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INTRODUCTION

The PISA initial reports have used the following tools to describe the relationship between student performance
and questionnaire indices: (i) dividing the questionnaire indices into quarters and then reporting the mean
performance by quarter; (ii) the relative risk; (iii) the effect size; and (iv) the linear regression. This chapter
discusses technical issues related to these four tools and presents some SAS® macros that facilitate their
computation.

ANALYSES BY QUARTERS

As described in Chapter 5, the indices derived from questionnaire data were generated with the Rasch
Model, and students’ estimates were reported with the weighted likelihood estimates (WLEs). As previously
mentioned, WLE individual estimates constitute a discontinuous variable. Indeed, with the Rasch Model,
the raw score is a sufficient statistic.

Table 14.1 presents the distribution of the questionnaire index of cultural possessions at home from the
PISA 2006 data in Luxembourg. This table shows the discontinuous character of the variable.

WLE %

-1.60 17.52
-1.57 0.13
-1.49 0.10
-0.93 0.13
-0.84 0.02
-0.58 24.53
-0.50 0.27
-0.23 0.02
-0.20 0.15
-0.16 0.38
0.13 0.14
0.21 23.74
0.50 0.07
0.58 0.82
1.11 0.09
1.19 0.05
1.23 31.84

Table 14.1
Distribution of the questionnaire index of cultural possession at home

in Luxembourg (PISA 2006)

The cultural-possession-at-home scale consists of three dichotomous items. There are therefore four possible
scores, ranging from 0 to 3. Thus, 98% of the students (17.52+24.53+23.74+31.84) are distributed among
four WLEs. All the other WLEs, with negligible percentages, represent response patterns with at least one
missing value.

How can this distribution be divided into four quarters, especially given that approximately 32% of the
students have the highest WLE?

There are two ways of recoding the data:
1. smaller versus equal and greater;
2. smaller and equal versus greater.

Depending on the procedure adopted, the percentages of students in the bottom quarter, second quarter,
third quarter, and top quarter will vary. Further, neither of these two procedures generate four equal quarters
of 25% students each. Since the percentages of students in each quarter can vary among countries, no
international comparisons can be made.
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It is therefore necessary to distribute the students with a WLE equal to one of the three cutpoint percentiles

into the two respective adjacent quarters. For instance, if 31.84% of the students get a score equal to

percentile 75, it is then necessary to sample 6.84% of these students who will be allocated to the third

quarter. The remaining 25% will be allocated to the fourth quarter.

This random subsampling process is implemented by adding a small random variable to the questionnaire

index. That random noise will in a sense transform this discontinuous variable into a pseudo-continuous

variable. The three new percentiles on this pseudo-continuous variable will divide the index variable into

quarters, each including exactly 25% of the students.

This random allocation of some parts of the population to one of the four quarters adds an error component

to the standard error. Indeed, in the example, the composition of the 6.84% of the students allocated to the

third quarter is likely to differ between two runs of the procedure.

To account for this new error component, the statistical approach adopted for the analyses of plausible

values can be implemented. It will therefore consist of:

• computing a set of five plausible quarters for each student;

• computing the required statistic and its respective sampling variance by using the final and 80 replicate

weights, per plausible quarter;

• averaging the five estimates and their respective sampling variances;

• computing the imputation variance;

• combining the sampling variance and the imputation variance to obtain the final error variance.

As the dependent variable is exclusively, or nearly exclusively, a set of plausible values, the procedure

described in Chapter 8 will be used, except that each plausible value will be analysed with a different

plausible quarter.

Box 14.1 SAS® syntax for the quarter analysis (e.g. PISA 2006)

libname PISA2006  “c:\pisa\2006\data\”;
options nofmterr notes;
run;

data temp1;
set pisa2006.stu;
if (cnt=“LUX”);
scie1=pv1scie;
scie2=pv2scie;
scie3=pv3scie;
scie4=pv4scie;
scie5=pv5scie;
w_fstr0=w_fstuwt;
keep cnt schoolid stidstd scie1-scie5 w_fstr0-w_fstr80 cultposs;

run;

%include “c:\pisa\macro\quartile_pv.sas”;

%QUARTILE_PV(INFILE=temp1,
REPLI_ROOT=w_fstr,

 BYVAR =cnt ,
PV_ROOT =scie,
INDEX =cultposs,
LIMIT=yes,
LIMIT_CRITERIA=100 20 20 1,
ID_SCHOOL=schoolid,
OUTFILE =exercise1);
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A SAS® macro was developed to facilitate these computations, as largely used in the three PISA initial
reports. Box 14.1 presents the SAS® syntax and Table 14.2 the output data file.

The nine arguments of the quarter SAS® macro have been extensively described in other chapters. The
output data file contains: (i) the mean of the contextual index (the independent variable) per quartile and
its corresponding standard error; and (ii) the average performance in science (the dependent variable) and
its standard errors.

CNT CAT INDEX_STAT INDEX_SESTAT PV_STAT PV_SESTAT FLAG_STUD FLAG_SCH FLAG_PCT

LUX 1 -1.31 0.01 451.40 3.09 0 0 0

LUX 2 -0.35 0.01 471.64 3.37 0 0 0

LUX 3 0.51 0.01 494.24 3.00 0 0 0

LUX 4 1.23 0.00 531.71 3.52 0 0 0

Table 14.2
Output data file exercise1 from Box 14.1

THE CONCEPT OF RELATIVE RISK

The notion of relative risk is a measure of association between an antecedent factor and an outcome factor
(Cornfield, 1951). The relative risk is simply the ratio of two risks, i.e. the risk of observing the outcome
when the antecedent is present, and the risk of observing the outcome when the antecedent is not present.

Table 14.3 presents the notation that will be used.

p.. is equal to
..

..

n
n

, with n.. the total number of students and p
.. is therefore equal to 1; p

i. , p
.j respectively

represent the marginal probabilities for each row and for each column. The marginal probabilities are equal
to the marginal frequencies divided by the total number of students. Finally, the p

ij values represent the
probabilities for each cell and are equal to the number of observations in a particular cell divided by the
total number of observations.

Outcome measure

Yes No Total

Antecedent measure

Yes p11 p12 p1.

No p21 p22 p2.

Total p.1 p.2 p..

Table 14.3
Labels used in a two-way table

In this chapter, the conventions for the two-way table are:

• The rows represent the antecedent factor with:

– the first row having the antecedent; and

– the second row not having the antecedent.

• The columns represent the outcome with:

– the first column having the outcome; and

– the second column not having the outcome.
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With these conditions, the relative risk is equal to:
( )
( ).221

.111

/
/

pp
pp

RR =

Let’s suppose that a psychologist wants to analyse the risk of a student repeating a grade if the parents recently
divorced. The psychologist draws a simple random sample of students in grade 10. In this example, the
outcome variable is present if the child is repeating grade 10 and the antecedent factor is considered present if
the student’s parents divorced in the past two years. The results are found in Table 14.4 and Table 14.5.

Repeat the grade Does not repeat the grade Total

Parents divorced 10 10 20

Parents not divorced 5 75 80

Total 15 85 100

Table 14.4
Distribution of 100 students by parents’ marital status and grade repetition

Repeat the grade Does not repeat the grade Total

Parents divorced 0.10 0.10 0.20

Parents not divorced 0.05 0.75 0.80

Total 0.15 0.85 1.00

Table 14.5
Probabilities by parents’ marital status and grade repetition

The relative risk is therefore equal to:
( )
( ) 8

0625.0
5.0

)80.0/05.0(
)20.0/10.0(

/
/

.221

.111 ====
pp
pp

RR

This means that the probability of repeating grade 10 is eight times greater if the parents recently divorced
than if they had stayed together.

Instability of the relative risk
The relative risk was developed for dichotomous variables. More and more often, this coefficient is extended
and is used with continuous variables. However, to apply the coefficient to continuous variables, a cutpoint
needs to be set for each variable and the continuous variables need to be dichotomised.

It is important to recognise that when applied to dichotomised variables, the computed values of the relative
risk will depend on the value of the chosen cutpoint.

Percentile Relative risk

10 2.64
15 2.32
20 1.90
25 1.73
30 1.63

Table 14.6
Relative risk for different cutpoints

To demonstrate the influence of the cutpoint on the relative risk, two random variables were generated with
a correlation of 0.30. These two variables were then transformed into dichotomous variables by using the
10th, 15th, 20th, 25th and 30th percentiles respectively as cutpoints. Table 14.6 presents the relative risk for a
range of choices for the cutpoints.
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Table 14.6 shows that the relative risk coefficient is dependent on the setting of the cutpoints; thus, the
values should be interpreted in light of this.

Such a comparison of the relative risks was computed for the PISA 2000 data to identify the changes
depending on the cutpoint location. The antecedent factor was the mother’s educational level and the
outcome variable was student performance in reading. Low reading performance was successively defined
within countries as being below the 10th, 15th, 20th, 25th

, 30th and 35th percentiles.

In PISA 2000, the relative risks for these different cutpoints are on average (across OECD countries) equal
to 2.20, 1.92, 1.75, 1.62, 1.53, and 1.46, respectively. In PISA, it was decided to use the 25th percentile as
the cutpoint for continuous variables when calculating the relative risk.

Computation of the relative risk
Depending on the variables involved in the computation of the relative risk, the procedure might differ.
Indeed, the relative risk concept requires as input two dichotomous variables, such as gender.

However, most of the variables in the PISA databases are not dichotomous; they are categorical or continuous
variables.

The recoding of a categorical into a dichotomous variable does not raise any specific issues. From a
theoretical point of view, the purpose of the comparison needs to be decided; the recoding will follow. For
instance, in PISA 2003, the education levels of the parents are reported by using the ISCED classification
(OECD, 1999b). If the comparison is based on the distinction between tertiary versus non-tertiary education,
then the categorical variable can be recoded into a dichotomous variable.

Numerical variables also have to be recoded into dichotomous variables. As stated earlier, the OECD has
decided to divide numerical variables based on the 25th percentile.

If plausible values are involved as outcome measures, after the recoding of the five estimates of the student
performance into dichotomous variables, five relative risks will be computed and then combined.

In the PISA databases however, most numerical variables are discontinuous variables. To ensure that the
25th percentile will divide the variables into two categories that will include 25% and 75% respectively, a
random component has to be added to the initial variable, as described in the previous section on analyses
per quarter. Five relative risk estimates are computed and then combined.

Box 14.2 presents the SAS® syntax for computing the increased likelihood of the students in the bottom
quarter of HISEI (international socio-economic index of occupational status) scoring the bottom quarter of
the science performance distribution, with the PISA 2006 data in France. As HISEI is a discontinuous variable
with a limited number of values, it is necessary to add a random component. This example therefore has five
antecedent variables and five outcome variables.

The first macro devoted to the computation of the relative risk requires five dummy variables as antecedents
and five dummy variables as outcomes. Value 1 will be assigned if the risk is present; otherwise the assigned
value will be 0. Value 1 will also be assigned if the outcome is present; otherwise it will be 0. It is of prime
importance to respect these application conditions. Inverting the values will not stop the macro running, but
it will change the meaning of the results.

Table 14.7 shows that a student in the bottom quarter of the international socio-economic index of
occupational status has 2.38 times more chance of appearing in the bottom quarter of the science
performance distribution.
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Box 14.2 SAS® syntax for computing the relative risk with five antecedent variables
and five outcome variables (e.g. PISA 2006)

data temp2;
set pisa2006.stu;
w_fstr0=w_fstuwt;
if (cnt in (“FRA”));
array a1 (5) scie1-scie5;
array a2 (5) level1-level5;

if (st04q01=1) then gender=0;
if (st04q01=2) then gender=1;

if (intscie <= 0) then int=1;
if (intscie > 0 ) then int=0;
if (intscie in (.,.I,.M,.N)) then int=.;

ses1=hisei+(0.01*normal(-12));
ses2=hisei+(0.01*normal(-23));
ses3=hisei+(0.01*normal(-34));
ses4=hisei+(0.01*normal(-45));
ses5=hisei+(0.01*normal(-56));

if (escs in (.,.I,.M,.N)) then delete;
run;
proc means data=temp2 vardef=wgt noprint;

var ses1-ses5 pv1scie pv2scie pv3scie pv4scie pv5scie;
by cnt;
weight w_fstr0;
output out=temp3 p25=ses25_1-ses25_5 pv25_1-pv25_5;

run;
data temp4;

merge temp2 temp3;
by cnt;
array a1 (5) ses1-ses5;
array a2 (5) ses25_1-ses25_5 ;
array a3 (5) ses_risk1-ses_risk5;
array a4 (5)  pv1scie pv2scie pv3scie pv4scie pv5scie;
array a5 (5) pv25_1-pv25_5;
array a6 (5) pv_out1-pv_out5;
do i=1 to 5;

if (a1(i) <= a2(i)) then a3(i)=1;
if (a1(i) > a2(i)) then a3(i)=0;
if (a1(i) in (.,.M,.I,.N)) then a3(i)=.;

end;
do i=1 to 5;

if (a4(i) <= a5(i)) then a6(i)=1;
if (a4(i) > a5(i)) then a6(i)=0;
if (a4(i) in (.,.M,.I,.N)) then a6(i)=.;

end;
run;
%include “c:\pisa\macro\relative_risk_no_pv.sas”;
%include “c:\pisa\macro\relative_risk_pv.sas”;
%BRR_RR_PV(INFILE=temp4,

 REPLI_ROOT=w_fstr,
 BYVAR=cnt,
 ANTECEDENT_ROOT=ses_risk,
 OUTCOME_ROOT=pv_out,
 LIMIT=no,
 LIMIT_CRITERIA= ,
 ID_SCHOOL=schoolid,
 OUTFILE=exercise2);

run;

CNT STAT SESTAT

FRA 2.38 0.19

Table 14.7
Output data file exercise2 from Box 14.2
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A second macro presented in Box 14.3 has been developed for analyses that involve only one antecedent
variable and one outcome variable.

Box 14.3 SAS® syntax for computing the relative risk with one antecedent variable
and one outcome variable (e.g. PISA 2006)

%BRR_RR(INFILE=temp4,
REPLI_ROOT=w_fstr,
BYVAR=cnt,
ANTECEDENT=gender,
OUTCOME=int,
LIMIT=no,
LIMIT_CRITERIA=,
ID_SCHOOL=schoolid,
OUTFILE=exercise3);

run;

No macro has been developed for analyses that involve one antecedent variable and five outcome variables.
However, Box 14.4 presents the SAS® syntax for computing the relative risk in that case. It consists of running
the macro for relative risk without plausible values five times and then, as usual, combining the results.

Box 14.4 SAS® syntax for computing the relative risk with one antecedent
variable and five outcome variables  (e.g. PISA 2006)

data temp5;
set temp4;
array a1 (5) pv1scie pv2scie pv3scie pv4scie pv5scie;
array a2 (5) low1-low5;
do i=1 to 5;

if (a1(i) > 409.5) then a2(i)=0;
if (a1(i) < 409.5) then a2(i)=1;

end;
run;
%macro rr;
%do rr=1 %to 5;
%BRR_RR(INFILE=temp5,

REPLI_ROOT=w_fstr,
BYVAR=cnt,
ANTECEDENT=gender,
OUTCOME=low&rr,
LIMIT=no,
LIMIT_CRITERIA=,
ID_SCHOOL=schoolid,
OUTFILE=out&rr);

run;
data out&rr;

set out&rr;
stat&rr=stat;
se&rr=sestat;
keep cnt stat&rr se&rr;

run;
%end;
data out;

merge out1 out2 out3 out4 out5;
stat=(stat1+stat2+stat3+stat4+stat5)/5;
mesvar= (((stat1-stat)**2)+((stat2-stat)**2)+((stat3-stat)**2)+

((stat4-stat)**2)+((stat5-stat)**2))/4;
sampvar=((se1**2)+(se1**2)+(se1**2)+(se1**2)+(se1**2))/5;
var=sampvar+(1.2*mesvar);
se=var**0.5;
keep cnt stat se;

run;
%mend;
%rr;
run;
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EFFECT SIZE

An effect size is a measure of the strength of the relationship between two variables. PISA requires sampling a
substantial number of students from each participating country. As standard errors are inversely proportional to
the number of observations, small differences will be statistically different from 0. It is therefore recommended
to analyse the strength of a relationship that is statistically significant. In other words, the effect size helps
researchers decide whether a statistically significant difference is of practical concern.

The term effect size is commonly used to refer to standardised differences. Standardising a difference is useful
when the metric has no intrinsic meaning. With variables that have an intrinsic meaning, it is preferable
to use non-standardised differences. For instance, the differences between male and female averages of
height or weight are more meaningful if they are expressed in metres or kilos than if they are expressed in
standardised differences.

Mathematically, the effect size is equal to:

2

ˆˆ
2
2

2
1

21

+

−

µ̂1 and µ̂2 respectively represent the mean estimates for groups 1 and 2 and 2
1,

2
2 their variance.

Effect sizes are particularly interesting in PISA. Firstly, as differences are also compared across countries,
using the difference or using the effect size might change the interpretation of the results. Differences will
mainly affect countries with large or small standard deviations. For instance, the mean and the standard
deviation of the student performance in reading for males and for females are presented in Table 14.8.

Table 14.8
Mean and standard deviation for the student performance in reading by gender,

gender difference and effect size (PISA 2006)
Performance in reading

Mean Standard deviation
Difference in means between

females and males

Effect size
Rank of the
difference

Rank of the
effect sizeFemales Males Females Males Dif.

AUS 531.8 494.9 86.9 96.5 36.9 0.40 14 16
AUT 512.9 468.3 102.8 108.8 44.6 0.42 24 22
BEL 521.7 482.0 102.1 113.5 39.7 0.37 17 12
CAN 543.0 511.1 90.7 98.9 31.9 0.34 7 6
CHE 515.2 484.4 91.2 94.3 30.8 0.33 5 5
CZE 508.6 462.8 107.5 110.0 45.8 0.42 25 21
DEU 516.6 474.6 105.6 113.9 42.0 0.38 22 14
DNK 509.3 479.5 86.0 90.0 29.8 0.34 3 8
ESP 478.7 443.3 82.4 91.4 35.4 0.41 13 19
FIN 572.0 521.4 73.4 80.9 50.6 0.66 28 29
FRA 504.6 469.8 97.1 107.9 34.9 0.34 11 9
GBR 509.5 480.4 95.3 106.3 29.2 0.29 2 2
GRC 488.1 431.6 87.9 108.3 56.6 0.57 29 28
HUN 503.0 463.4 87.1 96.8 39.6 0.43 16 24
IRL 534.0 500.2 87.0 94.7 33.8 0.37 10 13
ISL 508.9 460.4 87.6 99.8 48.5 0.52 27 27
ITA 489.0 447.7 100.6 112.8 41.3 0.39 20 15
JPN 513.3 482.7 95.0 107.1 30.6 0.30 4 3
KOR 573.8 538.8 82.4 90.4 35.0 0.41 12 18
LUX 495.4 463.7 95.2 102.5 31.7 0.32 6 4
MEX 426.7 393.1 91.7 96.8 33.6 0.36 9 10
NLD 519.0 494.9 93.1 98.4 24.2 0.25 1 1
NOR 508.0 462.1 95.5 108.8 45.9 0.45 26 25
NZL 539.1 501.7 99.2 107.9 37.4 0.36 15 11
POL 527.6 487.4 92.6 103.5 40.1 0.41 18 20
PRT 488.2 455.3 94.1 100.8 32.8 0.34 8 7
SVK 487.8 446.1 98.5 107.0 41.7 0.40 21 17
SWE 528.1 487.6 92.6 99.3 40.5 0.42 19 23
TUR 471.0 427.3 84.6 94.8 43.7 0.49 23 26
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The differences and the effect sizes have been sorted and ranked. In most cases, the two rankings presented in
the two last columns of Table 14.8 are equal or close. However, for some countries, they differ substantially.
For instance, Germany is ranked 22 in the difference, and 14 in the effect size; Hungary ranks 16 and 24,
respectively. The German and Hungarian researchers and policy makers would certainly interpret the results
differently if their analyses were based on the absolute difference or on the effect size.

An effect size also allows a comparison of differences across measures that differ in their metric. For example,
it is possible to compare effect sizes between the PISA indices and the PISA test scores, as for example,
gender differences in performance in science compared to gender differences in several indices.

Two SAS® macros have been developed for the computation of the effect size, depending on whether the
independent variables consist of plausible values or not. Box 14.5 presents the SAS® syntax for running
effect size analyses.

Box 14.5 SAS® syntax for computing effect size (e.g. PISA 2006)

data temp6;
set pisa2006.stu;
w_fstr0=w_fstuwt;
scie1=pv1scie;
scie2=pv2scie;
scie3=pv3scie;
scie4=pv4scie;
scie5=pv5scie;
if(cnt in (“AUT”));

run;

%include “c:\pisa\macro\effect_size_no_pv.sas”;
%include “c:\pisa\macro\effect_size_pv.sas”;

%BRR_EFFECT_PV(INFILE=temp6,
REPLI_ROOT=w_fstr,
BYVAR=cnt,
PV_ROOT=scie,
EFFECT=st04Q01 1 2,
OUTFILE=exercise4);

run;

%BRR_EFFECT(INFILE=temp6,
REPLI_ROOT=w_fstr,
BYVAR=cnt,
VAR=instscie,
EFFECT=st04q01 1 2,
OUTFILE=exercise5);

run;

The dependent variable is listed in the PV_ROOT or VAR argument and the independent variable is listed
in the EFFECT argument. The two values that define the two subgroups follow the name of the independent
variable in the EFFECT argument. The order of two values is important: with st04q01 1 2, the effect size
will be equal to:

2

ˆˆ
2
2

2
1

21

+

−

With st04q01 2 1, the effect size will be equal to:

2

ˆˆ
2
2

2
1

12

+

−
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Table 14.9 and Table 14.10 present the structure of the exercise4 and exercise5 output data files.

CNT STAT SESTAT

AUT -0.08 0.05

Table 14.9
Output data file exercise4 from Box 14.5

CNT STAT SESTAT

AUT -0.21 0.04

Table 14.10
Output data file exercise5 from Box 14.5

LINEAR REGRESSION AND RESIDUAL ANALYSIS

This section is devoted to linear regression analyses. As it will be demonstrated, such models can be used,
even if there is some dependency between the errors within schools. Further, analyses of regression residuals
might also provide researchers an opportunity to investigate composition effects outside complex multilevel
modelling, for instance.

Independence of errors
As expressed by P. Bressoux (2008), “qui se ressemble s’assemble mais aussi qui s’assemble tend à se
ressembler” (all that appear similar, group together; but also, all that group together tend to appear similar).

Selected students that attend the same school cannot be considered as independent observations as they
are usually more similar to each other than students that attend different schools. This assumption of
independence of errors can also be translated as a requirement of the absence of intraclass correlation.
The PISA initial and thematic reports have reported the school variances and the intraclass correlation
coefficients. In some countries such as Austria, Belgium or Germany, more than 50% of the variance is
accounted for by the schools. The assumption of independence between errors cannot be maintained.

The violation of this assumption does not bias the regression coefficient estimates, but underestimates its
standard error, which leads to an increase of type I error (Bressoux, 2008, p. 108). Fortunately, standard
errors in PISA are estimated by replication techniques and are therefore unbiased.

The PISA initial and thematic reports have extensively used the linear regression, mainly for reporting the
change in the student performance score per unit of indices derived from contextual questionnaires. The
detailed description of conducting linear regression analysis with using replicates and plausible values is
presented in Chapters 7 and 8.

This section will describe an alternative use of the linear regression. It consists of analysing the residual
according to a particular criterion. An illustration from Monseur and Crahay (forthcoming) is also provided
to show the potential of such analyses.

The underlying hypothesis of the illustration relates to the impact of social segregation in schools on student
performance. Typically, this hypothesis should be tested with a multilevel regression analysis. However,
such models are quite complex and their results are not always easy to explain.
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The first step implemented by Monseur and Crahay (forthcoming) was to allocate schools to one of the three
following groups: (i) schools mainly attended by students with disadvantaged socio-economic backgrounds;
(ii) schools mainly attended by students with average socio-economic backgrounds, or students with a
mixture of disadvantaged and advantaged socio-economic backgrounds; and (iii) schools mainly attended
by students with advantaged socio-economic backgrounds.

As the within-school samples are simple random samples, the standard error of the school average of the
student socio-economic background can be estimated only with the student final weights without replicates.
Then, the difference of a school average and the country average is statistically tested. If the null hypothesis is
accepted, the school is allocated to the second group, i.e. the average or mixed schools; otherwise, the school
is allocated to the first or to the third group, depending on whether the difference is negative or positive.

Figure 14.1 presents the percentage of students by the three school groups in PISA 2003.

Northern European countries, and to a lesser extent English-speaking countries, tend to have a large
percentage of mixed schools. Highly tracked educational systems, such as Belgium or Germany, present
small percentages of the average or mixed schools.
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Figure 14.1
Percentage of schools by three school groups (PISA 2003)
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The mathematics performance of the students was predicted by the PISA index of economic, social and
cultural status (ESCS) of the student. The residuals were then saved and their means were computed by school
categories and by the national quartiles of ESCS. Table 14.11 presents the average residual for the students in
the bottom quarter of ESCS and for the students in the top quarter of ESCS, by the three school groups.

Table 14.11
Mean of the residuals in mathematics performance for the bottom and top quarters
of the PISA index of economic, social and cultural status, by school group (PISA 2003)

(i) School with disadvantaged
socio-economic intake

(ii) School with average or mixture
of socio-economic intake

(iii) School with advantaged
socio-economic intake

Students in the
bottom quarter of ESCS

Students in the
top quarter of ESCS

Students in the
bottom quarter of ESCS

Students in the
top quarter of ESCS

Students in the
bottom quarter of ESCS

Students in the
top quarter of ESCS

Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E.

AUS -12.7 (5.4) -32.5 (7.9) 10.3 (6.4) -13.3 (4.4) 47.7 (11.6) 18.6 (4.1)
AUT -20.1 (5.3) -79.3 (8.6) 25.5 (7.7) -25.5 (8.0) 87.3 (11.9) 20.4 (4.9)
BEL -30.3 (4.4) -71.9 (8.6) 22.2 (4.7) -18.9 (5.0) 97.3 (5.7) 15.3 (3.5)
CAN -8.5 (3.6) -19.2 (5.9) 4.0 (2.7) -9.5 (3.0) 23.9 (7.7) 17.1 (4.2)
CHE -13.9 (6.3) -43.3 (11.6) -0.3 (4.7) -24.6 (5.1) 72.1 (17.1) 21.9 (5.2)
CZE -23.2 (5.5) -71.8 (11.8) 6.6 (4.0) -32.0 (4.4) 78.6 (15.1) 29.4 (5.4)
DEU -30.2 (5.2) -85.1 (9.2) 25.8 (5.8) -32.0 (7.3) 109.3 (9.8) 24.9 (3.4)
DNK -15.6 (7.6) -18.5 (14.7) 2.5 (4.0) -1.6 (3.8) 19.8 (13.7) 9.2 (5.7)
ESP -7.2 (5.4) -31.9 (9.3) 9.8 (4.5) -9.8 (4.2) 43.0 (8.9) 13.8 (3.7)
FIN 1.6 (4.2) -7.5 (7.5) -0.3 (3.2) -0.1 (3.8) -15.8 (12.7) 1.6 (5.9)
FRA -29.7 (5.2) -70.8 (15.9) 27.4 (6.6) -8.5 (7.0) 69.6 (7.7) 9.7 (5.2)
GBR -12.4 (4.0) -30.0 (8.0) 11.0 (4.3) -10.9 (3.8) 47.5 (11.3) 25.9 (5.3)
GRC -16.3 (5.5) -63.8 (11.4) 21.3 (6.9) -10.4 (5.6) 57.6 (9.4) 14.0 (4.8)
HUN -21.2 (4.8) -84.6 (10.2) 36.7 (5.8) -37.0 (8.2) 76.8 (11.8) 14.4 (4.3)
IRL -22.3 (5.7) -38.8 (12.1) 10.0 (3.8) -9.2 (4.0) 25.9 (11.3) 9.2 (5.7)
ISL 2.5 (4.9) -0.2 (15.9) -0.4 (3.8) 4.9 (4.5) -1.1 (9.6) 0.9 (3.7)
ITA -27.5 (5.6) -71.9 (7.4) 24.2 (7.3) -22.7 (6.9) 71.1 (12.4) 12.5 (5.9)
JPN -27.7 (7.6) -75.4 (11.0) 19.1 (7.9) -41.1 (6.8) 78.3 (11.0) 26.6 (8.7)
KOR -25.0 (5.5) -79.8 (10.5) 41.8 (6.2) -9.6 (5.1) 59.3 (9.5) 20.1 (8.4)
LUX -9.4 (2.7) -51.2 (6.3) 14.7 (6.6) 0.0 (8.2) 73.9 (8.1) 25.3 (3.0)
MEX -13.9 (4.7) -56.8 (9.3) 20.8 (5.2) -30.5 (5.2) 71.7 (7.1) 22.4 (4.5)
NLD -30.3 (6.1) -87.7 (8.4) 15.1 (7.8) -28.3 (6.2) 105.3 (7.5) 34.0 (5.0)
NOR -0.5 (7.2) -14.2 (15.3) -1.4 (3.3) -2.1 (4.3) -11.4 (15.8) 5.6 (5.1)
NZL -19.1 (6.3) -45.0 (12.8) 7.7 (4.0) -2.3 (4.1) 30.9 (10.6) 19.2 (3.9)
POL -8.3 (5.0) -19.5 (7.9) 0.7 (4.8) -4.2 (4.7) 23.4 (14.2) 4.8 (3.8)
PRT -22.3 (5.5) -20.1 (11.3) 20.0 (6.4) -5.4 (5.8) 58.6 (12.8) 15.1 (3.8)
SVK -28.6 (4.9) -75.2 (12.2) 10.3 (5.3) -27.8 (6.3) 59.0 (9.1) 18.2 (5.2)
SWE -12.4 (8.6) -24.4 (12.5) 6.4 (3.5) -2.4 (4.0) 15.7 (10.3) 9.5 (7.0)
TUR 0.6 (5.0) -79.3 (10.2) 30.0 (7.0) -38.7 (5.4) 94.4 (13.6) 38.1 (13.2)
USA -22.3 (6.0) -53.5 (12.5) 13.2 (3.6) -1.6 (3.6) 27.3 (10.5) 15.3 (4.2)

In all countries with significant differences:
• Students attending schools with disadvantaged socio-economic intake perform on average lower than

what would be predicted based on their socio-economic background.

• Students attending schools with advantaged socio-economic intake perform on average higher than what
would be predicted based on their socio-economic background.

• Students attending schools with average or a mixture of socio-economic intake and from the bottom
quarter of ESCS on average perform higher than what would be predicted based on their socio-economic
background; the reverse is observed for students from the top quarter.

These results confirm a school socio-economic composition effect on student performance in mathematics.
These composition effects appear small in northern European countries but large in countries such as
Belgium, Czech Republic and Germany and the Netherlands.

As stated previously, composition effect can be estimated by multilevel regression modelling. Such modelling
does not require allocating schools to some groups. On the other hand, residual analyses can easily be
explained to policy makers.
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STATISTICAL PROCEDURE

Box 14.6 presents the SAS® syntax for running a residual analysis that involves plausible values. First,
five regression models need to be computed, each of them on one of the five plausible values. These five
regressions can be run via a short SAS® macro. The regression residuals are saved and then combined with
the original database. These five regression residuals are then analysed according to a similar procedure as
any plausible values.

Box 14.6 [1/2] SAS® syntax for residual analyses (e.g. PISA 2003)

data temp7;
set pisa2003.stud;
if (cnt in
(‘AUS’,‘AUT’,‘BEL’,‘CAN’,‘CZE’,‘DNK’,‘FIN’,‘FRA’,‘DEU’,
‘GRC’,‘HUN’,‘ISL’,‘IRL’,‘ITA’,‘JPN’,‘KOR’,‘LUX’,‘MEX’,
‘NLD’,‘NZL’,‘NOR’,‘POL’,‘PRT’,‘SVK’,‘ESP’,‘SWE’,‘CHE’,
‘TUR’,‘GBR’,‘USA’));
w_fstr0=w_fstuwt;
math1=pv1math;
math2=pv2math;
math3=pv3math;
math4=pv4math;
math5=pv5math;
keep cnt schoolid stidstd w_fstr0-w_fstr80 math1-math5 escs;

run;
proc sort data=temp7;

by cnt schoolid;
run;
proc means data=temp7 noprint vardef=wgt;

var escs;
by cnt schoolid;
weight w_fstr0;
output out=school1 mean=mu_escs;

run;
proc means data=temp7 noprint ;

var escs;
by cnt schoolid;
output out=school2 stderr=err_escs;

run;
data school3;

merge school1 school2;
by cnt schoolid;
drop _type_ _freq_;

run;
proc means data=temp7 noprint vardef=wgt;

var escs;
by cnt ;
weight w_fstr0;
output out=cnt mean=cnt_escs p25=per25 p75=per75 ;

run;
data school4;

merge school3 cnt;
by cnt;
if ( err_escs > 0) then do;
t=(mu_escs-cnt_escs)/err_escs;
end;
if (t <= -1.96) then schl_type=1;
if (t > -1.96 and t < 1.96) then schl_type=3;
if (t >= 1.96) then schl_type=3;
if (t=. ) then schl_type=.;
keep cnt schoolid schl_type per25 per75;

run;
data temp8;

merge temp7 school4;
by cnt schoolid;
if (escs <= per25) then statut=1;
if (escs > per25 and escs <= per75) then statut=2;
if (escs > per75) then statut=3;
if (escs in (.,.I,.M,.N)) then statut=.;

run;
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Box 14.6 [2/2] SAS® syntax for residual analyses (e.g. PISA 2003)

%include “c:\pisa\macro\proc_freq_no_pv.sas”;
%BRR_FREQ(INFILE=temp8,

 REPLI_ROOT=w_fstr,
 BYVAR=cnt,
 VAR=schl_type,
 LIMIT=no,
 LIMIT_CRITERIA=,
 ID_SCHOOL=,
 OUTFILE=exercise6);

run;
%macro residuals;
%do i=1 %to 5;

proc reg data=temp8 noprint;
model math&i=escs;
by cnt;
weight w_fstr0;
output out=out&i r=res&i;

run;

data out&i;
set out&i;
keep cnt schoolid stidstd res&i;

run;
%end;
data temp9;

merge temp8 out1 out2 out3 out4 out5;
by cnt schoolid stidstd;

run;
%mend;
%residuals;
run;
%include “c:\pisa\macro\proc_means_pv.sas”;
%BRR_PROCMEAN_PV(INFILE=temp9,

 REPLI_ROOT=w_fstr,
 BYVAR=cnt schl_type statut,
 PV_ROOT=res,
 STAT=mean,
 LIMIT=yes,
 LIMIT_CRITERIA=100 10 5 1,
 ID_SCHOOL=schoolid,
 OUTFILE=exercise7);

run;

CONCLUSION

This chapter was devoted to some statistical issues related to the way the OECD reported the relationship
between questionnaire indices and student performance in the initial reports.

The PISA initial and thematic reports extensively use the linear regression, in particular for estimating the
impact of contextual indices on student performance. An alternative use of the linear regression that consists
of analysing the residuals was also presented.
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Preparation of data files
All data files (in text format) and the SAS® control files are available on the PISA website
(www.pisa.oecd.org).

SAS® users
By running the SAS® control files, the PISA data files are created in the SAS® format. Before starting
analysis, assigning the folder in which the data files are saved as a SAS® library.

For example, if the PISA 2000 data files are saved in the folder of “c:\pisa2000\data\”, the PISA 2003
data files are in “c:\pisa2003\data\”, and the PISA 2006 data files are in “c:\pisa2006\data\”, the
following commands need to be run to create SAS® libraries:

libname PISA2000 “c:\pisa2000\data\”;

libname PISA2003 “c:\pisa2003\data\”;

libname PISA2006 “c:\pisa2006\data\”;

run;

SAS® syntax and macros
All syntaxes and macros in this manual can be copied from the PISA website (www.pisa.oecd.org).
The 17 SAS® macros presented in Chapter 17 need to be saved under “c:\pisa\macro\”, before
staring analysis. Each chapter of the manual contains a complete set of syntaxes, which must be
done sequentially, for all of them to run correctly, within the chapter.

Rounding of figures
In the tables and formulas, figures were rounded to a convenient number of decimal places, although
calculations were always made with the full number of decimal places.

Country abbreviations used in this manual
AUS Australia FRA France MEX Mexico

AUT Austria GBR United Kingdom NLD Netherlands

BEL Belgium GRC Greece NOR Norway

CAN Canada HUN Hungary NZL New Zealand

CHE Switzerland IRL Ireland POL Poland

CZE Czech Republic ISL Iceland PRT Portugal

DEU Germany ITA Italy SVK Slovak Republic

DNK Denmark JPN Japan SWE Sweden

ESP Spain KOR Korea TUR Turkey

FIN Finland LUX Luxembourg USA United States



From:
PISA Data Analysis Manual: SAS, Second Edition

Access the complete publication at:
https://doi.org/10.1787/9789264056251-en

Please cite this chapter as:

OECD (2009), “Studying the Relationship between Student Performance and Indices Derived from
Contextual Questionnaires”, in PISA Data Analysis Manual: SAS, Second Edition, OECD Publishing, Paris.

DOI: https://doi.org/10.1787/9789264056251-15-en

This work is published under the responsibility of the Secretary-General of the OECD. The opinions expressed and arguments
employed herein do not necessarily reflect the official views of OECD member countries.

This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the
delimitation of international frontiers and boundaries and to the name of any territory, city or area.

You can copy, download or print OECD content for your own use, and you can include excerpts from OECD publications,
databases and multimedia products in your own documents, presentations, blogs, websites and teaching materials, provided
that suitable acknowledgment of OECD as source and copyright owner is given. All requests for public or commercial use and
translation rights should be submitted to rights@oecd.org. Requests for permission to photocopy portions of this material for
public or commercial use shall be addressed directly to the Copyright Clearance Center (CCC) at info@copyright.com or the
Centre français d’exploitation du droit de copie (CFC) at contact@cfcopies.com.

https://doi.org/10.1787/9789264056251-en
https://doi.org/10.1787/9789264056251-15-en



