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Introduction

The development processes that are employed by PISA to ensure the cross-national validity of its scales 

consist of four steps. First, the construct should have well-established theoretical underpinnings. That is 

the construct should be underpinned by a body of academic literature and it should be supported by 

leading theorists and academics working in an area. Within PISA this is ensured through the articulation of 

the constructs in widely discussed and reviewed assessment frameworks. For the embedded interest and 

embedded support scales the articulation can be found in the Assessing Scientific, Reading and Mathematical 

Literacy: A Framework for PISA 2006 (OECD 2006) (also see Chapter 2).

Second, the approach to operationalising the construct must be widely supported – that is, there must be 

wide agreement that the items that are used in PISA are reflective of the underlying conceptual definition 

of the domain. For the embedded interest and embedded support scales the procedures used in PISA to 

ensure this parallel those used for the cognitive assessment items. The procedures that PISA puts in place to 

achieve this include:

•	 The use of skilled professional test development teams from a variety of PISA participating countries;

•	 Review of the items as they are prepared by experts who have been directly involved in and were often 

responsible for the conceptualisation of the underpinning construct definitions;

•	 Opportunities for review and evaluation of the drafted items by PISA participating countries on multiple 

occasions;

•	 A detailed set of translation and translation verification protocols that are aimed at ensuring the conceptual 

and psychometric equivalence of the items across languages and cultures;

•	 A range of small, medium and large trial testing activities where students are asked to respond to the item 

and to reflect upon the meaning of the items to them.

Third, psychometric analyses are undertaken to ensure that the sets of items that are deemed to be reflective 

of the underlying construct can indeed be brought together in a coherent fashion to provide indicators of the 

underlying construct. These analyses pay particular attention to the scalability, reliability and cross-country 

consistency of the behaviour of the items.

Finally, the constructed scales are reviewed for their nomothetic span. That is, the extent to which relations 

with other variables make conceptual sense.

This chapter is concerned with the range of analyses that were undertaken as part of the last two steps 

in the above-described process for validating the scales that were constructed from the attitudinal items. 

The purpose of these analyses was to confirm the empirical validity of the scales for the purposes of cross-

national comparisons.

For the main study, attitudinal items were embedded within units of the science test in order to obtain 

measures of two attitudinal dimensions (or constructs): interest in science and support for scientific inquiry.1 

In short, these domains will be referred to as embedded interest and embedded support.

As the analyses reported here were undertaken for validation purposes, prior to the finalisation of the 

international database, they were undertaken with data that had not been fully cleaned and weighted. The 

majority of the analyses reported use data from 51 different data sets – this was made up of all 30 OECD 

countries and 21 partner countries. Where this is not the case it is noted.
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The thirty OECD datasets were used for the analyses of scale reliability, gender DIF, general confirmation 
of the expected dimensional structure for embedded science attitude items and the correlation between 
scales.2 Random sub-samples of 5000 cases were taken for countries that used over-sampling in the main 
study. In particular, reduced samples were used for Australia, Belgium, Canada, Italy, Mexico, Spain and 
Switzerland. The UH booklet responses were excluded from these analyses.3

For the item response theory analyses, a calibration sample of 500 cases from each of the OECD datasets 
was used to estimate item parameters. These item parameter estimates were then used to estimate weighted 
likelihood estimates for each case for each of the five test scales (mathematics, reading, science, embedded 
interest and embedded support).

Preliminary weights were available for all countries except Australia and USA at the time of analysing the 
data for this report.

International scalability

Analysis of item dimensionality with exploratory and confirmatory factor 
analysis
Software packages Mplus (Muthén and Muthén, 2004) and ACER ConQuest® (Wu, Adams and Wilson, 
1997) were used to confirm the two dimensional structure of the embedded attitudinal measures (embedded 
interest and embedded support).

When the items have Likert-type response categories it is recommended that factor analyses should be 
conducted on the matrix of polychoric inter-item correlations rather than on the matrix of product-moment 
correlations. Unfortunately, exploratory factor analyses (EFA) based on polychoric correlations has only 
been implemented in the software package Mplus for complete datasets. Because PISA uses a rotated 
booklet design, EFA was undertaken with Mplus with the variables defined as continuous and with product-
moment correlations.4

Appendix 7 gives the Mplus results for both an EFA (with a promax rotation) and a two dimensional 
confirmatory factor analysis (CFA). The results can be summarised as follows:

•	 Interest in learning science (embedded interest): Solutions with two factors confirmed that interest items 
generally loaded on one dimension. However, some items (S456N-THE CHEETAH, S519N-AIRBAGS 
and S527N-EXTINCTION OF THE DINOSAURS) were loading on the second factor – that is the support 
factor;

•	 Support for scientific inquiry (embedded support): the items selected for main study for this domain items 
loaded on one factor;

•	 For the CFA the estimated latent correlation between embedded interest and embedded support was 
0.594;

•	 The RMSEA measure of model fit produced by Mplus was 0.025, which was considered quite 
acceptable.

Fit to item response model
An alternative approach to assessing item dimensionality is to assess the fit of the data to a multi-dimensional 
IRT model. Here, a five-dimensional model (reading, mathematics, science, embedded interest and 
embedded support) was fit to the data using the ConQuest® software (Wu, Adams and Wilson, 1997).
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The item-level fit statistics for each of the attitudinal items is given in Appendix 7, a normal probability plot 
of the fit mean squares is given in Figure 17.1 and the estimated latent correlations for the five-dimensional 
IRT model are given in Table 17.1. The normal probability plot provides a comparison of the distribution of 
the fit statistics with normal distribution that would be expected if the data did fit the model.

The range and distributions of the fit statistics show an acceptable fit to the multi-dimensional item response 
model. The fit mean squares are close to normally distributed and the worst fit mean square is 1.18.
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Figure 17.1
Distribution of item fit mean square statistics for embedded attitude items
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Table 17.1 shows that the estimated latent correlation between embedded interest and embedded support is 
0.623. This is very similar to the corresponding value, 0.594, that was estimated using the CFA.

The correlation of the embedded support scale with the three achievement scales is about 0.20, while the 
correlation between the embedded interest scale with the three achievement scales is about –0.15.5 We 
return to explore this negative correlation, at the student level, later in this chapter.

Table 17.1
Student-level latent correlations between mathematics, reading, science,  

embedded interest and embedded support
Mathematics Reading Science Embedded Interest

Reading 0.780

Science 0.871 0.831

Embedded Interest –0.194 –0.151 –0.133

Embedded Support 0.136 0.215 0.223 0.623
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Reliability
Further scaling properties of the embedded items are reported in Chapter 13, where the overall reliability of 

the embedded interest scale is estimated as 0.892, and of the embedded support scale 0.818 (using WLEs). 

The reliabilities by country are also reported in Chapter 12.

At the country level the reliabilities are greater than 0.80 for embedded interest and greater than 0.70 for the 

embedded support scale. As discussed in Chapter 12 the lower reliability for the embedded support scale 

is likely due to the fact that the majority of student responded positively to the support items – i.e. students 

overwhelming expressed positive support for science.

Differential item functioning

Country DIF

IRT models were also estimated for each country data set separately. Comparing the outcomes with the 

results for the pooled international sample (51 countries) provides information about potential item-by-

country interactions, which is a case of differential item function (DIF) associated with the country of test. In 

addition, it is informative to review item discrimination and item fit statistics in order to assess whether the 

scaling model holds across countries.

Table 17.2
Summary of the IRT scaling results across countries

Item-by-country Interaction

Number of items 
with a discrimination 

< 0.20

Weighted MNSQ Fit

Number of items 
easier than expected

Number of items 
harder than expected

Number of items 
with country DIF

Number of items  
with fit < 0.8

Number of items  
with fit > 1.2

For interest in...

No countries 26 32 13 52 52 42

1 or 2 countries 22 8 22 0 0 4

3 countries or more 4 12 17 0 0 6

N (items) 52 52 52 52 52 52

For support in...

No countries 25 22 12 37 37 33

1 or 2 countries 11 12 20 0 0 3

3 countries or more 1 3 5 0 0 1

N (items) 37 37 37 37 37 37

Table 17.2 summarises the results of the national scaling analyses. For each attitude scale it shows the 
number of items that were significantly easier, harder, or different (easier or harder) compared to the pooled 
international sample in the following categories: (i) in no country, (ii) in only one or two countries or (iii) in 
three countries or more. The fourth column gives the number of items with low discrimination (item-score 
correlations below 0.20), the fifth column the number of items with a weighted MNSQ item fit lower than 
0.8 or higher than 1.2 in each of the categories described above.
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Item-by-country interactions indicate the degree of parameter invariance across countries. The results 
show that parameters for items measuring both embedded interest and embedded support tend to be 
fairly stable across countries. Furthermore, there were no items with a discrimination value less than 
0.20. A full set of item-by-country interaction plots for the embedded items and cognitive items was 
constructed. An analysis of the item-by-country interactions shows that the embedded item parameter 
estimates are more stable across countries than the parameter estimates for the cognitive items.

Gender DIF

To investigate any effect of gender DIF on item performance, Expected Score Curves (ESC) were constructed 
and reported. A full set of plots showing the gender DIF for each embedded item was constructed. Figure 17.2 
shows an example of ESC plots for item S408RNA (S408QNA recoded so that strongly agree = 3, agree = 2, 
disagree = 1, strongly disagree = 0). The solid line represents a predicted score and dots are observed scores 
for females and males separately.
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Figure 17.2
An example of the ESC plot for item S408RNA

Ex
pe

ct
ed

 s
co

re

Latent trait (logits)

Female Male Expected score

Weighted MNSQ 1.04

Delta(s): -0.08 0.27 1.57

The gender DIF analysis was performed by one run of a multi-facet Rasch model, where item difficulty was 
modelled as a function of item, gender and item-by-gender interaction terms. Table 17.3 shows a tabular 
report of the gender DIF for embedded attitude items. For each item:

•	 The columns headed ‘DIF’ contain the difference between the estimates of item difficulty for girls and 
boys;

•	 The columns headed ‘|DIF|>0.3’ provide an indicator of the magnitude of the difference. The value +1 
indicate that the item is easier for males than for females and the value –1 indicate that it is easier for 
females than for males.
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While this analysis has shown the existence of DIF for some embedded interest items, no substantial DIF 
were detected for embedded support items.

Summary of scalability
In summary the basic psychometric characteristics of the embedded scales appear to be sound. The existence 
of two factors is confirmed and both the fit to the scaling model and the reliabilities of scales appear to be 
adequate.

The review of differential item functioning with respect to country (item-by-country interactions) and gender 
shows that the embedded attitude items have fewer instances of DIF (by country and gender) than do the 
PISA cognitive items.

Relationship and comparisons with other variables

Having confirmed the adequacy of the psychometric properties of the embedded attitude scales we now 
consider the so-called nomothetic span of these scales. Loosely speaking, nomothetic span considers the 
extent to which a construct relates with other constructs in expected ways. We do this by examining the 
relationships of the embedded attitude scales with proficiencies, student background variables and the 
other PISA affective scales.

Table 17.3
Gender DIF table for embedded attitude items1

Item DIF |DIF|>0.3 ItemId DIF |DIF|>0.3 ItemId DIF |DIF|>0.3

S408QNA 0.01 0 S485QNB 0.2 0 S425QSA –0.18 0

S408QNB –0.17 0 S485QNC 0.06 0 S425QSB –0.08 0

S408QNC –0.14 0 S498QNA 0.03 0 S425QSC 0.02 0

S413QNA 0.39 1 S498QNB –0.31 –1 S426QSA 0.08 0

S413QNB 0.37 1 S498QNC –0.19 0 S426QSB 0.01 0

S413QNC 0.21 0 S508QNA 0 0 S426QSC –0.05 0

S416QNA –0.18 0 S508QNB –0.15 0 S438QSA –0.04 0

S416QNB –0.37 –1 S508QNC –0.13 0 S438QSB 0.16 0

S428QNA –0.19 0 S514QNA 0.43 1 S438QSC –0.09 0

S428QNB –0.33 –1 S514QNB 0.5 1 S456QSA –0.12 0

S428QNC –0.15 0 S514QNC 0.32 1 S456QSB –0.09 0

S437QNA 0.28 0 S519QNA –0.04 0 S456QSC –0.02 0

S437QNB 0.26 0 S519QNB 0.22 0 S465QSA 0.20 0

S437QNC 0.32 1 S519QNC 0.44 1 S465QSB –0.01 0

S438QNA 0.02 0 S521QNA 0.36 1 S476QSA 0.09 0

S438QNB 0.02 0 S521QNB 0.17 0 S476QSB –0.22 0

S438QNC –0.13 0 S524QNA 0.17 0 S476QSC –0.27 0

S456QNA –0.18 0 S524QNB –0.07 0 S477QSA 0.05 0

S456QNB –0.09 0 S524QNC 0.09 0 S477QSB 0.05 0

S456QNC –0.04 0 S527QNA 0.13 0 S477QSC –0.01 0

S466QNA –0.01 0 S527QNB 0.15 0 S485QSB 0.14 0

S466QNB 0.10 0 S527QNC –0.12 0 S485QSC –0.05 0

S466QNC –0.36 –1 S408QSA 0.04 0 S498QSA 0.00 0

S476QNA –0.34 –1 S408QSB –0.01 0 S498QSB –0.13 0

S476QNB –0.25 0 S408QSC –0.06 0 S519QSA 0.02 0

S476QNC –0.41 –1 S416QSA 0.09 0 S519QSB 0.13 0

S478QNA –0.20 0 S416QSB 0.08 0 S519QSC –0.04 0

S478QNB –0.39 –1 S416QSC –0.02 0 S527QSB 0.17 0

S478QNC –0.23 0 S421QSA 0.27 0 S527QSC –0.11 0

S485QNA –0.06 0 S421QSC 0 0

1. Absolute values greater than 0.3 are displayed in bold in this table.
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Within-country student level correlations with achievement and selected 
background variables
Table 0.4 shows the estimated within-country student-level correlations between embedded interest and 
embedded support scales and reading, mathematics and science performance and highest occupational 
status of parents (HISEI). The estimates reported in Table 17.4 were computed from weighted likelihood 
estimates of proficiency and then disattenuated by dividing the uncorrected correlation by the square root 
of the product of the reliabilities for each scale.

The correlations of embedded support with reading, mathematics and science have medians of 0.30, 0.24 
and 0.28, respectively. For reading and science, approximately 50% of the values lie between 0.25 and 0.35, 
whereas for mathematics the values are typically a little lower, with 50% ranging between 0.18 and 0.28.

Correlation Embedded Support (WLE) with Correlation Embedded Interest (WLE) with 

Science (WLE) Maths (WLE) Read (WLE) Emb. Int. (WLE) HISEI Science (WLE) Maths (WLE) Read (WLE) HISEI

O
EC

D Australia 0.38 0.30 0.33 0.54 0.14 0.12 0.10 0.07 0.03
Austria 0.28 0.24 0.29 0.55 0.13 0.06 0.01 0.02 –0.02
Belgium 0.29 0.16 0.22 0.55 0.14 0.04 –0.04 –0.05 0.01
Canada 0.33 0.27 0.30 0.57 0.12 0.13 0.12 0.10 0.03
Czech Republic 0.22 0.13 0.20 0.52 0.03 0.04 –0.01 0.04 –0.03
Denmark 0.34 0.27 0.30 0.51 0.15 0.16 0.13 0.14 0.07
Finland 0.31 0.21 0.35 0.56 0.12 0.20 0.12 0.21 0.06
France 0.33 0.27 0.28 0.62 0.14 0.13 0.11 0.10 0.04
Germany 0.32 0.30 0.37 0.61 0.11 0.09 0.07 0.03 0.01
Greece 0.36 0.27 0.33 0.59 0.16 0.07 0.03 0.09 0.00
Hungary 0.25 0.18 0.23 0.58 0.08 –0.01 –0.02 –0.01 –0.01
Iceland 0.42 0.32 0.37 0.63 0.13 0.28 0.20 0.19 0.09
Ireland 0.38 0.30 0.31 0.57 0.13 0.14 0.10 0.06 0.05
Italy 0.27 0.16 0.27 0.65 0.12 –0.04 –0.06 –0.03 –0.01
Japan 0.26 0.21 0.21 0.69 0.07 0.19 0.16 0.15 0.05
Luxembourg 0.34 0.26 0.30 0.57 0.17 0.08 0.07 0.05 0.03
Mexico 0.24 0.22 0.26 0.57 0.10 –0.05 –0.03 –0.02 –0.11
Netherlands 0.26 0.18 0.22 0.50 0.13 0.06 0.02 –0.04 0.03
New Zealand 0.35 0.28 0.34 0.57 0.15 0.08 0.05 0.04 0.03
Norway 0.42 0.34 0.37 0.63 0.15 0.27 0.21 0.21 0.05
Poland 0.30 0.23 0.29 0.47 0.10 –0.06 –0.08 –0.11 –0.06
Portugal 0.28 0.24 0.24 0.60 0.11 –0.08 –0.07 –0.11 –0.11
Korea 0.33 0.30 0.28 0.55 0.06 0.20 0.19 0.16 0.07
Scotland 0.43 0.34 0.34 0.53 0.17 0.20 0.16 0.15 0.11
Slovak Republic 0.28 0.24 0.23 0.55 0.11 0.01 0.01 0.01 –0.01
Spain 0.26 0.20 0.20 0.53 0.06 0.01 –0.01 –0.07 –0.05
Sweden 0.38 0.31 0.43 0.56 0.19 0.20 0.16 0.22 0.09
Switzerland 0.26 0.18 0.24 0.55 0.11 0.12 0.07 0.08 0.04
Turkey 0.38 0.22 0.37 0.55 0.07 0.01 –0.06 –0.02 –0.07
United States 0.31 0.28 0.31 0.53 0.09 –0.03 –0.07 –0.06 –0.07

Pa
rt

ne
rs Azerbaijan 0.13 0.14 0.12 0.78 –0.02 0.01 0.08 –0.03 –0.08

Brazil 0.24 0.15 0.25 0.63 0.08 –0.16 –0.18 –0.11 –0.14
Colombia 0.24 0.16 0.15 0.55 0.11 0.04 0.08 0.05 –0.01
Croatia 0.22 0.18 0.23 0.51 0.03 –0.05 –0.08 –0.06 –0.10
Estonia 0.26 0.21 0.24 0.53 0.09 0.01 0.00 0.00 –0.02
Hong Kong-China 0.35 0.24 0.26 0.62 0.03 0.23 0.18 0.14 0.02
Israel 0.27 0.15 0.22 0.63 0.00 –0.01 –0.07 –0.06 –0.12
Jordan 0.37 0.31 0.30 0.76 0.12 0.11 0.06 0.10 –0.03
Kyrgyzstan 0.15 0.12 0.26 0.82 0.03 –0.04 0.02 0.03 0.01
Latvia 0.27 0.20 0.22 0.51 0.09 –0.07 –0.10 –0.10 –0.05
Lithuania 0.32 0.25 0.29 0.53 0.09 –0.04 –0.04 –0.03 –0.05
Macao-China 0.33 0.24 0.31 0.56 0.04 0.18 0.15 0.13 0.02
Montenegro 0.28 0.17 0.28 0.51 0.09 0.16 0.09 0.15 0.00
Qatar 0.41 0.27 0.40 0.89 –0.01 0.05 0.00 0.08 –0.09
Romania 0.33 0.31 0.35 0.70 0.16 –0.04 0.02 0.07 –0.08
Russian Federation 0.30 0.24 0.28 0.53 0.08 –0.06 –0.05 –0.08 –0.04
Serbia 0.22 0.14 0.19 0.51 0.07 –0.06 –0.10 –0.06 –0.09
Slovenia 0.26 0.15 0.29 0.59 0.08 0.10 0.06 0.06 –0.03
Chinese Taipei 0.24 0.17 0.20 0.55 0.07 0.20 0.17 0.13 0.03
Thailand 0.25 0.25 0.31 0.74 0.10 0.18 0.18 0.20 0.00
Tunisia 0.44 0.31 0.41 0.78 0.13 0.13 0.18 0.17 –0.01

1. Absolute values greater than 0.15 are displayed in bold in this table.

Table 17.4
Correlation amongst attitudinal scales, performance scales and HISEI1
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The correlations of embedded interest with reading, mathematics and science are lower and have medians 
of 0.06, 0.05 and 0.05, respectively. Approximately 50% of the values lie between –0.03 and 0.15 for each 
of the proficiencies.

Correlations of both embedded support and embedded interest with HISEI are lower than the correlations 
with achievement variables. The median for embedded support is 0.10, while the median for embedded 
interest is –0.01.

To provide a frame of reference for assessing whether these results are reasonable a set of parallel correlation 
between relevant questionnaire variables and achievement was undertaken. The questionnaire variables 
that were chosen where:

•	 Interest in science learning: INTSCIE;

•	 Enjoyment of science: JOYSCIE;

•	 General value of science: GENSCIE; and

•	 Personal value of science: PERSCIE.

Correlation science (WLE) with

INTSCIE JOYSCIE GENSCIE PERSCIE

O
EC

D Austria 0.23 0.29 0.24 0.11
Belgium 0.37 0.35 0.21 0.22
Canada 0.24 0.34 0.27 0.27
Czech Republic 0.19 0.23 0.25 0.11
Denmark 0.22 0.27 0.24 0.18
Finland 0.30 0.30 0.29 0.26
France 0.30 0.29 0.23 0.23
Germany 0.23 0.31 0.26 0.17
Greece 0.23 0.24 0.23 0.19
Hungary 0.19 0.24 0.22 0.06
Iceland 0.31 0.42 0.32 0.32
Ireland 0.31 0.37 0.30 0.31
Italy 0.20 0.22 0.25 0.12
Luxembourg 0.20 0.25 0.26 0.13
Mexico 0.05 0.06 0.14 0.03
Netherlands 0.23 0.25 0.29 0.18
Norway 0.30 0.36 0.33 0.25
Poland 0.15 0.15 0.25 0.05
Scotland 0.34 0.37 0.34 0.31
Slovak Republic 0.19 0.15 0.27 0.04
Spain 0.25 0.33 0.24 0.24
Sweden 0.29 0.33 0.30 0.26

Pa
rt

ne
rs Colombia –0.08 –0.05 0.09 –0.06

Croatia 0.18 0.12 0.18 0.03
Estonia 0.14 0.20 0.28 0.17
Hong Kong-China 0.28 0.31 0.20 0.19
Israel 0.15 0.23 0.22 0.15
Jordan 0.15 0.16 0.25 0.14
Kyrgyzstan –0.07 –0.13 0.09 –0.1
Latvia 0.05 0.09 0.21 0.07
Lithuania 0.17 0.17 0.24 0.14
Montenegro 0.13 –0.04 0.15 –0.06
Netherlands 0.23 0.25 0.29 0.18
Qatar 0.07 0.13 0.20 0.13
Romania 0.12 0.09 0.24 0.05
Russian Federation 0.08 0.11 0.15 0.03
Serbia 0.07 –0.08 0.11 –0.08
Slovenia 0.19 0.11 0.25 0.12
Tunisia 0.14 0.12 0.21 0.16

1. Correlations in this table are not disattenuated for unreliability of the scales. Values greater than 0.20 are displayed in bold in this table.

Table 17.5
Correlations for science scale1
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The first two of the above listed variables are parallels to embedded interest and the second two are parallels 

to embedded support.

The estimated correlations between science proficiency and each of these four questionnaire scales are 

given in Table 17.4. The results reported in the table are based upon the 39 countries for which the context 

questionnaire data had been cleaned at the time of analysis.

The correlations of INTSCIE, JOYSCIE, GENSCIE, and PERSCIE with science have medians of 0.17, 0.15, 

0.24 and 0.14 respectively. After accounting for the fact that these correlations have not been disattenuated 

for measurement error it appears that the support correlations are a little lower than the corresponding 

values for embedded support and the interest values are a little higher.

Relationships between embedded scales and questionnaire
Of particular interest were the relationships between the variables that quantify achievement in reading, 

mathematics and science, and the embedded affective variables, which were gathered using the same 

instruments. Similarly, of interest also were the relationships between the context questionnaire interest and 

support variables and the embedded affective variables, which were gathered using the different instruments 

but were intended to tap related constructs.

An overview of these relationships is shown in Table 17.6 which reports the results of a principal components 

analysis that was undertaken using the final PISA database and included all 30 OECD countries. The analysis 

confirms that the first component is an achievement component, the second is an interest component and 

the third a support component.

Table 17.6
 Loadings of the achievement, interest and support variables  

on three varimax rotated components

Component One Component Two Component Three

Science 0.956 0.054 0.081

Mathematics 0.943 0.014 0.043

Reading 0.922 0.001 0.095

Interest in science learning: 0.084 0.872 0.157

Enjoyment of science: 0.107 0.814 0.253

Embedded Interest -0.163 0.732 0.343

General value of science 0.113 0.159 0.899

Embedded support 0.133 0.390 0.698

Personal value of science -0.005 0.525 0.639

Table 17.7 shows the correlations, for each country, of embedded interest and embedded support with the 

questionnaire interest variables (INTSCIE and JOYSCIE) and questionnaire support variables (GENSCIE, and 

PERSCIE). The correlations show that the embedded scales are clearly related to their parallel questionnaire 

scales, but they do not seem to measure exactly the same constructs.



17
Validation of the Embedded Attitudinal Scales

361
PISA 2006 TECHNICAL REPORT – ISBN 978-92-64-04808-9 – © OECD 2009

Correlation Interest (WLE) with Correlation Support (WLE) with

INTSCIE JOYSCIE GENSCIE PERSCIE

O
EC

D Australia 0.52 0.46 0.51 0.44
Austria 0.49 0.46 0.45 0.34
Belgium 0.47 0.43 0.40 0.36
Canada 0.54 0.49 0.47 0.41
Czech Republic 0.48 0.42 0.41 0.31
Denmark 0.53 0.50 0.41 0.33
Finland 0.58 0.50 0.48 0.40
France 0.51 0.48 0.42 0.38
Germany 0.51 0.49 0.46 0.38
Greece 0.47 0.39 0.37 0.31
Hungary 0.47 0.39 0.40 0.34
Iceland 0.55 0.53 0.47 0.39
Ireland 0.51 0.47 0.47 0.40
Italy 0.45 0.40 0.39 0.34
Japan 0.51 0.47 0.44 0.41
Korea 0.45 0.41 0.43 0.36
Luxembourg 0.49 0.46 0.45 0.35
Mexico 0.43 0.37 0.36 0.32
Netherlands 0.57 0.50 0.42 0.35
New Zealand 0.55 0.51 0.49 0.44
Norway 0.53 0.50 0.49 0.42
Poland 0.42 0.32 0.40 0.30
Portugal 0.41 0.38 0.46 0.42
Slovak Republic 0.42 0.44 0.43 0.32
Spain 0.43 0.41 0.41 0.35
Sweden 0.56 0.50 0.51 0.42
Switzerland 0.47 0.47 0.44 0.34
Turkey 0.49 0.46 0.53 0.43
United Kingdom 0.51 0.45 0.51 0.40
United States 0.51 0.43 0.49 0.44

Pa
rt

ne
rs Azerbaijan 0.25 0.26 0.25 0.22

Brazil 0.43 0.37 0.41 0.34
Colombia 0.36 0.27 0.36 0.31
Croatia 0.49 0.46 0.43 0.33
Estonia 0.52 0.45 0.42 0.34
Hong Kong-China 0.58 0.53 0.45 0.39
Israel 0.52 0.47 0.38 0.39
Jordan 0.40 0.32 0.39 0.35
Kyrgyzstan 0.38 0.32 0.34 0.27
Latvia 0.46 0.41 0.38 0.32
Liechtenstein 0.54 0.41 0.49 0.41
Lithuania 0.44 0.36 0.43 0.33
Macao-China 0.50 0.46 0.41 0.34
Montenegro 0.48 0.39 0.40 0.30
Qatar 0.36 0.36 0.37 0.32
Romania 0.32 0.34 0.40 0.30
Russian Federation 0.47 0.36 0.33 0.24
Serbia 0.45 0.44 0.39 0.30
Slovenia 0.48 0.42 0.44 0.34
Chinese Taipei 0.53 0.49 0.45 0.36
Thailand 0.43 0.37 0.43 0.43
Tunisia 0.40 0.31 0.39 0.36

Table 17.7
Correlation between embedded attitude scales and questionnaire attitude scales

Country level correlations with achievement and selected background 
variables
The results reported above have all been concerned with the overall student-level or the student-level within 
country. In this section we consider country-level relationships.

Table 17.8 shows the rank order correlations between the country means for the five cognitive domains, the 
four questionnaire attitude indices and for HISEI. Negative rank order correlations are shaded.



17
Validation of the Embedded Attitudinal Scales

362
PISA 2006 TECHNICAL REPORT – ISBN 978-92-64-04808-9 – © OECD 2009

Cognitive scales Embedded scales Questionnaire scales

SCIE READ MATH Interest Support INTSCIE JOYSCIE GENSCIE PERSCIE

O
EC

D Australia 0.16 0.17 0.15 0.02 0.03 0.06 0.09 0.07 0.06
Austria 0.44 0.43 0.43 0.03 0.03 0.15 0.20 0.18 0.13
Belgium 0.33 0.33 0.35 0.04 0.04 0.16 0.14 0.09 0.08
Canada 0.16 0.14 0.15 0.03 0.04 0.09 0.10 0.09 0.09
Czech Republic 0.45 0.47 0.46 0.04 0.02 0.11 0.12 0.09 0.11
Denmark 0.12 0.09 0.09 0.03 0.04 0.13 0.12 0.08 0.07
Finland 0.04 0.04 0.04 0.02 0.01 0.07 0.05 0.06 0.04
France 0.43 0.42 0.41 0.04 0.04 0.12 0.12 0.11 0.10
Germany 0.47 0.47 0.52 0.02 0.04 0.14 0.13 0.09 0.07
Greece 0.34 0.26 0.31 0.01 0.05 0.06 0.08 0.07 0.06
Hungary 0.48 0.49 0.49 0.03 0.03 0.10 0.11 0.09 0.11
Iceland 0.06 0.05 0.06 0.02 0.02 0.07 0.08 0.07 0.07
Ireland 0.14 0.12 0.14 0.02 0.02 0.16 0.21 0.17 0.14
Italy 0.42 0.38 0.39 0.05 0.06 0.17 0.14 0.11 0.14
Japan 0.38 0.40 0.37 0.03 0.04 0.06 0.08 0.08 0.06
Luxembourg 0.24 0.25 0.23 0.01 0.02 0.09 0.11 0.09 0.10
Mexico 0.25 0.24 0.22 0.06 0.03 0.06 0.07 0.04 0.02
Netherlands 0.49 0.47 0.47 0.05 0.03 0.10 0.11 0.09 0.07
New Zealand 0.13 0.11 0.13 0.03 0.04 0.07 0.07 0.08 0.08
Norway 0.06 0.06 0.04 0.03 0.03 0.10 0.12 0.10 0.06
Poland 0.16 0.16 0.10 0.03 0.01 0.09 0.09 0.08 0.08
Portugal 0.25 0.24 0.23 0.05 0.03 0.20 0.18 0.15 0.18
Korea 0.29 0.30 0.27 0.03 0.05 0.12 0.19 0.08 0.10
Scotland 0.14 0.13 0.09 0.02 0.03 0.14 0.12 0.07 0.10
Slovak Republic 0.33 0.36 0.35 0.04 0.03 0.17 0.12 0.12 0.14
Spain 0.12 0.12 0.12 0.04 0.03 0.09 0.10 0.07 0.07
Sweden 0.08 0.08 0.07 0.04 0.04 0.10 0.11 0.12 0.10
Switzerland 0.26 0.24 0.21 0.03 0.04 0.12 0.14 0.11 0.10
Turkey 0.42 0.40 0.33 0.04 0.05 0.09 0.11 0.12 0.10
United States 0.20 0.19 0.18 0.05 0.02 0.05 0.06 0.06 0.05

Pa
rt

ne
rs Azerbaijan 0.27 0.19 0.24 0.09 0.05 0.11 0.13 0.13 0.14

Brazil 0.34 0.32 0.25 0.04 0.02 0.11 0.14 0.10 0.12
Colombia 0.19 0.21 0.13 0.04 0.01 0.11 0.11 0.06 0.10
Croatia 0.32 0.29 0.31 0.03 0.02 0.06 0.05 0.05 0.04
Estonia 0.15 0.15 0.20 0.05 0.02 0.08 0.09 0.08 0.07
Hong Kong-China 0.29 0.29 0.26 0.01 0.02 0.16 0.12 0.10 0.10
Israel 0.24 0.28 0.27 0.16 0.05 0.14 0.17 0.18 0.18
Jordan 0.18 0.15 0.16 0.02 0.04 0.15 0.15 0.13 0.13
Kyrgyzstan 0.22 0.22 0.21 0.05 0.02 0.09 0.10 0.09 0.07
Latvia 0.14 0.15 0.14 0.06 0.03 0.04 0.04 0.04 0.02
Liechtenstein 0.37 0.33 0.42 0.03 0.02 0.10 0.11 0.07 0.09
Lithuania 0.21 0.23 0.20 0.06 0.03 0.11 0.12 0.12 0.05
Macao – China 0.21 0.17 0.17 0.02 0.02 0.20 0.17 0.08 0.12
Montenegro 0.19 0.16 0.20 0.03 0.01 0.09 0.09 0.10 0.09
Qatar 0.27 0.30 0.34 0.06 0.10 0.07 0.06 0.06 0.07
Romania 0.36 0.36 0.33 0.04 0.05 0.10 0.07 0.11 0.08
Russian Federation 0.19 0.19 0.18 0.07 0.03 0.14 0.13 0.08 0.12
Serbia 0.30 0.29 0.28 0.07 0.01 0.08 0.11 0.11 0.13
Slovenia 0.50 0.45 0.54 0.04 0.04 0.19 0.18 0.17 0.17
Chinese Taipei 0.43 0.42 0.35 0.04 0.03 0.07 0.08 0.05 0.04
Thailand 0.31 0.29 0.28 0.04 0.03 0.12 0.09 0.08 0.08
Tunisia 0.28 0.29 0.23 0.03 0.05 0.08 0.08 0.08 0.07

1. Values greater than 0.20 are displayed in bold in this table.

Table 17.9
Intra-class correlation (rho)1

Table 17.8
Rank order correlation five test domains, questionnaire attitude scales and HISEI

MATH READ SCIE INT SUP INTSCIE GENSCIE JOYSCIE PERSCIE

READ 0.94
SCIE 0.95 0.95
INT –0.75 –0.80 –0.74
SUP –0.53 –0.58 –0.54 0.85
INTSCIE –0.69 –0.71 –0.68 0.86 0.73
GENSCIE –0.48 –0.47 –0.46 0.71 0.72 0.61
JOYSCIE –0.59 –0.62 –0.61 0.77 0.65 0.81 0.71
PERSCIE –0.62 –0.58 –0.59 0.73 0.64 0.71 0.90 0.80
HISEI 0.40 0.39 0.38 –0.60 –0.53 –0.50 –0.46 –0.45 –0.40
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Rank order correlation coefficients between cognitive scales and attitude scales (both embedded and 
questionnaire) are negative at country level. The strongest negative relationship is between country ranks 
in embedded interest and performance. All attitude scales have strong positive rank correlations with each 
other. HISEI has a positive correlation with cognitive scales and a negative correlation with attitude scales.

Variance decomposition
Table 17.9 provides the intra-class correlation for each country and each cognitive domain; each embedded 
attitudinal domain and each questionnaire index. The intra-class correlation can be interpreted as the 
percentage of the total variance that is accounted for by differences among schools

For mathematics, reading and science the intra-class correlation coefficient is greater than 0.20 for a number 
of countries, but for both the embedded interest and embedded support scale it is small for all countries. 
The questionnaire scales also have small intra-class correlations, although slightly larger than the embedded 
attitude scales. This observation is consistent with questionnaire results from previous cycles.

Observations from other cross-national data collections
We conclude the chapter by noting the relationships between similar attitudinal variables and achievement 
variables in PISA 2000 and 2003.

In PISA 2000 the variable closest to interest in reading (the major domain) was JOYREAD. For the 
43 participating countries in PISA 2000 and PISA Plus the median within-country between-student correlation 
between reading achievement and JOYREAD was 0.30, with 50% of the values lying between 0.27 and 0.40. 
At the country level the correlation between mean reading achievement and mean JOYREAD was –0.63.
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Figure 17.3
Scatterplot of mean mathematics interest against mean mathematics for PISA 2003
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In PISA 2003 the interest variable INTMATH – mathematics being the major domain – was a close match 
to the INTSCIE variable included in PISA 2006. For the 40 participating countries in PISA 2003 the median 
within-country between-student correlation between reading achievement and INTMATH was 0.14, with 
50% of the values lying between 0.10 and 0.24. At the country level the correlation between mean reading 
achievement and mean INTMATH was –0.76.

The country-level correlation for interest in mathematics and mathematics is shown in Figure 17.3. The 
correlation and the scatterplot is quite consistent with results that are observed for the attitude scales in 
PISA 2006 – both for the embedded attitude scales and the attitude scales that are included in the context 
questionnaires. Furthermore, the results are consistent with those found in other international studies such 
as the Trends in Mathematics and Science Study (TIMSS).

Summary of relations with other variables
The embedded items behave in expected and predictable ways with the other PISA variables. Principal 
component analysis supports that they are distinct dimensions that correlate appropriately with parallel 
scales that were included in the context questionnaires. Further their correlations, both at the student-level 
within-country and at the country level, with various other variables are consistent with observations that 
are made in other PISA data collections and in other studies.

Conclusion

The purpose of this chapter was to present analyses that support the use of the embedded scales as constructs 
that have the potential to provide useful and valid across-country comparisons. The purpose was not to 
present a comprehensive set of analyses that fully explore the relations between the embedded attitude 
scales and other PISA variables − such analyses will be reported elsewhere in research that draws upon the 
PISA databases.

The main conclusions are that embedded scales have been well constructed and are strongly supported 
by theory that is articulated in the PISA 2006 assessment frameworks (OECD, 2006). Statistical analysis 
indicates that from a psychometric perspective the embedded scales are equivalent, in terms of robustness 
and cross-participant validity, to the PISA cognitive scales.

In terms of their basic relationships with other variables, the embedded items generally behave in ways 
that are consistent with other affective variables. Our discussion of this, however, does suggest a number 
of important research issues that need to be explored with PISA and other data sources. Some issues that 
would seem worthy of pursuing are:

Why do affective variables (both embedded and otherwise) typically show a much lower intra-class correlation 
than do achievement variables, and to a lesser extent than do other student contextual variables?

Why do so many affective variables (both embedded and otherwise) have a negative correlation at the 
country level with performance measures? To what extent are these negative correlations simply examples of 
ecological fallacies, interpretable and important findings or cultural and misleading artifacts in the response 
behaviours of students?

Is there anything to be learned from the fact that lower correlations are observed between the embedded 
interest scales and student proficiency than between the questionnaire interest scales and student 
proficiency?
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Notes

1. For an elaboration of these scales, see the Assessing Scientific, Reading and Mathematical Literacy: A Framework for PISA 2006 
(OECD, 2006).

2. The reliability results presented in Chapter 12 and the IRT item parameter estimates reported in Appendix 7 are based upon a 
properly weighted and cleaned calibration sample and may differ a little from those reported here.

3. UH booklet is an optional one hour in length booklet, which some countries implemented in special educational needs 
settings (see Chapter 3).

4. Magnitudes and directions of booklet one factor loadings are very similar for the continuous and categorical approaches.

5. Note that these figures differ from those reported in Chapter 13 because the values reported in Chapter 13 were estimated 
using the final database.
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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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