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5.1 Overview

This chapter describes the PIRLS 2001 procedures for sampling
from the student population in each participating country. To be
acceptable for PIRLS, national sample designs had to result in
probability samples that gave accurate weighted estimates of pop-
ulation parameters such as means and percentages, and for which
estimates of sampling variance could be computed. The PIRLS
sample design is derived from the design of IEA’s TIMSS (see Foy
& Joncas, 2000), with minor refinements. Since sampling for PIRLS
was to be implemented by the National Research Coordinator (NRC)
in each participating country – often with limited resources – it
was essential that the design be simple and easy to implement
while yielding accurate and efficient samples of both schools and
students. The design that was chosen for PIRLS strikes a good bal-
ance, providing accurate sample statistics while keeping the sur-
vey simple enough for all participants to implement.

The international project team provided manuals and expert advice
to help NRCs adapt the PIRLS sample design to their national sys-
tem, and to guide them through the phases of sampling. The School
Sampling Manual (PIRLS, 1999) describes how to implement the
international sample design to select the school sample; and offers
advice on initial planning, adapting the design to national situa-
tions, establishing appropriate sample selection procedures, and
conducting fieldwork. The Survey Operations Manual – Main
Survey and School Coordinator Manual – Main Survey (PIRLS,
2001b, 2001a) provide information on sampling within schools,
assigning assessment booklets and questionnaires to sampled stu-
dents, and tracking respondents and non-respondents. To automate
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the rather complex within-school sampling
procedures, NRCs were provided with sam-
pling software jointly developed by the IEA
Data processing Center and Statistics
Canada (IEA, 2001). 

As well as administering the PIRLS 2001
instruments, countries that had participated
in IEA’s 1991 Reading Literacy Study had
the option of using their national 1991
Reading Literacy Study instruments to
measure trends in reading achievement
between 1991 and 2001. This component of
PIRLS 2001 was known as the Trends in
IEA’s Reading Literacy Study. The School
Sampling Guide for the 10-Year Trend Study
(PIRLS, 2000) describes how to implement
the international sample design for the
trend study.

In addition to sampling manuals and soft-
ware, expert support was made available to
help NRCs with their sampling activities.
Statistics Canada (in consultation with the
PIRLS sampling referee) reviewed and
approved the national sampling plans, sam-
pling data, sampling frames, and sample
implementation. Statistics Canada also pro-
vided advice and support to NRCs at all
stages of the sampling process, drawing
national school samples for more than half
of the PIRLS participants.

Where the local situation required it, NRCs
were permitted to adapt the sample design
for their educational systems, using more
sampling information, and more sophisticat-
ed designs and procedures than the base
design required. However, these solutions
had to be approved by the International
Study Center (ISC) at Boston College, and
by Statistics Canada.

5.2 PIRLS Target Population

In IEA studies, the target population for all
countries is known as the international
desired target population. This is the grade
or age level that each country should
address in its sampling activities. The inter-
national desired target population for PIRLS
was the following:

All students enrolled in the upper of the two
adjacent grades that contain the largest propor-
tion of 9-year-olds at the time of testing.

The PIRLS target grade was usually the
fourth grade of primary school. Because
fourth grade generally signals the comple-
tion of formal reading instruction, countries
for which the target grade would have been
the third grade (based on the international
desired target population) were permitted to
retain the fourth grade as their target grade.
The PIRLS target population was derived
from that used by TIMSS in 1995, and iden-
tical to that used by TIMSS 2003 at primary
school level.

5.2.1 Sampling from the Target Population

PIRLS expected all participating countries
to define their national desired population to
correspond as closely as possible to its defi-
nition of the international desired popula-
tion. For example, if fourth grade was the
upper of the two adjacent grades containing
the greatest proportion of 9-year-olds in a
particular country, then fourth grade
should be the national desired population
for that country. Although countries were
expected to include all students in the tar-
get grade in their definition of the popula-
tion, sometimes they had to reduce their
coverage. Lithuania, for example, planned
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to collect data only about students in
Lithuanian-speaking schools, so their
national desired population fell short of the
international desired population. The inter-
national report documents such deviations
from the international definition of the
PIRLS target population. 

Using its national desired population as a
basis, each participating country had to
define its population in operational terms
for sampling purposes. This definition,
known in IEA terminology as the national
defined population, is essentially the sam-
pling frame from which the first stage of
sampling takes place. Ideally, the national
defined population should coincide with
the national desired population, although
in reality there may be some school types
or regions that cannot be included; conse-
quently, the national defined population is
usually a very large subset of the national
desired population.All schools and stu-
dents in the desired population not
included in the defined population are
referred to as the excluded population.
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1 In some very large countries, it was necessary to
include an extra preliminary stage, where school
districts were sampled first, and then schools.

psychological tests. This category
included students who were emotionally
or mentally unable to follow even the
general instructions of the PIRLS test. It
did not include students who merely
exhibited poor academic performance or
discipline problems.

• Functionally disabled students. These
are students who were permanently phys-
ically disabled in such a way that they
could not perform in the PIRLS tests.
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5.3.1 Units of Analysis and Sampling Units

The PIRLS analytical focus was on the
cumulative learning of students, as well as
on instructional characteristics affecting
learning. The sample design, therefore,
had to address the measurement both of
characteristics thought to influence cumu-
lative learning, and of those specific to
the instructional settings. As a conse-
quence, schools, classrooms, and students
were all potential units of analysis; all had
to be considered as sampling units in the
sample design in order to meet specific
requirements for data quality and sam-
pling precision at all levels.

Although the second stage sampling units
were intact classrooms, the ultimate sam-
pling elements were students – making it
important that each student from the tar-
get grade be a member of one (and only
one) of the classes in a school from which
the sampled classes would be selected.

5.3.2 Sampling Precision and Sample Size

Sampling sizes for the two stages of the
PIRLS sampling had to be specified so as to
meet the sampling precision requirements of
the study. Since students were the principal
units of analysis, the reliability of estimates
of student characteristics was paramount.
However, PIRLS planned to report exten-
sively on school, teacher, and classroom
characteristics, so it was necessary also to
have sufficiently large samples of schools
and classes. The PIRLS standard for sam-
pling precision requires that all student
samples have an effective sample size of at
least 400 students for the main criterion

variables. In other words, all student sam-
ples should yield sampling errors that are
no greater than would be obtained from a
simple random sample of 400 students.

An effective sample size of 400 students
results in the following approximate 95 per-
cent confidence limits for sample estimates
of population means, percentages, and cor-
relation coefficients.

• Means: m ± 0.1s (where m is the mean
estimate, and s is the estimated standard
deviation for students)

• Percentages: p ± 5% (where p is a per-
centage estimate)

• Correlations: r ± 0.1 (where r is a correla-
tion estimate).

Furthermore, since PIRLS planned to con-
duct analyses at the school and classroom
levels, at least 150 schools were to be
selected from the target population. A
sample of 150 schools yields 95 percent
confidence limits for school-level and
classroom-level mean estimates that are
precise to within 16 percent of their stan-
dard deviations. To ensure sufficient sam-
ple precision for school-level analyses,
some participants had to sample more
schools than would have been selected
otherwise.

The precision of multistage cluster sample
designs is generally affected by the so-called
clustering effect. Students are clustered in
schools, and are also clustered in classrooms





59Chapter 5 · PIRLS Sampling Design

Sample-design tables, such as the one in
Exhibit 5.2, were produced and included in
the PIRLS School Sampling Manual. These
tables illustrate the number of schools nec-
essary to meet the PIRLS sampling precision
requirements for a range of values of intra-
class correlations and minimum cluster
sizes. PIRLS participants could refer to the
tables to determine how many schools they
should sample. For example, on the basis of
Exhibit 5.2, a participant whose intra-class
correlation was expected to be 0.6, with an
average classroom size of 30, would need to
sample a minimum of 250 schools. When-
ever the estimated number of schools to
sample fell below 150, participants were
asked to sample at least 150 schools. 

The sample-design tables could be used also
to determine sample sizes for more complex
designs. For example, a number of strata
could be constructed for which different
minimum cluster sizes could be specified,
thereby refining the national sample design
in a way that might avoid special treatment
of small schools (see section 5.4.1).

5.3.3 Stratification

Stratification is the grouping of sampling
units (e.g., schools) in the sampling frame
according to some attribute or variable
prior to drawing the sample. It is general-
ly used for the following reasons:

• To improve the efficiency of the sample
design, thereby making survey estimates
more reliable

• To apply different sample designs or dis-
proportionate sample-size allocations to
specific groups of schools (such as those
within certain states or provinces)

• To ensure adequate representation in the
sample of specific groups from the target
population.

Examples of stratification variables for
school samples are: geography (such as
states or provinces), school type (such as
public and private), and level of urbaniza-
tion (such as rural and urban).
Stratification variables in the PIRLS sample
design could be used explicitly, implicitly,
or both.

• Explicit stratification consists of build-
ing separate school lists, or sampling
frames, according to the stratification
variables under consideration. Where, for
example, geographic regions are an
explicit stratification variable, separate
school-sampling frames would be con-
structed for each region. Different sample
designs, or different sampling fractions,
would then be applied to each school-
sampling frame, to select the sample of
schools. In PIRLS, the main reason for
considering explicit stratification was to
ensure disproportionate allocation of the
school sample across strata. For example,
a country stratifying by school size
might require a specific number of
schools from each stratum, regardless of
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estimates – provided the variables are
related to school mean student achieve-
ment in reading literacy.

5.3.4 Replacement Schools

Although PIRLS participants were expected
to make great efforts to secure the participa-
tion of sampled schools, it was anticipated
that a 100 percent participation rate would
not be possible in all countries. To avoid
sample-size losses, a mechanism was insti-
tuted to identify, a priori, replacement
schools for each sampled school. For each
sampled school, the next school on the
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5.4.2 Optional Preliminary Sampling Stage

Very large countries had an opportunity to
introduce a preliminary sampling stage
before sampling schools. The Russian
Federation and the United States availed
themselves of this option. In these coun-
tries, the first step was to draw a sample of
geographic regions using PPS sampling.
Then a sample of schools was drawn from
each sampled region. This design was used
mostly as a cost-reduction measure, where
the construction of a comprehensive list of
schools would have been either impossible
or prohibitively expensive. Also, the addi-
tional sampling stage reduced the disper-
sion of the school sample, thereby
potentially reducing travel costs. Sampling
guidelines were put in place to ensure than
an adequate number of units would be sam-
pled from this preliminary stage. The sam-
pling frame had to consist of at least 80
primary sampling units, of which at least 40
had to be sampled at this stage.

5.5 Second Sampling Stage

The second sampling stage consisted of
selecting classrooms within sampled
schools. As a rule, one classroom per school
was sampled, although some participants
opted to sample two classrooms. All class-
rooms were selected with equal probabili-
ties for all countries.

5.5.1 Small Classrooms

Generally, classrooms in an education sys-
tem tend to be of roughly equal size.
Occasionally, however, small classrooms are
devoted to special situations, such as reme-
dial or accelerated programs. These class-
rooms can become problematic – since they

can lead to a shortfall in sample size – and
thus introduce some instability in the
resulting sampling weights, when class-
rooms are selected with PPS.

In order to avoid these problems, it was
suggested that any classroom smaller than
half the specified minimum cluster size be
combined with another classroom from the
same grade and school. For example, if the
minimum cluster size was set at 30, then
any classroom with fewer than 15 students
should be combined with another. The
resulting pseudo-classroom would then con-
stitute a sampling unit. 

5.6 Trends in IEA’s Reading Literacy
Study

PIRLS countries that had earlier participat-
ed in the 1991 IEA Reading Literacy Study
had the option of undertaking the Trends in
IEA’s Reading Literacy Study, which meas-
ured trends in reading achievement using
IEA’s 1991 reading test and student ques-
tionnaire. Since the target population for
the Trends in IEA’s Reading Literacy Study
was similar (but not identical to) the PIRLS
target population, it was possible to use the
PIRLS school sample as the basis for the
trend study sample. Accordingly, the sam-
pling plan for the Trends in IEA’s Reading
Literacy Study was simple: select every sec-
ond school sampled for PIRLS, and from
each of these, sample one additional class-
room from the target grade. Since the sam-
ple of schools for the Trends in IEA’s
Reading Literacy Study is essentially a sub-
sample of the PIRLS sample of schools, most
of the required sampling tasks were carried
out during the PIRLS school sampling. 
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The nine countries that took part in the
Trends in IEA’s Reading Literacy Study and
their target grades are presented in
Exhibit 5.4.

5.6.1 Trends in IEA’s Reading Literacy Study

Target Population

The target population in 1991 was the
grade with the greatest number of nine-
year-olds at the time of testing, and to
maintain comparability, the same popula-
tion was targeted by the trend data collec-
tion in 2001. However, the PIRLS 2001
target population differs somewhat from
the 1991 population in that PIRLS targeted
the upper of the two grades with most
nine-year-olds, and so the target grade in
each country was not always the same for
the two studies. These definitions yield the
same target grade in Greece, Iceland, Italy,
New Zealand, Slovenia, and the United
States, but different in Hungary, Singapore,
and Sweden.

5.6.2 Sample Design

In general, the sample for the trend study
consisted of half of the PIRLS school sam-
ple, with one classroom chosen at random
from the target grade in each of the sampled
schools. The procedure was as follows:

• Select every second school sampled for
PIRLS starting randomly with the first
or second school.

• Sample an extra classroom (in addition to
the PIRLS classroom already sampled)
within these selected schools.

• If a school sampled for both studies has
only one classroom, assign that school
and classroom to PIRLS and use the first
replacement school for that school as 
the sampled school for the trend study.

5.6.3 Replacement Schools

Because schools sampled for the trend
study were also sampled for PIRLS, first
and second replacement schools for this
study are the same ones identified 
for PIRLS.

There were, however, three exceptions
to this rule:

• A sampled school had only one class-
room and agreed to participate in the
study. In this case, the only available
classroom in the sampled school was
assigned to PIRLS and the PIRLS first
replacement school became the trend
study sampled school. This left the PIRLS
second replacement school as the only
10-year trend study replacement school.

Country Primary School
Target Grade

Greece 4

Hungary 3

Iceland 4

Italy 4

New Zealand 4

Singapore 3

Slovenia 3

Sweden 3

United States 4

Exhibit 5.4: Countries Participating in the Trends
in IEA’s Reading Literacy Study



• A sampled school refused to partici-
pate, but the corresponding PIRLS
first replacement school agreed to par-
ticipate and had only one classroom.
In this case, the PIRLS first replacement
was used for PIRLS and the PIRLS second
replacement school became the trend
study first replacement school. In this
scenario, there is no second replacement
school for the trend study.

• Both the sampled school and the
PIRLS first replacement school refused
to participate, but the PIRLS second
replacement school agreed to partici-
pate and had only one classroom. In
this case, there was no trend study
replacement school and the sampled
school had a non-participation status.

5.7 Sampling Precision and 
Sample Size

With a single classroom sampled from only
half of the 150 schools sampled for PIRLS,
the number of students sampled for Trends
in IEA’s Reading Literacy Study should be
roughly half the number of students sampled
for PIRLS. This translates into a loss of sam-
pling precision when compared with PIRLS.
To get an idea of the resulting standard of
sampling precision, the 95 percent confi-
dence limits given earlier in Section 5.3.2 are
simply multiplied by . This gives the fol-
lowing 95 percent confidence limits for sam-
ple estimates of population means,
percentages and correlation coefficients:

• Means: m ± 0.14s (where m is a student
mean estimate and s is its estimated stan-
dard deviation for students)

√2
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• Percentages: p ± 7 percent (where p is a
student-level percentage estimate)

• Correlations: r ± 0.14 (where r is a stu-
dent-level correlation estimate).

The Trends in IEA’s Reading Literacy Study
focuses mainly on student achievement, but
can also report results from schools and
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