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INTRODUCTION

The PISA initial and thematic reports present results for each country and two additional aggregated
estimates: the OECD total and the OECD average.

The OECD total considers all the OECD countries as a single entity, to which each country contributes
proportionally to the number of 15-year-olds enrolled in its schools. To compute an OECD total estimate,
data have to be weighted by the student final weight, i.e. W_FSTUWT.

On the contrary, the OECD average does not take into account the absolute size of the population in each
country; each country contributes equally to the OECD average. The contribution of the smallest OECD
country, i.e. Luxembourg, is equivalent to one of the largest countries, i.e. the United States.

In the PISA publications, the OECD total is generally used when references are made to the overall situation in the
OECD area; the OECD average is used when the focus is on comparing performance across education systems.

In the case of some countries, data may not be available for specific indicators, or specific categories may not
apply. Researchers should, therefore, keep in mind that the terms OECD average and OECD total refer to the
OECD countries included in the respective comparisons for each cycle and for a particular comparison.

There are two approaches to compute the OECD total and the OECD average.

• One way is to compute them based on the pooled samples of the OECD countries with specific
weights. To compute the pooled OECD total estimate, data will be weighted by the student final
weight, i.e. W_FSTUWT. The computation of the pooled OECD average estimates will require the
transformation of the student final weights and replicates so that their sum per country is a constant.
These transformed weights are usually denoted as SENAT weights.

• The other way is to compute them directly from the country estimates. The arithmetic OECD total is the
weighted average of the country estimates and the arithmetic OECD average is the unweighted average
of the country estimates.

The arithmetic OECD total estimate and its respective sampling variance are equal to:
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with  any statistics, SE 2 its respective sampling variance and wi being the sum of the student final weights
for a particular country, C being the number of OECD countries that participated.

The arithmetic OECD average estimate and its respective sampling variance are equal to:
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with C being the number of OECD countries that participated.

For example, if the statistic is a mean, the arithmetic OECD total mean and its respective sampling variance
are equal to:
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with wi being the sum of the student final weights for a particular country.
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The arithmetic OECD average mean and its respective sampling variance are equal to:
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with C being the number of OECD countries that participated.

For simple statistics such as a mean or a percentage, the pooled OECD total estimate is mathematically equal
to the arithmetic OECD total estimate, and the pooled OECD average estimate is equal to the arithmetic
OECD average, respectively, if no data are missing.

If the percentage of missing data varies between countries, however, then these two estimates are not equal
anymore, unless a weight adjustment for missing data is applied to W_FSTUWT and SENAT weights. For
instance, in PISA 2000, about 60% of the Japanese students did not have information on their parent’s main
occupation. The data for Japan therefore contribute substantially less than it should for the computation of
the pooled OECD average estimate.

Furthermore, “pooled” estimates and “arithmetic” estimates are not equal for the estimates which include the
notion of variation (such as standard deviation) and the notion of relationship (such as regression coefficients
or correlation). For instance, the pooled OECD average for standard deviation for the student performance,
i.e. 100, is not equal to the average of country standard deviation. Also the pooled OECD average for a
regression coefficient is not equal to the arithmetic OECD average for a regression coefficient and the pooled
OECD total for a regression coefficient is not equal to the arithmetic OECD total for a regression coefficient.

Table 12.1
Regression coefficients of the index of instrumental motivation in mathematics

on mathematic performance in OECD countries (PISA 2003)

Change in the mathematics score per unit of this index

Effect S.E.

AUS 16.88 0.91
AUT -3.70 1.60
BEL 11.03 1.63
CAN 19.78 0.96
CHE -2.39 1.62
CZE 10.73 1.82
DEU 1.11 1.93
DNK 20.89 1.77
ESP 19.41 1.39
FIN 26.89 1.70
FRA 13.72 1.61
GBR 10.39 1.48
GRC 14.89 1.76
HUN 7.86 1.90
IRL 7.66 1.45
ISL 17.73 1.72
ITA 8.45 1.58
JPN 23.92 2.25
KOR 32.81 1.77
LUX -0.01 1.35
MEX 5.37 2.44
NLD 6.14 2.00
NOR 28.49 1.49
NZL 15.63 1.81
POL 16.97 1.82
PRT 17.35 2.04
SVK 6.29 1.98
SWE 22.98 2.00
TUR 12.89 2.39
USA 13.58 1.52
Pooled OECD average 8.52 0.41
Arithmetic OECD average 13.46 0.32
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The example presented in Table 12.1, which presents the mathematic score per unit of the index of
instrumental motivation in mathematics in PISA 2003, illustrates the distinction between the pooled OECD
average and the arithmetic OECD average. The arithmetic OECD average for a regression coefficient, i.e. the
average of the country regression coefficients, differs from the pooled OECD average in Table 12.1

In the PISA 2000 and 2003 initial and thematic reports published before 2005, the pooled OECD total and
the pooled OECD average were reported as the OECD total and the OECD average. In the PISA publication
after 2005, in general, the OECD total corresponds to the pooled OECD total, while the OECD average
corresponds to the arithmetic OECD average, unless otherwise stated.

RECODING OF THE DATABASE TO ESTIMATE THE POOLED OECD TOTAL AND THE
POOLED OECD AVERAGE

As stated in Chapter 4, the sum of the student final weights per country is an estimate of the 15-year-
old population in that country. Therefore, the OECD total statistic can easily be obtained by deleting the
partner country data. Then the statistic is computed, without using the country breakdown variable (CNT).
The standard error is obtained as usual by using the 80 replicates. Box 12.1 provides the SAS® syntax for
computing the pooled OECD total for the mathematics performance by gender in PISA 2003 and Table 12.2
provides the results of the procedure.

ST03Q01 STAT SESTAT

1 483.93 1.25
2 494.04 1.32

Table 12.2
Output data file exercise1 from Box 12.1

Box 12.1 SAS® syntax for computing the pooled OECD total
for the mathematics performance by gender (e.g. PISA 2003)

libname PISA2003 “c:\pisa\2003\data\”;
options nofmterr notes;
run;
data temp1;

set pisa2003.stud;
if (cnt in (‘AUS’,‘AUT’,‘BEL’,‘CAN’,‘CZE’,‘DNK’,‘FIN’,‘FRA’,
‘DEU’,‘GBR’,‘GRC’,‘HUN’,‘ISL’,‘IRL’,‘ITA’,‘JPN’,
‘KOR’,‘LUX’,‘MEX’,‘NLD’,‘NZL’,‘NOR’,‘POL’,‘PRT’,
‘SVK’,‘ESP’,‘SWE’,‘CHE’,‘TUR’,‘USA’));
pv1=pv1math;
pv2=pv2math;
pv3=pv3math;
pv4=pv4math;
pv5=pv5math;
w_fstr0=w_fstuwt;
if (not missing (st03q01));
keep cnt schoolid stidstd pv1-pv5 w_fstr0-w_fstr80 st03q01;

run;
%include “c:\pisa\macro\proc_means_pv.sas”;
%BRR_PROCMEAN_PV( INFILE=temp1,

REPLI_ROOT=w_fstr,
BYVAR=st03q01,
PV_ROOT=pv,
STAT=mean,
LIMIT=no,
LIMIT_CRITERIA=,
ID_SCHOOL=,
OUTFILE=exercise1);
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Computing the pooled OECD average requires an additional step. The student final weights need to be
recoded, so that the sum of the student final weights per country is equal to a constant, e.g. 1 000. This
can easily be implemented with the PROC UNIVARIATE procedure, as described in Box 12.2. Table 12.3
presents the results of the procedure.

ST03Q01 STAT SESTAT

1 494.41 0.76
2 505.53 0.75

Table 12.3
Output data file exercise2 from Box 12.2

Box 12.2 SAS® syntax for the pooled OECD average
for the mathematics performance by gender (e.g. PISA 2003)

data temp2;
set pisa2003.stud;
if (cnt in (‘AUS’,‘AUT’,‘BEL’,‘CAN’,‘CZE’,‘DNK’,‘FIN’,‘FRA’,
‘DEU’,‘GRC’,‘GBR’,‘HUN’,‘ISL’,‘IRL’,‘ITA’,‘JPN’,
‘KOR’,‘LUX’,‘MEX’,‘NLD’,‘NZL’,‘NOR’,‘POL’,‘PRT’,
‘SVK’,‘ESP’,‘SWE’,‘CHE’,‘TUR’,‘USA’));
pv1=pv1math;
pv2=pv2math;
pv3=pv3math;
pv4=pv4math;
pv5=pv5math;
w_fstr0=w_fstuwt;
keep cnt schoolid stidstd pv1-pv5 w_fstr0-w_fstr80 st03q01;

run;

proc sort data=temp2;
by cnt schoolid stidstd;

run;

proc univariate data=temp2;
var w_fstr0;
by cnt;
output out=cntwgt1 sum=sumwgt;

run;

data temp3;
merge temp2 cntwgt1;
by cnt;
array wgt (81)

w_fstr0-w_fstr80;
do i=1 to 81;

wgt(i)=(1000*wgt(i))/sumwgt;
end;
if (not missing (st03q01));

run;

%BRR_PROCMEAN_PV( INFILE=temp3,
REPLI_ROOT=w_fstr,
BYVAR=st03q01,
PV_ROOT=pv,
STAT=mean,
LIMIT=no,
LIMIT_CRITERIA=,
ID_SCHOOL=,
OUTFILE=exercise2);

run;

It is worth noting that the standard error is higher for the pooled OECD total than it is for the pooled OECD
average. In the case of the pooled OECD total, 40% of the data come from just two countries (i.e. Japan and
the United States), and these two countries do not have large sample sizes compared to the other OECD
countries.
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DUPLICATION OF THE DATA TO AVOID RUNNING THE PROCEDURE THREE TIMES

If a researcher is interested in the country estimates as well as the pooled OECD total and the pooled OECD
average, then three runs of the procedure are needed: one for the country estimates, one for the pooled
OECD total estimate and one for the pooled OECD average estimate.

In order to avoid such repetitions, it is possible to duplicate three times the data for the OECD countries in
such a way that the procedure directly provides the estimates for each country, as well as the pooled OECD
total and the pooled OECD average estimates.

Box 12.3 SAS® syntax for the creation of a larger dataset that will allow
the computation of the pooled OECD total

and the pooled OECD average in one run (e.g. PISA 2003)

data temp4;
set pisa2003.stud;
if (cnt in (‘AUS’,‘AUT’,‘BEL’,‘CAN’,‘CZE’,‘DNK’,‘FIN’,‘FRA’,
‘DEU’,‘GRC’,‘GBR’,‘HUN’,‘ISL’,‘IRL’,‘ITA’,‘JPN’,
‘KOR’,‘LUX’,‘MEX’,‘NLD’,‘NZL’,‘NOR’,‘POL’,‘PRT’,
‘SVK’,‘ESP’,‘SWE’,‘CHE’,‘TUR’,‘USA’))
then oecd=1;;
if (cnt in ( ‘BRA’,‘HKG’,‘IDN’,‘LVA’,‘LIE’,‘MAC’,

‘RUS’,‘YUG’,‘THA’,‘TUN’,‘URY’))
then oecd=4;
country=cnt;

run;
proc sort data=temp4;

by oecd cnt schoolid stidstd;;
run;
data temp5;

set temp4;
if (oecd=1);
country=“TOT”;
oecd=2;

run;
proc univariate data=temp5 noprint;

var w_fstuwt;
by cnt;
output out=cntwgt2 sum=sumwgt;

run;
data temp6;

merge temp5 cntwgt2;
by cnt;
array wgt (81)

w_fstuwt w_fstr1-w_fstr80;
do i=1 to 81;

wgt(i)=(1000*wgt(i))/sumwgt;
end;
country=“AVE”;
oecd=3;

run;
proc sort data=temp5;

by oecd cnt schoolid stidstd;
run;
proc sort data=temp6;

by oecd cnt schoolid stidstd;
run;
data pisa2003.student;

merge temp4 temp5 temp6;
by oecd cnt schoolid stidstd;

run;
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Box 12.3 presents the SAS® syntax for the generation of such datasets. It consists of the following steps:

• Create a temporary file (TEMP4) with a new categorical variable, denoted OECD, which separates OECD

and the partner countries; a value of 1 for OECD countries, a value of 4 for the partner countries. Also,

create an alphanumerical variable, denoted COUNTRY, and set it as CNT.

• After sorting the temporary file (TEMP4), select only OECD countries, set the variable OECD as 2, set the

COUNTRY variable as TOT, and save in another temporary file (TEMP5).

• In theTEMP5 file, compute the sum of the student final weights by country through the PROC UNIVARIATE

procedure and save the results in a temporary file named CNTWGT2.

• Merge the TEMP5 file with the CNTWGT2 file, and transform the final student weights in such a way that

the sum per country is equal to 1 000. Apply the same linear transformation to the 80 replicates. Set the

COUNTRY variable as AVE and the OECD variable as 3. Then, save these new data into TEMP6.

• After sorting TEMP5 and TEM6, merge the TEMP4, TEMP5 and TEMP6 files and save in a final SAS®

data file.

SAS® macros presented in the previous chapters can be applied to this new data file. The breakdown

variables are now OECD and COUNTRY instead of CNT. The output data file will contain two additional

rows for the pooled OECD average and the pooled OECD total. The first 30 rows will be the results of OECD

countries. The next two rows will present the pooled OECD total and the pooled OECD average estimates.

Finally, the last rows will present the estimates for the partner countries.

With the increasing numbers of partner countries and of countries that are oversampling for subnational

adjudication, the file with duplicates might contain more than 500 000 records. In terms of computing

time, this procedure might become less efficient than estimating separately the pooled OECD total and

the pooled OECD average. However, creating a file with duplicates might be required if the difference

between an OECD country and the pooled OECD total or the pooled OECD average need to be

statistically tested.

COMPARISONS BETWEEN THE POOLED OECD TOTAL OR POOLED OECD AVERAGE
ESTIMATES AND A COUNTRY ESTIMATE

As a reminder, only OECD countries that are fully adjudicated contribute to the OECD average and the

OECD total estimates and their respective standard errors. Therefore, the expected value of the covariance

between a country sampling variance and the OECD aggregate sampling variance will differ from 0 if the

country’s values are included in the OECD aggregate values, because the two are not independent. Indeed,

if the sampling variance of one country increases, then the OECD aggregate sampling variance will also

increase.

If a researcher wants to test the null hypothesis between an OECD country and the OECD aggregate estimate,

then the covariance should be estimated, as explained in Chapter 11. Since the covariance is expected to be

positive, then the correct standard error estimate should be smaller than the standard error obtained from

the formulae.

Since partner countries do not contribute at all to the OECD aggregate estimates, estimating the covariance

is not necessary. The standard error on the difference can be directly obtained from the country standard

error and the aggregate standard error.
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Table 12.4 provides:

• the country mean performance in mathematics as well as the pooled OECD total and the pooled OECD
average in PISA 2003;

• the standard error on these mean estimates;

• the difference between the country mean and the pooled OECD total;

• the standard error on this difference, using the formula provided in Chapter 10, i.e. without an estimation
of the covariance;

• the standard error on this difference, using the replicates, i.e. with an estimation of the covariance;

• the difference between the country mean and the pooled OECD average;

• the standard error on this difference, using the formula provided in Chapter 10, i.e. without an estimation
of the covariance;

• the standard error on this difference, using the replicates, i.e. with an estimation of the covariance.

Table 12.4
Difference between the country mean scores in mathematics and the OECD total and average

(PISA 2003)

Mean score Difference from the OECD total Difference from the OECD average

Mean S.E. Dif.

S.E. without
the covariance

estimates

S.E. with the
covariance
estimates Dif.

S.E. without
the covariance

estimates

S.E. with the
covariance
estimates

O
EC

D Australia 524 2.2 35 2.4 2.1 24 2.2 2.0
Austria 506 3.3 17 3.4 3.5 6 3.3 3.3
Belgium 529 2.3 40 2.5 2.4 29 2.4 2.2
Canada 532 1.8 43 2.1 2.1 32 1.9 2.0
Czech Republic 516 3.6 27 3.7 3.9 16 3.6 3.5
Denmark 514 2.7 25 3.0 3.0 14 2.8 2.7
Finland 544 1.9 55 2.2 2.1 44 2.0 1.9
France 511 2.5 22 2.7 2.5 11 2.6 2.5
Germany 503 3.3 14 3.5 3.4 3 3.4 3.3
Greece 445 3.9 -44 4.1 3.9 -55 4.0 3.8
Hungary 490 2.8 1 3.0 3.2 -10 2.9 3.0
Iceland 515 1.4 26 1.8 1.8 15 1.6 1.5
Ireland 503 2.5 14 2.7 2.6 3 2.5 2.4
Italy 466 3.1 -23 3.3 3.1 -34 3.1 3.0
Japan 534 4.0 45 4.2 3.9 34 4.1 3.9
Korea 542 3.2 53 3.4 3.3 42 3.3 3.2
Luxembourg 493 1.0 4 1.5 1.5 -7 1.2 1.2
Mexico 385 3.6 -104 3.8 3.6 -115 3.7 3.6
Netherlands 538 3.1 49 3.3 3.2 38 3.2 3.1
New Zealand 523 2.3 34 2.5 2.4 23 2.3 2.3
Norway 495 2.4 6 2.6 2.7 -5 2.5 2.4
Poland 490 2.5 1 2.7 2.8 -10 2.6 2.5
Portugal 466 3.4 -23 3.6 3.3 -34 3.5 3.2
Slovak Republic 498 3.4 9 3.5 3.5 -2 3.4 3.3
Spain 485 2.4 -4 2.6 2.6 -15 2.5 2.5
Sweden 509 2.6 20 2.8 2.5 9 2.6 2.4
Switzerland 527 3.4 38 3.6 3.5 27 3.4 3.4
Turkey 423 6.7 -66 6.8 6.5 -77 6.8 6.5
United Kingdom 508 2.4 19 2.7 2.4 8 2.5 2.4
United States 483 3.0 -6 3.1 2.4 -17 3.0 2.9
OECD total 489 1.1
OECD average 500 0.6

Pa
rt

ne
rs Brazil 356 4.8 -133 5.0 4.9 -144 4.9 4.8

Hong Kong-China 550 4.5 61 4.7 4.8 50 4.6 4.7
Indonesia 360 3.9 -129 4.1 4.0 -140 4.0 3.9
Latvia 483 3.7 -6 3.8 3.9 -17 3.7 3.8
Liechtenstein 536 4.1 47 4.3 4.2 36 4.2 4.1
Macao-China 527 2.9 38 3.1 3.1 27 3.0 2.9
Russian Federation 468 4.2 -21 4.3 4.5 -32 4.2 4.3
Serbia 437 3.8 -52 3.9 3.9 -63 3.8 3.8
Thailand 417 3.0 -72 3.2 3.4 -83 3.1 3.2
Tunisia 359 2.5 -130 2.8 2.6 -141 2.6 2.6
Uruguay 422 3.3 -67 3.5 3.4 -78 3.4 3.3
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The correct standard error estimates are in bold in Table 12.4. The differences between the biased and
unbiased estimates for OECD countries are not very large.

The differences for partner countries are not very large either. As the expected covariance for partner
countries are 0, both standard errors are on average unbiased. However, it is recommended to use the
standard error directly obtained with the formula.

COMPARISONS BETWEEN THE ARITHMETIC OECD TOTAL OR ARITHMETIC
OECD AVERAGE ESTIMATES AND A COUNTRY ESTIMATE

The standard error on a difference between the arithmetic OECD total and an OECD country estimate can
be mathematically computed as follows:1
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with C being the number of OECD countries, SEj being the standard error for country j  parameter estimate,
wi being the sum of the student final weights for a particular country i and wj being the sum of the student
final weights for a particular country j.

In this formula, it can be observed that the first block on the right side of the equation, i.e.
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to the equation for the sampling variance for the arithmetic OECD total presented at the beginning of this

chapter.

The standard error on a difference between the arithmetic OECD average and an OECD country estimate
can be mathematically computed as follows (Gonzalez, 2003):
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with C being the number of OECD countries and SEj being the standard error for country j  parameter
estimate.

In this formula, it can be observed that the first block on the right side of the equation, i.e. 2
1
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iSE

, is equivalent
to the equation for the sampling variance for the arithmetic OECD average presented at the beginning of
this chapter.

CONCLUSION

This chapter discussed the concepts of OECD total and OECD average. First, the pooled OECD total and
the arithmetic OECD total as well as the pooled OECD average and the arithmetic OECD average were
introduced. The “pooled” and “arithmetic” estimates should be the same, as far as no data are missing, for
the simple statistics such as mean and percentage, but these are different for the statistics which involves the
notion of variation or relationship (e.g. standard deviation and correlation coefficient).

The second section presented the recoding of the database in order to estimate the pooled OECD total and
the pooled OECD average. The SAS® syntax for creating a larger dataset was also provided.

Finally, following the issues raised in the previous chapter devoted to comparisons, any comparison that
involves a particular country and an OECD aggregate estimate was discussed.
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Note

1. The derivation assumes that the population size is known, which is not the case in PISA. However, this variance is a “second
order” contribution to the standard error that it is estimating and can therefore be ignored.
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User’s Guide

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
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