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Abstract
The cognitive items covering the domain of scientific literacy in the Programme for International 
Student Assessment (PISA) are explored through an analysis of the item residuals (item-by-country 
interactions) with the aim of looking for a distinct Nordic pattern. The findings of a cluster analysis 
indicate that the profile across the Nordic countries is not very distinct. However, stable profiles are 
established for a number of other groups of countries, and the Nordic countries are shown to be mem-
bers of a larger group of countries which is labelled North-West European countries. Furthermore, 
item characteristics are used to find possible explanations for the profiles.

An exploration of cluster structure in scientific 
literacy in PISA: Evidence for a Nordic dimension?

Introduction
In this article patterns across cognitive items in scientific literacy (sometimes referred to as ‘scien-
ce’ throughout the article) from the OECD study Programme for International Student Assessment 
implemented in 2003 (PISA 2003) are explored. From prior research on similar data it is reasona-
ble to expect that countries with geographical, linguistic, political or economical similarities cluster 
together. Of specific interest in this paper are the Nordic countries that in prior studies have been 
shown to have profiles across cognitive items that are relatively similar to each other. Indicati-
ons for such a Nordic cluster have been established in analysis of reading items from PISA 2000 
(Lie & Roe, 2003), analyses of mathematics items from the Third International Mathematics and 
Science Study (TIMSS 1995) (Grønmo et al., 2004b; Lie et al., 1997; Zabulionis, 2001) as well as 
in analyses of science items from TIMSS 1995 (Angell et al., in press; Grønmo et al., 2004b; Lie et 
al., 1997) and science items in PISA 2000 (Kjærnsli & Lie, 2004). A Nordic profile is particularly 
present in the analysis of items from TIMSS 1995, while in the analysis of PISA 2000 items the 
indications are weaker. The latter may be due to the fact that science and mathematics were minor 
domains in PISA 2000, and as a consequence the number of items was quite low. It is also worth 
commenting here that Finland did not participate in TIMSS 1995 while all the Nordic countries 
participate in PISA. In the analysis of the PISA 2000 data referred to above, it was especially Fin-
land that did not cluster together with the other Nordic countries, followed by Denmark that also 
had a profile that to some degree was drawn away from the Nordic cluster.

In the above mentioned analyses of data from PISA 2003 and TIMSS 1995 other clusters of coun-
tries were even more strongly present. In the analyses of the science data in TIMSS 1995 (Angell 
et al., in press; Grønmo et al., 2004b; Lie et al., 1997) the English speaking countries had the 
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most distinct profile. Furthermore, in this analysis the German speaking countries, East-European 
countries and East-Asian countries clustered together. In addition some strong pairs of countries 
(France & Belgium French and the Netherlands & Belgium Flemish) were present. Lastly, in 
TIMSS 1995 there was a cluster of underdeveloped countries (Columbia, Philippines and South 
Africa). In the cluster analyses of science items in the PISA 2000 data (Kjærnsli & Lie, 2004) the 
English group of countries was again a dominant cluster in the solution, and also a German spea-
king cluster (including Denmark) and a cluster consisting of the countries Portugal, Brazil and 
Mexico were quite distinct. In addition there were indications for an East European cluster. 

Although the above mentioned studies applied a method similar to the one used in this article, 
none of them used the items themselves in order to give a more detailed description of the profiles. 
This article will therefore seek to reconfirm the cluster structure found in these studies, including 
a more thorough evaluation of the stability of the solution. Furthermore, broad descriptors of the 
items are used to establish the main characteristics for the clusters.  Specifically this exploration is 
aimed at studying to what degree there is evidence for a Nordic cluster in the PISA data. 

The article sets out to answer several interrelated questions:

1) What groups or clusters of countries are indicated by the cognitive items in the science do-
main of PISA 2003?

2) To what degree does the cognitive data in the science domain of PISA 2003 suggest that 
there is a common Nordic profile?

3) To what degree can some very broad item descriptors be used to describe unique aspects of 
the profiles across the cognitive items for the established clusters of countries? 

Given that scientific literacy was a minor domain in PISA 2003, this article can not reach any 
solid conclusions regarding these questions. However, the analysis will point forward to what is 
feasible when data have been collected in 2006, this time with science as the major domain of the 
PISA assessment.

The data analysed are so called item-by-country interaction. These data are measures of how 
much the achievement for a country on an item deviates from what could be expected given 
the overall achievement of the country and the overall difficulty of the item (more will be said 
about this later). In projects like TIMSS and PISA efforts are made to minimize such interactions 
(Adams & Wu, 2002). In the discussion of the results presented this aspect will be brought up 
again and some recommendations and consequences for international large scale assessment of 
student achievement will be discussed.

Scientif ic literacy in PISA
PISA is a study organised through the Organisation for Economic Co-operation and Development 
(OECD). The study is repeated every three years, and different domains are emphasised in the test 
material each time. The study has so far been implemented twice, in 2000 and in 2003.  Reading 
was the main emphasis in 2000 and mathematics in 2003.  Scientific literacy was a minor domain 
in both studies. In 2006, science will be the major domain.
In 2003 some 270 000 students from 41 countries participated. The main results from the study 
have been reported in the international report (OECD-PISA, 2004) and in national reports (eg. 
Björnsson et al., 2004; Kjærnsli et al., 2004; Kupari et al., 2004; Mejding, 2004; Skolverket, 
2004).

The framework for the study gives comprehensive descriptions of the domains, including scientific 
literacy (OECD-PISA, 2003, p. 133):
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Scientific literacy is the capacity to use scientific knowledge, to identify questions and to 
draw evidence-based conclusions in order to understand and help make decisions about the 
natural world and the changes made to it through human activity.

This definition is further developed and operationalised through the three main dimensions that 
the items should cover:

A. The content dimension that identifies several areas within science seen as particularly relevant 
given the overall definition

B. The competency dimension that identifies three scientific competencies:
I. Describing, explaining and predicting scientific phenomena
II. Understanding scientific investigation
III. Interpreting scientific evidence and conclusions
The first of these competencies involves understanding scientific concepts, while the second 
and third can be relabelled as understanding scientific processes. The item share across 
these three competencies is 50 % in competency I and 50 % in competencies II and III.

C. The situation dimension identifies three contexts or major areas of application; ‘Life and Health’, 
‘The Earth and the Environment’, and ‘Science in Technology’.

All items are categorised within these three dimensions. When describing the unity and diversity of 
clusters of countries, B and C will be used to characterise the items. The reason for not using the 
content dimension is twofold; this dimension has not been equally important in the item develop-
ment, and it has too many categories to be useful in the analysis.

Method
A full account of the method used to analyse the data is given in Olsen (In progress). A short and 
compact overview is given in the following.

The residual matrix
The data input for the analyses presented in this article is a matrix with the percentages of stu-
dents receiving score (p-value) on each science item in the PISA 2003 cognitive test for each of 
the participating countries. The number of items is 34 and the number of countries included in the 
analysis is 41. The p-values across items for high performing countries will in general be relatively 
high as compared to those for low performing countries. Similarly; the p-values for hard items 
will in general be low across countries as compared to easier items. These overall patterns can be 
regarded as not very interesting when we seek to find country specific patterns across items. The 
p-value matrix is therefore transformed to cancel out these general effects by subtracting the item 
specific part and the country specific part from each item respectively. These residuals represent 
the achievement for a country on a specific item, beyond what can be expected from the item and 
country averages alone.

Cluster analysis
Cluster analysis is a generic term for methods aiming to cluster individual cases (or variables) into 
larger groups which at the same time are a) similar to cases within the group and/or b) dissimilar to 
cases outside the group. These properties of a cluster will in the following be referred to as internal 
cohesion and external isolation respectively. 

The results presented in this article are based on an agglomerative hierarchical cluster analysis 
using average linkage to cluster cases (countries), and with correlations between the cases as the 
measure of proximity. ‘Agglomerative hierarchical’ refers to that the overall aim of this type of clus-
ter analysis is to group the cases (or the variables) in successive steps. In other words starting with 
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n cases, the cases are merged in n - 1 steps. As a result the data originally organised into n clusters 
(countries) ends up in one overall cluster containing all the individual countries. ‘Average linkage’ 
refers to that during the sequence when already formed groups of cases are clustered with new 
cases or merged with another group, this decision is based on average values of the ‘proximities’ 
or similarities for the groups. The specific method used is based on pragmatic reasons. In general 
there is no clear advice in the literature on how to choose an appropriate measure of proximity 
or clustering method. Everitt et al. (2001, p. 62) have reported that the average linkage method 
is relatively robust and that it takes account of cluster structure. While proximities in the final 
solution are measured by correlations and the clustering method used is average linkage, other 
proximity measures and clustering procedures have been used to study the stability of the final 
solution presented.

The result of a cluster analysis is commonly presented by a dendrogram (as seen in Figure 1). Den-
drograms represent the hierarchical structure in the data. They illustrate when and how, in the 
stepwise procedure from n single cases to one single metacluster, cases merge to form the clusters. 
On the left all cases are separated and then proceeds with lines showing the clustering. The points 
where lines meet, that is where cases or groups of cases are merged, are referred to as nodes. The 
important decision to be made is when to stop, while reading the diagram from the left to the 
right. If there is an interesting clustering pattern in the data this will obviously lie somewhere in 
between the two extremes. In an SPSS application, which is used in the analyses presented below, 
the cases are sorted from top to bottom so that the countries belonging to the same cluster are 
placed near each other, and also they are placed so that the lines in the diagram do not cross, and 
thus the readability of the diagram is enhanced. Also, the dendrograms are shown with a stan-
dardized metric for the proximity measures in a range from 0 to 25. In this metric the ratios of the 
original proximity measures are preserved, whether they were Euclidian distances or a measure of 
similarity such as correlations (Norusis, 1988). Thus, this metric facilitates comparisons between 
solutions using different proximity measures.

Stability and validity
There is no clear advice in the literature for how to document the validity of a cluster analysis. 
A point of departure for establishing a validation procedure is that no valid interpretations can 
be done if the solution is not robust or stable. In the literature stability is not uniquely defined 
and this term refers variously to a property of the data themselves, the properties of a technique 
or to a property of the proposed solution. The last meaning of the word applies here. Gifi (1990) 
has given a comprehensive overview of different types of stability considerations in multivariate 
analysis, and especially relevant here is the type of stability labeled as statistical stability under 
selection of technique:

If we apply a number of techniques that roughly tries to answer the same question to the 
same data, then the result should give us roughly the same information. As the use of 
‘roughly’ indicates, this form of stability is somewhat complicated to study. However, if nine 
out of ten techniques point to the same important characteristic of a data set, then the tenth 
technique is disqualified if it does not show this characteristic (p. 38).

A solution should not simply be an artifact of the method used. Besides, it should not be very 
sensitive to specific data points, or in other words, the solution should show stability under data 
selection (Gifi, 1990). A robust solution is therefore obtained if applying different methods give 
similar solutions or if removing parts of the dataset do not alter the solution substantially. Accor-
dingly, the data were analysed using other clustering methods and other measures of proximities, 
and the analyses were replicated omitting selected parts of the data to see whether the solution 
was affected by specific data points.

[84]

Rolf V. Olsen



[85]

Figure 1: The dendrogram for country clustering. The groups with high degree of external isolation 
are framed. Subgroups or possible extensions are shown with dotted lines
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Results
Identifying the main clusters
Figure 1 shows the dendrogram representing the solution of the cluster analysis. In this figure 
some groupings of countries have been marked by frames. These groups are externally isolated 
from the rest of the countries. This is seen by the relatively large distance from the node where 
they are merged to the next node up in the hierarchy. These groups are therefore the initial candi-
dates for being perceived as clusters. However, some of these groups are very small (e.g. Italy and 
Spain). Some other possible groups in the hierarchy are difficult to label, which indicates that they 
are difficult to interpret as meaningful units (e.g. Turkey, Indonesia and Thailand). Four groups of 
countries remain as distinct and meaningful clusters and these can be labelled as:

1) ‘East Asian countries’ (short label ‘EastAsia’)
2) ‘English speaking countries’ (short label ‘English’)
3) ‘North-West European countries’ (short label ‘NorthEur’)
4) ‘South American countries + Portugal’ (short label ‘SouthAm’)

The cluster of North-West European countries
Figure 1 gives little support for the hypothesis of a distinct Nordic cluster. Instead the Nordic 
countries are merged into the largest groups of countries. This larger cluster is to some degree a 
linguistic cluster. In all these countries, except for France, Finland and parts of Belgium, Luxem-
bourg and Switzerland, the majority language is a Germanic language. It is also a geographical 
cluster (countries in the North-West corner of Europe). In such a large cluster it can not be expec-
ted that all pairs of countries are similar. Sweden is for instance included in the group at a very 
late stage. However, all the countries share similarities with the average profile for the countries 
within the group. The average correlation coefficient between the countries within the cluster is 
0.32 and the coefficient alpha is relatively high (see Table 1), both taken as indicators of moderate 
to high internal coherence. In addition the cluster is externally well isolated from the rest of the 
countries. It could therefore be accepted as a cluster despite the fact that there are some negative 
correlations in this group. 

Within this group there is one distinct subgroup that could also be perceived as a cluster by itself, 
the ‘German speaking countries’ (short label ‘German’) with a high degree of internal cohesion. 
Many of the countries’ residuals are strongly correlated with one or more countries in this sub-
group of German speaking countries, or in other words, the subgroup ‘German’ is not totally iso-
lated from the other countries in cluster 3. In the larger cluster it seems as though this subgroup is 
a “centre of gravitation” attracting the other countries.

As is evident, the criteria for what counts as a cluster is not definite. Although the Nordic coun-
tries did not stand out as a cluster in this analysis, it is still considered worthwhile looking into the 
internal clustering mechanisms between the Nordic countries (short label ‘Nordic’), based on the 
average correlations and alpha coefficients in Table 1 and with the references given to prior studies 
documenting a Nordic unity across cognitive items. Several Nordic countries have moderately po-
sitively correlated residuals. Denmark stands out as the country with the most prominent overall 
Nordic profile with correlations with the other Nordic countries in the range 0.2-0.5. Sweden is at 
the other extreme with weak overall correlations with the Nordic neighbours. The latter is quite 
surprising given the fact that Sweden has been very much centrally placed in the Nordic cluster 
in similar analysis of other datasets.  This is for instance not consistent with the findings in similar 
analysis of the science items in the PISA 2000 data (Kjærnsli & Lie, 2004).

Throughout the article these two clusters will be included. The German speaking group of coun-
tries is natural to include given that this cluster satisfies all criteria given above for what constitutes 
a cluster. The reason for also including the Nordic countries as a cluster is mainly that the unity or 
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diversity among these countries is the object of study for this article. Dividing the large North-West 
European cluster into two smaller groups of countries is also based on that in some instances it 
is warranted to have about equal group sizes when comparing properties of different clusters (for 
instance in evaluating and comparing averages or the coefficient alphas).

Table 1: The coefficient alphas and the average correlations within the clusters.

The other clusters
The three other clusters will not be discussed in detail. They are all well established and fulfil the 
requirements stated above for what defines a cluster. For the cluster of South-East Asian countries 
it should be noted that Hong Kong and Macao are very close to each other. The correlations bet-
ween the residuals for these countries is almost 0.9! This is the strongest relationship between any 
pairs of participating school systems in PISA, and this is most probably related to the fact that they 
are school systems within two regions of the same country, China. However, all the correlations 
between the countries in this group are positive and fairly high. The English speaking countries 
are also split into two subgroups but all countries (except USA and Ireland) have residuals that 
are moderately or highly correlated with each other. The fourth group is a bit more problematic 
to label. The countries in this group all have Latin languages, but at least two other countries with 
similar languages (Italy and Spain) do not belong to the cluster. The label South-America + Portu-
gal is therefore a better suggestion, indicating also that it might be more meaningful to reduce this 
cluster to only the three Latin-American countries.

In the cluster analyses of data from TIMSS 1995 (Angell et al., in press; Grønmo et al., 2004b; 
Zabulionis, 2001) a distinct Eastern-European cluster of countries was present. The dendrogram 
(and also the total correlation matrix not given here) suggests that Hungary and Poland differ 
most markedly from their partners in what Zabulionis (2001) labels the ‘post-communist’ group 
of countries. Still, the group of five countries (Czech Republic, Slovak Republic, Russia, Latvia, 
and Serbia and Montenegro) in the lower end of the dendrogram is much more coherent than for 
instance the Nordic group (see average correlations and alphas given in Table 1). This group will 
therefore be included and treated as a cluster (short label ‘EastEur’). Further arguments for inclu-
ding this cluster are given when discussing the stability of the analysis. 

Stability and validity
To verify the stability of the solution the data have been analysed combining other proximity 
measures (Block distance or Manhattan distance and ordinary and squared Euclidian distance) 
and other clustering methods (single linkage and Wards method) in order to reveal if the clusters 
mapped in Figure 1 could possibly be artefacts of the specific method used. Also, the analysis has 
been done excluding some countries one at a time. Furthermore, in order to study possible floor- 
and ceiling effects, a matrix of logistically transformed residuals has been analysed (see Olsen, In 
progress for details). In short it can be concluded from these analyses that the solution presented 

Cluster
Coefficient

alpha

Average
correlation

within cluster
EastAsia 0.77 0.45
English 0.85 0.50
NorthEur 0.86 0.32
  German 0.89 0.65
  Nordic 0.59 0.24
SouthAm 0.83 0.57
EastEur 0.81 0.45
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is robust, and it is unlikely that the clusters reported are artefacts of the specific method chosen. 
In addition, varying the measures and the methods has identified the possibility of an East Euro-
pean cluster and some weak indications of a Nordic profile. As a last element of validation, this 
cluster structure has been compared to other studies using a similar method (Angell et al., in press; 
Grønmo et al., 2004b; Kjærnsli & Lie, 2004; Lie & Roe, 2003; Zabulionis, 2001). In short, the 
correspondence between these analyses is quite remarkable. Many of the same clusters reappear 
from study to study, a phenomenon that will be brought up when discussing possible implications. 
In result, there are six approximately equally sized clusters that will be referred to throughout the 
article.

Explaining the clusters by looking at the items
It is not evident what is required for, and what counts as, an explanation for these findings. While 
for instance Grønmo et al. (2004b) and Zabulionis (2001) in their discussion gave a focus on 
wider cultural factors, or in other words, explanations at a deep and fundamental level of under-
standing beyond the items themselves, this article is delimited to explanations based directly on 
the analyses of the items that actually produced the cluster structure. This is not to dismiss the fact 
that the labels chosen for the groups refers to factors beyond the items themselves, such as geo-
graphical or linguistic commonalities between the countries in a group.  Rather, it is to emphasise 
that the clusters are based on profiles across highly specific items. These clusters represent groups 
of countries with similar item-by-country interactions. An equivalent statement is that countries 
within a group perform better or worse than what could be expected on many of the same items. 
In order to gain further insight into these patterns it is worthwhile looking more closely at the pat-
terns across items in order to identify differential weaknesses and strengths related directly to the 
items. In the analysis below the Nordic perspective will be given priority.

In order to identify the items with explanatory power, the single item data can be explored one 
item at a time. We could for instance proceed by identifying items favoured by specific clusters or 
items separating clusters effectively. This has been attempted with the science items in PISA 2003, 
but this approach was eventually abandoned since the number of items characterising the Nordic 
countries were too few to make meaningful suggestions for generalisations. This line of analysis 
will therefore be postponed until data from the 2006 study is available. The number of science 
items will be about three times as high in 2006 and the potential for such analyses will be much 
better.

Instead of using single items by themselves the relationship between the item residuals and de-
scriptors for some more overall characteristics shared by many items has been analysed. With only 
34 items available for analysis it is important to use descriptors of a general character not splitting 
the items into more than two groups, such as competency, context, format, relationship to text and 
item difficulty. In this analysis several ways of classifying the items will be used:

1. Competencies: Item analyses from PISA clearly demonstrates that countries perform differently 
on items testing mainly factual knowledge or understanding of concepts (competency I) and 
items testing the understanding of and skills in some fundamental scientific processes (com-
petencies II and III) (Kjærnsli et al., 2004; Lie et al., 2001). The variable ‘Comp” in Table 2 is 
coded 1 for items in Competency I and 2 for items in competency II or III.

2. Context: Also, countries have different emphases in science curricula (Cogan et al., 2001; Mar-
tin et al., 2004) which means that items from different areas of application might work diffe-
rently in countries. The PISA framework operates with three situations or contexts describing 
the areas of application. These contexts have after an initial screening of the data been recoded 
into two distinct areas of application; ‘Life and Health’ (coded 1) and ‘Physical World’ (coded 
2). The latter is a combination of the two original situations labelled ‘Earth and Environment’ 
and ‘Science in Technology’.

[88]
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3. Format: Previous research is ambiguous regarding the differential effects of item format across 
countries. This will be explored through the dichotomy given by constructed response items 
(coded 1) vs. selected response items (coded 2).

4. ‘Textdist’ (text distance): It is evident from the science items in PISA that they are very much re-
lated to textual stimulus, and the items have therefore been dichotomously classified according 
to their closeness to the text. To some degree items differs in the way that they are dependent 
on the textual material. Some items could more or less be answered by skilful reading (coded 
2), while others require to a much larger degree that external information is brought into the 
solution (coded 1).

5. p-value: In addition the difficulty of the item, indicated by the percentage of credited respon-
ses (p-value) will be used. Analysis of the Norwegian data revealed for instance that students 
performed relatively better on easier items in mathematics (Kjærnsli et al., 2004). This item 
descriptor differs from the other descriptors (1-4 above) in that it is represented by a continuous 
variable.

What stands out in Table 2 from a Nordic perspective is that the textual aspect of the PISA items is 
very important. This means that Nordic countries perform relatively better on items where careful 
analysis of the text in the stimulus material is vital to reach a solution than on items were the solu-
tion is more independent of the textual material itself. Furthermore, a relatively strong relationship 
is found with the ‘Competency’ variable, which means that the Nordic countries perform relatively 
better on items testing understanding and mastery of scientific processes (competency II and III). 
Response format is not very important, but to the extent that Nordic students perform relatively 
better on a format the positive sign for this correlation tell us that the Nordic countries on average 
have small positive residuals for selected response items. In other words; there does not seem to 
be a bias disfavouring the Nordic countries on tests that include multiple choice items, despite the 
fact that this format is not very common in the Nordic countries. The same has been documented 
for the mathematics items in PISA 2003 (Kjærnsli et al., 2004). There is also a similar weak ten-
dency for the Nordic countries to perform better on easier items. Finally, the contexts do not seem 
to play any significant role in explaining the Nordic profile.

A compact characterisation of the other clusters is that the English students are favoured by items 
testing their understanding and mastery of scientific process skills, and they perform relatively bet-
ter on items set in a context related to life and health; the East Asian students perform relatively 
well on difficult items testing conceptual understanding where they have to formulate answers 
themselves, preferably in contexts relating to the physical world; East European countries are 
favoured by multiple choice items testing conceptual understanding related to the physical world, 
and where interpretation of the text is not crucial in order to reach a qualified solution; while the 
German and the South American profile is relatively even across these item characteristics. Many 
of these characteristics are consistent with what was found in TIMSS 1995 (Lie et al., 1997) and 
TIMSS 2003 (Grønmo et al., 2004a).

Comp Context Format Textdist Pvalue
EastAsia -0,27 0,18 -0,42 -0,15 -0,21
English 0,44 -0,23 -0,11 0,16 -0,05
NorthEur 0,19 -0,14 -0,04 0,36 0,08
  German -0,06 -0,15 -0,08 0,19 0,03
  Nordic 0,23 -0,04 0,07 0,45 0,08
SouthAm 0,12 -0,13 0,22 0,14 0,13
EastEur -0,34 0,29 0,31 -0,34 -0,01

Item characteristics

Table 2: Correlation between some item characteristics and the average item residuals in clusters 
of countries. Statistically significant correlations are boldfaced.
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Conclusions and implications
Is there a Nordic profile of science achievement?
The results presented are not conclusive regarding the Nordic aspect of the research questions. It 
is evident from inspecting the item residuals themselves that there are many items with similarities 
between the Nordic countries. For many items the residuals in the Nordic countries are very close 
to each other. In an attempt to “explain” the Nordic profiles, it was found that it was particularly 
related to an index of how closely the items were linked to the textual material in the stimulus. 
Nordic students did particularly well on items were the correct response was highly dependent 
on reading and interpreting the textual material. The other item characteristics were not strongly 
linked to the Nordic profile of residuals. Furthermore, the average correlation between the Nordic 
countries’ residuals was moderate. Sweden was particularly weakly linked to the other Nordic 
countries.

On the other hand, it is not evident that the profiles across items for the Nordic countries have 
more in common than they have with other North-West European countries (Figure 1). The co-
untries within this larger cluster are similar in many respects; they have predominantly Germanic 
languages, they are geographical neighbours, they are wealthy countries belonging to the same 
cultural sphere. It is interesting to note that, within this cluster, the countries with predominantly 
German speaking students have moderate to high correlations with all the other countries in the 
cluster. In other words, the German subcluster of countries functions as the “glue” holding this lar-
ger cluster together. This effect cannot be fully understood as a linguistic effect since several of the 
countries within this larger group have non-Germanic languages. It is tempting to suggest that this 
empirical finding might somehow be an effect of the historical ties between these countries, where 
especially Germany has been a dominant country, not only politically and economically, but also 
within educational theory. The extent to which this has had an effect on educational policy and 
curriculum is not easy to specify. It is therefore not easy to relate such wider cultural factors to the 
concrete cluster analysis presented in this article.

Consistency across studies
In all studies reported so far using a version of the same method to explore clustering across cog-
nitive items the English, the East Asian and the German clusters are always more or less clearly 
present (Angell et al., in press; Grønmo et al., 2004b; Kjærnsli & Lie, 2004; Lie & Roe, 2003; Za-
bulionis, 2001), independent of the domain tested and the specific nature of the study, and these 
clusters are stable over time and invariant of the specific method used in the analysis. Further-
more, the larger metacluster of North-West European countries has been present in all the studies 
analysing science items. In addition an East European cluster has been clearly present, especially 
in studies of the TIMSS 1995 data which included a large number of countries from East Europe. 
In addition, a Nordic cluster has been more clearly present in the analyses of TIMSS 1995 items. 
All in all, the consistency across the reported analyses gives further reassurance to the conclusion 
that the clusters of countries presented above are indeed countries or school systems with com-
mon characteristics.

It is reasonable to suggest that a further investigation of this phenomenon is warranted. Central 
to such an investigation would be theoretical contributions with reviews of possible antecedents 
for such clusters. Furthermore, one should find ways to include items from the questionnaire de-
scribing the school systems as explanatory variables for the profiles. Also, a more distinct science 
educational perspective should be possible to develop when more items are included. This would 
make it possible to use more refined item characteristics, and it would be possible to identify rela-
tively large pools of items characterising each cluster. Moreover, it has been argued elsewhere that 
TIMSS and PISA are studies which can be seen as complementary to each other (Olsen, 2004), 
and done with care the pool of items characterising the clusters of countries could be supplemen-
ted by similar analysis of TIMSS 2003 data.
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Residuals and fair tests
Tests such as those in PISA are developed to measure a well defined cognitive trait. In order to do 
this with some level of precision it is necessary to have many items in a test. When developing the 
PISA test considerable efforts are made to produce items with minimal item-by-country interac-
tions. Items with large interactions are consciously tossed out after the field trial. A test with no 
such interactions would in many ways be considered the perfect test since such interaction could 
threaten the aim of the test; to compare countries by measuring the same trait in all countries. If 
there are large item-by-country interactions, this could imply that some of the items measure dif-
ferent concepts in different countries, and as such the item is not very effective since the item then 
would provide little information to the overall measure. Seen from a didactical or subject centred 
perspective these procedures mean that highly interesting information is consciously not collected. 
Fortunately, as is evident in the results presented, there is so much variation in countries’ profiles 
across items that distinct clusters of countries still could be detected.

Wolfe (1999) studied profiles of residuals across content categories in mathematics in the Second 
International Mathematics Survey (SIMS). He concluded that when the profiles of achievement 
are too discrepant, the overall comparison is either “fundamentally unfair or essentially random” 
(Wolfe, 1999, p. 225). He continued that as a consequence of this regional designs are required 
to enhance the validity of international studies so that countries more similar to each other are 
compared. His conclusion is not totally relevant for PISA. This study does not, as SIMS and the 
sequels TIMSS 1995 and 2003, intend to be a ‘fair test’. PISA intends to measure cognitive traits 
that the international community of policy makers and researchers to some extent agree on are 
central for being “prepared for life”. His argument related to the error component is on the other 
hand just as important for PISA as in any other international comparative assessment. However, 
the residuals that Wolfe reports from SIMS are on average higher than the residuals in PISA. It 
is likely that this is due to the increased focus on quality found in later international assessment 
studies (Porter & Gamoran, 2002), including a thorough screening of the item-by-country interac-
tions in the field trials (Adams & Wu, 2002). Still, if the residuals had been computed once more, 
but this time in a matrix consisting only of countries with similar profiles, they would have been 
reduced. As such the information that each item provides is higher for a scale produced across 
countries with comparable profiles.
This is an argument for giving priority to Nordic comparisons, given that the profiles are com-
parable across the Nordic countries. This Nordic perspective has been central in the Norwegian 
reports from TIMSS 1995 (Lie et al., 1997) and PISA (Kjærnsli et al., 2004; Lie et al., 2001) and 
in a supplementary Nordic PISA report (Lie et al., 2003).

From a psychometrical perspective the residuals used for analysis in this article are regarded as 
“errors” or random fluctuations around the true score. Since these residuals are systematically 
linked to characteristics of the items other than the trait being measured, they are clearly not 
random fluctuations. If PISA is perceived to be a ‘fair test’, different weighting of items with spe-
cial item characteristics could be regarded as a bias. In general, the distribution of items across 
different characteristics is always to some extent arbitrary. This implies that when interpreting 
the results of an international test, particularly when discussing the results as seen from a specific 
national context, the operationalisation of the trait being tested must be evaluated according to 
a national frame of reference. If for instance a science test is loaded with items in mechanics one 
has to evaluate whether this is a representative test for a country, given the national priorities in 
the curriculum.

Scientific literacy and reading
The main characteristic of the Nordic profile is that students in our region tend to do well on items 
involving careful reading, or as an alternative and more pessimistic interpretation, the Nordic stu-
dents achieves poorly on items not directly dependent on reading of the text. In the analysis done 
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here these two possible interpretations cannot be distinguished. Moreover, this textual characte-
ristic of the items was in general the item characteristic that most successfully could account for 
differences in the clusters achievement profiles.

Norris and Phillips (2003) have described the relationship between scientific literacy in a funda-
mental sense as being able to read/write science texts and a derived sense as being knowledgeable 
and competent in science.  The effect of the textual descriptor implies that the link between aspects 
of scientific literacy in its fundamental sense is indeed a vital part of scientific literacy as operatio-
nalised in PISA. Fang (2005) has from a systemic functional linguistic perspective (e.g. Halliday & 
Martin, 1993) and by providing examples of material from textbooks in school science demonstra-
ted that these two types of scientific literacy are not only interrelated, but also inseparable.

In the framework for PISA (OECD-PISA, 1999, 2003) this and related linguistic perspectives are 
not explicitly linked to the overall trait of scientific literacy. In these documents it is clearly stated 
that scientific literacy as measured by PISA should be set in contexts with some degree of authen-
ticity. This has introduced what is a ‘fingerprint’ for many PISA items; they are organised in groups 
of items relating to the same stimulus material (examples are provided in OECD-PISA, 2002 and 
many more are found in Norwegian at www.pisa.no). For many of these units the stimulus mate-
rial is an extended piece of text, and the texts have the same characteristics as those analysed by 
Fang (2005).  Many of these texts have a high informational density, processes and phenomena 
observed in nature or laboratory are abstracted by use of nouns (nominalisation), and they include 
specialised technical language.

The amount of research and theoretical discussions related to this linguistic characteristic of tal-
king, writing and reading scientific texts is significant (e.g. Bisanz & Bisanz, 2004; Fang, 2005; 
Lemke, 1990; Norris & Phillips, 2003; Roth & Lawless, 2002; Wallace et al., 2004; Wellington & 
Osborne, 2001) and in science education research this is now a mature subject of study. The rough 
indicator for how the text is related to the solution could effectively account for differences in pro-
files across countries, and given the available theoretical discussions on how learning science in 
many respects is learning to talk, write and read science, and that being scientific literate in many 
ways is to know and understand the language of science, this aspect deserves closer attention 
in the future frameworks of PISA. Furthermore, this link between this emerging field of science 
education and PISA’s operational definition of scientific literacy deserves closer inspection and 
discussion. One way to proceed would be to analyse some of the stimulus material more closely, 
for instance using the framework of systemic functional linguistics. The arguments for treating 
the connection between literacy in a wider sense and scientific literacy in more detail is further 
strengthened by the fact that PISA also includes reading literacy as well as mathematical literacy 
as test domains. Applying a common linguistic approach on items across these domains could give 
valuable insights into how these domains relate.
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