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introduction 

 The PISA test design makes it possible to use techniques of modern item response modelling (see Chapter 9) 
to simultaneously estimate the ability of all students taking the PISA assessment, and the difficulty of all PISA 
items, locating these estimates of student ability and item difficulty on a single continuum.

The relative ability of students taking a particular test can be estimated by considering the proportion of 
test items they get correct. The relative difficulty of items in a test can be estimated by considering the 
proportion of test takers getting each item correct. The mathematical model employed to analyse PISA data, 
generated from a rotated test design in which students take different but overlapping tasks, is implemented 
through test analysis software that uses iterative procedures to simultaneously estimate the likelihood that 
a particular person will respond correctly to a given test item, and the likelihood that a particular test 
item will be answered correctly by a given student. The result of these procedures is a set of estimates that 
enables a continuum to be defined, which is a realisation of the variable of interest. On that continuum it 
is possible to estimate the location of individual students, thereby seeing how much of the literacy variable 
they demonstrate, and it is possible to estimate the location of individual test items, thereby seeing how 
much of the literacy variable each item embodies. This continuum is referred to as the overall PISA literacy 
scale in the relevant test domain of reading, mathematics or science.

PISA assesses students, and uses the outcomes of that assessment to produce estimates of students’ 
proficiency in relation to a number of literacy variables. These variables are defined in the relevant PISA 
literacy framework (OECD, 2006). For each of these literacy variables, one or more scales are defined, 
which stretch from very low levels of literacy through to very high levels. When thinking about what such a 
scale means in terms of student proficiency, it can be observed that a student whose ability estimate places 
them at a certain point on the PISA literacy scale would most likely be able to successfully complete tasks at 
or below that location, and increasingly more likely to complete tasks located at progressively lower points 
on the scale, but would be less likely to be able to complete tasks above that point, and increasingly less 
likely to complete tasks located at progressively higher points on the scale. Figure 15.1 depicts a literacy 
scale, stretching from relatively low levels of literacy at the bottom of the figure, to relatively high levels 
towards the top. Six items of varying difficulty are placed along the scale, as are three students of varying 
ability. The relationship between the students and items at various levels is described.

It is possible to describe the scales using words that encapsulate various demonstrated competencies typical 
of students possessing varying amounts of the underlying literacy constructs. Each student’s location on 
those scales is estimated, and those location estimates are then aggregated in various ways to generate and 
report useful information about the literacy levels of 15-year-old students within and among participating 
countries.

Development of a method for describing proficiency in PISA reading, mathematical and scientific literacy 
occurred in the lead-up to the reporting of outcomes of the PISA 2000 survey and was revised in the lead-
up to the PISA 2003 survey. Essentially the same methodology has again been used to develop proficiency 
descriptions for PISA 2006. Given the volume and breadth of data that were available from the PISA 2006 
assessment, development of more detailed descriptions of scientific literacy became possible. The detailed 
proficiency descriptions that had been developed for the reading domain in PISA 2000 were used again 
with the reduced data available from PISA 2003 and 2006. The detailed descriptions used for mathematics 
in 2003 were used again in 2006.
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The SEG worked with the consortium to develop sets of described proficiency scales for PISA science. 
Consultations regarding these described scales with the PGB, the science forum, NPMs and the PISA TAG 
took place over several stages before their final adoption by the PGB.

This chapter discusses the methodology used to develop those scales and to describe a number of levels of 
proficiency in the different PISA literacy variables, and presents the outcomes of that development process. 

develoPment of the deScribed ScaleS

The development of described proficiency scales for PISA was carried out through a process involving a 
number of stages. The stages are described here in a linear fashion, but in reality the development process 
involved some backwards and forwards movement where stages were revisited and descriptions were 
progressively refined.

Stage 1: Identifying possible scales
The first stage in the process involved the experts in each domain articulating possible reporting scales 
(dimensions) for the domain. For reading in the PISA 2000 survey cycle, two main options were actively 
considered – scales based on the type of reading task, and scales based on the form of reading material. 
For the international report, the first of these was implemented, leading to the development of a scale for 
retrieving information a second scale for interpreting texts and a third for reflection and evaluation1.

Figure 15.1
The relationship between items and students on a proficiency scale

Science
scale

Item VI

Item V

Item IV

Item III

Item II

Item I

Items with
relatively high difficulty

Items with
moderate difficulty

Items with
relatively low difficulty

It is expected that student C will be unable
to complete items II to VI successfully
and will also have a low probability of
completing item I successfully.

Student C, with
relatively low
proficiency

It is expected that student A will be able
to complete items I to V successfully,
and probably item VI as well.

Student A, with
relatively high
proficiency

It is expected that student B will be able
to complete items I, II and III successfully,
will have a lower probability of
completing item IV and is unlikely to
complete items V and VI successfully.

Student B,
with moderate
proficiency
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In the case of mathematics, a single proficiency scale was developed for PISA 2000, but with the additional 
data available in the 2003 survey cycle, when mathematics was the major test domain, the possibility of 
reporting according to the four overarching ideas or the three competency clusters described in the PISA 
mathematics framework were both considered.

For science, given the small number of items in PISA 2000 and 2003, a single overall proficiency scale 
was developed to report results. However, as with mathematics in 2003, the expanded focus on science in 
2006 allowed for a division into scales for reporting purposes. Two forms of scale were considered. One 
of these was based in definitions of scientific competencies involving the identification of scientific issues, 
the explanation of phenomena scientifically and the use of scientific evidence. The other form separated 
scientific knowledge into ‘knowledge of science’ involving the application of scientific concepts in the 
major fields of phyics, chemistry, biology, Earth and space science, and technology; and ‘knowledge about 
science’ involving the central processes underpinning in the way scientists go about obtaining and using 
data – in other words, understanding scientific methodology. The scales finally selected for inclusion in 
the PISA 2006 primary database were the three competency based scales: identifying scientific issues, 
explaining phenomena scientifically and using scientific evidence.

Wherever multiple scales were under consideration, they arose clearly from the framework for the domain, 
they were seen to be meaningful and potentially useful for feedback and reporting purposes, and they 
needed to be defensible with respect to their measurement properties. Because of the longitudinal nature of 
the PISA project, the decision about the number and nature of reporting scales also had to take into account 
the fact that in some test cycles a domain will be treated as minor and in other cycles as major.

Stage 2: Assigning items to scales
The second stage in the process was to associate each test item used in the study with each of the scales 
under consideration. Science experts (including members of the expert group, the test developers and 
consortium staff) judged the characteristics of each test item against the relevant framework categories. 
Later, statistical analysis of item scores from the field trial was used to obtain a more objective measure of 
fit of each item to its assigned scale.

Stage 3: Skills audit
The next stage involved a detailed expert analysis of each item, and in the case of items with partial credit, 
for each score step within the item, in relation to the definition of the relevant sub-scale from the domain 
framework. The skills and knowledge required to achieve each score step were identified and described.

This stage involved negotiation and discussion among the experts involved, circulation of draft material, and 
progressive refinement of drafts on the basis of expert input and feedback. Further detail on this analysis is 
provided below.

Stage 4: Analysing field trial data
For each set of scales being considered, the field trial item data were analysed using item response techniques 
to derive difficulty estimates for each achievement threshold for each item.

Many items had a single achievement threshold (associated with students providing a correct rather than 
incorrect response). Where partial credit was available, more than one achievement threshold could be 
calculated (achieving a score of one or more rather than zero, two or more rather than one, and so on).

Within each scale, achievement thresholds were placed along a difficulty continuum linked directly to student 
abilities. This analysis gives an indication of the utility of each scale from a measurement perspective.
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Stage 5: Defining the dimensions
The information from the domain-specific expert analysis (Stage 3) and the statistical analysis (Stage 4) 

were combined. For each set of scales being considered, the item score steps were ordered according to 

the size of their associated thresholds and then linked with the descriptions of associated knowledge and 

skills, giving a hierarchy of knowledge and skills that defined the dimension. Clusters of skills were found 

using this approach, which provided a basis for understanding each dimension and describing proficiency 

in different regions of the scale.

Stage 6: Revising and refining with main study data
When the main study data became available, the information arising from the statistical analysis about 

the relative difficulty of item thresholds was updated. This enabled a review and revision of Stage 5 by the 

working groups, and other interested parties. The preliminary descriptions and levels were then reviewed 

and revised in the light of further technical information that was provided by the TAG, and the approach to 

defining levels and associating students with those levels that had been used in the reporting of PISA 2000 

and PISA 2003 results was applied.

Stage 7: Validating
Two major approaches to validation were then considered by the science working groups. One method 

was to provide knowledgeable experts (e.g. teachers, or members of the subject matter expert groups) with 

material that enabled them to judge PISA items against the described levels, or against a set of indicators that 

underpinned the described levels. Second, the described scales were subjected to an extensive consultation 

process involving all PISA countries through their NPMs. This approach to validation rests on the extent to 

which users of the described scales find them informative.

defining Proficiency levelS

How should we divide the proficiency continuum up into levels that might have some utility? And having 

defined levels, how should we decide on the level to which a particular student should be assigned? What 

does it mean to be at a level? The relationship between the student and the items is probabilistic – there 

is some probability that a particular student can correctly do any particular item. If a student is located 

at a point above an item, the probability that the student can successfully complete that item is relatively 

high, and if the student is located below the item, the probability of success for that student on that item is 

relatively low.

This leads to the question as to the precise criterion that should be used in order to locate a student on 

the same scale on which the items are laid out. When placing a student at a particular point on the scale, 

what probability of success should we insist on in relation to items located at the same point on the scale? 

If a student were given a test comprising a large number of items each with the same specified difficulty, 

what proportion of those items would we expect the student to successfully complete? Or, thinking of it in 

another way, if a large number of students of equal ability were given a single test item with a specified item 

difficulty, about how many of those students would we expect to successfully complete the item?

The answer to these questions is essentially arbitrary, but in order to define and report PISA outcomes in 

a consistent manner, an approach to defining performance levels, and to associating students with those 

levels, is needed. The methodology that was developed and used for PISA 2000 and 2003 was essentially 

retained for PISA 2006.
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Defining proficiency levels for PISA 2000 progressed in two broad phases. The first, which came after the 
development of the described scales, was based on a substantive analysis of PISA items in relation to the 
aspects of literacy that underpinned each test domain. This produced descriptions of increasing proficiency 
that reflected observations of student performance and a detailed analysis of the cognitive demands of PISA 
items. The second phase involved decisions about where to set cut-off points for levels and how to associate 
students with each level. This is both a technical and very practical matter of interpreting what it means to 
be at a level, and has very significant consequences for reporting national and international results.

Several principles were considered for developing and establishing a useful meaning for being at a level, 
and therefore for determining an approach to locating cut-off points between levels and associating students 
with them:

• A common understanding of the meaning of levels should be developed and promoted. First, it is important 
to understand that the literacy skills measured in PISA must be considered as continua: there are no natural 
breaking points to mark borderlines between stages along these continua. Dividing each of these continua 
into levels, though useful for communication about students’ development, is essentially arbitrary. Like the 
definition of units on, for example, a scale of length, there is no fundamental difference between 1 metre 
and 1.5 metres – it is a matter of degree. It is useful, however, to define stages, or levels along the continua, 
because they enable us to communicate about the proficiency of students in terms other than numbers. 
The approach adopted for PISA 2000 was that it would only be useful to regard students as having attained 
a particular level if this would mean that we can have certain expectations about what these students are 
capable of in general when they are said to be at that level. It was decided that this expectation would have 
to mean at a minimum that students at a particular level would be more likely to solve tasks at that level 
than to fail them. By implication, it must be expected that they would get at least half of the items correct 
on a test composed of items uniformly spread across that level, which is useful in helping to interpret the 
proficiency of students at different points across the proficiency range defined at each level;

• For example, students at the bottom of a level would complete at least 50% of tasks correctly on a test set at 
the level, while students at the middle and top of each level would be expected to achieve a much higher 
success rate. At the top end of the bandwidth of a level would be the students who are masters of that level. 
These students would be likely to solve about 80% of the tasks at that level. But, being at the top border of 
that level, they would also be at the bottom border of the next level up, where according to the reasoning 
here they should have a likelihood of at least 50% of solving any tasks defined to be at that higher level;

• Further, the meaning of being at a level for a given scale should be more or less consistent for each 
level. In other words, to the extent possible within the substantively based definition and description of 
levels, cut-off points should create levels of more or less constant breadth. Some small variation may be 
appropriate, but in order for interpretation and definition of cut-off points and levels to be consistent, the 
levels have to be about equally broad. Clearly this would not apply to the highest and lowest proficiency 
levels, which are unbounded;

• A more or less consistent approach should be taken to defining levels for the different scales. Their 
breadth may not be exactly the same for the proficiency scales in different domains, but the same kind 
of interpretation should be possible for each scale that is developed.

• A way of implementing these principles was developed for PISA 2000 and used again in PISA 2003 and 
2006. This method links the two variables mentioned in the preceding paragraphs, and a third related 
variable. The three variables can be expressed as follows:

– The expected success of a student at a particular level on a test containing items at that level (proposed 
to be set at a minimum that is near 50% for the student at the bottom of the level, and higher for other 
students in the level);
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– the width of the levels in that scale (determined largely by substantive considerations of the cognitive 
demands of items at the level and observations of student performance on the items); and

– The probability that a student in the middle of a level would correctly answer an item of average 
difficulty for that level (in fact, the probability that a student at any particular level would get an item 
at the same level correct), sometimes referred to as the “RP-value” for the scale (where “RP” indicates 
“response probability”).

Figure 15.2 summarises the relationship among these three mathematically linked variables. It shows a 
vertical line representing a part of the scale being defined, one of the bounded levels on the scale, a student 
at both the top and the bottom of the level, and reference to an item at the top and an item at the bottom 
of the level. Dotted lines connecting the students and items are labelled “P=?” to indicate the probability 
associated with that student correctly responding to that item.

PISA 2000 implemented the following solution: start with the substantively determined range of abilities for 
each bounded level in each scale (the desired band breadth); then determine the highest possible RP value that 
will be common across domains − that would give effect to the broad interpretation of the meaning of being at 
a level (an expectation of correctly responding to a minimum of 50% of the items in a test at that level).

After doing this, the exact average percentage of correct answers on a test composed of items at a level 
could vary slightly among the different domains, but will always be at least 50% at the bottom of the level 
except for the lowest described level.

The highest and lowest levels are unbounded. For a certain high point on the scale and below a certain low 
point, the proficiency descriptions could, arguably, cease to be applicable. At the high end of the scale, this 
is not such a problem since extremely proficient students could reasonably be assumed to be capable of 
at least the achievements described for the highest level. At the other end of the scale, however, the same 
argument does not hold. A lower limit therefore needs to be determined for the lowest described level, 
below which no meaningful description of proficiency is possible.

Student at top of level

Student at bottom of level
P=?

P=?

P=?

P=?

Item at bottom of level

Item at top of level

Figure 15.2
What it means to be at a level
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As levels 2, 3, 4 and 5 (within a domain) will be equally broad, it was proposed that the floor of the lowest 
described level be placed at this breadth below the upper boundary of level 1 (that is, the cut-off between 
levels 1 and 2). Student performance below this level is lower than that which PISA can reliably assess and, 
more importantly, describe.

rePorting the reSultS for PiSa Science

In this section, the way in which levels of scientific literacy are defined, described and reported will be 
discussed. Levels of performance on the PISA scientific literacy scale will be established and described, and 
they will be exemplified using a number of items from the PISA 2006 assessment.

Building an item map
The data from the PISA science assessment were processed to generate a set of item difficulty measures for 
the 103 items included in the assessment. In fact, when the difficulty measures that were estimated for each 
of the partial credit steps of the polytomous items are also taken into account, a total of 109 item difficulty 
estimates were generated.

During the process of item development, experts undertook a qualitative analysis of each item, and 
developed descriptions of aspects of the cognitive demands of each item (and each individual item step in 
the case of partial credit items that were scored polytomously). This analysis included judgements about 
the aspects of the PISA science framework that were relevant to each item. For example, each item was 
analysed to determine which competency and type of knowledge (of or about) was involved in a correct 
response. Similarly, the situation (context) in which the stimulus and question were located, and to which 
the competencies, knowledge and attitudes were related, was identified. This included identifying whether 
the science involved was of personal, social or global interest. As well as these broad categorisations, a 
short description was developed that attempted to capture the most important demands placed on students 
by each particular item.

Following data analysis and the resultant generation of difficulty estimates for each of the 109 items steps, 
the items and item steps were associated with their difficulty estimates, with their framework classifications, 
and with their brief qualitative descriptions. Figure 15.3 shows a map of some of this information from a 
sample of items from the PISA 2006 test. Each row in Figure 15.3 represents an individual item or item step. 
The selected items and item steps have been ordered according to their difficulty, with the most difficult of 
these steps at the top, and the least difficult at the bottom. The difficulty estimate for each item and step is 
given, along with the associated classifications and descriptions.

When a map such as this is prepared using all available items, it becomes possible to look for factors that 
are associated with item difficulty. Many of those factors reflect variables that are central to constructs used 
in the science framework’s discussion of scientific literacy. Patterns emerge that make it possible to describe 
aspects of scientific literacy that are consistently associated with various locations along the difficulty 
continuum shown by the map. For example, at a very general level it can be seen that the easiest items are 
predominately in the explaining phenomena scientifically competence and lie in the knowledge of science 
area. These items are similar in that they require little interpretation, the recall of relatively straight forward 
factual knowledge, and the application of that knowledge in simple familiar situations. This pattern in not 
repeated above the mid-point of level two (defined in Table 15.1) in the sense that a specific competence 
is dominant. Above this level the distribution of competencies and knowledge areas is more even. This 
observation applies equally well to the full set of science items. However, it is possible to see growth in a 
number of dimensions as student student ability increases on the scientific literacy scale.
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Figure 15.3
A map for selected science items
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S485Q05(2) ACId RAIn 717 The reason for a control in an investigation is understood 
and explicitly recognised. An ability to understand the 
modelling in the investigation is a pre-requisite.

• • •

S114Q05 GReenhouSe 709 There is a pre-requisite to understand the need to control 
variables. Knowledge of factors contributing to the 
greenhouse effect is then applied in determining a variable 
to be controlled.

• • •

S114Q04(2) GReenhouSe 659 Given a conclusion can compare two graphs and locate 
corresponding areas that are at odds with that conclusion 
and accurately describe that difference.

• • •

S447Q05 SunSCReenS 616 Correctly interprets a dataset expressed diagrammatically 
and provides an explanation that summarises the data. • • •

S447Q02 SunSCReenS 588 The control ‘aspects’ of an investigation are recognised. • • •

S493Q05 PhySICAl 
exeRCISe

583 Recognition that increased exercise results in increased 
respiration and thus the need for more oxygen and/or 
removal of more carbon dioxide.

• • •

S114Q04(1) GReenhouSe 568 Recognises differences in two graphs relating to a 
phenomenon but cannot provide a clear explanation as to 
why the differences are at odds with a given conclusion.

• • •

S213Q01 ClotheS 567 Can apply knowledge of the features of a scientific 
investigation to decisions about whether specific issues are 
scientifically investigatable.

• • •

S493Q01 PhySICAl 
exeRCISe

545 Can identify some features of physical exercise that are 
advantageous to health – cardiovascular system, bodyweight. • • •

S114Q03 GReenhouSe 529 Shows an understanding of what two graphs relating to 
a phenomenon are depicting and can compare them for 
similarities.

• • •

S485Q05(1) ACId RAIn 513 Recognises that a comparison is being made between two 
tests but is unable to articulate the purpose of the control. • • •

S477Q04 MARy 
MontAGu

507 Recognises that the immune systems of young and old 
people are less resistant to viruses than those of the general 
population.

• • •

S447Q03 SunSCReenS 499 Can recognise the change and measured variables from 
a description of an investigation and as a consequence 
identify the question motivating the investigation.

• • •

S426Q07 GRAnd 
CAnyon

485 Can recognise issues in which scientific measurement can 
be applied to answwering a question. • • •

S485Q03 ACId RAIn 460 Recognises that the loss of gas in a chemical reaction results 
in a reduction of mass for the products left behind. • • •

S426Q03 GRAnd 
CAnyon

451 Applies knowledge that water increases in volume as it 
changes from liquid to solid. • • •

S477Q03 MARy 
MontAGu

431 Recalls knowledge of the role of antibodies in immunity. • • •

S508Q03 GenetICAlly 
ModIFIed 
CRoPS

421 Understands that a fair test involves finding out if an 
outcome is affected by a range of extraneous conditions. • • •

S213Q02 ClotheS 399 Can select the correct apparatus to measure an electric 
current. • • •

S493Q03 PhySICAl 
exeRCISe

386 Rejects the notion that fats are formed in the muscles 
and knows that the rate of flow of blood increases during 
exercise. 

• • •
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Based on the patterns observed when the full question set is reviewed against the three proficiency scales, 
it is possible to characterise the increase in the levels of complexity of competencies measured. This can 
be done by referring to the ways in which science competencies are associated with questions located at 
different points ranging from the bottom to the top of the scale. The ascending difficulty of science questions 
in PISA 2006 is associated with the following characteristics, which require all three competencies but 
which shift in emphasis as students progress from the identification of issues to the use of evidence to 
communicate an answer, decision or solution.

The degree to which the transfer and application of knowledge is required: At the lowest levels the 
application of knowledge is simple and direct. The requirement can often be fulfilled with simple recall of 
single facts. At higher levels of the scale, individuals are required to identify multiple fundamental concepts 
and combine categories of knowledge in order to respond correctly.

The degree of cognitive demand required to analyse the presented situation and synthesise an appropriate 
answer: This centres on features such as the depth of scientific understanding required, the range of scientific 
understandings required and the proximity of the situation to the students’ life. At the highest level this is 
characterised by in-depth understanding, an ability to apply a range of scientific understandings and to 
apply these in broad or global contexts.

The degree of analysis needed to answer the question: This includes the demands arising from the requirement 
to discriminate among issues presented in the situation under analysis, identify the appropriate knowledge 
domain (Knowledge of science and Knowledge about science), and use appropriate evidence for claims or 
conclusions. The analysis may include the extent to which the scientific or technological demands of the 
situation are clearly apparent or to which students must differentiate among components of the situation to 
clarify the scientific issues as opposed to other, non-scientific issues.

The degree of complexity needed to solve the problem presented: The complexity may range from a single 
step where students identify the scientific issue, apply a single fact or concept, and present a conclusion 
to multi-step problems requiring a search for advanced scientific knowledge, complex decision making, 
information processing and ability to form an argument.

The degree of synthesis needed to answer the question: The synthesis may range from a single piece of 
evidence where no real construction of justification or argument is required to situations requiring students 
to apply multiple sources of evidence and compare competing lines of evidence and different explanations 
to adequately argue a position.

Levels of scientific literacy
The approach to reporting used by the OECD has been defined in previous cycles of PISA and is based 
on the definition of a number of bands or levels of literacy proficiency. Descriptions were developed to 
characterise typical student performance at each level. The levels were used to summarise the performance 
of students, to compare performances across subgroups of students, and to compare average performances 
among groups of students, in particular among the students from different participating countries. A similar 
approach has been used here to analyse and report PISA 2006 outcomes for science.

For PISA science, student scores have been transformed to the PISA scale, with a mean of 500 and a 
standard deviation of 100, and six levels of proficiency have been defined and described. The continuum 
of increasing scientific literacy that is represented in Figure 15.4 has been divided into five bands, each of 
equal width, and two unbounded regions, one at each end of the continuum. The band definitions on the 
PISA scale are given in Table 15.1.
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The information about the items in each band has been used to develop summary descriptions of the kinds 
of scientific competencies associated with different levels of proficiency. These summary descriptions can 
then be used to encapsulate typical scientific proficiency of students associated with each level. As a set, 
the descriptions encapsulate a representation of growth in scientific literacy.

To develop the summary descriptions, growth in scientific competence was first considered separately 
in relation to items from each of the competencies. Three sets of descriptions were developed. These are 
presented in following sections, in Figure 15.5.  The three sets of descriptions were combined to produce 
meta-descriptions of six levels of overall scientific literacy, presented here in Figure 15.4.

table 15.1
Scientific literacy performance band definitions on the PISA scale

level Score points on the PISA scale

6 Above 707.9

5 633.3 to 707.9

4 558.7 to 633.3

3 484.1 to 558.7

2 409.5 to 484.1

1 334.9 to 409.5

A clear progression through these levels is apparent in the way in which the individual scientific competencies 

specified in the PISA scientific literacy framework play out as literacy levels increase.

For example, the competency identifying scientific issues is observed to follow a progression through two 

related dimensions described in combination in Figure 15.5. These dimensions are:

Understanding the methodology of science: At the lowest level students can usually identify variables that 

are not open to scientific measurement but can do little more than that. Around the middle of the range, 

levels 3 and 4, there is identification of the independent and dependent variables in an investigation 

and a developing understanding of both the reason for a control (referent) and the need to account for 

extraneous variables. Examples of this can be found in SUNSCREENS Q02 and ACID RAIN Q05(1)2. As 

demonstrated by SUNSCREENS Q03, students at these levels can usually identify the question motivating 

the investigation. At higher levels students are able to view an investigation in its totality and show 

an awareness of the range of issues that need to be accounted for if meaning is to be ascribed to the 

outcomes of a testing regime.

Designing an investigation: At the lowest levels students are able to ask questions that elicit relevant 

information about straightforward scientific issues within familiar contexts. They are able to suggest 

comparisons to be made given simple cause and effect relationships. Around the middle of the literacy 

scale students show the capacity to produce simple designs to investigate direct or concrete relationships 

that are set in relatively familiar contexts. They exhibit an awareness of features that they need to control or 

account for in their designs. At the highest levels students are able to design ways of investigating questions 

that involve abstract ideas within the scope of their conceptual knowledge.
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level

lower
score
limit

Percentage of students 
able to perform tasks at 
each level or above  
(oeCd average) What students can typically do

6

707.9

1.3% of students 
across the OECD  
can perform tasks  
at Level 6 on the 
science scale

At Level 6, students can consistently identify, explain and apply scientific 
knowledge and knowledge about science in a variety of complex life 
situations. They can link different information sources and explanations 
and use evidence from those sources to justify decisions. They clearly and 
consistently demonstrate advanced scientific thinking and reasoning, and 
they demonstrate willingness to use their scientific understanding in support 
of solutions to unfamiliar scientific and technological situations. Students at 
this level can use scientific knowledge and develop arguments in support 
of recommendations and decisions that centre on personal, social or global 
situations. 

5

633.3

9.0% of students 
across the OECD  
can perform tasks  
at least at Level 5  
on the science scale

At Level 5, students can identify the scientific components of many 
complex life situations, apply both scientific concepts and knowledge 
about science to these situations, and can compare, select and evaluate 
appropriate scientific evidence for responding to life situations. Students 
at this level can use well-developed inquiry abilities, link knowledge 
appropriately and bring critical insights to situations. They can construct 
explanations based on evidence and arguments based on their critical 
analysis.

4

558.7

29.3% of students 
across the OECD  
can perform tasks  
at least at Level 4  
on the science scale

At Level 4, students can work effectively with situations and issues that may 
involve explicit phenomena requiring them to make inferences about the role 
of science or technology. They can select and integrate explanations from 
different disciplines of science or technology and link those explanations 
directly to aspects of life situations. Students at this level can reflect on their 
actions and they can communicate decisions using scientific knowledge and 
evidence.

3

484.1

56.7% of students 
across the OECD  
can perform tasks  
at least at Level 3  
on the science scale

At Level 3, students can identify clearly described scientific issues in a range 
of contexts. They can select facts and knowledge to explain phenomena 
and apply simple models or inquiry strategies. Students at this level can 
interpret and use scientific concepts from different disciplines and can 
apply them directly. They can develop short statements using facts and 
make decisions based on scientific knowledge.

2

409.5

80.8% of students 
across the OECD  
can perform tasks  
at least at Level 2  
on the science scale

At Level 2, students have adequate scientific knowledge to provide 
possible explanations in familiar contexts or draw conclusions based on 
simple investigations. They are capable of direct reasoning and making 
literal interpretations of the results of scientific inquiry or technological 
problem solving.

1

334.9

94.8% of students 
across the OECD  
can perform tasks 
at least at Level 1  
on the science scale

At Level 1, students have such a limited scientific knowledge that it can 
only be applied to a few, familiar situations. They can present scientific 
explanations that are obvious and that follow explicitly from given 
evidence. 

Figure 15.4
Summary descriptions of the six proficiency levels on the science scale 
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General proficiencies  
students should have at each level

tasks a student should  
be able to do

examples from 
released questions

level 6 1.3% of all students across the OECD area can perform tasks at Level 6 on the identifying 
scientific issues scale. 

Students at this level demonstrate an ability 
to understand and articulate the complex 
modelling inherent in the design of an 
investigation. 

• Articulate the aspects of a given 
experimental design that meet the intent of 
the scientific question being addressed.

• Design an investigation to adequately 
meet the demands of a specific scientific 
question.

• Identify variables that need to be controlled 
in an investigation and articulate methods 
to achieve that control.

ACId RAIn
Question 5

level 5 8.4% of all students across the OECD area can perform tasks at least at Level 5 on the 
identifying scientific issues scale.

Students at this level understand the essential 
elements of a scientific investigation and 
thus can determine if scientific methods can 
be applied in a variety of quite complex, 
and often abstract contexts. Alternatively, by 
analysing a given experiment can identify the 
question being investigated and explain how 
the methodology relates to that question.  

• Identify the variables to be changed and 
measured in an investigation  
of a wide variety of contexts.

• Understand the need to control all 
variables extraneous to an investigation but 
impinging on it.

• Ask a scientific question relevant  
to a given issue.

level 4 28.4% of all students across the OECD area can perform tasks at least at Level 4 on the 
identifying scientific issues scale.

Students at this level can identify the change 
and measured variables in an investigation 
and at least one variable that is being 
controlled. They can suggest appropriate 
ways of controlling that variable. The 
question being investigated in straightforward 
investigations can be articulated.

• Distinguish the control against  
which experimental results are to  
be compared.

• Design investigations in which the elements 
involve straightforward relationships and 
lack appreciable abstractness.

• Show an awareness of the effects  
of uncontrolled variables and attempt to 
take this into account  
in investigations. 

SunSCReenS 
Questions 2 and 4

ClotheS
Question 1

Figure 15.5 [Part 1/2]
Summary descriptions of the six proficiency levels in identifying scientific issues
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General proficiencies  
students should have at each level

tasks a student should  
be able to do

examples from 
released questions

level 3 56.7% of all students across the OECD area can perform tasks at least at Level 3 on the 
identifying scientific issues scale.

Students at this level are able to make 
judgements about whether an issue is open 
to scientific measurement and, consequently, 
to scientific investigation. Given a 
description of an investigation can identify 
the change and measured variables.

• Identify the quantities able to be 
scientifically measured in an investigation.

• Distinguish between the change and 
measured variables in simple experiments.

• Recognise when comparisons are being 
made between two tests (but  
are unable to articulate the purpose  
of a control). 

ACId RAIn
Question 5

(Partial)

SunSCReenS
Question 3

level 2 81.3% of all students across the OECD area can perform tasks at least at level 2 on the 
identifying scientific issues scale.

Students at this level can determine if 
scientific measurement can be applied to a 
given variable in an investigation. They can 
recognise the variable being manipulated 
(changed) by the investigator. Students can 
appreciate the relationship between a simple 
model and the phenomenon it is modelling. 
In researching topics students can select 
appropriate key words for a search.

• Identify a relevant feature being modelled 
in an investigation.

• Show an understanding of what can 
and cannot be measured by scientific 
instruments.

• Select the most appropriate stated aims for 
an experiment from a given selection.

• Recognise what is being changed  
(the cause) in an experiment.

• Select a best set of Internet search words on 
a topic from several given sets.

GenetICAlly 
ModIFIed CRoPS

Question 3 

level 1 94.9% of all students across the OECD area can perform tasks at least at Level 1 on the 
identifying scientific issues scale.

Students at this level can suggest appropriate 
sources of information on scientific 
topics. They can identify a quantity that is 
undergoing variation in an experiment. In 
specific contexts they can recognise whether 
that variable can be measured using familiar 
measuring tools or not.

• Select some appropriate sources from 
a given number of sources of potential 
information on a scientific topic.

• Identify a quantity that is undergoing 
change, given a specific but simple 
scenario.

• Recognise when a device can be  
used to measure a variable (within  
the scope of the student’s familiarity with 
measuring devices).

Figure 15.5 [Part 2/2]
Summary descriptions of the six proficiency levels in identifying scientific issues
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Progression in the explaining phenomena scientifically competency can be seen along three dimensions. 
Descriptions applicable to the various levels can be found in  Figure 15.6.

Breadth and depth of scientific knowledge: At the lowest levels students can recall singular scientific facts 
either learned in a school environment or experienced in daily life in giving simple explanations. Examples 
of this can be found in CLOTHES Q02 and MARY MONTAGUE Q02. Around the middle of the scale 
students are able to apply several related pieces of information to an explanation of a phenomenon. In 
MARY MONTAGUE Q04 students were required to bring knowledge of vaccination, immunity systems and 
differential resistance in human populations to the question. The knowledge utilised is distinguishable from 
that of lower levels of literacy by its breadth and the inclusion of an abstract concept where applicable. 
At the highest levels students can draw upon a broad range of abstract scientific concepts in developing 
explanations of a phenomenon such as in GREENHOUSE Q05.

General proficiencies  
students should have at each level

tasks a student should  
be able to do

examples from released 
questions

level 6 1.8% of all students across the OECD area can perform tasks at Level 6 on the  
explaining phenomena scientifically scale. 

Students at this level draw on 
a range of abstract scientific 
knowledge and concepts and 
the relationships between these 
in developing explanations of 
processes within systems. 

• Demonstrate an understanding of a variety 
of complex, abstract physical, biological or 
environmental systems.

• In explaining processes, articulate the relationships 
between a number of discrete elements or concepts.

GReenhouSe
Question 5

level 5 9.8% of all students across the OECD area can perform tasks at least at Level 5 on the 
explaining phenomena scientifically scale.

Students at this level draw on 
knowledge of two or three 
scientific concepts and identify 
the relationship between them in 
developing an explanation of a 
contextual phenomenon.

• Take a scenario, identify its major component 
features, whether conceptual or factual, and use the 
relationships between these features in providing an 
explanation of a phenomenon.

• Synthesise two or three central scientific ideas in 
a given context in developing an explanation for, 
or a prediction of, an outcome.

level 4 29.4% of all students across the OECD area can perform tasks at least at Level 4 on the 
explaining phenomena scientifically scale.

Students at this level have an 
understanding of scientific ideas, 
including scientific models, with 
a significant level of abstraction. 
They can apply a general, scientific 
concept containing such ideas in 
the development of an explanation 
of a phenomenon.

• Understand a number of abstract scientific models 
and can select an appropriate one from which to 
draw inferences in explaining a phenomenon in a 
specific context (e.g. the particle model, planetary 
models, models of biological systems).

• Link two or more pieces of specific knowledge, 
including from an abstract source in an explanation 
(e.g. increased exercise leads to increased 
metabolism in muscle cells, this in turn requires an 
increased exchange of gases in the blood supply 
which is achieved by an increased rate of breathing).

PhySICAl exeRCISe
Question 5

Figure 15.6 [Part 1/2]
Summary descriptions of the six proficiency levels in explaining phenomena scientifically



15
Proficiency Scale conStruction

298
PISA 2006 TECHNICAL REPORT – ISBN 978-92-64-04808-9 – © OECD 2009

System complexity: At the lowest levels students are able to deal with very simple contexts involving cause 
and effect relationships as illustrated by PHYSICAL EXERCISE Q03 where the effect of increased exercise is 
an increase in the flow of blood. Those in the middle ranges of the scientific literacy scale are beginning to 
view phenomena from a system viewpoint, increasingly extending and recognising the relationships that 
bear on the phenomenon. The models they understand and use in developing explanations start to deal with 
abstract scientific ideas and a degree of complexity. PHYSICAL EXERCISE Q05 involves students in drawing 
on knowledge of the human respiratory system. At the highest levels students show a capacity to develop 
explanations for contexts with a high degree of complexity involving abstract ideas and sub-systems drawn 
from a variety of scientific disciplines.

General proficiencies  
students should have at each level

tasks a student should  
be able to do

examples from released 
questions

level 3 56.4% of all students across the OECD area can perform tasks at least at Level 3 on the 
explaining phenomena scientifically scale.

Students at this level can apply one or 
more concrete or tangible scientific 
ideas/concepts in the development of an 
explanation of a phenomenon. This is 
enhanced when there are specific cues 
given or options available from which to 
choose. When developing an explanation, 
cause and effect relationships are 
recognised and simple, explicit scientific 
models may be drawn upon.

• Understand the central feature(s) of a 
scientific system and, in concrete terms, 
can predict outcomes from changes in that 
system (e.g. the effect of a weakening of the 
immune system in a human).

• In a simple and clearly defined context, 
recall several relevant, tangible facts and 
apply these in developing an explanation 
of the phenomenon.

MARy MontAGu
Question 4

ACId RAIn
Question 2

PhySICAl exeRCISe
Question 1

level 2 80.4% of all students across the OECD area can perform tasks at least at Level 2 on the 
explaining phenomena scientifically scale.

Students at this level can recall an 
appropriate, tangible, scientific fact 
applicable in a simple and straightforward 
context and can use it  
to explain or predict an outcome.

• Given a specific outcome in a simple 
context, indicate, in a number of cases and 
with appropriate cues the scientific fact or 
process that has caused that outcome (e.g. 
water expands when it freezes and opens 
cracks in rocks, land containing marine 
fossils was once under the sea).

• Recall specific scientific facts with general 
currency in the public domain (e.g. 
vaccination provides protection against 
viruses that cause disease).

GRAnd CAnyon
Question 3

MARy MontAGu
Questions
2 and 3

GRAnd CAnyon
Question 5

level 1 94.6% of all students across the OECD area can perform tasks at least at Level 1 on the 
explaining phenomena scientifically scale.

Students at this level can recognise simple 
cause and effect relationships given relevant 
cues. The knowledge drawn upon is a 
singular scientific fact that is drawn from 
experience or has widespread popular 
currency.

• Choose a suitable response from among 
several responses, given the context is 
a simple one and that recall of a single 
scientific fact is involved (e.g. ammeters are 
used to measure electric current).

• Given sufficient cues, recognise simple 
cause and effect relationships (e.g. Do 
muscles get an increased flow of blood 
during exercise? Yes or No).

PhySICAl exeRCISe
Question 3

ClotheS
Question 2

Figure 15.6 [Part 2/2]
Summary descriptions of the six proficiency levels in explaining phenomena scientifically
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Synthesis: The ability to bring together relevant concepts and to understand the relationships between them 
in constructing an explanation of a phenomenon is another dimension that shows progression over the 
levels of scientific literacy. At level two this is demonstrated in ACID RAIN Q03 where the requirement was 
to recognise that water would turn to ice below 0°C, know that water expands as it turns to ice and that 
there is a relationship between that expansion and the breaking down of rock. This involves the synthesis 
of concrete facts and ideas. By level 4 a progression in this dimension can be seen in PHYSICAL EXERCISE 
Q05. There, the requirement is to bring into relationship abstract ideas about the need of the muscles of the 
body for an increased rate of gaseous exchange in the lungs during physical exercise.

Progression in two dimensions is evident in the using scientific evidence competency. Descriptions relating 
to this progression in scientific literacy in this area can be found in Figure 15.5.

Complexity of the data used: At a low level of literacy the student can make comparisons between rows in 
a simple table or make a conclusion from a simple change in a single variable. A level 2 example of this 
can be found in  GRAND CANYON Q03 where the requirement was to recognise that the loss of gas in a 
chemical reaction results in a loss of mass for the products left behind. Around the middle of the literacy 
scale students can utilise data presented in the form of line graphs in making inferences, make simple 
comparisons between graphs and describe patterns in increasingly complex tables of data. Examples of this 
can be found in GREENHOUSE Q03 and Q04(1). At higher levels students are able to describe patterns in 
complex data, summarise that data and suggest explanations for the patterns.

Comparative skills and critical abilities applied to conclusions: Given options or clues, students at the lower 
levels of this competency can identify a conclusion that is supported by a simple data set. At levels around the 
middle of the scale students can make judgements about the merit of a conclusion by identifying evidence 
that is consistent with the conclusion and evidence that does not support it. At the highest levels students 
can comment on whether evidence is consistent with a given hypothesis and describe the limitations that 
are inherent in conclusions.

Interpreting the scientific literacy levels
The proficiency levels defined and described in the preceding sections require one more set of technical 
decisions before they can be used to summarise and report the performance of particular students. The 
scale of PISA scientific literacy is a continuous scale. The use of performance bands, or levels of proficiency, 
involves an essentially arbitrary division of that continuous scale into discrete parts. The number of divisions 
and the location of the cut-points that mark the boundaries of the divisions are two matters that must be 
determined. For PISA science, the scale has been divided into seven regions, including 5 bounded regions 
labelled levels 1 to 5, an unbounded region below level 1, and an unbounded upper region (labelled 
level 6). The cutpoints that mark the boundaries between these regions were given in Table 15.1 .

The creation of these performance bands leads to a situation where a range of values on the continuous scale 
is grouped together into each single band. Given that range of performances within each level, how do we 
assign individual students to the levels, and what meaning do we ascribe to being at a level? In the context 
of the OECD reporting of PISA 2000 results, a common sense interpretation of the meaning of being at a 
level was developed and adopted. That is, students are assigned to the highest level for which they would 
be expected to correctly answer the majority of assessment items. If we could imagine a test composed of 
items spread uniformly across a level, a student near the bottom of the level will be expected to correctly 
answer at least half of the test questions from that level. Students at progressively higher points in that 
level would be expected to correctly answer progressively more of the questions in that level. It should be 
remembered that the relationship between students and items is probabilistic – it is possible to estimate the 
probability that a student at a particular location on the scale will get an item at a particular location on the 
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scale correct. Students assigned to a particular level will be expected to successfully complete some items 
from the next higher level, and it is only when that expectation reaches the threshold of ‘at least half of the 
items’ in the next higher level that the student would be placed in the next higher level. Mathematically, the 
probability level used to assign students to the scale to achieve this common-sense interpretation of being 
at a level is 0.62. Students are placed on the scale at the point where they have a 62% chance of correctly 
answering test questions located at the same point.

The same meaning has been applied in the reporting of PISA 2000, 2003 and 2006 results. Such an approach 
makes it possible to summarise aspects of student proficiency by describing the things related to PISA 
scientific literacy that students can be expected to do at different locations on the scale.

General proficiencies  
students should have at each level

tasks a student should  
be able to do

examples from 
released questions

level 6 2.4% of all students across the OECD area can perform tasks at Level 6 on the using 
scientific evidence scale. 

Students at this level demonstrate an 
ability to compare and differentiate among 
competing explanations by examining 
supporting evidence. They can formulate 
arguments by synthesising evidence from 
multiple sources.

• Recognise that alternative hypotheses can 
be formed from the same set of evidence.

• Test competing hypotheses against 
available evidence.

• Construct a logical argument for an 
hypothesis by using data from a number of 
sources.

level 5 11.8% of all students across the OECD area can perform tasks at Level 5 on the using 
scientific evidence scale.

Students at this level are able to interpret 
data from related datasets presented in 
various formats. They can identify and 
explain differences and similarities in the 
datasets and draw conclusions based on 
the combined evidence presented in those 
datasets.

• Compare and discuss the characteristics of 
different datasets graphed on the one set of 
axes.

• Recognise and discuss relationships 
between datasets (graphical and otherwise) 
in which the measured variable differs.

• Based on an analysis of the sufficiency 
of the data, make judgements about the 
validity of conclusions.

GReenhouSe 
Question 4 

level 4 31.6% of all students across the OECD area can perform tasks at Level 4 on the using 
scientific evidence scale.

Students at this level can interpret a dataset 
expressed in a number of formats, such 
as tabular, graphic and  diagrammatic, 
by summarising the data and explaining 
relevant patterns. They can use the data to 
draw relevant conclusions. Students can 
also determine whether the data support 
assertions about a phenomenon.

• Locate relevant parts of graphs and compare 
these in response to specific questions.

• Understand how to use a control in 
analysing the results of an investigation and 
developing a conclusion.

• Interpret a table that contains two measured 
variables and suggest credible relationships 
between those variables.

• Identify the characteristics of a straightforward 
technical device by reference to 
diagrammatic representations and general 
scientific concepts and thus form conclusions 
about its method of operation.

SunSCReenS 
Question 5 

GReenhouSe
Question 4

(Partial)

Figure 15.7 [Part 1/2]
Summary descriptions of the six proficiency levels in using scientific evidence
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General proficiencies  
students should have at each level

tasks a student should  
be able to do

examples from 
released questions

level 3 56.3% of all students across the OECD area can perform tasks at Level 3 on the using 
scientific evidence scale.

Students at this level are able to select a 
piece of relevant information from data 
in answering a question or in providing 
support for or against a given conclusion. 
They can draw a conclusion from an 
uncomplicated or simple pattern in a 
dataset. Students can also determine, in 
simple cases, if enough information is 
present to support a given conclusion.

• Given a specific question, locate relevant 
scientific information in a body of text.

• Given specific evidence/data, choose 
between appropriate and inappropriate 
conclusions.

• Apply a simple set of criteria in a given 
context in order to draw a conclusion or 
make a prediction about an outcome.

• Given a set of functions, determine if they 
are applicable to a specific machine.

GReenhouSe
Question 3

level 2 78.1% of all students across the OECD area can perform tasks at Level 2 on the using 
scientific evidence scale.

Students at this level are able to recognise 
the general features of a graph if they are 
given appropriate cues and can point to an 
obvious feature in a graph or simple table in 
support of a given statement. They are able 
to recognise if a set of given characteristics 
apply to the function of everyday artifacts in 
making choices about their use.

• Compare two columns in a simple table of 
measurements and indicate differences.

• State a trend in a set of measurements or 
simple line or bar graph.

• Given a common artifact can determine 
some characteristics or properties 
pertaining to the artifact from among a list 
of properties.

ACId RAIn
Question 3

level 1 92.1% of all students across the OECD area can perform tasks at Level 1 on the using 
scientific evidence scale.

In response to a question, students at this 
level can extract information from a fact 
sheet or diagram pertinent to a common 
context. They can extract information from 
bar graphs where the requirement is simple 
comparisons of bar heights. In common, 
experienced contexts students at this level 
can attribute an effect to a cause.

• In response to a specific question 
pertaining to a bar graph, make 
comparisons of the height of bars and give 
meaning to the difference observed.

• Given variation in a natural phenomenon 
can, in some cases, indicate an appropriate 
cause (e.g. fluctuations in the output of 
wind turbines may be attributed to changes 
in wind strength). 

Figure 15.7 [Part 2/2]
Summary descriptions of the six proficiency levels in using scientific evidence
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Notes

1. While strictly speaking the scales based on aspects of reading are sub-scales of the combined reading literacy scale, for 
simplicity they are mostly referred to as ‘scales’ rather than ‘sub-scales’ in this report.

2. Examples referred to are reproduced in Volume 1 of PISA 2006: Science Competencies for Tomorrow’s World.
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Reader’s Guide

OECD countries
AUS  Australia 
AUT  Austria
BEL  Belgium
BEF Belgium (French Community)
BEN Belgium (Flemish Community)

CAN  Canada
CAE Canada (English Community)
CAF Canada (French Community)

CZE  Czech Republic
DNK  Denmark 
FIN  Finland
FRA  France
DEU  Germany
GRC  Greece
HUN Hungary
ISL  Iceland
IRL  Ireland
ITA  Italy
JPN  Japan 
KOR  Korea
LUX  Luxembourg
LXF Luxembourg (French Community)
LXG Luxembourg (German Community)

MEX Mexico
NLD Netherlands
NZL New Zealand
NOR Norway
POL Poland
PRT Portugal
SVK Slovak Republic
ESP Spain
ESB Spain (Basque Community)
ESC Spain (Catalonian Community)
ESS Spain (Castillian Community)

SWE Sweden
CHE Switzerland
CHF Switzerland (French Community)
CHG Switzerland (German Community)
CHI Switzerland (Italian Community)

TUR Turkey
GBR United Kingdom
IRL Ireland
SCO Scotland   
USA United States

Partner countries and economies
ARG  Argentina
AZE  Azerbaijan
BGR  Bulgaria
BRA  Brazil
CHL  Chile
COL  Colombia
EST  Estonia
HKG  Hong Kong-China
HRV  Croatia
IDN  Indonesia
JOR  Jordan
KGZ  Kyrgyztan
LIE  Liechtenstein
LTU  Lithuania
LVA  Latvia
LVL  Latvia (Latvian Community)
LVR Latvia (Russian Community)

MAC Macao-China
MNE Montenegro
QAT Qatar
ROU Romania
RUS Russian Federation
SRB Serbia
SVN Slovenia
TAP Chinese Taipei
THA Thailand
TUN Tunisia
URY Uruguay

Country codes – the following country codes are used in this report:
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