeger-Wiley model
of school learning, background variables as well as
teacher activities are included as major variables of
the TIMSS design.

Acquisition

l Teacher Activities

Teacher Background

Pupil Pursuits

Pupil Background

Pupil Achievement

Figure 1. Determinants of Pupil Achievement (Harnischfeger & Wiley, 1975)

Thus, in the present study it is aimed to develop
a multi-level model by hierarchical linear modeling
(HLM) that investigates the relation of mathematics
teacher and classroom characteristics to students’
mathematics achievement in the TIMSS-R data
across Turkey and European Union (EU) countries.
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The model that will be tested through the
HLM across different cultures constitudes a base
to test the model given in Figure 1 above. The
studies that compare teacher characteristics across
various countries are limited in the world (Bracey,
2003).When different countries with different
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educational background participating to the TIMSS
are considered, it might be informative to compare
the structure of the relationships among the variables
for drawing effective policy decisions especially
for the countries with relatively lower performance
compared to the competing countries, such as Turkey.

It is expected that the diversity and similarity among

countries with different achievement levels might

help developing more effective policy decisions.

Thus, the specific research questions of this study

were formulated as follows:

1. How much do classes vary in their mean
achievement in Turkey and European Union
countries?

2. Which factors at the teacher and class level
have significant effects on the mathematics
achievement of the students across Turkey
and European Union countries when home
educational resources of student is controlled?

3. How much variance in the mathematics
achievement can be explained by the factors
related to teacher and class characteristics when
“home educational resources” of students is
controlled?

METHODS

Population and Sample
The TIMSS-R 1999 data set was used in the

present study. The target population for TIMSS-R
was all students enrolled in the upper of the two
adjacent grades that contain the largest proportion
of 13-year-old students at the time of testing. Two-
stage stratified cluster sample design was used
in the TIMSS-R. The first stage consisted of a
sample of schools and the second stage consisted
of a single mathematics classroom selected at
random from the target grade in sampled schools
(Foy & Joncas, 2000).

In this study, the data from 10 countries, namely
Turkey, Belgium (Flemish), Italy, Netherlands, Czech
Republic, Lithuania, Hungary, Slovak Republic,
Slovenia and Cyprus were analyzed. England and
Finland were not included in the analyses since the
sampling procedure used in England was different
from the other nations and “home educational
resources” index variable was not available for the
Finnish data. The number of classrooms and students
included in this study are presented in Table 1.

Table 1 Number of Classrooms and Students in TIMSS-R for Each Country

Country TIMSS 1999
Number of classrooms Number of students
Belgium (Flemish) 279 5259
Czech Republic 142 3453
Cyprus 120 3116
Hungary 147 3183
Italy 180 3328
Lithuania 150 2361
Netherlands 126 2962
Slovak Republic 145 3497
Slovenia 149 3109
Turkey 204 7841
Total 1642 38109
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Instruments
Four background questionnaires, namely

curriculum questionnaire, school questionnaire,
teacher questionnaire and a student questionnaire
were used to gather information at various levels of
the educational system in the TIMSS-R (Gonzales &
Miles, 2001). In order to determine the mathematics
achievement of the students, a mathematics test
consisted of 162 items representing a range of
mathematics topics and cognitive skills were used.

In this study, data from student background
questionnaire, teacher background questionnaire and
mathematics test of TIMSS-R were used. There were
three criteria in selecting the variables for the model
tested. First, theoretical importance of the variables as
emphasized in the introduction of this paper, second the
amount of missing values in the data file (Raudenbush
& Bryk, 2002), and third, the variables should have
sufficient variation for a meaningful statistical analysis.
The level of education variable was deleted from the
Lithuanian data set since it was a uniform variable in
this particular country. Detailed information about the
variables are explained in the next section.

Variables

Dependent variable
The dependent variable in this study was the

mathematics achievement scores of students. Due
to the use of rotated booklet every student was not
tested on the same items. Therefore, item response
theory (IRT) was used to estimate proficiency scores
for each individual student. A range or distribution of
plausible values for each student’s proficiency rather
than an individual observed score was estimated. The
TIMSS drew five plausible values at random from
the conditional distribution of proficiency scores
for each student (Gonzales and Miles, 2001). In the
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HLM analysis, the parameter estimates are based on
the average parameter estimates from separate HLM
analyses of the plausible values (Raudenbush, Bryk
and Congdon, 2000).

Independent variables
Various formats in defining the independent

variables were used in the present study, because of the
availability of the variables the researchers interested
in, and for separating two related constructs measured
under the same item root in the TIMSS questionnaires.
Thus, (1) the responses given to individual items in the
student and teacher questionnaires, (2) index values
provided by the IEA and (3) researcher driven variables
were used as independent variables in the analyses. The
index variables provided by IEA are the combination
of the responses given to the items in the questionnaire
and they are more reliable than the component
questions. However, in some instances when there is
no index variable defined in the TIMSS data, individual
items or researcher driven variables were constituted
for the further analysis. Researcher driven variables
were defined by (1) standardizing the summed up raw
item scores of the related questionnaire items with a
mean of zero and standard deviation of one, and (2)
factor analysis driven factor scores. The “class climate”
and “limitations to teaching’ variables were defined
through standardizing the summed up item scores
obtained on the related questionnaire items. On the
other hand, variables related to teachers’ conceptions
of mathematics, such as “traditional approaches” and
“contemporary approaches” were extracted through
principal component analysis, since views for these
approaches were presented under the same item root in
the TIMSS questionnaire. Detailed information about
the independent variables is provided in the following
section.
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Level 1 Variables

In the level 1 model, student mathematics
achievement was estimated as a function of students’
“Home Educational Resources”. This produced
an equation that yields an intercept value for each
classroom across all classrooms in countries after
adjusting for differences in students” home educational
resources. “Home Educational Resources” is an index
variable in the database constructed by IEA basing
on students’ responses to the set of questions such as
“Number of books in the home”, “Educational aids in
the home” and “Father and mother’s education”. This
index variable was coded to three categories as “high”,
“medium” and “low” by IEA. In this study this
variable was recoded as “1” if it was equal to “high”
and “0” if it was equal to both “medium” or “low”.

Level 2 Variables

The level 2 variables were all related with
teacher and class characteristics. Teacher’s gender,
experience in years, level of education, percentage of
time spent on instructional practices, administrative
tasks, homework review, lecture style presentation,
teacher guided practice, reteaching and clarification
of content, independent practice and tests and
quizzes, use of textbook and pair-work were item-
level responses used from the database. Emphasis
given on reasoning/problem solving, emphasis on
homework, use of calculators and class size were
index variables in the database. On the other hand,
class climate, limitations to teaching in mathematics
classes were constructed by the researchers by
combining the questionnaire items related to these
respective variables. After summing up the responses
on the related items, the scores were standardized via
z score with the mean of 0 and standard deviation
of 1. Variables related to beliefs about mathematics

and its teaching, namely “contemporary approaches”
and “traditional approaches” were constructed by the
researchers through factor analysis as explained in the
following section. Table 2 summarizes the variables
used in the present study.

In general, variables considered in this study
were designated into three categories. Teacher
characteristics are gender of teacher, experience,
level of education and administrative duties. On the
other hand, classroom teaching consists of learning
activities as lecture style, guided practice, reteaching
and clarifications, independent practice, tests and
quizzes, emphasis on problem solving, emphasize
on homework, pair-work, use of calculators,
textbook based teaching, traditional approaches
and contemporary approaches. Finally classroom
characteristics are the class size, class climate and
limitations to teaching.
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Table 2 Level 2 Variables Used in Developing Hierarchical Linear Models
Variable Construction Item code and the item Scaling

Gender Item in MTQ Avre you female or male? Male:0 Female:1

Experience Item in MTQ By the end of this school year, how many years will you | Number of years
have been teaching altogether?

Level of education | ltem in MTQ What is the highest level of formal education you have | MA/PHD:1
completed? BA or less:0

Administrative | Itemin MTQ In a typical month of lessons, what percentage of time is | 0-100

tasks spent on administrative tasks?

Homework review | Item in MTQ In a typical month of lessons, what percentage of time is | 0-100
spent on homework review?

Lecture style | Itemin MTQ In a typical month of lessons, what percentage of time is | 0-100

presentation spent on lecture-style presentation by the teacher?

Teacher-guided | Itemin MTQ In a typical month of lessons, what percentage of time is | 0-100

practice spent on teacher-guided student practice?

Reteaching and | Itemin MTQ In a typical month of lessons, what percentage of time is | 0-100

clarification spent on re-teaching and clarification?

Independent | Itemin MTQ In a typical month of lessons, what percentage of time is | 0-100

practice spent on student independent practice?

Tests and quizzes Item in MTQ In a typical month of lessons, what percentage of time is | 0-100
spent on tests and quizzes?

Textbook based | Itemin MTQ What percentage of your teaching time is based on the | 0-100

teaching textbook?

Pair-work Item in MTQ In mathematics lessons how often do students work in | Most/every lesson:1

pairs with assistance?

never or almost
never/ some:0

Emphasis given on
reasoning/problem
solving

Index variable in the
database

It was based on numerically recoded responses to the

following questions:

In your mathematics lessons, how often do you usually ask

students to do the following?

a) explain reasoning behind an idea;

b) represent and analyze relationships using tables, charts,
graphs;

¢) work on problems for which there is not immediately
obvious method of solution;

) write equations to represent relationships.

High:1 Medium/
Low:1

Emphasis on
homework

Index variable in the
database

Index of emphasis on mathematics homework based on

teachers’ responses to the following questions:

a) How often do you usually assign mathematics
homework?;

b) If you assign mathematics homework, how many
minutes of mathematics homework do you usually
assign to your students?

High:1 Medium/
Low:1
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Variable

Construction

Item code and the item

Scaling

Use of calculators

Index variable in the
database

Teachers’ reports of students never or hardly ever using
calculators in class.

Based on teachers’ responses that students ‘Never or
Hardly Ever Use Calculators” to five questions about
different classroom activities:

How often do students in your mathematics class use
calculators for the following activities:

a) Checking answers

b) Tests and exams

¢) Routine computation

d) Solving complex problems

e) Exploring number concepts

1 = Yes (ALL of the
questions are marked
as never or hardly
ever);

0 = No (ANY
or NONE of the
questions are marked
as never or hardly
ever).

Class size

Index variable

Teachers’ reports of mathematics class size

Class climate

Researcher driven
construct by
standardizing and
summing up the
responses

The items included for this variable were aggragated from

the student questionaire data. They were standardised and

summed up. The items are;

a) In my mathematics class students often neglect their
schoolwork. (reverse coded)

b) In my mathematics class students are orderly and quiet
during lessons.

¢) In my mathematics class students do exactly as the
teacher says.

Sum of the
standardized item
responses

Limitations to
teaching

Researcher driven
construct by
standardizing and
summing up the
responses

The items included for this variable were standardised and

summed up. The items are;

a) Is your teaching limited by students with different
academic abilities?

b) Is your teaching limited by students from a wide range
of backgrounds?

c) Is your teaching limited by students with special needs?

d) Is your teaching limited by uninterested students?

e) Is your teaching limited by disruptive students?

f) Is your teaching limited by parents interested in their
children's progress?

g) Is your teaching limited by parents uninterested in their
children's progress?

h) Is your teaching limited by shortage of computer
hardware?

i) Is your teaching limited by shortage of computer
software?

j) Is your teaching limited by shortage of other
instructional equipment for student use?

k) Is your teaching limited by shortage of equipment for
demonstrations?

) Is your teaching limited by inadequate physical
facilities?

m) Is your teaching limited by high student/teacher ratio?

n) Is your teaching limited by low morale among fellow
teachers/administrators?

0) Is your teaching limited by low morale among students?

p) Is your teaching limited by threats to personal safety or
students' safety?

Sum of the
standardized item
responses
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Variable

Construction

Item code and the item

Scaling

Traditional
approaches

Researcher driven
construct by
principal component
analysis

a) To be good in mathematics how important is it to
remember formulas and procedures?

b) To be good in mathematics how important is it to think
in a sequential and procedural manner?

¢) Mathematics is primarily an abstract subject.

d) If students have difficulty they should be given more
practice by themselves.

e) Some students have a natural talent for mathematics
and others do not.

f) Mathematics should be learned as sets of algorithms
that cover all possibilities.

g) Basic computational skills are sufficient for teaching
primary school mathematics.

Factor scores

Contemporary
approaches

Researcher driven
construct by
principal component
analysis

a) To be good in mathematics how important is it to
understand mathematical concepts?

b) To be good in mathematics how important is it to think
creatively?

c) To be good in mathematics how important is it to
understand real world use?

d) To be good in mathematics how important is it to be
able to provide reasons to support solutions?

e) Mathematics is primarily a practical and structured
guide for addressing real situations.

f) More than one representation should be used in teaching
a mathematics topic.

g) A liking for and understanding of students are essential
for teaching mathematics.

Factor scores

Mean of Home
Educational
Resources

Researcher driven
construct

Class mean of the Level 1 variable - “Home Educational
Resources”

Note: MTQ is Mathematics Teacher Questionnaire used in TIMSS-R.

Data analysis
Data files used in this study were downloaded

from the website of IEA (http://timss.bc.edu/timss1999i/
database.html). Hierarchical Linear Modeling (HLM)
techniques were employed because of the nested
structure of the data and the sampling procedures used
in data collection. HLM 6.02 was used in order to build
a two-level HLM model which investigated the effects
of factors related to teachers’ background, teachers’
instructional practices and class characteristics on the
mathematics achievement of the students (Raudenbush
and Bryk, 2002). In the analysis, as a first step, one-
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way ANOVA with random effects model with no
predictors at either level 1 or level 2 was built in
order to partition the variance within classes and
between classes as recommended by Raudenbush
and Bryk (2002). The amount of within-class and
between-class variance in mathematics achievement
gives opportunity to investigate the effect of teacher
and class factors on achievement. This analysis also
indicates the between-school variances, since there was
only one classroom selected from each school. In the
second step, “random-intercept model with one level
1 covariate” model (Raudenbush and Bryk, 2002)
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was built at level 2 to investigate the teacher and class
characteristics on mathematics achievement of students.
In the analyses, “Home Educational Resources”
(HER) was considered as a covariate at level 1 for
statistical adjustment. Since the students were not
assigned at random to the classes, failure to control
for background may bias the estimates of classroom
effects. Also, it is known from the literature that
“home educational resources” is strongly related to
the mathematics achievement of students (Martin et
al, 2000). Controlling this particular variable would
increase the precision of estimates of classroom
effects and the power of hypothesis tests by reducing
unexplained level-1 error variance (Raudenbush and
Bryk, 2002).

In order to develop models which aim to explain
why some schools have higher average achievement
than others, there should be a sufficient amount of
between —school variability. Ten percent of between-
school variability is suggested as minimum variability
to consider in other TIMSS secondary analysis
(Stemler, 2001; Martin et al, 2000). Thus, in the
present study the same amount of variation was used
as criterion to explain the between school variability.
The models tested in this study are presented below:

Level 1 model

Y= Boj + ByXi + 1

i represents the i" student.

j  represents the j" school.

represents the achievement score of i"" student in
j" school.

represents the intercept in the j" school.
represents the beta coefficient for “Home
Educational Resources” in the j" school.
represents the “Home Educational Resources”
score of the i" student in the j" school.

r, isthe random error in the j" school.

Level 2 model
BOj =Yoot Yor t Wo1j + YonOZj t..t 'YOmWOmj + UOj
By="710 + Uy

represents the intercept in the j" school.
represents the beta coefficient for “Home
Educational Resources” in the j" school.

Yoo IS the average intercept across the level 2 schools.
Yo IS the average regression slope across the schools.
Uy and u” are level 2 random effects.
W,; is the value of the p" teacher/class level variable

in the j" school

In this study, level 1 variable, namely “home
educational resources”, was centered around its
grand mean. So the intercept could be interpreted
as the predicted score of an individual whose value
for that independent variable was equal to the grand
mean. All level 2 variables were also centered around
their corresponding grand means as advised by
Raudenbush and Bryk (2002).

In HLM analysis, it is important to decide
whether the variable is fixed or random at level 1
(Raudenbush and Bryk, 2002). In the present study,
firstly a two-level model, which includes HER
variable at level 1, was built by considering the
variable as random. If the result was significant,
it was considered as random. Otherwise it was
considered as fixed. As a result of this analysis, it is
decided that in the models of Bulgaria, Italy, Czech
Republic, Netherlands, Slovenia, Hungary and
Lithuania, HER variable at level 1 was considered as
fixed.

Using sampling weight in the estimation of
population characteristics is essential due to the
sample design of TIMSS. In the analysis, total
student weight from the database was used at the
first level after it was normalized (Willms and Smith,
2005).
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RESULTS

One-way ANOVA with random effects provides
information about how much variation in the
mathematics achievement of students lies within
and between classrooms. As explained before, it can
be interpreted as the between- and within-school
variances due to the selection of only one classroom
from each school. The findings are represented in
Table 3.

In general, within class variance is generally
greater than between class variation. Students
within a class are more different from each other
than students across different schools in terms of
mathematics achievement. However, between-class
variance in Belgium (Flemish) and Netherlands are
greater than the within class variance. This means
that in these particular countries between school
differences in terms of mathematics achievement.
However, between-class variance in Belgium
(Flemish) and Netherlands are greater than the within
class variance. This means that in these particular
countries between school differences in terms of
mathematics achievement is greater than the other
countries.

Table 3 Between- and Within-School Variances of
Countries

Country Between-class | Within-class
variance (%) variance (%)
Turkey 31 69
Belgium (Flemish) 71 29
Czech Republic 33 67
Hungary 34 66
Italy 36 64
Lithuania 46 54
Netherlands 74 26
Slovak Republic 30 70
Slovenia 13 87
Cyprus* 9 91

* Between class variation is below the criterion value of 10
%
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In Table 4, the intercept which provides an
estimate of the average mathematics achievement
across classes in the country; 8 values which were
significant at 0.05 level at level 1 and level 2 analyses;
reliability of the models for each country and the
percentage of the between-school variation explained
by the model for each country are presented. When
the beta coefficient values are closely evaluated it is
observed that, textbook based teaching in Turkey;
never or hardly use of calculators in the Netherlands,
Belgium and Slovak Republic; emphasis on problem
solving in Slovenia; level of education and emphasis
on homework in Slovak Republic have high
relationship with mathematics achievement. On the
other hand, mean of home educational resources has the
greatest effect on mathematics achievement in all the

countries. Tests and quizzes had positive significant

influence on mathematics achievement in Turkey
opposite to negative significant effect in Hungary,
Lithuania and Netherlands. Pair-work had negative
significant effect on mathematics achievement in
Slovak Republic and Czech Republic. Teachers with
traditional point of view had no effect on student
achievement in any country. Among the variables
included in the analysis, reteaching and clarification,
class size, class climate and limitations to teaching
are the variables indicated similar relation with the
mathematics achievement, whereas, all the other
variables have different directions in terms of their
relation to achievement measure.
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Table 4 Coefficients in the HLM Models of Countries

Countries
g s 8
£ i 2 e £ 3 oo -
X © © = c
Variables @ 7 3 I = 3 z % =
INTERCEPT 574.15 | 541.88 533.27 523.89 47728 481.35 539.21 530.90 | 425.87
(3.33) | (3.65) (4.67) (3.78) (3.77) (3.45) (4.73) (2.55) (4.12)
LEVEL 1 Variable (Covariate)
. 1125 | 40.29 24.37 31.77 29.68 21.97 50.79 14.37
Home Educational Resources (555) | (5.16) (4.36) @.72) (4.16) (5.02) (412) | (4483)
LEVEL 2 Variables
-29.34 14.03 21.27 -14.06
Gender (9.98) (8.29) (1418) (8.07)
: -0.66 1.65 -0.79 1.56
Experience (0.34) (0.75) (0.38) (0.54)
Level of education (fg é)gs) NA
- . -1.91 247 -2.98
Administrative tasks (0.94) (147) (1.43)
Homework review (03 gg)
Lecture style presentation (8'22) (13 de)
Teacher guided practice (8';% (8?3) (_g 373')
Reteaching and clarification (3 g(% (12 ;72) (f 03% (8 558)
Independent practice (é'ﬁ) (12 1945)
. -1.13 -1.24 -4.87 191
Tests and quizzes (0.59) (0.66) (185) (0.72)
Textbook based teaching (iggg)
. -24.77 -36.39
Pair-work (12.57) (14.83)
Emphasis given on reasoning/ 20.72 30.59 26.25 -18.58
problem solving (9.50) (7.76) (7.05) (8.82)
Emphasis on homework (199 2325) (igig) (17760 43
-36.71 | 4573 64.71
Use of calculators (17.34) | (11.56) (29.34)
. 3.17 148 2.02 2.64 4.79
Class size (1.10) (0.70) (0.85) (0.57) (1.30)
: 5.85 8.81 5.75
Class Climate (2.57) (3.00) (3.39)
o . -2.36 -1.34 241 -0.92
Limitations to teaching (053) (0.50) (0.84) (035)
Traditional approaches
Contemporary approaches (g'gg) ( f 3852)
Mean of Home Educational | 99.34 | 86.31 163.63 117.47 7217 118.30 165.76 90.53 58.92
Resources (25.20) | (38.17) (31.44) (17.96) (27.31) (23.35) (46.22) (22.40) | (26.39)
RELIABILITY 0.93 0.81 0.72 0.69 0.83 0.73 0.94 0.58 0.86
EXPLAINED VARIANCE 63% | 62% 69 % 46 % 63 % 4% 43 % 4% 45 %
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DISCUSSION
In the present study, the main goal was to

develop a two-level hierarchical linear model that
investigates the effects of variables related to teacher
and class characteristics on mathematics achievement
of students. The variance explained was ranged
from 43% in Netherlands to 74% in Lithuania. The
variations in the variance proportions pointed out that
in different countries, variables have different impact
on mathematics achievement.

In general, except the home educational
resources, no other variable is significant in all the
countries. The variables have different impacts
with different magnitudes and directions across
the countries except reteaching and clarification,
class size, class climate and limitations to teaching.
Even though the overall findings obtained in the
analyses indicated no consistency in line with
significant variables in different countries, there
are still some important implications that could be
drawn for education policy makers. The countries
selected in the comparisons are generally above
the average performance level, except Turkey. This
contrast might be providing some evidence for the
low achieving countries to enhance the quality of
educational practices.

Teacher Characteristics
With respect to teacher characteristics, the most

important variable seems to be the gender of the
teacher since in four countries this particular variable
is significant. In Turkey and Czech Republic, the
classes of male teachers were more successful,
in contrast to Hungary and Netherlands. In the
literature, the findings related with teacher’s gender
are not consistent and the issue is still unresolved.
(Dee, 2006) There seems a need to conduct further
research and in depth analysis in the related field
before concluding that the success in mathematics is
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related to the gender of the instructor.

However, the different effect of different gender
groups on achievement measures across the countries
implies that the issue is more related to cultural
factors and expectations. As in the case of gender,
the experience of teachers in years has also different
impacts on learning across countries. In Turkey
and Netherlands being experienced in teaching has
positive relation with the mathematics achievement.
On the contrary, in Slovak Republic and Slovenia the
relation is negative. Literature indicates that teachers
who have more than five years of experience are more
effective (Greenwald, Hedges, and Laine, 1996).
Thus, this particular finding of the present study is
consistent with this generalization in Turkey and
Netherlands since the average years of experience
in these countries is around 15. However, it does not
explain the relation in Slovenia and Slovak Republic
where average years of experience is more than 18
years. It seems that there is a treshold in the years of
experience in order to be an effective mathematics
teacher in the classroom.

Even though the literature reports positive
impacts of teachers’ extra qualifications on student
achievement, the findings of the present study did
not support this trend (Wayne and Youngs, 2003;
Goldhaber and Brewer, 1997). On the other hand,
there are also some findings reported that teachers
with graduate-level training in a content area
indicated no better performance than the teachers
having only undergraduate degree (Rivkin, Hanushek,
& Kain, 2005). What teachers do in the classroom
seems more effective than the degree they earn.

In Belgium (Flemish) and Netherlands, time
spent on administrative duties other than teaching had
a negative significant effect on student performance.
This is not an unexpected result that if teachers are
busy with the clerical and administrative tasks, their
performance in the classroom declines. Based on their
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qualitative study Forgazs and Leder (2006) reported
that the administrative tasks were more likely to
be the cause of stress for the experienced teachers.
On the contrary, it is not one of the most important
variables to explain achievement in mathematics in
the present study because of the low beta coefficients
on this particular variable.

Classroom Practices
When the second group of variables namely

classroom practices are closely evaluated, similar to
the previous group of variables there are differences
across the countries. For instance, homework review
is not an effective variable in any country, except
the negative impact in the Netherlands. On the other
hand, emphasize on homework is somehow effective
in Belgium, Slovak Republic and Lithuania. However,
as a low achieving country, Turkish educational
system can not take the advantage of homework in
enhancing learning in the mathematics classroom.
This is actually not a surprising finding, since in the
literature the effect of homework on learning is not
clear. In some instances, it is generally ineffective,
especially in the early stages of educational years,
but as the class level increases, a small amount of
homework might be influential to improve learning
(Farrow, Tymms & Henderson, 1999). Jaan (2006)
reported no relationship between the teachers’
emphasize on mathematics homework and students’
time for homework with the mathematics scores in
the TIMSS across 46 countries. He also stated that
students’ achievement was significantly lower in
countries where homework constitutes the part of
mathematics course grades. These findings partly
support the finding of the present study, where, in
most of the countries either homework review in
the classroom and emphasize on home work do not
contribute learning.

When teaching methods are concerned, among

the various procedures assessed by the TIMSS
questionnaire, emphasize on problem solving seems
to be the most important strategy to follow among
the other techniques such as, lecture, pair work and
textbook based teaching. Emphasize on problem
solving has positive impact on learning in Czech
Republic, Hungary, and Slovenia. It is a surprising
result to find out a negative impact of this particular
variable in Turkey. The problem seems to lie in
the misunderstanding of the meaning of the term
‘mathematical problem’ among the mathematics
teachers. In general, when the mathematics curricula
are closely evaluated in Turkey, it is clearly seen
that the algorithmic calculations are considered as
mathematical problem. The examples of mathematical
problems in the textbooks also emphasize algorithmic
and routine calculations and they are completely
different than the structure of the mathematical
problems used in the TIMSS assessment framework.
Thus, when teachers in Turkey claim that they
emphasize problem solving in the classroom, most
probably they are emphasizing algorithmic and
routine calculations. As a consequence of this,
students’ TIMSS score does not improve. Turkey
needs to clarify the mathematical problem solving
skills in the national curricula with clear examples.
However, the use of a single textbook seems effective
tool to develop learning of mathematics in Turkey
rather than using various materials simultaneously
in the mathematics classrooms such as worksheets,
mathematical journals and test books. It seems that,
teachers could not organize different materials in
harmony with each other to develop conceptual
change in students. This result is consistent with
the literature that textbooks have positive effect in
developing countries but no effect have been reported
in the more developed countries (Keeves, 2001).
Percentage of time spent on lecture-style
teaching had a positive effect on student achievement
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in Belgium (Flemish), but a negative significant
effect in Netherlands.This diverse result is not
completely unexpected, since for different groups of
students with different needs, diversity in teaching
methodologies is a desirable practice in classroom
learning (Kyriacou, 1997).

Guided practice followed by independent
practice has also different impact on educational
outcomes. The percentage of time spent on teacher
guided practice in a typical month of mathematics
lessons has a positive significant effect in Belgium
(Flemish) and Hungary, but a negative significant
effect in Lithuania. Similarly, the percentage of time
spent on student independent practice in Belgium
(Flemish) has a positive significant effect on student
achievement, but a negative significant effect in
Netherlands. Guided practice and independent
practice are two important parts of an effective
lesson (Rosenshine and Stevens, 1986). The different
findings among the countries imply the practical
differences in the school settings across the countries.
With respect to teaching methodologies, only in
Belgium (Flemish) there is a consistent pattern in
the findings of the present study where the teacher-
guided and student-independent practice had all
positive significant effect on students’ learning.
Belgium (Flemish) is one of the most successful
countries in the TIMSS-R. When significant positive
impacts of lecture style, guided practice, independent
practice, emphasize on homework and contemporary
approach are considered together, it could be said that
in this particular country, classroom practices are all
consistent and in harmony with each other promoting
student learning.

In Turkey, Slovak Republic, Italy and
Netherlands, the percentage of time spent on re-
teaching and clarification of content in a typical
month of mathematics lessons has negative
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significant effect on mathematics achievement of
students. This may be due to the reason that low-
achieving students need re-teaching and clarification
of content more than the high-achieving students.
Continuous re-teaching might be developing a
negative perception in students about their academic
skills, and consequently the lack of positive academic
self concept might be lowering down the achievement
scores. Grouping students with respect to their
academic background for re-teaching is a practice like
ability grouping. When there is ability grouping in the
classroom, students in the top tracks gain nothing and
other students suffer from loss of academic ground,
self-esteem, and ambition (Oakes as cited in Kulik,
1993). The ability grouping was abandoned in the
educational practices in many countries because of
the undesirable outcomes. However, the re-teaching
practice seems bringing ability grouping into the
school system again.

The percentage of time spent on tests and
quizzes in a typical month of mathematics lessons
has a positive significant effect in Turkey and has
a negative significant effect in Hungary, Lithuania
and Netherlands. In Turkey, the education system
is highly test-oriented. This might be the reason of
having different results in Turkey compared to other
European Union countries.

Small group instruction where two or more
students work together on a task is supported by
most of the teachers and researchers. In the literature,
there are studies indicating that using small groups
within mathematics classes in various types of
different tasks has positive effect on student learning
(Davidson, 1985; Slavin, 1990). However, in the
present study in Slovak and Czech Republic the effect
is negative. A similar result was also reported in the
literature for Cyprus, Hong-Kong, Turkey and the
USA where more emphasize on group work brought
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lower students achievement (Papanastasiou, 2002;
Yayan & Berberoglu, 2004; Kalender & Berberoglu,
2008). This could be explained in line with the
teachers’ qualifications where, small group and pair
works require a competent teacher model who asks
questions, provides clues to the students, and offers
feedback and meaningful explanation if necessary
(Rosenshine, 1980). In the present study, teachers’
ineffectiveness is likely to be the reason of having
no, or negative impact of this particular variable
on students’ mathematics achievement across the
countries.

Studies have indicated that careful use
of calculators improves student mathematics
achievement and attitudes toward mathematics.
Hembree and Dessart (1986) carried out a meta-
analysis study about the use of a non-graphing
calculator in the classroom and concluded that use
of hand-held calculators improved student learning.
However, in the present study, the findings about the
use of calculators point out different impacts across
the countries. In Belgium (Flemish), the scores of
students whose teacher uses calculator “hardly or
never’, were lower than the classes of teachers who
use them more often, but this effect was opposite
in Slovak Republic and Netherlands. As in the case
of teaching methodologies, the use of calculator
might also have different impacts on learning in
mathematics, depending on how it is handled and
used in the classroom. As was pointed out in the
previous findings, in Belgium, all the teaching
methods and technology, like calculators, are used in
harmony with each other.

Literature states that teachers’ conceptions
about mathematics affect the instructional practices
(Thompson, 1984). However, the result of the present
study did not indicate any major contribution of
“traditional approach” and “contemporary approach”

variables on students’ learning of mathematics.
While the traditional approach indicates no impact at
all, contemporary approach indicates diverse impact
on learning. It has positive effect in Belgium and
negative effect in Czech Republic. When the content
of the questionnaire items are considered for these
variables, it can be argued that teachers were not able
to discriminate the idea presented in the items and
responded in a way to foster both type of approaches
in their teaching practices. For instance, when
Turkish data were closely evaluated, it was observed
that teachers may agree with both items in the same
degree such as “Math is primarily an abstract subject”
and “Math is formal representation of the world.”
which were imposing two contrary ideas.

Classroom Characteristics
The last group of variables namely class size,

class climate and limitations to teaching indicated
consistent results across the countries. In Belgium
(Flemish), Hungary, Italy, Lithuania and Netherlands,
it was found that class size had a positive significant
effect on student achievement. This finding is
consistent with the secondary analysis of the TIMSS
data set (Martin et al., 2000). In general, as the class
size increases, achievement scores in TIMSS increase
as well. The reason of this finding was attributed to
the fact that weaker students are generally assigned
in the smaller classes. In some countries, remedial
classes are constructed for less able and disabled
students as well (Eurybase, 2006). In European
Union countries, average class sizes is 22, on the
contrary, this is 42 in Turkey. It seems that Turkish
schools are far behind the ideal standards, since the
maximum number of students in one class does not
exceed 30 students in the European Union countries.
The present study indicates that neither crowded
classrooms nor classrooms with a very few students
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is ideal for a better educational outcomes.

Class climate is one of the most important
predictor of school achievement in three countries
in the full model. In Turkey, Slovak Republic and
Italy, as classroom becomes quieter and orderly,
students have higher scores in mathematics. This is
an expected result and supported by other research
studies as well (Papanastasiou, 2008). However, this
does not mean a stressful and disciplined environment
in the classroom, rather, student motivation and
interest with the subject matter creates quiet
classroom atmosphere.

In Belgium (Flemish), Italy, Slovenia and
Netherlands, limitations to teaching had negative
significant effect on mathematics achievement of
students. In Turkey, this particular variable has no
effect at all.

CONCLUSION

In sum, “home educational resources” is
the most important variable interfering with the
achievement measures of the students in all the
countries. When this particular variable is controlled,
limitations to teaching, class size and class climate
are three variables moderately related to mathematics
achievement. As expected, quiet classroom with
average size of 22 students is a basic condition for
higher achievement in mathematics.

Interestingly, re-teaching and clarification do not
contribute to learning mathematics in any country.
That might be the result of constituting ability
groups in schools. It is very likely that students
who consistently fail are grouped for re-teaching
the mathematical concepts in schools that might
develop negative academic self concept. Homework
review almost has no effect at all, but emphasize
on homework may be an effective tool, if it is in
harmony with the other classroom activities. There
is no best teaching method in the classroom, when
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lecture, guided practice and independent practice are
considered. However, pair work does not function as
expected in any country. This finding clearly supports
the idea of using variety of teaching techniques in
the classroom based on the cultural context, and
the needs of the students. Emphasize on problem
solving in the classroom clearly fosters learning in
the European Union countries. However, if there
is uncertainty about the meaning and conceptual
definition of ‘mathematical problem’ among the
teachers, it does not contribute to any learning. For
such cases, textbook based teaching functions better
than any other methods used in the classroom.

Following concluding remarks could be drawn

for education policy makers;

1. “Home educational resources” is the
only variable which has positive effect
on learning mathematics across all the
countries.

2. Teachers’ gender has an effect in
achievement. However, in some countries
male teachers are more successful than
the female teachers. This might be the
reflection of cultural differences.

3. Experience of a teacher seems an effective
variable as long as the level of experience is
not greater than 15 years in average.

4. Emphasize on homework review in
classroom has no impact on learning in
mathematics across all the countries.
However, emphasize on homework might be
an influential factor in a very few country.

5. Guided practice and independent practice
have diverse impact on achievement
across the countries but re-teaching and
clarification carried out in the mathematics
classrooms have no positive impact on
learning across all the countries.
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6. Small class size does not guarantee a
successful learning outcome in mathematics.

7. Quiet atmosphere in the classroom is
directly related to learning in mathematics.

8. Emphasize on problem solving in the
successful countries is a good practice among
the mathematics teachers to foster learning.
However, the meaning of problem solving
should be clarified among teachers in low
achieving countries.

9. Textbook based teaching is an effective tool
for low achieving countries.
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