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How well do school systems perform in providing young people with a solid foundation
of knowledge and skills, and in preparing them for life and learning beyond school?
International comparisons of the outcomes of education systems have in the past been
elusive. While it has been possible to compare basic structural characteristics of educa-
tional programmes and qualifications across countries, such as their entry requirements,
their labour-market destination or typical patterns of student participation (see OECD,
1999b), there are no agreed standards that would allow to compare the level of content
and quality of the underlying educational activities and services. It is thus difficult to
make inferences regarding the knowledge and skills individuals have actually attained
from such comparisons. Moreover, knowledge and skills are acquired not just through
formal education but also, and increasingly, through formal and informal learning outside
regular educational programmes. However, since 1997 governments of the OECD have
been working on establishing a comparative framework to assess how well their educa-
tion systems meet core objectives. The result has been the OECD Programme for Inter-
national Student Assessment (PISA), the most comprehensive and rigorous international
effort to date to assess learning outcomes and to identify the policy levers that may help
improving the performance of education systems.

What is PISA?

The first PISA survey was conducted in 2000 in 32 countries (including 28 OECD Member
countries), with more than a quarter of a million sampled 15-year-olds taking internation-
ally standardised tests in schools under independently supervised testing conditions. PISA
2000 surveyed reading, mathematical, and scientific literacy, with a primary focus on read-
ing. The survey will be repeated every three years, with successive cycles psychometrically

Chart 1. Student performance and spending per student

Relationship between average performance across the combined reading, mathematical and scientific
literacy scales and cumulative expenditure on educational institutions up to age 15
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linked so as to allow for comparisons over time, and with
the primary focus shifting to mathematics in 2003, science
in 2006 and back to reading in 2009.

First results from PISA were published in 2001, show-
ing how well 15-year-olds across the OECD can apply
knowledge and skills in key subject areas and what they
are like as learners. For some countries, these results
were disappointing, showing that their students’ per-
formance lags considerably behind that of their coun-
terparts, sometimes by the equivalent of several school
years, and sometimes despite high investments in edu-
cation, both in terms of government spending and
student learning time (see Chart 1). Overall, however,
the results provided encouraging insights: the perform-
ance of countries such as Finland, Japan and Korea sug-
gests that excellence in education is an attainable goal,
and at reasonable cost. Equally important, the results
show that high performance standards do not have to
come at the price of large disparities in student per-
formance: six out of the eight countries with the small-
est disparities in mathematics knowledge and skills -
the most school-bound subject assessed by PISA - all
performed well overall. Finally, the examples of Canada,
Finland, Japan, Korea and Sweden, which combined
high performance levels with an exceptionally moder-
ate impact of social background on student perform-
ance, underline that poor performance in school does
not automatically follow from a disadvantaged socio-
economic background of students.

The high performance standards achieved by some coun-
tries set ambitious goals for others. The question is what
they can learn from them to help students to learn better,
teachers to teach better, and schools to be more effective.
While a cross-national survey such as PISA cannot show
which policies or practices cause success, it does allow
one to observe some common characteristics of students,
schools and education systems, which do well. To this end,
PISA 2000 also collected data that could be used to con-
struct indicators pointing to social, cultural, economic and
educational factors that are associated with student per-
formance. These allow one to address differences:

¢ between countries in the relationships between student
level factors (such as gender, motivation, and family con-
text) and achievement;

ein the relationships between school level factors and
achievement across countries;

¢in the proportion of variation in achievement between
(rather than within) schools, and differences in this value
across countries;

® between countries in the extent to which schools mod-
erate or increase the effects of individual-level student
factors and student achievement;

¢ in education systems and national context that are related
to differences in student achievement across countries; and,

PISA 2000 an internationally standardised assessment of 15-year-olds

Sample size

Coverage

e 250,000 15-year-olds in the 32 participating countries were sampled.
¢ 11 additional countries in 2002.
¢ three domains: reading, mathematical and scientific literacy.

e ability to use knowledge and skills to meet real-life challenges.
e mastery of processes, understanding of concepts, and ability to function in various

situations within each domain.

¢ information on students’ attitudes to learning.

Methods

e pencil-and-paper assessments, lasting two hours for each student.

e multiple-choice items and questions requiring students to construct their own answers.

e total of seven hours of assessment items included, with different students taking
different combinations of the assessment items.

e questionnaires on student background as well as learning and study practices.
e school principals completed a questionnaire about their school.

Outcomes

e a profile of knowledge and skills among 15-year-olds.

e contextual indicators relating results to student and school characteristics.
¢ a knowledge base for policy analysis and research.
e trend indicators showing how results change over time, once data become available

from subsequent cycles of PISA.
Future assessments e three-year cycles, next in 2003.



ein the future, changes in any or all of these relation-
ships over time.

Through the collection of such information at the student
and school level on a cross-nationally comparable basis,
PISA adds significantly to the knowledge base that was
previously available from aggregate national statistics.

Such new insights do, however, come at a cost. PISA is
both a resource intensive and a methodologically com-
plex undertaking. This Statistics Brief describes some of
those methodologies, along with the features that have
ensured that PISA provides high quality data that can
support policy formation and review.'

Target population and samples

PISA 2000 was designed to provide an assessment of
the cumulative yield of education and learning at a point
at which most young adults are still enrolled in initial edu-
cation. A major challenge for an international survey of
this kind is to operationalise such a concept in ways that
ensure the international comparability of national target
populations.

Differences between countries in the nature and extent
of pre-primary education and care, the age of entry to
formal schooling, and the institutional structure of edu-
cational systems do not allow the definition of interna-
tionally comparable grade levels of schooling. Some pre-
vious international assessments have defined their target
population on the basis of the grade level that provide
maximum coverage of a particular age cohort. A disad-
vantage of this approach is that slight variations in the
age distribution of students across grade levels often lead
to the selection of different target grades in different coun-
tries, raising serious questions about the comparability
of results across countries. In addition, because not all
students of the desired age are usually represented in
grade-based samples, there may be a more serious
potential bias in the results if the unrepresented students
are typically enrolled in the next higher grade in some
countries and the next lower grade in others. This would
exclude students with potentially higher levels of perform-
ance in the former countries and students with poten-
tially lower levels of performance in the latter.

In order to resolve this problem, PISA 2000 uses an age-
based definition for its target population, i.e. a definition
that is not tied to the institutional structures of national
education systems: PISA assesses students who are
15 years of age at the time of testing and are enrolled in
an educational institution, regardless of the grade levels

1. For further information, see the OECD, 2002b.

or type of institution in which they were enrolled, and of
whether they were in full-time or part-time education. PISA
2000 thus makes statements about the knowledge and
skills of a group of individuals who were born within a
comparable reference period, but who may have under-
gone different educational experiences both within and
outside schools. The precise composition of the popula-
tion of 15-year-old students was dependent on the time
of testing, which each country selected so as to yield com-
parable data across countries in terms of student ages.

All countries attempted to maximise the coverage of 15-
year-olds enrolled in education in their national samples,
including students enrolled in special educational insti-
tutions. The sampling standards used in PISA did, how-
ever, permit countries to exclude, under certain defined
circumstances, up to a total of 5 per cent of the relevant
population either by excluding schools or by excluding
students within schools. The ceiling for population ex-
clusions of 5 per cent ensures that potential bias result-
ing from exclusions is likely to remain within about one
standard error of sampling.

Quality standards, procedures, instruments and verifica-
tion mechanisms were developed for PISA that ensured
that the national probability samples yielded comparable
data and that the results can be compared with confi-
dence. Data quality standards in PISA required minimum
participation rates for schools as well as for students. In
the case of countries meeting these standards, it can be
assumed that any bias resulting from non-response will
be negligible, i.e. typically smaller than the sampling error.

Content coverage and implementation

The most challenging stage in the development of PISA
was to build consensus among OECD countries on the
knowledge and skills that should be used as benchmarks
for an assessment of the outcomes of education systems,
and then to define and operationalise these in ways that
are cross-nationally valid. Following much discussion,
Member countries agreed to focus the first PISA assess-
ment on reading, mathematical and scientific literacy.

A panel of renowned international experts led, in close
consultation with OECD countries, the identification of
the range of skills and competencies that were, in the
three literacy areas, considered to be crucial for an
individual’s capacity to fully participate in and contribute
to a successful modern society. Each assessment area
was then defined to reflect: firstly, knowledge of a set of
fundamental skills and understandings that are specific to
the assessment area and secondly, a capacity to utilise
those skills to address real-life issues and problems.
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The figure below summarises the performance of countries on the reading literacy scale. It also indicates
whether countries perform significantly higher or lower than the comparison countries as well as the estimated
rank order position of each country. For example, Finland, with all triangles pointed up performed significantly
better than all other countries while Canada performed significantly lower than Finland shown by a triangle
pointed down, similarly to New Zealand, Australia, Ireland and Japan shown by a circle and significantly better

Multiple comparisons of mean performance on the combined reading literacy scale
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A detailed operationalisation of the assessment areas —
referred to as the assessment framework — was then
developed and agreed at both scientific and policy levels.

On the basis of the framework, assessment tasks were
then developed and piloted in a Field Trial in all partici-
pating countries before a final set of tasks was selected
for PISA 2000. Each PISA task consisted of a stimulus

(or multiple stimuli) and a set of one or more questions.
The tasks included multiple-choice questions as well
as open constructed-response questions that allowed
for open individual responses and differing viewpoints.
The latter usually asked students to relate information
or ideas in the stimulus text to their own experience or
opinions, with the acceptability depending less on the
position taken by the student than on the ability to use



what they had read when justifying or explaining that
position. Partial credit was often given for partially cor-
rect or less sophisticated answers, and all of these tasks
were marked by hand.?

How did PISA ensure a fair assessment
across OECD countries?

PISA devoted significant attention and resources to re-
flecting the national, cultural and linguistic variety among
OECD countries. As part of this effort, the assessment
included material contributed by participating countries.
In addition, each participating country rated the cultural
relevance and appropriateness of each of the assess-
ment tasks in the national context and the results of this
exercise were, together with the empirical results from
the Field Trial, taken into consideration in the establish-
ment of the PISA 2000 instruments.

Nevertheless, the use of an international assessment based
on tasks drawn from a wide range of countries and cultu-
ral contexts raises the question for individual countries as
to what extent its relative standing in the international com-
parisons might have been different if a task set had been
used that reflected more closely the specific national edu-
cational, cultural and linguistic context.

Since participating countries had rated the appropriate-
ness of each of the PISA 2000 assessment tasks, it was
possible to explore how countries would have performed
if the PISA assessment would have been based only on
those tasks which each country considered most appro-
priate in the national context. Such an analysis was under-
taken and showed a high degree of consistency between
the results based on the international task set and those
based only on the national preferred tasks. All but two
countries (Korea and Norway) show either no differences
at all or would have scored only one or two rank order
positions higher if their national preferred task set had
been used as the basis of comparison.

Another requirement was to administer PISA 2000 in 16
different languages. The challenge of making tests linguis-
tically equivalent in each of these languages is a consider-
able one. PISA addressed this in several ways: first, PISA
prepared and distributed all of its assessment materials in
two source languages; second, participating countries
developed national versions based upon independent
translations from the two source versions, followed by a
reconciliation of the resulting two national versions; and
third, all national versions were verified against the English
and French source versions by specially trained trilingual
verifiers. The development of national versions derived from

2. For a sample of the tasks used see OECD, 2002a.

two different source languages is shown to have many
advantages over other methods.

Finally, detailed guidelines contributed to a marking pro-
cess of student responses that was accurate and con-
sistent across countries. In each country, a sub-sample
of test booklets was marked independently by four mark-
ers on the basis of precise guidelines and examined by
the PISA Consortium (see glossary). In order to examine
the consistency of this marking process in more detail
within each country and to estimate the magnitude of
the variance components associated with the use of
markers, PISA conducted an inter-marker reliability study
on a sub-sample of assessment booklets. Homogeneity
analysis was applied to the national sets of multiple mark-
ing and compared with the results of the Field Trial. At
the between-country level, an inter-country reliability
study was carried out on a sub-set of tasks. The aim was
to check whether the marking given by national markers
was of equal severity in each country, both overall and
for particular tasks.

The survey was implemented through standardised pro-
cedures. The PISA Consortium provided comprehensive
manuals that explained the implementation of the survey,
including precise instructions for the work of School Co-
ordinators and scripts for the Test Administrators for use
during the testing sessions. To minimise the burden on
the participating schools, to establish the credibility of PISA
as valid and as unbiased and to encourage uniformity in
the administration of the testing sessions, independent
Test Administrators conducted the assessment based on
detailed and internationally agreed protocols.

National Quality Monitors appointed by the international
PISA Consortium visited all national centres to review
data-collection procedures. Finally, School Quality Moni-
tors from the PISA Consortium visited a sample of 25
per cent of the schools during the assessment.

How did PISA measure student proficiency?

PISA 2000 required each sampled student to respond to
a 120-minute test. Because a single 120-minute test is
not sufficient to allow a representative coverage of the
content to be assessed in reading, mathematics and
science, a test rotation system was employed. In this sys-
tem a total of 208 different reading, mathematics and
science tasks were distributed around 9 two-hour book-
lets. By randomly assigning one of these 9 booklets to
each student and employing item response scaling meth-
ods, it was possible to cover a wide-range of material
within a two-hour testing period for each individual
student. In these scaling methods, the tasks are described



by a fixed set of unknown task difficulty parameters. The students, makes it possible to also examine variation in
task difficulty parameters are then estimated through a student performance within countries. Such variation
model based on the combined international data set with may result from the socio-economic backgrounds of
countries given equal weight. On the basis of the inter- students and schools, from the human and financial
national item difficulty parameters, estimates of student resources available to schools, from curricular differ-
performance are then derived. For each of the PISA 2000 ences, from selection policies and practices and from
areas, the scale was standardised such that the student the way in which teaching is organised and delivered.
mean score across OECD Member-countries was 500 Some countries have non-selective school systems that
and the standard deviation was 100. seek to provide all students with the same opportuni-

ties for learning and that allow each school to cater for
To give substantive meaning to the numerical scale the full range of student performance. Other countries
scores, levels of proficiency were constructed that were respond to diversity explicitly by forming groups of
derived based on the skill requirements of the underlying students of similar performance levels through selec-
tasks. Finally, a content-based interpretation for scores tion either within or between schools, with the aim of
in each level was developed. Chart 2 presents the per- serving students according to their specific needs. In
centage of students performing at each of the proficiency many countries, combinations of the two approaches
levels on the PISA 2000 reading literacy scale. occur. Even in comprehensive school systems, there

may be significant variation between schools due to the
How did PISA decompose variation in socio-economic and cultural characteristics of the com-
student performance? munities that the schools serve or to geographical dif-

ferences (such as differences between regions, prov-
The fact that PISA measures proficiency not at the inces or states in federal systems, or differences
aggregate country level, but at the level of individual between rural and urban areas).

Chart 2. Percentage of students performing at each of the proficiency levels
on the combined reading literacy scale
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How do the policies and historical patterns that shape
each country’s school system affect and relate to the over-
all variation in student performance? The decomposition
of the variation in student performance shown in Chart 3
provides some insights.

Chart 3 shows the extent of variation attributable to dif-
ferent factors in each country. The length of the bars
indicate the total observed variation in student perform-
ance on the PISA reading literacy scale. The bar for each
country is aligned in the figure such that variation
between schools is represented by the length of the bar
to the left of the vertical line down the centre of the
figure (e.g., 76.0 per cent for Belgium), and variation
within schools is represented by the length of the bar to
the right of that vertical line (e.g., 50.9 per cent for
Belgium). If the sum of the between and within-school
variance components is larger than 100, this indicates
that variation in student performance is greater in the
corresponding country than in a typical OECD country.
Similarly, a value smaller than 100 indicates below-
average variation in student performance.

As shown, in most countries a considerable portion of the
variation in student performance lies between schools.
Further analysis of the data suggests that, in school sys-
tems with differentiated school types, the clustering of
students with particular socio-economic characteristics
in certain schools is greater than in systems where the
curriculum does not vary significantly between schools.

PISA results suggest that the identification of factors
explaining why some schools or some countries have
better results than others is complex. Further research

Chart 3. Variation in student performance between and
within schools on the combined reading literacy scale

Expressed as a percentage of the average variation in student
performance in OECD countries
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and institutional factors

Between school variation | Within school variation

Belgium 76.0

Germany 74.8

Italy

Japan

United States

United Kingdom

Australia

New Zealand

Korea

Canada

Finland

Sweden

120 80 40 0 40 80 120

Source: Knowledge and Skills for Life: First Results from PISA 2000,
OECD, 2001.

and analysis will be necessary to identify how these
factors operate, interact with home background, and
influence student performance.

Glossary

Reading literacy: understanding, using, and reflecting on
written texts, in order to achieve one’s goals, to develop one’s
knowledge and potential, and to participate in society.

Mathematical literacy: capacity to identify and under-
stand the role that mathematics plays in the world, to
make well-founded judgements and to engage in math-
ematics, in ways that meet the needs of that individual’s
life as a constructive, concerned, and reflective citizen.

Scientific literacy: capacity to use scientific knowledge,
to identify questions and to draw evidence-based conclu-
sions in order to understand and help make decisions
about the natural world and the changes made to it
through human capacity.

PISA Consortium: The implementation of PISA was the
responsibility of an international consortium led by the
Australian Council for Educational Research. The other
partners in this consortium were the National Institute
for Educational Measurement in the Netherlands, Westat
and the Educational Testing Service in the United States,
and the National Institute for Educational Policy Research
in Japan.

Proficiency level: The PISA proficiency scales are divided
into five levels of knowledge and skills, describing what
students can do. Students at a particular level not only
demonstrate the knowledge and skills of that level but
also the ones required at lower levels.



Further information

Access to the complete micro-level database for PISA as well as to relevant tech-
nical documentation and the PISA reports is provided through the website
www.pisa.oecd.org.

e “Measuring Student Knowledge and Skills: A New Framework for Assess-
ment”, OECD, 1999a.

Conceptual framework on which the PISA 2000 assessment is based,
defining the domains of reading, mathematical and scientific literacy in terms
of the content that students need to acquire, the processes that need to be
performed, and the contexts in which knowledge and skills are applied.

e “Classifying Educational Programmes. Manual for ISCED-97 Implementa-
tion in OECD Countries”, OECD, 1999b.

Presents the educational structures of the OECD countries into a compar-
able international framework.

e “Knowledge and Skills for Life: First Results from PISA 2000”, OECD, 2001.

Presents evidence on student performance in reading, mathematical and
scientific literacy, revealing factors that influence the development of these
skills at home and at school, and examining what the implications are for
policy development.

e “Sample Tasks from the PISA 2000 Assessment: Reading, Mathematical
and Scientific Literacy”, OECD, 2002a.

Description of the instruments underlying the PISA 2000 assessment. It
introduces the PISA approach to assessing reading, mathematical and scien-
tific literacy with its three dimensions of process, content and context. It
also presents a sample of PISA 2000 tasks, and explains how these tasks
were scored and how they relate to the conceptual framework underlying
PISA.

e “PISA 2000 Technical Report”, OECD, 2002b, forthcoming.

Report of all technical aspects related to the implementation of the PISA
assessment including: test design and development; questionnaire design
and development; sampling design; quality standards and quality monitor-
ing procedures; weighting, scaling and error variance estimation procedures;
scale construction; data processing and database preparation; and, ques-
tionnaire analysis.
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