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Identification of group differences using PISA scales 

- considering effects of inhomogeneous items 

 

 

Abstract: PISA data have been available for analysis since the first PISA data base was 

released from the PISA 2000 study. The two following PISA studies in 2003 and 2006 formed 

the basis of dynamic analyses besides the traditional cross sectional type of analysis, where 

PISA performances in mathematics, science and reading are analysed in relation to student 

background variables. The caption for many analyses, carried out separately on the PISA 

2000 and PISA 2003 data, has been to look for significant differences created by PISA 

performances for groups of students.  

Few studies have, however, been directed towards the psychometric question as to whether 

the PISA scales are correctly measuring the reported differences. For example, could it be that 

reported sex differences in mathematics are partly due to the fact that the PISA mathematics 

scales are not measuring the girls and the boys in a uniform or homogenous way? In other 

words, using the terms of modern IRT analyses (Item Response Theory), it is questioned 

whether the relative difficulty of the items is the same for girls and boys. The fact that item 

difficulties are not the same for girls and boys, a condition which is called item 

inhomogeneity, can be demonstrated to have impact on the conclusions of the comparisons of 

student groups, e.g. girls versus boys. 

The present analyses address the problem of possible item inhomogeneity in PISA scales from 

2000 and 2003, asking specifically if the PISA scale items are homogeneous across sex, 

ethnicity and the two points in time (2000 and 2003). This will be illustrated using items from 

all three PISA subjects: reading, mathematics and science. Main efforts will, however, be 

concentrated on the subject of reading. The consequences are demonstrated of detected item 

inhomogeneities for the calculation of student PISA performances (measures of ability). This 

will take place on the individual student level as well as on a general, average student level.  

 

Inhomogeneous items and some consequences  



In order to give a precise definition of item inhomogeneity, it is useful to refer to the general 

framework to which items, students and responses belong and their mutual interactions can be 

made operational. In fact, figure 1 displays the fundamental concepts behind many IRT (Item 

Response Theory) approaches to data analysis, the Rasch analysis in particular.  The response 

avi from student No. v to item No. i takes the values avi = 0 for a non correct and avi = 1 for a 

correct response.    

The parameters Θ1 … Θk  are latent measures of item difficulty, and σ1 … σn  are the students` 

parameters carrying the information about student ability. These are the PISA student scores 

which are reported and compared internationally (or estimates thereof).  

The definition of item homogeneity is now given by a manifestation of the fact that the 

responses ((avi)) are determined by a fixed set of item parameters given by the framework, 

valid for all students, and therefore for every subgrouping of the students. Actually, the 

probability of obtaining a correct response  avi = 1 for student No. v to item No. i  is given by 

the special IRT model, the so-called Rasch Model (Rasch, 1960) which calculates chances to 

solving the tasks behind items by referring to the same set of item parameters   Θ1 … Θk    

regardless of which student is considered.     
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1       σ1 1 0 1 1 1 0 a1. 

2       σ2 0 1 1 0 0 1 a2. 

3       σ3 1 1 0 1 1 0 a3. 

.     .   

v       σv 1 0 1 avi . 1 av. 

n       σn 1 1 0 aNi . 0 aN. 

 

Figure 1 The framework for analyzing item inhomogeneity in IRT models. Individual  responses 

((avi)), latent measures of  item difficulty (Θi) i=1,…,k, student abilities (σv) v=1,…,n and student 

scores (rv) recording  the total number of correct responses across k items.  

 

 

The Rasch Model is the theoretical, psychometric reference for validation of the  PISA scales, 

and it has been the reference for scale verification and calibration in the IEA international 

comparative investigations, e.g. the reading literacy study RL (Elley,1993), TIMSS (Beaton et 

al., 1998), CIVIC (Torney-Purta et al., 2000) and NAEP assessments after 1984 in USA.  



Using this model it can e.g. be shown, that a correct response avi =1 to an item with item 

difficulty Θi =1.20 given by a student with σv = -0.5 takes place with probability P(a=1) = 

0.62, i.e. with a 62% chance.   

 

 

A major reason for the wide applicability of the Rasch Model lies in the existence of the 

following three equivalent characterizations of item homogeneity, proved by Rasch (see e.g 

Rasch, 1971, Allerup 1994, Fischer and Molenaar, 1995 ) and brought here in abbreviated 

form:    

  

1. The student scores (and parallel property of item scores) are sufficient statistics for the 

latent student abilities σ1 … σn , viz. all information concerning σv is contained in the 

student score rv   

2. The student abilities σ1 … σn can be calculated with the same result irrespective of 

which subset of items is used.  

3. Data collected in the framework in figure 1 fits the Rasch Model, i.e. the model forms 

an adequate description of the variability of the observations ((avi)) in figure 1.   

 

While Rasch often referred to these properties as the analytic means for ‘specific objective 

comparisons’, others have adopted the notion ‘homogeneous’ for the status of items when the 

conditions are met. The practical power behind this, seen from the point of view of theory of 

science, is that ‘objective comparisons’ is in casu a requirement, which can be investigated 

empirically by means of simple statistical techniques, i.e. statistical test of fit of the Rasch 

Model (cf. property 3). It is henceforth not a purely theoretical concept but rather one which 

requires empirical actions to be taken beyond the ‘theoretical’ thoughts invested from the 

subject matter`s point of view into the construction of items.      

By the characterization of item homogeneity, it follows that ‘inhomogeneity’, or 

‘inhomogeneous items’, appears when items are not homogeneous, for example when 

different subsets of items give rise to different measures of student abilities. This is e.g. one of 

the risks which might appear in PISA when using rotating of booklets, where students who 

are responding to different item blocks must still be compared on the same PISA scale (cf. 

property 2). The present analyses will focus directly on possible violations of ‘item 

homogeneity’  by looking for indications of different sets of estimated item parameters 

assigned to different student groups, through the fit of the Rasch Model. In other words it will 

be tested whether e.g. boys and girls are measured by the same set of item parameters. Two 
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other criteria defining groups of students will be applied, these being 1) the year 2000 vs. 

2003 and ethnicity 2) Danish vs. non-Danish linguistic background. Especially in the subject 

of reading, the distinction by ethnicity is of interest, because different language competencies 

are expected to influence the understanding and through this the ability to reply correctly to 

the reading tasks. 

 

The consequences of item inhomogeneity are diversified and can bring about serious 

implications, depending on the analytic view. In a PISA context, however, one specific kind 

of consequence attracts attention: How are comparisons carried out by means of student PISA 

scores affected by inhomogeneity? If boys and girls are in fact measured by two different 

scales, i.e. two sets of item parameters, will this influence conclusions carried out under the 

use of one, common ‘average’ set of items? Will an interval of PISA points estimated to 

separate the average σ –level for Danish students from the non-Danish students be greater or 

smaller, if knowledge as to item inhomogeneity is introduced into the σ – calculations?     

Such consequences can be exposed on the σ –scale either at the individual student level using 

one item and one individual or at the general level using all students and all items.  

The individual level is established in a simple way by calculating the individual change on the 

σ –scale, which is mathematically needed to compensate for a given difference in the Θ – 

parameter under the assumption that a fixed probability for answering correct is maintained. 

Suppose for instance that data from boys are fitted to the Rasch Models with estimated item 

difficulty Θ1 ≈ 0.40 and the same item gets an estimated difficulty Θ2  ≈ 0.75 for the girls, a 

difference which can be tested to be significantly different from the first item (Allerup,1995 

and 1997). Then a simple calculation under the Rasch Model shows that in order for a boy 

and a girl to obtain equal probabilities for answering this item correctly, the boy’s  σ – value 

must be adjusted by 0.75 - 0.40 = 0.35. This item is easier for the boy compared to the girl, 

even considering a boy and a girl with the same σ – value 1and hence should be equally 

capable of answering the item correctly. In order to compensate for this scale-specific 

advantage, a boy ‘should start lower’ by subtracting 0.35 from σ2. In a way it resembles the 

rules in golf, where the concept of ‘handicap’ plays a similar role to making comparisons 

between players more fair.   

When moving from the individual level to the comprehensive level and including all items, 

two simple methods are available. The first one is based on theoretical calculations, where 

                                                 

1 Same σ – value means that they are considered to be identical  in the framework   

2 The analytic picture is slightly more complicated, because there are constrains on the Θ – values: ∑Θi =1.00   



expected scores are compared for fixed σ – values using the two sets of inhomogeneous item 

parameters3. The second approach is based on summing up the individual changes for all 

students as an average; it suffices to summarize all individual σ – changes within each group 

in question when using the set of item parameters specific for each group. A third strategy 

consists of first removing inhomogeneous items from the scale, then carrying out statistical 

analyses by means of the remaining homogeneous items only, e.g. estimation of the student 

PISA scores. Following this procedure a ‘true’ difference between the groups will then be 

obtained. In a way this last procedure follows the traditional path of Rasch scale analysis, 

where successive steps from field trials to the main study are paved by item analyses, 

correcting and eliminating inhomogeneous items step by step. As stated, the present analyses 

will focus on student groups defined by gender, year of investigation and ethnicity.  

 

Data used   

Data for these analyses are collected under different studies with no overlap. The Standard 

PISA 2000 and 2003 data are representative samples, while the PISA Copenhagen data 

comprises all public schools in the community of Copenhagen, and PISA E is a sample 

specifically addressing the participation of ethnic students, and was therefore created from 

prior knowledge as to where this group of students attend school. 

  

1. PISA 2000      N= 4209 :  50%  girls 50 % boys,  6% ethnics    

2. PISA 2003      N= 4218 :   51% girls 49% boys,   7% ethnics    

3. PISA E            N= 3652 :   48% girls 52% boys, 25% ethnics        

4. PISA Copenhagen     N= 2202 :   50% girls 50% boys, 24% ethnics 

 

In the three studies PISA 2000, E and Copenhagen, the same set of PISA instruments has 

been used, ie. the same set of items organized in nine booklets has been rotated among the 

students. In PISA 2003 some of the items from the PISA 2000 study were reused, because 

items in common must be available for bridging between 2000 and 2003. According to the 

PISA cycles, every study has a special theme; in 2000 it was reading, and in 2003 it was 

mathematics. In these years the two subjects were especially heavily represented by many 

items. Because of this, the present analyses dealing with the 2003 data are undertaken mainly 

by means of items which are in common for the two PISA studies 2000 and 2003.             

 

                                                 

3 E(avi | Θ1 … Θk , σ )  as function of σ ; rv = E(avi | Θ1 … Θk , σ ) with conditional ml estimates of Θ1 … Θk 

inserted, provides the estimate of σ   



Scaling PISA 2000 versus PISA 2003 in reading 

One of the reasons for the interest in the PISA scaling procedures was the fact that the 

international PISA report from PISA 2003 comments upon general change in the level of 

reading competencies between 2000 and 2003 in the following manner: 

 

“However, mainly because of the inclusion of  new countries in 2003, the overall OECD mean for 

reading literacy is now 494 score points and the standard deviation is 100 score points.” (PISA 2003, 

OECD) 
    

It seems very unlikely that all students in the world being taught in more than 50 different 

school systems should experience a common weakening across three years of their reading 

capacities, amounting to 6 PISA points (from 500 to 494); a further explanation given in the 

Danish National Report does not increase a sense for a convincing explanation for this 

significant drop of 6 PISA points:  

 

”The general reading score for the OECD-countries dropped from 500 to 494 points. 

This is influenced by the fact that two countries joined PISA between 2000 and 2003, contributing to 

the lower end, while the Netherlands lifts the average a bit. But, considering all countries, it looks like  

the reading score has dropped a bit” (PISA 2003, ed. Mejding)    

 

Could it be that the 6-point drop was the result of item inhomogeneities across 2000 and 

2003? If this question either in full or in part must be answered by a ‘yes, one can still hope to 

conduct appropriate comparisons between student responses from 2000 with 2003. In fact, 

assuming that no other scale problem exists within each of the years 2000 and 2003, one can 

consider the two scales completely separately and apply statistical Test Equating techniques. 

The PISA 2000 reading scale has been compared to the IEA 1992 Reading Literacy scale 

using this technique, showing that these two scales - in spite of inhomogeneous items - are 

psychometrically parallel (Allerup, 2002)       

 

PISA 2000 and PISA 2003 share 22 reading items which are necessary for the analysis of 

homogeneity by means of the Rasch Model.  The items are found in booklet No 10 in PISA 

2003 and booklet No. 4 in PISA 2000.  Table 1 displays the (log) item difficulties, estimated 

under the simple one-dimensional Rasch Model4.   

 

 

                                                 

4 Conditional maximum likelihood estimates from p( ((avi)) | (rv ) ), conditional on student scores  (rv ), cf. fig  1  



 

                                        Item difficulties            PISA σ –scale  

                                             item            Θi (2000)     Θi (2003)        difference      

                                --------------------------------------------------------- 

                                   1 R055Q01_     1.27     1.23       -3.6 

                2 R055Q02_    -0.66    -0.79      -11.7 

                3 R055Q03_    -0.08    -0.21      -11.7  percent correct 

                4 R055Q05_     0.44     0.55        9.9  2000    2003 

  5 R067Q01_     0.58     1.97      125.1  0.64    0.88 

  6 R067Q04_    -0.29     0.88      105.3  0.43    0.71 

  7 R067Q05_    -0.47     1.15      145.8  0.38    0.76 

                8 R102Q05_    -0.86    -1.18      -28.8 

                9 R102Q07_     1.73     1.41      -28.8 

               10 R102Q04A_   -1.34    -2.01      -60.3 

               11 R104Q01_     0.41     0.10      -27.9 

               12 R104Q02_    -0.31    -0.63      -28.8 

               13 R104Q05_    -0.40    -0.72      -28.8 

               14 R111Q01_    -0.99    -1.08       -8.1 

               15 R111Q02B_    0.04    -0.05       -8.1 

               16 R111Q06B_    1.51     1.66       13.5 

               17 R219Q02_     0.28     0.44       14.4  percent correct 

               18 R219Q01E_    0.08     0.20       10.8  2000    2003 

 19 R220Q01_    -0.32    -0.82      -45.0  0.42    0.31 

 20 R220Q04_    -0.05    -0.60      -49.5  0.49    0.35 

 21 R220Q05_     0.83     0.33      -45.0  0.70    0.58 

 22 R220Q06_    -1.40    -1.82      -37.8  0.20    0.14 

              -----------------------------------------------------------------------------                                

 Table 1 Rasch Model estimates of item difficulties Θi  for the two years of testing 2000 and 2003 

and σ –scale adjustments for unequal item difficulties.  

 

 

Several test statistics can be applied for testing the hypothesis stating that item difficulties are 

equal across the years 2000 and 2003, both multivariate conditional (Andersen, 1973) and 

exact tests item-by-item (Allerup, 1997). The results are all clearly rejecting the hypothesis 

and, consequently, the items are inhomogeneous across the year of testing 2000 and 2003.  

A visual impression of how the two PISA scales are composed by item difficulties as marks 

on two ‘rulers’ is displayed in figure 2. Items connected by vertical lines tend to be 

homogeneous, while oblique connecting lines indicate inhomogeneous items.    



 

 

Figure 2  Estimated Item difficulties Θi (2000) and Θi (2003) for PISA 2000 (lower line) and PISA 

2003 (upper line). Estimates based on booklet 4 (PISA 2000) and booklet 10 (PISA 2003) using data 

from all countries.    

 

The last column in table 1 lists the consequences at the individual student level of the 

estimated item inhomogeneity transformed to quantities measured on the ordinary PISA 

student scale, i.e. the σ –scale internationally calibrated to mean value = 500 with standard 

deviation = 100. As an example the item R055Q01 changed the estimated difficulty from 1.27 

in 2000 to 1.23 in 2003, a small decrease in the relative difficulty of -3.6. For an average 

student, i.e. with PISA ability σv = 0.00 this means that the chance of responding correctly to 

these items has changed from 0.78 to 0.77, a small 1% drop. This can be calculated from the 

Rasch Model; for an above-average student with  σv = 2.00 the change will be 0.963 to 0.962, 

a very minor change of magnitude, 1 per mille. Table 1 shows how the consequences amount 

to considerable PISA points for some items, especially the items R067 and R220, which are 

framed in the table. These items are the ones which distinguish themselves on figure 2 by 

non-vertical lines. The marginal percent correction, which is based on all booklets and 

students, is included in table 1 in order to get a well-known interpretation of the change from 

2000 to 2003. It is a tacitly assumed that the PISA items are accepted under tests of reliability.  

 

The last column in table 1 indicates the advantage (difference >0) or disadvantage (difference 

<0) a student with fixed σv  -ability will experience if presented in the two years for the same 



item. In case of ‘advantage’ the interpretation being that 2003-students are given ‘free’ PISA 

points as a result of the fact that the (relative) item difficulty has dropped between the years 

2000 and 2003; that this ‘advantage’ can be quantified in terms of ‘compensations’ on the σ –

scale shown in the last column, displaying how much a student must change the PISA-score 

in order to compensate for a the change of difficulty of the item. This way of thinking is much 

alike the thoughts behind the construction of the so-called items maps, visualizing both the 

distribution of item difficulties and student abilities anchored in predefined probabilities for a 

correct response.   

 

Table 1 pictures item inhomogenities, item by item, in reading; some items turn out to be 

(relatively) more difficult between 2000 and 2003, while others are easier between the two 

years. A comprehensive picture involving all single-item ’movements’ and all students is 

more complicated to establish5. The technique used in this case is to study the gap between 

expected score levels caused by the two item sets of (inhomogeneous) difficulties. By this, it 

can be shown that the general effect is approximately 11 PISA points. In other words, the 

average PISA 2003- student experiences a ‘loss’ of approximately 11 PISA points, purely due 

to psychometric scale inhomogeneities. The official drop between 2000 and 2003 was for 

Denmark 497  492, i.e. a drop of 5 points. In the light of scale-induced changes of 

magnitude minus 11 points, could this be switching a disappointing conclusion to the 

contrary?      

 

Scaling PISA 2003 in reading – gender and ethnicity   

Whenever analysis of item homogeneity is executed by using an external variable to define 

sub-groups, it is tacitly assumed that the Rasch model works within each group6 , i.e. the 

items are homogeneous within each group.  

 

                2003                PISA                2003                PISA 

        Item difficulties     σ –scale        Item difficulties   σ –scale  

           item          Θi (girls)   Θi (boys)     difference     Θi (DK)  Θi (ejDK) difference   

 --------------------------------------------------------------- 

                                                 

5 Analyze the expected score E(avi | Θ1 … Θk , σ )  as function of σ  with conditional ml estimates of Θ1 … Θk 

inserted.  

6 By nature the likelihood ration test statistic (Andersen, 1973) for item homogeneity across groups has as 

prerequisite that item parameters exist within each group, i.e. the Rasch model fits within each group.    



 1 R055Q01_   1.18   1.35     15.16     1.25   2.05   72.77 

 2 R055Q02_  -0.71  -0.70      1.56    -1.13  -1.59  -41.76 

 3 R055Q03_  -0.23  -0.02     18.80    -0.53  -0.83  -26.60 

 4 R055Q05_   0.58   0.43    -13.32     0.20   0.28    7.38 

 5 R067Q01_   1.04   1.11      5.96     2.38   2.05  -29.43 

 6 R067Q04_   0.25   0.15     -8.83     0.08   0.01   -6.63 

 7 R067Q05_   0.36   0.01    -30.83     0.25   0.42   16.06 

 8 R102Q05_  -1.07  -0.91     14.44    -0.42  -0.24   15.51 

 9 R102Q07_   1.55   1.66     10.31     2.01   0.91  -99.20 

10 R102Q04A  -1.75  -1.51     21.34    -1.68  -1.82  -12.02 

11 R104Q01_   0.38   0.20    -15.90     0.25  -0.12  -32.89 

12 R104Q02_  -0.22  -0.68    -40.96    -0.75  -0.60   13.82 

13 R104Q05_  -0.39  -0.69    -26.30    -0.93  -1.70  -69.25 

14 R111Q01_  -1.28  -0.74     48.33    -1.02  -1.05   -2.26 

15 R111Q02B   0.04  -0.01     -4.85    -0.77  -0.37   36.59 

16 R111Q06B   1.59   1.57     -1.86     1.37   2.05   61.47 

17 R219Q02_   0.32   0.40      7.05     0.37   1.29   82.81 

18 R219Q01E   0.05   0.25     17.95     0.45   1.09   57.84 

19 R220Q01_  -0.62  -0.45     15.31    -0.09  -0.37  -24.59 

20 R220Q04_  -0.16  -0.43    -24.37    -0.97  -1.27  -26.68 

21 R220Q05_   0.64   0.60     -3.69     0.47   0.74   23.62 

22 R220Q06_  -1.55  -1.61     -5.28    -0.75  -0.94  -16.57 

---------------------------------------------------------------- 

 

Table 2 Rasch Model estimates of item difficulties Θi  for girls and boys (international student 

responses) and for Danish (DK) and non-Danish, ethnic students (ejDK) (Danish student responses) 

for PISA 2003; σ –scale adjustments for unequal item difficulties. All items from booklet No. 10.    

 

Within PISA 2003 data a repetition of the statistical tests presented in the previous section for 

homogeneity across 2000 – 2003 have been undertaken across gender and ethnicity. While the         

international data was used for the gender analysis, only data from Denmark has been used for 

the ethnic grouping. This leads to table 2.  

   

The numerical indications in table 2 regarding the degree of inhomogeneity can be illustrated 

in the same fashion as in figure 2, here presented as figure 3. Perfect homogeneity across the 

two external criteria gender and ethnicity can be read as perfect vertical lines in the figures.  

 



      

 

Figure 3 Estimated item difficulties for 22 reading items, Danish students (lower line) and non-Danish 

students (upper line), left part. Danish PISA 2003 data. Estimated item difficulties for 22 reading 

items, girls (lower line) and boys (upper line), right part. International PISA 2003 data.   

 

Although it is the impression from figures in table 2 and the graphs in figure 3 that ethnicity 

creates the largest degree of inhomogeneity, the contrary is, in fact, the truth. The explanation 

for this is that the statistical tests for homogeneity across ethnicity are based on the Danish 

PISA 2003 set, booklet No. 10 consisting only of 325 valid student responses, providing little 

power behind the tests. Again both simultaneous tests as multivariate conditional (Andersen, 

1973) and exact tests, item-by-item (Allerup,1997) have been applied. While test statistics are 

strongly rejecting the homogeneity hypothesis across gender, more weak signs of 

inhomogeity are indicated across ethnicity.  

Reading the crude deviations from table 2 points e.g. to items R104 and R067 favouring girls 

and R111 and R102 favouring boys. Likewise, items R102 and R104 constitute challenges 

which favour Danish students, while items R219 and R055 seem to favour ethnic students. 

Details behind these suggestions for inhomogeneity, e.g. assessing didactic interpretations for 

these deviations, can be evaluated through a closer look at the relation between the observed 

and expected number of responses in specific score-groups7    

 

                                                 

7 Compare ai (r) – the observed number of correct responses to item No i in score group r, with nr ∙ Θi (r) – the 

expected number, where  nr  is the number of students in score group r and  Θi (r) is the conditional probability for 

a correct response to item No i in score group r (depending on Θi and the so-called symmetric functions of Θ1 … 

Θk only) 



If the displayed inhomogeneities in table 2 are accumulated in the same way as with the PISA 

2000 vs. 2003 analysis, it can be shown that poorly performing girls get a scale-specific  

advantage of magnitude 8-10 PISA points, which is reduced to approximately 1-2 points for 

high performing girls. A similar accumulation for the analysis across ethnicity shows that low 

performing Danish students (around 30% correct responses), get a scale-specific advantage of 

approximately 12 PISA points, while very low or very high performing students do not get 

any ‘free’ scale points because of inhomogeneity.   

 

Scaling PISA 2000 in reading – ethnicity   

PISA 2000 data offers an excellent opportunity to study what happens if the reading by 

Danish students is compared with that of the ethnic students in Denmark. Before any didactic 

explanations can be discussed, a first approach to recognizing possible inhomogeneity is 

achieved by comparing the relative item difficulties for the two groups. As said, both the 

ordinary PISA 2000 study and the two studies (PISA Ethnic and PISA Copenhagen) have 

been run on the PISA 2000 instruments, bringing the total number of student responses to 

approximately 10,000, 17% of which come from ethnic students.   

     

                                                       

                              PISA 2000        PISA 

                        Item difficulties      σ –scale                                                                                                                                               

   Item                   δ       cat    Θi (DK)    Θi (ejDK)   difference booklet 

-----------------------------------------------------  

 R055Q01    1.21   1   1.30    1.13   -15.39   2 

 R055Q03    1.17   1  -0.59   -1.22   -56.88   2 

 R061Q01    0.91   0  -0.37   -0.17    17.59   6 

 R076Q03    0.86   1   0.20    0.78    52.69   4 

 R076Q04    0.80   1  -0.67    0.22    79.94   4 

 R076Q05    1.08   0  -0.87   -0.63    21.96   4 

 R076Q05    1.15   0   0.02    0.12     8.73   5 

 R077Q04    0.72   1   0.67    0.77     9.32   8 

 R081Q05    1.00   0   0.23    0.34     9.53   1 

 R083Q06    1.14   0  -0.93   -0.66    24.48   5 

 R086Q05    1.64   1   1.93    1.36   -51.97   1 

 R086Q05    1.54   1   1.89    1.05   -75.48   3 

 R086Q05    1.21   1   2.31    1.65   -58.93   4 

 R091Q06    0.72   1   1.50    1.51     1.11   3 

 R100Q06    1.35   1   1.35    0.85   -44.77   3 

 R100Q06    1.31   1   1.56    0.49   -96.48   6 



 R101Q02    1.36   1   1.53    0.87   -58.99   5 

 R104Q01    1.06   1   0.64    0.90    23.86   5 

 R104Q01    1.46   0   2.64    2.11   -47.50   6 

 R110Q06    0.98   0   1.03    1.11     7.42   7 

 R111Q06B   1.35   1  -0.45   -1.41   -86.05   4 

 R119Q06    0.70   1   1.21    1.18    -2.15   3 

 R120Q01    1.20   1   0.63    0.67     2.99   4 

 R120Q01    1.47   1   0.62    0.15   -42.32   6 

 R120Q07T   1.32   1   0.69    0.19   -44.98   4 

 R219Q02    0.75   1   0.56    0.96    35.43   1 

 R220Q02B   1.17   1   0.49   -0.06   -49.78   4 

 R220Q06    0.87   0   1.20    0.96   -21.55   7 

 R227Q04    1.53   1  -0.46   -0.88   -37.47   3 

 R234Q01    1.16   0   1.40    1.38    -1.52   1 

 R234Q02    1.24   1  -2.16   -2.04    10.88   1 

 R234Q02    0.95   1  -2.04   -1.74    26.81   2 

 R241Q02    0.81   1  -0.70   -0.34    32.56   2  

------------------------------------------------------ 

 

Table 3 Rasch Model estimates of significant inhomogeneous items across ethnicity; item difficulties 

Θi  for Danish(DK) and non-Danish (ejDK), ethnic students(N=10063 student responses); σ –scale 

adjustments for unequal item difficulties under the simple Rasch Model. Cat=1 indicates significant 

item discrimination (δ ≠ 1.00).        

 

 

In this section analyses are based on 140 reading items from all nine booklets, each containing 

around 40 items, organized with overlap in a rotation system across the booklets. This brings 

about 1,100 student responses per booklet.  

Using these PISA 2000 data, the statistical tests for homogeneity across the two student 

groups defined by ethnicity (DK and ejDK) may once more be applied. Both multivariate 

conditional (Andersen, 1973) and exact item-by-item tests (Allerup, 1997) were applied. The 

results clearly reject the hypothesis of homogeneity and, consequently, the items are 

inhomogeneous across the two ethnic student groups.  

 

Because of the amount of data available, statistical tests for proper Rasch model item 

discriminations (Allerup, 1994) have been included also; if significant, i.e. the hypothesis δi = 

1.00 must be rejected, it can be taken as an indication of the validity of the so-called two-



parameter Rasch model (Lord and Novic, 1968)8 . Other more orthodox views would claim 

that basic properties behind ‘objective comparisons’ are then violated because of intersecting 

ICC curves (Item Characteristic Curves).  Hence, this would be taken as just another sign of 

item inhomogeneity. Table 3 lists all items (among the 140 items in total) found to be 

inhomogeneous in the predefined setting with unequal item difficulties only. Items with 

significant item discriminations are then marked with cat=1.  Some items appear twice 

because of the rotation, allowing items to be used in several different booklets. 

 

The combination of high item discrimination and the existence of two slightly different σ –

groups, which are compared on the general average level, can cause serious effects. Since it is 

expected that the ethnic student group generally performs lower than the Danish group, it 

could be that one item with high item discrimination acts like a ‘separator’ in the item-map-

sense between the two σ –groups. This situation will artificially decrease the probability of a 

correct response from students in the lower latent σ –group while, on the opposite end, 

students  from the upper σ –group will artificially enjoy enhanced probabilities to respond 

correctly. In a way this phenomenon of high item discrimination tends to punish the poor 

students and disproportionately rewards the high performing students.  

 

From table 3 it can be read that e.g. item R055Q03 is (relatively) more difficult for the ethnic 

students compared with the Danish students. In terms of compensation on the PISA σ –scale, 

this means that an ethnic student experiences a PISA scale induced loss 56.88 points. In other 

words, an ethnic student must be 56.88 scale points ahead of his Danish classmate if they are 

going to have equal chances for responding correctly to the item. A Danish student with a 

PISA score equal to, say 475 , has the same probability for a correct response, as an ethnic 

student with PISA score 475+56.88=531.88.   

 

It is an interesting feature of table 3 that more than 60% of these ethnic-significant items are 

administered in a multiple choice format (i.e. closed response categories, MC), while only 

19% belong to this category in the full PISA 2000 set up. This is surprising, because an open 

response would be expected to call for deeper insight into linguistic details about the 

                                                 

8 The two parameter model with item discrimination δi  is
)exp(1
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formulation of the reading problem compared to just ticking a predefined box in the MC –

format.     

 

The item R076Q04 is a MC item under the caption “retrieving information”, where the 

students examine the flying schedule of Iran Air. This item is solved far better by the ethnic 

students compared with the Danish students, because the item doesn’t really contain 

complicated text at all, just numbers and figures listed in a schematic form. Contrary to this 

example, item R100Q06 (MC) contains long and twisted Danish text , and the caption for the 

item is “interpreting”, which aims at ‘reading’ behind the lines; only if the interpretation is 

correct, is the complete response considered to be correct.   

 

In this example from reading, the accumulated effect of the individual item inhomogeneities 

is evaluated using a different technique from the previous sections. In fact, the more 

traditional step-by-step method is now applied in which inhomogeneous items are removed 

before re-estimation of the PISA score σ takes place. The gap between Danish and ethnic 

students can then be studied before and after removal of inhomogeneous items.  

From the joint data PISA 2000, PISA Copenhagen and PISA E one gets the crude differences:  

 

 

 

The crude average difference amounts to 90.54 PISA points. Since the items are spread over 

nine booklets, it is of interest to judge the accumulated effect for each booklet. At the same 

time this would be an opportunity to check one of the implications of the three equivalent 

characterizations of the Rasch model9, viz. that you should get almost  the same picture, 

irrespective of which booklet is investigated.    

 

 

Booklet σ –scores 

 all items 

σ –scores 

homogeneous 

                                                 

9 Student abilities σ1 … σn  can be calculated with same result irrespective of which subset of items is used. 

Language N PISA σ-score 

average  

Danish 8366 501.27 

Non Danish 1697 410.73 

 Difference  90.54 



items 

1 101.94  94.02 

2  80.30  73.64 

3  78.31  74.10 

4  96.28  84.66 

5  88.74  78.45 

6  86.59  84.83 

7  88.98  88.66 

8  95.31  65.71 

9 100.66  87.86 

total  90.54  80.69 

 

 

 

Table 4 Average differences between Danish and non-Danish student calculated under two scenarios: 

(1) all items and (2) homogeneous items, i.e. items enjoying the property |Θi (DK) -  Θi (ejDK)| <0.15  

 

 

It appears from table 4 that the accumulated effect of the item inhomogeneities displayed in 

table 3 amounts to 90.54-80.69, i.e. approximately 10 PISA points. This figure is in 

accordance with experiences from similar analyses on PISA 2003 data. It is, however, 

surprising to notice the variation of the differences arising from different booklets; in itself a 

sign of inhomogeneity, considering the fact that students have been randomly allocated to the 

booklets.  

 

Scaling PISA 2000 vs. 2003 in mathematics and science   

In PISA 2000 the main theme was reading, and the number of reading items was therefore 

substantially larger compared to mathematics and science. In PISA 2003 and PISA 2006 

mathematics and science are, respectively, the main topics. Many items subject to analysis of 

homogeneity placed in one booklet ensures that simultaneous responses are available for 

several items, a situation which is indispensable in order to be able to calculate student scores 

across the items.   

In searching for items for the study of homogeneity across year of study, it turns out that 

many small, isolated sets of items in mathematics and science actually satisfy this condition 

spread over different booklets. Table 5 displays the results of analysing two series of items, 

one in mathematics and one in science in four different booklets. 



                         

                                                        

                                      PISA                     PISA 

                               Item difficulties           σ –scale                                                                                                                                               

   Item                   δ              cat    Θi (2000)     Θi (2003)     difference booklets 

---------------------------------------------------------  

 M150Q01_    0.81     0    0.45     0.18     -24.30 5 5 

 M150Q02T    1.12     0    2.95     2.86      -7.96 

 M150Q03T    0.99     0   -0.63    -0.79     -14.85 

 M155Q01_    1.03     0   -0.16    -0.01      12.99 

 M155Q02T    1.14     0    0.48     0.16     -28.79 

 M155Q03T    1.56     1   -2.72    -2.66       4.80 

 M155Q04T    0.86     0   -0.37     0.27      58.11 

 

 S114Q03T    1.74     1    0.57     0.63       6.18 2 8 

 S114Q04T    1.63     1    0.28     0.30       1.68 

 S114Q05T    1.11     0   -1.21    -1.54     -29.37 

 S128Q01_    0.94     0    0.53     0.70      14.91 

 S128Q02_    0.78     1   -0.16    -0.31     -14.08 

 S128Q03T    0.80     1    0.35     0.25      -8.60 

 S131Q02T    1.43     1    0.00    -0.20     -18.26 

 S131Q04T    1.60     1   -1.62    -1.54       7.62 

 S133Q01_    0.91     0    0.60     0.95      31.93 

 S133Q03_    0.51     1   -0.61    -0.70      -8.20 

 S133Q04T    0.56     1    0.23     0.18      -5.04 

 S213Q02_    0.88     0    1.21     1.19      -1.61 

 S213Q01T    1.21     1   -0.17     0.09      22.84 

----------------------------------------------------------- 

 

Table 5 Rasch Model estimates of  items difficulties  Θi (2000) and  Θi (2003)  for math items shared 

by PISA 2000 and PISA 2003 in four booklets; σ –scale adjustments for unequal item difficulties 

under the simple Rasch Model. Cat=1 indicates significant item discrimination (δ ≠ 1.00).        

 

 

The test statistics applied earlier are again brought into operation, testing the hypothesis, that 

the item difficulties for the years 2000 and 2003 are equal. In fact, both multivariate 

conditional (Andersen, 1973) and exact tests item-by-item (Allerup, 1997) were used. The 

results of estimation are presented in table 5 together with and an evaluation of the item 

discriminations δi.   

 



The results for mathematics shows that the hypothesis must be rejected and, consequently, the 

items presented in table 5 are inhomogeneous across the year of testing 2000 and 2003. Item  

M155Q04T is an item which systematically for all score levels seems to become easier 

between 2000 and 2003; in more familiar terms a rise is seen from 64% correct responses to 

75%, calculated for all students.   

 

The results for science seem to be in accordance with the expectations behind the PISA 

scaling. In fact, the multivariate conditional and the exact tests for single items are not 

rejecting the hypothesis of equal item difficulties across the test years 2000 and 2003.  

 

Since only a very few item groups from four booklets have been investigated, no attempt on 

calculating accumulated effects for larger groups of students and items will be carried out.    

 

Scaling PISA 2000 and 2003 in mathematics   

In view of the fact that the tests for homogeneity across 2000 and 2003 failed in mathematics, 

it could be of interest to investigate scale properties within each of the two years. Using 

booklets No 5 (same booklet number in 2000 and 2003), around 400 student responses are 

available for analysis of homogeneity across gender. Table 6 displays the estimates of item 

difficulties for the seven math items shared in 2000 and 20003 in booklet No. 5 together with 

the estimated item discriminations and an evaluation of the item discrimination δi in relation 

to the Rasch model requirement: δi =1.00   

                         

                                                        

                                      PISA                     PISA 

                               Item difficulties          σ –scale                                                                                                                                               

   Item                   δ              cat    Θi (girls)      Θi (boys)     difference booklet 

------------------------------------------------------------   

2000: 

 M150Q01_    0.86     0    0.36     0.57     -18.88 5  

 M150Q02T    1.23     0    3.24     2.67      51.03 

 M150Q03T    1.00     0   -0.54    -0.71      14.79 

 M155Q01_    0.91     0    0.06    -0.38      39.20 

 M155Q02T    1.20     0    0.36     0.63     -24.46 

 M155Q03T    1.61     0   -3.06    -2.47     -53.63 

 M155Q04T    0.85     0   -0.42    -0.33      -8.04  

 

2003 : 



 M150Q01_    0.75     0   -0.27     0.63     -81.63 5 

 M150Q02T    0.95     0    2.40     3.38     -88.71 

 M150Q03T    0.99     0   -0.52    -1.09      51.06 

 M155Q01_    1.26     0    0.12    -0.15      24.37 

 M155Q02T    1.09     0    0.42    -0.07      43.28 

 M155Q03T    1.45     0   -2.41    -2.99      51.92 

 M155Q04T    0.85     0    0.27     0.27      -0.29  

------------------------------------------------------------- 

 

Table 6 Rasch Model estimates of  items difficulties  Θi (girls) and  Θi (boys)  for math items in PISA 

2000 and PISA 2003, using two booklets; σ –scale adjustments for unequal item difficulties under the 

simple Rasch Model. Cat=1 indicates significant item discrimination (δ ≠ 1.00).        

 

 

The statistical methods for testing the hypothesis of equal difficulties for girls and boys are 

brought into operation again. Both multivariate conditional (Andersen, 1973) and exact tests 

item-by-item (Allerup, 1997) were used.  

 

Behind the estimates presented in table 6 lies the information that the gender-specific 

homogeneity hypothesis must clearly be rejected in the data from PISA 2003, while the 

picture is less distinct for PISA 2000 (significance probability p=0.08 for the simultaneous 

test). Consequently, in PISA 2003 the seven items presented in table 6 are inhomogeneous 

across gender. In particular, item No. 2, M155Q02T is one item which changes position from 

favouring the girls in PISA 2000 (98% correct for girls vs 96% correct for boys) to the 

contrasting role of favouring the boys in PISA 2003 (96% correct for girls vs. 97% correct for 

boys).  In terms of log-odds ratio, this is a change from 1.14 as relative ‘distance’ between 

girls and boys in PISA 2000 to -0.29 in PISA 2003. In PISA 2003 the items M150Q01, 

M150Q03T and M155Q03T attracts attention, also because of the large transformed 

consequences on the σ –scale. However, the only item showing significant gender bias 

according to exacts tests for single items, is M150Q01.     

 

As stated in the three equivalent characterizations of item homogeneity, rejecting the 

hypothesis about homogeneous items means that information about students` ability to solve 

the tasks is not accessible through the raw scores, i.e. the total number of correct responses 

across items. The student raw score is not a sufficient statistic for the ability σ, or the PISA 

scale score does not measure the students` competencies as to solving the items: these are two 



other ways of describing the situation under the caption ‘inhomogeneous items’. On the other 

hand this does not exclude the PISA analyst to obtaining another kind of information from the 

responses with respect to comparing students by means of the PISA items.  

With regard to the two items M150Q02 and M150Q03 above, it has been demonstrated 

(Allerup et al, 2005) how information from these two open-ended10 items can be handled as 

profiles. By this, all combinations of responses to the two items are considered, and analysis 

of group differences takes place using these profiles as ‘units’ for the analyses. In principle 

every combination of responses from simultaneous items entering such profiles must be 

labelled prior to the analysis in order to be able to interpret differences found by way of the 

profiles. If the number of items exceeds, say, ten, with two response levels on each item, this 

would in turn require about approx 1,000 different labels! In general this is far too many 

profiles to be able to assign different interpretations, and the profile methods is, consequently, 

not suited for analyses built on a large number of items.             

 

One consequence of accepting an item as part of a scale for further analyses, in spite of the 

fact that the item was found to be inhomogeneous across gender, can be illustrated by the 

reports from the international TIMSS study from 1995 (Beaton et al, 1998), operated11 by 

IEA. In this study a general difference was found in mathematics performance between girls 

and boys, showing that in practically all participating countries, boys performed better than 

girls. Although this conclusion contrasted greatly with experiences obtained nationally for 

many countries, the TIMSS result was generally accepted as the fact. The TIMSS study was at 

that time designed in a way using rotated booklets as in the PISA, but without using item 

blocks. In stead a fixed set of six math items and six science items were part of every booklet 

as fixed reference for bridging between the booklets 

Unfortunately, it turned out that one of the six math reference items12 was strongly 

inhomogeneous (Allerup, 2002). The girls were actually ‘punished‘ by this item, and even 

very highly performing female students rated on the basis of responses to other items,  

responded incorrectly to this particular item. This could be confirmed by analysing data from 

all participating countries, providing high statistical power to the tests for homogeneity.      

                                                 

10 An item which requires a written answer, not a multiple choice item. The response is later on rated and scored 

correct or non-correct  

11 IEA, The International Association for the Evaluation of Educational  Achievement  

12 A math item aiming at testing the students knowledge of proportionality, but presented in a linguistic form,    

which was misunderstood by the girls.  



Scaling PISA 2000 – ‘not reached’ items in reading   

‘Not reached’ items are the same as ‘not attempted’ items, and constitute a special kind of 

item, which deserves attention in studies like PISA. They are usually found at the end of a 

booklet because the students read the booklet from page 1 and try solving the tasks in the 

order they appear. In the international versions of the final data base, the ‘not reached’ items 

are marked by a special missing-symbol to distinguish them from omitted items, which are 

items, where neighbouring items to the right have obviously been attempted.  

It is ordinary testing practice to present several tasks to the student, which are in turn properly 

adjusted to the complete testing time, e.g. two lessons in the case of PISA. This is a 

widespread practice with exceptions seen in Nordic testing practices. Many tests are thereby 

constructed in a way as to make it possible to judge two separate aspects: proficiency and 

speed. In reading it is considered to be crucial for relevant teaching that the teacher gets 

information about the students’ proficiency both in terms of ‘correctness’ and  reading speed. 

In order for the last factor to be measurable, one usually needs to have a test which 

discriminates between students with respect to be able to reach all items, viz. has a length 

exceeding the capacity for some students but being easy to reach for other students.        

While everybody seems to agree on the statistical treatment of omitted items (they are simply 

scored as “non-correct”) there have been discussions as to how to treat “not reached” items. 

This takes place from two distinct points of views: one dealing with scaling problems and one 

dealing with the problem of assigning justifiable PISA scores to the students. 

One of the virtues of linking scale properties to the analysis of Rasch homogeneity is found in 

the second characterization above of item homogeneity, viz. that “the student abilities σ1 … σn  

can be calculated with same result, irrespective of which subset of items is used”. This strong 

requirement, which in PISA ensures that responses from different booklets can be compared, 

irrespective of which items are included, in principle paves the road as well for non-

problematic comparisons between students who have completed all items and students who 

have not completed all items in a booklet. At any rate, seen from a technical point of view, the 

existence of ‘not reached’ items does therefore not pose a problem for the estimation of the 

student scores σ, because the quoted fundamental property of homogeneity has been tested for 

in a pilot study prior to the main study, and all items included in the main study are 

consequently expected to enjoy this property. In the IEA reading literacy study (Elley, 1992 ) 

the discussion about which student Rasch σ-score to choose, the one based on the “attempted 

items”, considering ‘not reached’ items as ‘non existing’ or the one considering ‘not reached’ 

items as ‘non-correct’ responses was never solved, and both estimates were published. In 



subsequent IEA studies and in the PISA cycles to date, the ‘not reached’ items have been 

considered as ‘non-correct’.  

                                                                   PISA study 

                                         Booklet            2000   Cop   Ethnic 

                                     ---------------------------------------- 

                     1        0.02 0.02 0.01 

                     2        0.00 0.00 0.00 

                     3        0.01 0.01 0.00 

                     4        0.00 0.00 0.00 

                     5        0.00 0.00 0.01 

                     6        0.00 0.00 0.01 

                     7        0.01 0.02 0.03 

                     8        0.02 0.02 0.05 

                     9        0.05 0.07 0.17 

                   --------------------------- 

Table7 Frequency of ‘not reached’ items in three studies using PISA 2000 instruments: Ordinary 

PISA 2000, The Copenhagen (Cop) and Ethnic Special study.    

 

The second problem mentioned is the influence the ‘not reached’ items have on the statistical 

tests for homogeneity, an analytical phase which is undertaken previously to the estimation of 

student abilities σ1 … σn.  The immediate question here is whether different management of the 

‘not reached’ item responses could lead to different results as to the acceptance of the 

homogeneity hypothesis. The immediate answer to the question is that it matters how ‘not 

reached’ item responses are scored, ‘not attempted’ or ‘non correct’. The technical details 

will, however, not be discussed here, but one important point is the type of estimation 

technique applied for the item parameters Θ1 … Θk 
13.   

 

 

In PISA 2000 with reading as the main theme, the ‘not reached’ problem was not a significant 

issue. Table 7 displays the frequency of ‘not reached’ items in the main study PISA 2000. It 

can be read from the table that the level of ‘not reached’ varies greatly across booklets with a 

maximum amounting to 5% for booklet No. 9. Looking at the Copenhagen study and the 

                                                 

13 Marginal estimation with or without prior distribution on the students scores σ1 … σn or conditional maximum 

likelihood estimation.  A popular technique for estimation and testing of homogeneity is undertaken by 

successive extention of data, increasing the number of items, using only complete response data with no ‘not 

reached’ responses in each step.      



special Ethnic study it is, however, clear that the ‘not reached’ problem is probably most 

critical for the students having an ethnic minority background. In fact, using all N=10063 

observations in the combined data from table 7, it can be shown that the average frequency of 

‘not reached’ is 1.6% for Danish students and 4.3% for ethnic minority students. For the 

ethnic minority group it can furthermore be shown that the frequency of ‘not reached’ reaches 

a maximum in booklet No. 9 of 17%.  

 

Before conclusions will be drawn as to the evaluation of group differences in terms of 

different PISA σ – values, the relation between PISA σ – values and the frequency of ‘not 

reached’ can be shown. Using log-odds as a measure of the level of ‘not reached’, a distinct 

linear relationship can be detected in figure 4. As anticipated, the relation indicates a negative 

correlation. For the summary of conclusions as to viewing the effects of inhomogeneity and 

other sources influencing the σ – scaling, it is clear from figure 4 that the statistical 

administration of this variable can be modelled in a simple linear manner.            

 

                 

Figure 4 Relation between estimated PISA σ-scores and the frequency of ‘not reached’ (log odds of 

the frequency) for booklet No 9 in the combined data set from PISA 2000, PISA Copenhagen and 

PISA Ethnic. 

 

Conclusions and summary of effects on the scaling of PISA students  

It has been essential for the analyses presented above to elucidate the theoretical arguments 

for the use of Rasch models in the work of calibrating scales for PISA measurements. 

Although the two latent scales containing item difficulties and student abilities are, 



mathematically speaking, completely symmetrical, different concepts and different methods 

are associated with the practical management of the two scales.  

The analyses have demonstrated that a certain degree of item inhomogeneity has been found 

in the PISA 2000 and 2003 scales. These effects of inhomogeneity have been transformed to 

practical, measurable effects on the ordinary PISA ability σ-scale, which holds the 

internationally reported student results.  It was a conclusion that on the individual student 

level this transformed effects amounted to rather large quantities, up to 150 PISA points, but 

they were often below 100 points. For the standard groupings of PISA students according to 

gender and ethnicity the accumulated average effect on group level amounted to around 10 

PISA points.  

 

In order to examine effects of item inhomogeneity in relation to other systematic factors, 

which are influential on comparisons between groups of students, an illustration will be used 

from PISA 2000 in reading (see also Allerup, 2006). From the previous analyses a picture of 

item inhomogeneity across two systematic factors (gender and ethnicity) was obtained. 

Together with the factor Booklet Id and the number of ‘not reached’ items, four factors have 

by this already been at work as systematic background for contrasting levels of PISA σ-

scores.  

The illustration aims at setting the effect of inhomogeneity in relation to other systematic 

factors when statistical analysis of σ-scores differences are investigated. The illustration will 

be using differences between the two ethnic groups, carried out as adjusted comparisons with 

the systematic factors as controlling variables. In order to complete a typical PISA data 

analysis, one supplementary factor must be included: the socio-economic index (ESCS), 

aiming at measuring through a simple index the economical, educational and occupational 

level at home for the student14 . The relation between PISA σ-scores and the index ESCS is a 

(weak) linear function and is usually called the ‘law of negative social heritage’. Together 

with the linear impression gained in figure 4, an adequate statistical analysis behind the  

illustration will be an analysis of PISA σ-scores  as dependent variable and  (1) number of not 

reached items, (2) booklet id, (3) gender and (4) socio economic index ESCS as independent 

variables, all implemented in a generalized linear model.       

 

Controlling variables PISA-scores  Adjusted average 

                                                 

14 The economy is not included as exact income figures but are estimated from information from the student 

questionnaire 



 σ – value difference  

Danish vs. ethnic    

Not reached  

Booklet, gender  

Reported 56.00 

Rasch total 47.48 

Not reached,  

Booklet, gender, socio-economy   

Reported 43.89 

Rasch total 26.74 

NO adjusting variables  Reported 90.54 

Rasch total 80.69 

 

Table 8 Evaluation of differences between Danish and ethnic minority students using the combined 

data set from PISA 2000, PISA Copenhagen and PISA Ethnic. Differences listed by means of (1) 

reported PISA scores from the international PISA report and from (2) Rasch scores where item 

inhomogeneity has been removed (Rasch total).        

 

 

Two kinds of PISA σ-scores enter the analysis: (1) The reported PISA scores found in the 

official reports from PISA 2000 (OECD, 2001), PISA Copenhagen (Egelund og Rangvid, 

2004) and PISA Ethnic (Egelund and Tranæs red., 2006) and (2) Rasch total, i.e. estimated σ 

– scores based on a combined data set after removal of inhomogeneous items. By this the 

composition of effects on the resulting σ – scale from item inhomogeneity and other 

systematic factors is illustrated with an evaluation of their relative significance. 

 

The results of analyzing the gap between Danish and ethnic students are presented in table 8. 

Under ‘no adjustment’ the officially reported gap of 90.54 PISA points is listed. If 

inhomogeneous items are removed from the item scale, this group difference is reduced to 

80.69 points, i.e. a reduction of around 10 PISA points. The inhomogeneity is therefore 

responsible for around 10 PISA points. If the variables ‘not reached’, ‘booklet id’ and 

‘gender’ are added as systematic factor in the statistical analysis the controlled gap is now 

56.00 PISA points, if viewed from the point of official PISA scores, and 47.48 if calculated 

after removal of inhomogenous items. After controlling for ESCS, the socio-economic index, 

it is seen that the reported gap is now 43.89 PISA points, while the gap comes down to 26.74 

PISA points, if the gap is measured by means of homogeneous reading items. Ordinary least 

square evaluation of the last factor mentioned, controlled difference 26.74, shows that this 

difference is not far from being insignificant (p=0.01). Notice that the part of difference which 

can be attributed to the effect of inhomogeneous items varies with 10 PISA points, 



constituting around 11% of the total official interval, in the case of crude comparisons without 

other controlling variables (last line in table 8) to approximately 20 PISA points, constituting 

around 50% of the total official interval in the case of inhomogeneity is evaluated after 

adjusting for other variables.       

 

What can be seen from this example and the previous discussions and data analysis is that the 

effect of inhomogeneous items on the official PISA σ-scale can be substantial, if the aim of 

analysis is to compare either individuals, or a few students at one time. The average effect on 

the official PISA σ-scale in case of larger student groups depends on the environment in 

which comparisons are carried out. It seems to have less impact on crude comparisons of 

(average) PISA abilities with no other variables involved, amounting to around 10 PISA 

points, while more sophisticated comparisons with adjusted comparisons involving 

controlling variables are more affected by item inhomogeneity.       
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