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Overview

The analyses presented in the previous chapter confirm that student
home background indicators of socioeconomic status and of parental
support for academic work are major correlates of average school
achievement in mathematics and science, and reinforce the need to
account for such variables in any study of how school factors relate to
that achievement. In this chapter, hierarchical linear modeling
(HLM) techniques are used to adjust statistically for differences
between schools in home background, so as to examine the relation-
ship between a range of school factors and the adjusted average
school achievement. This approach has the potential to disentangle,
at least in an exploratory way, the relative influence of home and
school factors.  

What Was the Analytic Approach?

The hierarchical analyses for this chapter were conducted in two
stages. In the first stage the analyses quantified across countries the
extent to which schools differ in the average achievement of their
students, and the extent to which these differences may be due to the
home background of the student body. This information provides an
overview of the global relationship between home background,
schooling, and student achievement, and was helpful in identifying
the countries that would be most fruitful for further study. This infor-
mation also shows the extent to which schools internationally are seg-
regated by home background factors, by describing how much they
vary in the home background composition of the student body. The
second, more detailed, analyses explored the relationship of student,
teacher, and school factors to average school achievement, while
adjusting for characteristics of the students’ home background. This
stage involved constructing seven hierarchical models for both science
and mathematics in each of the countries included in the analyses. 

The analyses reported in this chapter required a valid measure of the
socioeconomic and educational background of the students. To that
end, a single composite index of home background was created from
variables considered to relate to this construct, and found to relate to
each other and to student achievement. The home background
index was based upon students’ reports on the following: 

• number of books in the home 

• availability of a study desk 

• presence of a computer in the home

• education of each natural parent
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• number of natural parents in the home

• number of persons in the family home 

• possessions in the home 

The home background index was used to make a statistical adjust-
ment to each school’s average achievement in science and mathemat-
ics to control for differences in student home background. School-
level factors were then examined as predictors of adjusted school
achievement. Also, the school average home background was used as
an important school-level predictor of average school achievement.

How Much Does Achievement Vary Between Schools 
Across Countries?

As was shown in chapter 1, the extent to which schools in a country
differ among themselves in their average achievement limits the
potential for school factors to explain between-school differences in
student achievement. It is more likely that attributes of the school
that co-vary with student achievement will be identified in countries
where average school achievement varies a lot than in countries
where it varies very little. In short, exploratory studies of school effec-
tiveness are likely to be most fruitful when concentrated on countries
with large between-school achievement differences. 

Exhibits 2.1 and 2.2 show how the difference between students’
achievement scores (the “variance”) can be divided into differences
between schools and differences between students within schools.
The first column of the exhibits presents the variance between
schools as a percentage of the total variance in achievement in each
country for science and mathematics, respectively. A high percentage
implies that the differences between average school scores are large
compared with the differences between student scores within schools.
This might be expected, for example, in a country with a well-estab-
lished system of school tracking, with different school types catering
to students of different levels of ability. A low percentage for a coun-
try implies that average school achievement is very similar from
school to school. 

The results presented in Exhibits 2.1 and 2.2 support the finding
from the previous chapter that countries are not the same in the way
that student achievement is distributed across schools. In countries
such as Cyprus, Iceland, Japan, Korea, Norway, and Slovenia, average
student achievement in science was fairly uniform across schools, with
less than 10% of the total variance in student science achievement
attributable to differences between school average scores. In contrast,
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large differences between schools (40% or more of the total variance)
were found in Germany, Romania, Singapore, and the United States.
In mathematics, the differences between schools were much more
pronounced, with just three countries (Cyprus, Japan, and Korea)
showing less than 10% of the variance between schools. Many more
countries had large differences between schools, with 13 countries –
including Australia, Belgium (both French and Flemish), Germany,
Hong Kong, Ireland, Lithuania, the Netherlands, New Zealand,
Romania,  the Russian Federation, Switzerland, and the United States
(Exhibit 2.2) – having at least 40% of variance between schools.

In all but two of the participating countries, the differences between
schools were greater in mathematics than in science. This probably
reflects a real difference between the two subjects, but it is undoubted-
ly also partly an artifact of the TIMSS sampling design, which was
based on sampling a single intact mathematics class.1 Since in most
countries, each school is represented by a single mathematics class, the
between-school differences presented in Exhibits 2.1 and 2.2 also
include differences between classes within schools. In countries such as
Ireland and Singapore that employ some form of streaming, the fig-
ures in the exhibits will overestimate the differences between schools. 

The second column in Exhibits 2.1 and 2.2 shows the result of taking
the percentage of variance that is between schools (column 1) and par-
titioning it to show what percentage of it can be attributed to differ-
ences between schools with respect to the home background of the stu-
dents. It is clear from these results that home background is a major
correlate of average school achievement in most countries, although,
of course, the impact is greater in countries with large between-school
differences in achievement. For example, although 88% of the
between-school variance in mathematics achievement in Korea was
attributable to home background differences, only 9% of the total vari-
ance was between schools, so this is not a large effect. However, in
Belgium (French), Cyprus, England, Germany, Hungary, Ireland,
Korea, the Netherlands, New Zealand, Portugal, Scotland, Singapore
and the United States more than half of the difference between
schools in both science and mathematics achievement could be attrib-
uted to differences in the home background of their students. 
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participating school. So that the data from these countries could be treated as much as possible like
those from other countries, each class was treated as if it came from a separate school.
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Partitioning the School Variance in Eighth Grade* Science Achievement

* Eighth grade in most countries; see Exhibit 1 for information about the grades tested in each country.
** Home Background Index: Average of the following nationally standardized variables: number of people in family home, number of natural parents in home,

number of books in home, percentage of possessions from international options list, study desk in home, computer in home, highest level of education of
mother and highest level of education of father.

Japan: Questions not administered. England and Scotland: Restricted number of variables in Home Background Index.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates, age/grade specifications, or classroom see Exhibit A.1. Because 

coverage falls below 65%, Latvia is annoted LSS for Latvian Speaking Schools only.

Country
Percent of Variance in Science

Achievement that is
Between Schools

Percent of Between-School
Variance Attributable to

Home Background Index**

Australia 22 47

Austria 30 40

Belgium (Fl) 18 48

Belgium (Fr) 20 71

Canada 18 27

Colombia 27 58

Cyprus  7 79

Czech Republic 13 32

England 21 58

France 19 37

Germany 41 50

Hong Kong 29 47

Hungary 17 70

Iceland  9 13

Iran 14 20

Ireland 38 52

Japan  7 –

Korea  7 73

Latvia (LSS) 16 11

Lithuania 35 23

Netherlands 39 54

New Zealand 35 57

Norway  7 27

Portugal 14 56

Romania 51 18

Russian Federation 31 23

Scotland 25 67

Singapore 40 62

Slovak Republic 19 29

Slovenia  7 28

Spain 11 50

Sweden 10 54

Switzerland 38 48

United States 40 64
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Percent of Between-School
Variance Attributable to Home

Background Index**

Percent of Variance in Science
Achievement that is

Between Schools

Exhibit 2.2

* Eighth grade in most countries; see Exhibit 1 for information about the grades tested in each country.
** Home Background Index: Average of the following nationally standardized variables: number of people in family home, number of natural parents in home,

number of books in home, percentage of possessions from international options list, study desk in home, computer in home, highest level of education of
mother and highest level of education of father.

Japan: Questions not administered. England and Scotland: Restricted number of variables in Home Background Index.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates, age/grade specifications, or classroom see Exhibit A.1. Because 

coverage falls below 65%, Latvia is annoted LSS for Latvian Speaking Schools only.

Partitioning the School Variance in Eighth Grade* Mathematics Achievement

Country

Australia 49 46

Austria 36 46

Belgium (Fl) 60 46

Belgium (Fr) 52 70

Canada 25  9

Colombia 39 48

Cyprus  8 74

Czech Republic 22 29

England 24 55

France 33 31

Germany 51 53

Hong Kong 48 46

Hungary 23 67

Iceland 10 14

Iran 16 20

Ireland 50 51

Japan  7  –

Korea  9 88

Latvia (LSS) 27 27

Lithuania 43 29

Netherlands 60 55

New Zealand 46 54

Norway 10 29

Portugal 19 52

Romania 55 24

Russian Federation 40 34

Scotland 36 53

Singapore 39 56

Slovak Republic 23 36

Slovenia 11 34

Spain 19 37

Sweden 34 45

Switzerland 58 43

United States 64 61 S
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How Much Does Home Background Vary Across Schools?

Implicit in the foregoing presentation is the idea that schools differ
in the home backgrounds of their students. Exhibit 2.3 quantifies
these differences in terms of the percentage of variance in student
home background that can be attributed to differences between
schools in each of the participating countries. In countries with low
percentages, schools are fairly similar to each other in the aggregate
home background characteristics of their students, but there may be
quite a range within a school. In countries with high percentages in
this exhibit, schools tend to vary greatly in the home backgrounds of
their students. 

The difference between schools in student home background was
roughly similar to that in science achievement (Exhibit 2.1) in more
than half of the countries. However, in five countries, Germany,
Ireland, the Netherlands, Singapore, and Switzerland, the differences
in science achievement were considerably larger (at least 10 percent-
age points) than the differences in student home background. It may
be significant that all of these countries make differential provision
for students of different ability levels through some form of tracking
or streaming. Apparently, this has the effect of separating schools or
classes by achievement much more than would occur on the basis of
student home background alone. In contrast, there was also a range
of countries, including Colombia, Hungary, Iran, Korea, Latvia(LSS),
Portugal, Romania, Slovenia, and Spain, where the differences
between schools in science achievement were much less than in stu-
dent home background. In these countries, schooling (or at least sci-
ence education) may have the effect of mitigating the influence of
home background on achievement. 
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Exhibit 2.3

* Home Background Index: Average of the following nationally standardized variables: number of people in family home, number of natural parents in home,
number of books in home, percentage of possessions from international options list, study desk in home, computer in home, highest level of education of
mother and highest level of education of father.

** Eighth grade in most countries; see Exhibit 1 for information about the grades tested in each country.
England: Mathematics classrooms not directly sampled, mathematics results presented are at the school level; England and Scotland: Restricted number of 
variables in Home Background Index.
Countries shown in italics did not satisfy one or more guidelines for sample participation rates, age/grade specifications, or classroom see Exhibit A.1. Because 
coverage falls below 65%, Latvia is annoted LSS for Latvian Speaking Schools only.

Partitioning the School Variance in Home Background* at Eighth Grade**

Country

Australia 21

Austria 24

Belgium (Fl) 14

Belgium (Fr) 23

Canada 23

Colombia 44

Cyprus 16

Czech Republic 17

England 18

France 21

Germany 21

Hong Kong 22

Hungary 33

Iceland  6

Iran 30

Ireland 27

Korea 30

Latvia (LSS) 26

Lithuania 32

Netherlands 20

New Zealand 30

Norway 12

Portugal 36

Romania 73

Russian Federation 29

Scotland 18

Singapore 24

Slovak Republic 24

Slovenia 17

Spain 30

Sweden 12

Switzerland 28

United States 42
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How Were the Analyses Organized?

The selection of explanatory variables for the more detailed study of
school effectiveness was based primarily on the results of the previous
chapter. That is, the variables that were found to discriminate
between high- and low-achieving schools were the main focus of
interest. However, because the statistical technique used in this chap-
ter is more refined, it was expected that some variables that did not
discriminate greatly between the two school types might still play a
role in a multi-variable approach. Consequently, a second review was
conducted of the variables in the TIMSS database, and a number of
variables were added to the list of potential explanatory variables, pri-
marily teacher characteristics and aspects of classroom instruction.
The explanatory variables were grouped into the following cate-
gories: classroom practices, teacher characteristics, school climate,
school location and size, and home-school interface. 

The results of the previous chapter, and the between-school analyses
at the beginning of this chapter, confirm that home background and
schooling are related both to each other and to student achievement.
These relationships are impossible to disentangle with survey data
such as TIMSS’, but it is possible to organize the analysis of data so
that the effect of school organizational and instructional variables
may be seen both independently of and in conjunction with the
school’s general level of student home advantage. This approach
lessens the temptation to conclude that differences between schools
in organizational and instructional variables are “nothing but” differ-
ences in student home background. 

To guide the analysis, and to keep the primary focus on classroom
instruction and other school factors, the following questions were
posed, separately for science and for mathematics:

1. Once average achievement in the school has been adjusted for the
effects of students’ home background, what classroom practices
are associated with science and mathematics achievement?

2. Do teacher characteristics relate to the adjusted school science
and mathematics achievement when examined alongside class-
room practices?

3. What is the relationship of school social climate factors to the
adjusted science and mathematics achievement when classroom
practices and teacher experience are also considered?

4. Does school location and size relate to adjusted school achieve-
ment when considered in conjunction with classroom activities,
teacher characteristics, and school social climate?
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5. What is the relationship of factors representing student attitude or
motivation (mother’s press, self press, and students’ aspirations) to
adjusted school achievement when the other four categories of
school-related factors are considered at the same time?

6. Is the average home background of the students in a school relat-
ed to adjusted school achievement when considered in conjunc-
tion with all five categories of variables above? 

7. Is adjusted school achievement more strongly related to the combi-
nation of average home background and the five categories of vari-
ables than average home background alone?

Answering these questions involved building six hierarchical linear
models for each country for science and mathematics achievement.
The first model examined the relationship of classroom characteristics
to school achievement after considering the home background of stu-
dents. Each successive model added another set of explanatory factors
to the previous model. Together, these models provided an analysis of
the effects of the various categories of school and classroom variables
on school achievement while adjusting for student home background.2

The relationship of the average home background to science and
mathematics achievement was also considered independently of the
other exploratory factors for comparative purposes. 

The results of these analyses are summarized in Exhibits 2.4 and 2.5
for science and mathematics respectively. The first column in each
exhibit shows the percentages of the total variance in student
achievement in each country that can be attributed to differences
between schools.3 Since the percentages in the first column include
all of the variance in student achievement that exists between
schools, they represent the upper limit on the amount of between-
school variance that can be accounted for by school or classroom
variables.  The remaining columns of Exhibits 2.4 and 2.5 display the
percentage of the between-school variance that may be explained by
the variables in each model. It is important to realize that the per-
centages in columns 2 to 7 take as their base the percentage shown
in the first column. For example, in Exhibit 2.4, the 74% shown for
Australia in column two refers to 74% of the between-school variance
for Australia, which is itself just 23% of the total student variance.
Therefore, although school-to-school differences in “Model 1:
Classroom Characteristics” can account for 74% of the total school-
to-school differences in student science achievement, this represents
just 17% (23% of 74%) of the total student-to-student differences in
science achievement.
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3 The percentages in the first columns of Exhibits 2.4 and 2.5 should ideally be identical to those in the
first columns of Exhibits 2.1 and 2.2, respectively. However, since data records with incomplete data were
eliminated from the analyses for Exhibits 2.4 and 2.5, the analyses were based on somewhat different
datasets, with differences in the percentages as a result. See Appendix A for further information.



Further summaries of the results are presented in Exhibits 2.6
through 2.9. Exhibits 2.6 and 2.7 list the explanatory variables for sci-
ence and mathematics, respectively, and enumerate the countries in
which the variables played a statistically significant4 role in each of
the hierarchical models. These exhibits provide one view of the rela-
tive importance of each variable in each model. Exhibits 2.8 and 2.9
give another view by showing, for each country, the variables that
were significant predictors of adjusted school achievement in science
and mathematics in a model that included all of the explanatory vari-
ables (except school average home background). Exhibits displaying
more detailed information for each country can be found for science
in Appendix B and for mathematics in Appendix C.

Criteria for Inclusion in the Analyses

Although the TIMSS database contains a large array of information
from students, teachers, and school principals, not every country
asked all questions in the questionnaires, and not every respondent
provided data on all questions that were asked. In choosing the fac-
tors to be examined in the hierarchical analyses the need to include
the factors most relevant to achievement therefore had to be bal-
anced with the availability of data in each of the countries. As the
home background index was an essential component of the analyses,
only countries that asked the questions used to build this index could
be included. Similarly, only countries that asked questions of their
teachers or principals that were central to the analyses, and had suffi-
ciently high response rates for these questions, could be included. 

Furthermore, since the purpose of the hierarchical analyses was to
examine factors related to average school achievement in science and
mathematics, attention focused on countries where school-to-school
differences in achievement were large (at least 10%), and where the
effects of such factors were likely to be most apparent. A third criteri-
on for inclusion in the analyses was that countries had met the
TIMSS standards for data quality and have relatively high achieve-
ment levels. Such countries should provide the best opportunity to
examine factors associated with high student achievement. Countries
with average achievement close to or above the international mean in
either science or mathematics were included in the analyses. 

Based on these criteria, 14 countries in science and 18 countries in
mathematics were selected for further analysis. Countries included in
both sets of analyses were Australia, Belgium (Flemish), Belgium
(French), Canada, Czech Republic, France, Hong Kong, Ireland,
New Zealand, Singapore, Slovak Republic, Sweden, and the United
States. The science analyses also included Austria. In mathematics,
findings are also presented for Germany, Iceland, the Netherlands,
the Russian Federation, and Slovenia. 
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Percent of Between School Variance in Eighth Grade* Mathematics
Achievement Explained by Each Hierarchical Linear Model

Exhibit 2.5

S
O

U
R

C
E

: I
E

A
 T

hi
rd

 In
te

rn
at

io
na

l M
at

he
m

at
ic

s 
an

d 
S

ci
en

ce
 S

tu
dy

 (
T

IM
S

S
),

 1
99

4-
95

A
u

st
ra

lia
50

71
71

71
71

81
81

50

B
el

g
iu

m
 (

Fl
)

53
46

45
44

43
66

69
38

B
el

g
iu

m
 (

Fr
)

32
42

41
44

47
78

81
59

C
an

ad
a

20
25

25
27

29
39

39
8

C
ze

ch
 R

ep
u

b
lic

21
43

43
43

43
71

71
29

G
er

m
an

y
49

41
40

46
44

71
77

63

Fr
an

ce
29

43
42

50
52

57
56

24

H
o

n
g

 K
o

n
g

47
64

64
66

67
69

78
42

Ic
el

an
d

15
54

52
49

52
67

70
31

Ir
el

an
d

51
67

67
67

67
76

80
52

N
et

h
er

la
n

d
s

54
62

61
66

65
79

83
54

N
ew

 Z
ea

la
n

d
48

52
52

53
53

65
69

53

R
u

ss
ia

n
 F

ed
er

at
io

n
39

35
34

34
35

37
45

34

Si
n

g
ap

o
re

39
52

53
56

56
79

82
57

Sl
o

va
k 

R
ep

u
b

lic
20

32
32

34
32

54
55

32

Sl
o

ve
n

ia
12

42
40

38
36

51
51

32

Sw
ed

en
31

48
47

47
47

53
68

48

U
n

it
ed

 S
ta

te
s

52
52

55
54

54
61

73
64

A
ve

ra
g

e
37

48
48

49
50

64
68

43

M
o

d
el

 1
M

o
d

el
 2

M
o

d
el

 3
M

o
d

el
 4

M
o

d
el

 5
M

o
d

el
 6

M
o

d
el

 7

C
la

ss
ro

o
m

C
h

ar
ac

te
ri

st
ic

s

M
o

d
el

 1
 w

it
h

Te
ac

h
er

C
h

ar
ac

te
ri

st
ic

s

M
o

d
el

 2
 w

it
h

Sc
h

o
o

l C
lim

at
e

M
o

d
el

 3
 w

it
h

Sc
h

o
o

l L
o

ca
ti

o
n

an
d

 S
iz

e

M
o

d
el

 4
 w

it
h

H
o

m
e 

– 
Sc

h
o

o
l

In
te

ra
ct

io
n

M
o

d
el

 5
 w

it
h

A
ve

ra
g

e 
H

o
m

e
B

ac
kg

ro
u

n
d

A
ve

ra
g

e 
H

o
m

e
B

ac
kg

ro
u

n
d

 O
n

ly

C
o

u
n

tr
y

Pe
rc

en
t 

o
f

V
ar

ia
n

ce
 in

Sc
ie

n
ce

A
ch

ie
ve

m
en

t
th

at
 is

 B
et

w
ee

n
Sc

h
o

o
ls

1

Pe
rc

en
ta

g
e 

o
f 

B
et

w
ee

n
-S

ch
o

o
l V

ar
ia

n
ce

 E
xp

la
in

ed
 b

y 
a 

Se
ri

es
 o

f 
M

o
d

el
s

*
Ei

gh
th

 g
ra

de
 in

 m
os

t 
co

un
tr

ie
s;

 s
ee

 E
xh

ib
it 

1 
fo

r 
in

fo
rm

at
io

n
ab

ou
t 

th
e 

gr
ad

es
 t

es
te

d 
in

 e
ac

h 
co

un
tr

y.
1

Re
su

lts
 d

iff
er

en
t 

fr
om

 E
xh

ib
it 

2.
2 

be
ca

us
e 

of
 m

is
si

ng
 d

at
a 

on
pr

ed
ic

to
r 

va
ria

bl
es

.

C
la

ss
ro

om
 C

ha
ra

ct
er

is
tic

s:
 h

om
ew

or
k 

in
 t

hr
ee

 s
ub

je
ct

s;
 a

m
ou

nt
 o

f
m

at
he

m
at

ic
s 

ho
m

ew
or

k;
 c

he
ck

in
g 

ho
m

ew
or

k 
in

 c
la

ss
; a

tt
itu

de
to

 m
at

he
m

at
ic

s,
 m

at
he

m
at

ic
s 

cl
as

s 
si

ze
Te

ac
he

r 
C

ha
ra

ct
er

is
tic

s:
 y

ea
rs

 o
f 

te
ac

hi
ng

 e
xp

er
ie

nc
e

Sc
ho

ol
 C

lim
at

e:
 s

tu
de

nt
 a

dm
in

is
tr

at
iv

e 
vi

ol
at

io
ns

; s
er

io
us

st
ud

en
t 

m
is

be
ha

vi
or

H
om

e-
Sc

ho
ol

 In
te

ra
ct

io
n:

 f
ut

ur
e 

as
pi

ra
tio

ns
 f

or
 e

du
ca

tio
n,

 m
ot

he
r'

s
ac

ad
em

ic
 p

re
ss

; s
el

f 
ac

ad
em

ic
 p

re
ss

2.5



85Factors Associated with School Effectiveness in Science and Mathematics

SO
U

RC
E:

  I
EA

 T
hi

rd
 In

te
rn

at
io

na
l M

at
he

m
at

ic
s 

an
d 

Sc
ie

nc
e 

St
ud

y 
(T

IM
SS

), 
19

94
-9

5.

B
as

e 
M

o
d

el
M

o
d

el
 1

M
o

d
el

 2
M

o
d

el
 3

M
o

d
el

 4
M

o
d

el
 5

M
o

d
el

 6
M

o
d

el
 7

B
et

w
ee

n
Sc

h
o

o
l M

o
d

el
C

la
ss

ro
o

m
C

h
ar

ac
te

ri
st

ic
s

M
o

d
el

 1
 w

it
h

Te
ac

h
er

C
h

ar
ac

te
ri

st
ic

s

M
o

d
el

 2
 w

it
h

Sc
h

o
o

l C
lim

at
e

M
o

d
el

 3
 w

it
h

Sc
h

o
o

l L
o

ca
ti

o
n

an
d

 S
iz

e

M
o

d
el

 4
 w

it
h

H
o

m
e 

– 
Sc

h
o

o
l

In
te

ra
ct

io
n

M
o

d
el

 5
 w

it
h

H
o

m
e

B
ac

kg
ro

u
n

d

H
o

m
e

B
ac

kg
ro

u
n

d
O

n
ly

In
te

rc
ep

t
14

10
10

10
9

5
9

14

H
o

m
ew

o
rk

 (
3 

Su
b

je
ct

s)
12

13
12

13
12

11

H
o

m
ew

o
rk

 (
A

m
o

u
n

t 
Sc

i.)
7

8
9

9
6

5

A
tt

it
u

d
e 

to
 S

ci
en

ce
3

4
3

3
3

4

Ef
fi

ca
cy

 o
f 

Sc
ie

n
ce

10
9

9
9

8
6

Ex
p

er
im

en
ts

3
2

3
2

1
2

Te
ac

h
in

g
 E

xp
er

ie
n

ce
2

1
3

0
2

R
ea

d
in

es
s 

to
 T

ea
ch

 G
en

. S
ci

.
1

1
2

0
0

A
d

m
in

is
tr

at
iv

e 
V

io
la

ti
o

n
s

3
3

2
1

Se
ri

o
u

s 
M

is
b

eh
av

io
r

2
1

3
3

U
rb

an
 L

o
ca

ti
o

n
3

2
3

C
la

ss
 S

iz
e

5
2

2

Fu
tu

re
 A

sp
ir

at
io

n
s

11
10

Se
lf

 P
re

ss
5

3

M
o

th
er

's
 P

re
ss

2
1

H
o

m
e 

B
ac

kg
ro

u
n

d
 In

d
ex

10
14

Pr
ed

ic
to

rs

Number of Countries with Significant Predictors of School Effectiveness
in Eighth Grade* Science (14 Countries)

Exhibit 2.6

*
Ei

gh
th

 g
ra

de
 in

 m
os

t 
co

un
tr

ie
s;

 s
ee

 E
xh

ib
it 

1 
fo

r 
in

fo
rm

at
io

n
ab

ou
t 

th
e 

gr
ad

es
 t

es
te

d 
in

 e
ac

h 
co

un
tr

y.
Th

e 
co

un
tr

ie
s 

w
er

e:
 A

us
tr

al
ia

, A
us

tr
ia

, B
el

gi
um

 (F
l),

 B
el

gi
um

 (F
r)

,
C

an
ad

a,
 C

ze
ch

 R
ep

ub
lic

, F
ra

nc
e,

 H
on

g 
K

on
g,

 Ir
el

an
d,

 N
ew

 Z
ea

la
nd

,
Si

ng
ap

or
e,

 S
lo

va
k 

Re
pu

bl
ic

, S
w

ed
en

, a
nd

 U
ni

te
d 

St
at

es
. C

ou
nt

re
pr

es
en

ts
 t

he
 n

um
be

r 
of

 c
ou

nt
rie

s 
fo

r 
w

hi
ch

 t
he

 p
re

di
ct

or
 w

as
si

gn
ifi

ca
nt

 (P
<

.1
)

2.6



Chapter 286

SO
U

RC
E:

 IE
A

 T
hi

rd
 In

te
rn

at
io

na
l M

at
he

m
at

ic
s 

an
d 

Sc
ie

nc
e 

St
ud

y 
(T

IM
SS

), 
19

94
-9

5.

Number of Countries with Significant Predictors of School Effectiveness
in Eighth Grade* Mathematics (18 Countries)
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*Eighth grade in most countries; see Exhibit 1 for information about the grades tested in each country.

Exhibit 2.8 Summary of Predictors of Grade 8* Science Achievement in Model 5
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Australia 2 5

Austria 1 3
Belgium (Fl) 4
Belgium (Fr) 1 1 5

Canada 4
Czech Republic 6

France 4
Hong Kong 1

Ireland 2
New Zealand 5

Singapore 6
Slovak Republic 2

Sweden 4
United States 6

Count 12 6 3 8 1 0 0 2 3 2 2 11 5 2

Predictor significant at .1 level
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*Eighth grade in most countries; see Exhibit 1 for information about the grades tested in each country.

Australia 9
Belgium (Fl) 3
Belgium (Fr) 5

Canada 8
Czech Republic 4

Germany 4
France 6

Hong Kong 1
Iceland 3
Ireland 4

Netherlands 6
New Zealand 4

Russian Federation 2
Singapore 6

Slovak Republic 3
Slovenia 2
Sweden 5

United States 6

Count 13 9 2 4 8 8 2 4 4 2 3 17 3 2

Predictor significant at .1 level

Summary of Predictors of Grade 8* Mathematics Achievement in Model 5
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What Classroom Characteristics Were Associated with
Science and Mathematics Achievement? 

In both science and mathematics, the first analysis considered vari-
ables that directly relate to classroom experiences. In science, the
explanatory variables were: time spent on homework in general, time
spent on science homework, students’ attitude to science, perceived
efficacy of science, and frequency of conducting science experiments
in class. In mathematics the variables were: time spent on homework
in general, time spent on mathematics homework, checking mathe-
matics homework in class, students’ attitude to mathematics, an
orderly classroom environment, and size of the class. Beginning with
a model that included just these classroom variables provided the
best opportunity to examine the relationship between these variables
and adjusted school achievement in isolation from other variables.

As may be seen from the second column of percentages in
Exhibits 2.4 and 2.5 (headed “Model 1: Classroom Characteristics”),
characteristics of the class accounted for a substantial percentage of
the differences between schools in both science and mathematics
achievement. In science, the percentage ranged from 74% in
Australia to 33% in Austria, while in mathematics the range was from
71% in Australia to 25% in Canada.

From Exhibit 2.6 it is apparent that not all of the classroom explana-
tory variables in science were equally effective in all countries. Of the
five variables, the three that were significant in most countries were:

• daily doing homework in a range of subjects (language, science
and mathematics)

• time spent on homework in science

• a belief in the efficacy of science

These variables were significant components not just of the model
consisting of class variables only (“Model 1: Classroom
Characteristics”), but also of Models 2 through 5 where the other
school-related variables are added. 

In the same way, Exhibit 2.7 shows that not all of the explanatory
variables in mathematics were equally effective. Of the six mathemat-
ics variables, the four that were significant in most countries were: 

• daily doing homework in a range of subjects (language, science
and mathematics)

• time spent on homework in mathematics
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• size of the mathematics classroom

• an orderly classroom environment

Again, these variables were significant components not just of the
model consisting of class variables only, but also of the models con-
taining the other school-related variables. 

Daily Doing Homework in a Range of Subjects 
The most consistently significant variable for both science and
mathematics was whether the student had completed homework,
on a daily basis, in language, science, and mathematics. In science,
this variable was a significant component of the model containing
only the classroom-related variables in 12 of the 14 countries
(Exhibit 2.6).  Even when combined in a more general model that
consisted of all of the other school-related explanatory variables
(Model 5), amount of time spent on homework was a significant
independent component in 12 countries. These were Australia,
Austria, Belgium (French), Czech Republic, France, Hong Kong,
Ireland, New Zealand, Singapore, Slovak Republic, Sweden, and the
United States (Exhibit 2.8).

In mathematics the results were even more striking. The general
homework variable proved a significant component of the classroom
characteristics model in 17 of 18 countries, and was significant in 13
countries in Model 5: Australia, Czech Republic, Germany, France,
Hong Kong, Iceland, Ireland, Netherlands, New Zealand, Russian
Federation, Singapore, Sweden, and the United States (Exhibit 2.9).
Taken together, these results suggest that in most countries, even
adjusting for the home background of the students and for the other
school and classroom variables included in this study, schools where
eighth-grade students are expected to spend time on homework in a
range of subjects have higher average achievement in both science
and mathematics. 

Time Spent on Science or Mathematics Homework 
The questionnaire item asking students about the amount of time
that they spend specifically on science or mathematics homework
provides a different perspective on the homework issue. The amount
of time spent doing science homework was a significant component
of the model containing class variables only in 7 of the 14 countries
in the science analyses, and the time spent doing mathematics home-
work was a significant component in 11 of 18 countries. However, in
most of the countries, time spent on homework in science and on
homework in mathematics were negative predictors of adjusted
school achievement, which implies that higher achievement was asso-
ciated with less time spent on homework specifically in mathematics
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and science. (See Appendix B and Appendix C for individual country
results). A likely reason for this result is that more talented students
need less time to complete their homework, and that large amounts
of time spent on science or mathematics homework are more charac-
teristic of students struggling to keep up. 

The three additional classroom-related variables, one for science and
two for the mathematics analysis, were significant predictors of adjust-
ed school achievement in a number of the participating countries. 

Efficacy of Science 
In most countries, a belief in the contribution science could make to
solving environmental problems was associated with higher adjusted
school science achievement. The same pattern persisted across all
other analyses, with the variable remaining significant in 8 countries
even when all 5 categories of explanatory variables were considered.
The countries were Australia, Belgium (Flemish), Canada, Czech
Republic, New Zealand, Singapore, Sweden, and the United States. 

Mathematics Class Size 
The number of students in the mathematics class as reported by the
teacher was a significant component of the classroom characteristics
model (Model 1) in 12 of the 18 countries in the mathematics analy-
sis. Even when included in a model with all of the other school-relat-
ed explanatory variables, mathematics class size was a significant com-
ponent of the model in 8 of the 18 countries – Australia, Belgium
(Flemish), France, Iceland, Ireland, the Netherlands, New Zealand,
and Sweden. In each of these countries, class size was positively relat-
ed to adjusted school achievement, meaning that higher mathematics
achievement was associated with larger class sizes. This may be due to
a tendency for schools to assign weaker students to smaller classes. 

Orderly Classroom Environment 
The classroom environment variable, derived from students’ agree-
ment with three statements about student behavior in their mathe-
matics class (students are orderly and quiet during lessons; students
do as the teacher says; and students rarely neglect their work), is an
indicator of the orderliness of the mathematics class. It was a signifi-
cant predictor of adjusted school achievement in about half of the
countries and remained significant even when all of the other
explanatory variables were included in the model. These results
indicate that more orderly mathematics classroom sessions tend to
be associated with higher achievement regardless of the back-
ground of students. 
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How Do Teacher Characteristics Add to the Explanation of
School Effectiveness?

The “teacher characteristic” variables that were combined with the
classroom variables to constitute Model 2 consisted of years of
teacher experience (science and mathematics) and preparedness to
teach a range of science topics (science only). When considered in
conjunction with the classroom variables, the teacher characteristics
were not effective predictors of adjusted school science or mathemat-
ics achievement. From the third column of percentages in
Exhibits 2.4 and 2.5 (labeled “Model 2: Model 1 with Teacher
Characteristics”), it is apparent that the model containing both
teacher characteristics and classroom variables accounts for little
more between-school variance than a model containing just the class-
room variables.5

Teaching Experience  
From Exhibit 2.6 it can be seen that teacher experience was a signifi-
cant component of the classroom/teacher model in just two of the
participating countries for science, while in the more general model
containing all school variables (Model 5) it was not significant in any
country (Exhibit 2.8). In mathematics, teacher experience was a sig-
nificant component of the classroom/teacher model in just two
countries: Singapore and the United States. 

Readiness to Teach a Range of Science Topics  
The science teacher’s reported readiness to teach a range of sci-
ence topics was a significant component of the classroom/teacher
model in just one country, the Czech Republic. However, when
combined with all of the school variables in Model 5 it was not sig-
nificant in any country. 

How Does School Climate Add to the Explanation of 
School Effectiveness?

As discussed in the previous chapter, the idea of a positive school
social climate as used in this study embodies respect for the individ-
ual student and a safe orderly environment for learning.
Considerable research over the past four decades has shown the
importance of the school climate in fostering an environment con-
ducive to learning. A school with such a social climate, for example,
would be marked by relatively few discipline problems. In Model 3,
two indicators based upon principals’ reports, administrative viola-
tions and serious misconduct, were combined with classroom and
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teacher characteristics for science and for mathematics. Generally,
school climates that foster learning and achievement were less likely
to be prone to either administrative or serious violations even when
considering student home background. 

Student Administrative Violations 
Student misbehaviors that interfere with the orderly running of the
school, such as lateness for class and violations of school dress codes,
were labeled “Student administrative violations”. While in some cases
such behavior may be seen as merely expressions of the developing
adolescent psyche, it can disrupt school routine and detract from the
school’s focus upon learning. 

In science, three countries showed a significant negative relationship
between student administrative violations and achievement when the
school climate variables were introduced in Model 3 (Exhibit 2.6).
When combined with all of the school variables in Model 5, the rela-
tionship was significant in just two countries, Belgium (French) and
France (Exhibit 2.8).

The link between student administrative violations and school effec-
tiveness was stronger with respect to mathematics, with seven coun-
tries showing adjusted mathematics achievement to be negatively
related to such student misbehavior (Exhibit 2.7). Four countries
continued to show a significant relationship between student admin-
istrative violations and mathematics achievement when all explanato-
ry school variables were considered together (Model 5). These coun-
tries were Australia, France, Germany, and the Netherlands
(Exhibit 2.9). 

Serious Student Misbehavior
The serious student misbehavior index consisted of frequency of
inappropriate student behavior directed at other persons or the
property of others, including harm to a member of the school com-
munity and theft. It is reasonable to assume that environments where
this type of behavior is common would not be conducive to student
learning. In science, when school climate was combined with class-
room and teacher characteristics (Model 3), the serious student mis-
behavior variable was a significant predictor in two countries
(Exhibit 2.6). However, when combined with all of the school vari-
ables in Model 5, it was a significant predictor in three countries,
Belgium (French), the Czech Republic, and France (Exhibit 2.8). In
mathematics, the variable was a significant predictor in four coun-
tries when combined with classroom and teacher characteristics in
Model 3, and was still a significant predictor when combined in
Model 5 with all of the school variables. The four countries were
Australia, Canada, Singapore and the Slovak Republic. In three of
these countries, a higher incidence of serious misbehavior was associ-
ated with higher average achievement when considered in conjunc-
tion with other variables.
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How Do School Location and Size Add to the Explanation
of School Effectiveness?

Model 4 for science and mathematics included not only classroom,
teacher, and school climate factors, but also school location and aver-
age class size, as reported by school principals. 

School Location 
In science, when combined with classroom and teacher characteris-
tics, and school climate in Model 4, school location was a significant
predictor of adjusted school achievement in three countries
(Exhibit 2.6). In Model 5, with all of the school variables, school loca-
tion was significant in just two countries, New Zealand and the
United States. In both countries, schools located outside urban areas
performed better than those in urban centers. In mathematics,
school location was not significant in any country for Model 4, and
only in Australia and France when combined with all school factors
in Model 5. 

Average Class Size 
Five countries showed average class size to be a significant predictor
of school science achievement when combined in Model 4 with class-
room and teacher characteristics and school climate. These were
Belgium (Flemish), Belgium (French), the Czech Republic, New
Zealand, and the Slovak Republic. When all of the science factors
were considered together (Model 5), this was reduced to two coun-
tries, Belgium (Flemish) and Czech Republic (Exhibit 2.8). In mathe-
matics, average class size in Model 4 was significant in only two coun-
tries, Belgium (French) and Canada. In Model 5, with all of the
school factors combined, average class size was also a significant pre-
dictor in Ireland (Exhibit 2.9).

How Do Factors at the Home-School Interface Add to the
Explanation of School Effectiveness?

Variables at the home-school interface that were selected for study in
the hierarchical analyses included the level of education the student
expected to attain, the student’s press for academic success, and
maternal press for academic success. The model that included these
variables (Model 5) also included all of the other school factors:
classroom and teacher characteristics, school climate, and school
location and class size. This model had considerably greater explana-
tory power than models without the home-school interface variables.
In science, on average 66% of the between-school variance was
accounted for by the variables in Model 5, compared with 55% by the
variables in Model 4. In mathematics the situation was similar, with
64% of the variance accounted for by Model 5 compared with 50%
by Model 4. 
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Educational Aspirations 
In both science and mathematics, the student’s aspirations for future
education was the strongest predictor in the home-school interface
category and one of the strongest school-level predictors of achieve-
ment overall. As can be seen from Exhibits 2.6 and 2.7, this variable
was a significant predictor in 11 countries in science and 17 in math-
ematics. In science, these countries were Austria, Belgium (Flemish),
Belgium (French), the Czech Republic, France, Ireland, New
Zealand, Singapore, the Slovak Republic, Sweden, and the United
States (Exhibit 2.8). In mathematics this variable was a significant
predictor in every country except Hong Kong (Exhibit 2.9). Even
when taking into account home background factors, students who
expect to attend a university attain higher levels of achievement in
both science and mathematics.

Self Academic Press 
A student’s academic press to do well in a range of subjects including
science and mathematics was also measured. In science, this variable
was a significant predictor in five countries: Australia, Belgium
(French), Canada, Czech Republic and the United States. In mathe-
matics, student’s academic press was found to be a significant predic-
tor in Belgium (French), Canada, and Germany. In these few coun-
tries, higher self academic press was associated with lower overall
achievement.

Mother’s Academic Press 
Parents can exert considerable influence over their children’s atti-
tudes towards education and their aspirations. Maternal academic
press was found to be significant in two countries, with higher press
generally being found in the higher-achieving schools. The countries
were Australia and Canada for science and Canada and the United
States for mathematics. 

How Does the Average Level of Student Home Background
Add to the Explanation of School Effectiveness? 

While all of the between-school analyses presented in this chapter
control statistically for differences in the home background charac-
teristics of the students within the school, they do not address differ-
ences between schools in the average level of the home background
index. This average has the potential to represent characteristics of
the school and its community that are not captured at the individual
student level. A school with a high average on the home background
index, for example, would likely be located in an affluent community,
with all of the advantages that that implies, whereas a school with a
low average would likely be less advantageously situated.
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In Model 6, average home background of the students was combined
with all of the other school variables to see whether this aspect of the
school offered any further explanatory information beyond that pro-
vided by the school variables. In science, the increase in the percent-
age of between-school variance explained was small, from 66% to
68% (Exhibit 2.4), but nonetheless average home background was a
significant predictor in 10 of the 14 science countries, even after the
effects of all of the other school variables are taken into account
(Exhibit 2.6). In mathematics the increase in the percentage
explained was slightly greater, from 64% to 68% (Exhibit 2.5).
Average home background was a significant predictor in 13 of the 18
mathematics countries after controlling for the effects of the other
school variables (Exhibit 2.7). 

Does the Average Level of Student Home Background
Provide a Sufficient Explanation for all Differences
Between Schools? 

Since in almost all countries, for both science and mathematics, a high
school average on the home background index was associated with
high average student achievement, it is reasonable to ask what extent
the school variables accounted for differences between schools once
the effect of average school background has been controlled. The final
model in these analyses, Model 7, uses just the school average on the
home background index as a predictor; as can be seen from
Exhibits 2.6 and 2.7, it is significant in all of the countries for both sci-
ence and mathematics. Comparing Model 6, which contains average
school background and all of the other school variables, with Model 7,
which contains just average home background, shows how much of the
difference between schools can be attributed to the school variables
once average school background has been taken into account.

In science, average home background alone accounted for 48% of
the between-school variance (on average across countries), compared
with 68% for average home background and school variables com-
bined (Exhibit 2.6). Therefore, an additional 20% of the between-
school variance was accounted for by taking all of the school variables
together. In mathematics, the difference in the percentage of vari-
ance explained was a little greater, up from 43% for average home
background alone to 68% for all school variables together
(Exhibit 2.7). In this case an additional 25% was accounted for by
taking all school variables together.   
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Summary and Conclusion

The results presented in this chapter show that the extent to which
achievement in science and mathematics can be related to school fac-
tors varies considerably from country to country. In countries such as
Cyprus, Japan, and Korea, average student achievement in science
and mathematics was very similar from school to school, implying
that the search for factors related to differential school effectiveness
in these countries would not be fruitful. More common, especially in
mathematics, were countries with substantial differences between
schools in student achievement, and these were chosen for further
analysis. The results also displayed considerable variation across
countries in the extent to which schools differed in the home back-
ground of their students, and showed that the relationship between
home and school factors and student achievement is not the same in
all countries. It is clear that the way student home background relates
to student achievement, and the way the school system moderates or
magnifies this relationship, are closely linked to societal and school
organizational factors unique to each country, and any cross-national
analytic efforts should take this into account.   

As a contribution to such an effort, the chapter went on to summa-
rize across countries the relationship between a small set of home
and school factors and school achievement, while controlling statisti-
cally for the home background of the students. The analyses were
organized to focus first on classroom factors and teacher characteris-
tics, to illustrate the extent to which such factors were related to
school achievement. The classroom variables, while constituting a less
than exhaustive list of classroom-related practices, nonetheless
accounted for a substantial amount of the variation that exists
between schools for both science and mathematics. This not only
supports the view that classroom practices may influence achieve-
ment, but also indicates that properly tailored classroom practices
can be made to address differences in ability. Other school and
teacher variables were less consistent predictors of achievement
across countries. The home-school interface factors, however, proved
more consistent. Of particular note was the strong association
between students’ educational aspirations and achievement in both
science and mathematics. 

The results serve to illustrate vividly how home and school influences
on student achievement are closely interwoven. The school average
on an index of home background is almost as effective a predictor of
average school achievement as the whole set of home and school fac-
tors used in this study, partly because all of these factors are interre-
lated in reality. Schools located in and drawing their students from
affluent communities not only have a more advantaged student body,
but also are likely to enjoy small classes, well-trained and well-paid
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teachers, a safe and educationally supportive environment, and the
support of well-educated and affluent parents. All of these factors
serve to support student learning, even though it may not be possible
to disentangle completely their relative effects. The home back-
ground of students and the affluence of the communities in which
they reside remain powerful predictors of science and mathematics
achievement. This relationship is pronounced and persists across
international contexts. More work needs to be done to identify the
most fruitful variables to capture the dynamic processes that take
place within schools and to understand how national and cultural
contexts interact with other factors to influence how education is
transmitted and received. 
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