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Students’ achievement 
in science

Chapter 3

Overall achievement within countries did not change from one test modality to 
the next. Yet, there was a tendency for Denmark’s performance to decrease on 
the computer-based test. Korean students outperformed Danish and Icelandic 
students in the computer-based test just as they did in the paper-and-pencil 
test. In the computer based test, male performance increased in Iceland and 
Korea while female performance decreased. Males outperformed females on 
the computer-based test in all three countries. Females outperformed males 
on the paper-and-pencil test of science in Iceland whereas there was a gender 
difference in favour of males in the paper-and-pencil results for Denmark. The 
association between reading literacy and achievement on the science test was 
weaker for the computer-based items than for the paper-and-pencil items.
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CHAPTER 3

ACHIEVEMENT ACROSS TEST MODALITIES

Scaling information
Initially, CBAS scores for the three countries were scaled on the traditional PISA scale with a mean of 500 
and a pooled standard deviation (SD) of 100. Paper-and-pencil science, reading and mathematics scores 
for the three CBAS countries were also re-scaled from the same model as the CBAS plausible values so as 
to allow calculation of correlations between CBAS and the paper domains. (More information about this 
technique is given in Annex A.) 

Because these new scores were re-scaled for only three countries, they are not directly comparable with 
the OECD-reported PISA 2006 test scores where 500 and 100 are the mean and SD of the 30 OECD 
countries. Therefore, to avoid confusion between the scales, in this report all achievement scores have been 
re-standardised on a new scale with a mean of 5 and a SD of 2, meaning that over 99% of students have 
scores between 0 and 10 on the scale. This removes the possibility of direct comparisons between the scores 
reported here and the scores reported in the OECD PISA 2006 report which would not be valid (because the 
plausible values are drawn from different models). 

Performance across countries and test modalities
As the CBAS items are normally distributed around a mean of zero, which is similar to the item difficulty 
of the set of paper-and-pencil science items, it is assumed for the following analyses that the CBAS and 
the paper-and-pencil science tests were of equal difficulty (the mean for both tests is also equally set at 5 
and equally distributed with a SD of 2). This means that differences between the two performance scores 
can be interpreted as impacts of the features of the test modality; that is, the type of computerised items, 
presentation on the screen, interactivity, lower reading load, etc.

As the following Figure 11 shows, performance on the paper-and-pencil science and CBAS tests was higher 
in Korea than in both Denmark and Iceland. These results are similar to the PISA 2006 reported results for 
scientific literacy where Korean students outperformed Danish and Icelandic students. The difference here 
may be slightly artificially inflated however, due to the slightly higher proportion of males in the CBAS sample 
for Korea but the difference is nevertheless substantial. There were no differences between Denmark’s and 
Iceland’s performance on CBAS, nor on the paper-and-pencil test. Whereas Korean and Icelandic students’ 
performance remains relatively stable across test modalities, the data indicate a trend for an overall drop in 
performance for Danish students on the CBAS test, although this is not statistically significant.

Figure 11. 
 Achievement in paper-and-pencil test of science compared to CBAS1
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Strength of relationship between paper-and-pencil scores and CBAS scores
As Table 5 and Figure 12, Figure 13 and Figure 14 show, science achievement on the computer-based test 
and on the paper-and-pencil test was highly correlated overall. The correlations in Iceland were somewhat 
weaker than in Denmark and Korea, perhaps because of the size of the gender difference reversal for CBAS. 
No significant differences in the strength of the correlations are observed across genders.

As previously noted in OECD PISA reports (OECD, 2007a), reading and science achievement is highly 
correlated, although specifically of interest for this report is the relatively weaker correlation between 
CBAS and reading achievement (0.75) compared to the correlation between paper-and-pencil science and 
reading achievement (0.83). This indicates that achievement on CBAS was less dependent on reading ability 
than achievement on the paper-and-pencil test. As a result, one can conclude that one of the original aims 
of CBAS has been met in that the PISA computer-based test is less confounded by reading ability than 
achievement on the paper-and-pencil test.

Table 5. 
Correlations for male and female students’ performance 

in CBAS and paper-and-pencil tests across countries

CBAS and science paper-and-
pencil scores

CBAS and reading paper-and-
pencil scores

Reading paper-and-pencil and 
science paper-and-pencil scores

Country Female Male Total Female Male Total Female Male Total

Denmark 0.88 0.90 0.89 0.82 0.78 0.77 0.82 0.79 0.79

Iceland 0.78 0.80 0.78 0.72 0.73 0.68 0.85 0.88 0.86

Korea 0.88 0.90 0.88 0.77 0.78 0.74 0.85 0.85 0.84

Total 0.88 0.90 0.88 0.78 0.78 0.75 0.84 0.84 0.83

Figure 12. 
Average CBAS score and average paper-and-pencil science scores in Denmark (N=1254)
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Figure 13. 
Average CBAS score and average paper-and-pencil science scores in Iceland (N=3566)

Figure 14. 
Average CBAS score and average paper-and-pencil science scores in Korea (N=2650)

Gender differences in student performance across test modalities
As Figure 15 below shows, in Denmark, males performed significantly better than females on the paper-
and-pencil test of science by almost ¼ of a standard deviation. In Iceland, females slightly outperformed the 
males on the paper-and-pencil test of science and in Korea there were no significant gender differences. The 
gender differences were large and clearly directional when science achievement was tested via computer 
however, with males performing better than females on the CBAS test in all countries. 

Males outperformed females on CBAS by approximately ¼ of a standard deviation in Iceland and Korea 
to almost half a standard deviation in Denmark. Denmark has the largest gender difference in favour of 
males regardless of test modality, but it should be noted that the increase in size of the gender difference as 
students moved from one test to the other is similar across all three countries. In other words, in Denmark 
the gender advantage for males increased by ¼ of a standard deviation from ¼ to ½. In Korea it also 
increased by ¼ of a standard deviation from 0 to ¼ and in Iceland the increase was slightly larger as the 
advantage was reversed from 1/10 of a standard deviation to ¼ of a standard deviation.
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Figure 15. 
Male achievement advantage across tests and countries 

(positive values show males outperforming females)

When the mean achievement scores for females and males are compared in the paper-and-pencil test to 
the CBAS test across countries in Table 6 shows that in Denmark males’ and females’ CBAS performance 
drops (with female performance dropping more than males increasing the gender difference). In Iceland and 
Korea, males’ performances increased, overtaking the females whose respective performance decreased 
and creating the gender difference seen earlier. Statistically significant differences are tested with the means 
and standard errors of the mean calculated through the replicates procedure involving the eighty PISA 
replicate weights on plausible values. When a gender difference is statistically significant at the p<0.05 
level of significance, the male and female means have been printed in bold in the table below.

Table 6. 
Achievement in paper-and-pencil test of science compared to CBAS

Paper-and-pencil2 CBAS

Country Females Males Total Females Males Total

Denmark
4.39
(0.16)

4.85
(0.14)

4.62
(0.12)

3.81
(0.15)

4.71
(0.12)

4.25
(0.11)

Iceland
4.49
(0.05)

4.34
(0.05)

4.41
(0.04)

4.18
(0.04)

4.69
(0.05)

4.44
(0.03)

Korea
5.06
(0.13)

5.03
(0.12)

5.04
(0.09)

4.79
(0.14)

5.31
(0.13)

5.08
(0.10)

(Significant differences are shown in bold)

The correlations in Table 7 below further show that female CBAS performance is slightly less strongly 
associated with their performance on the paper-and-pencil test of science than for males, indicating that the 
impact of changing the test method is not the same for females as it is for males. 

Table 7. 
Correlations between paper-and-pencil science scores and 

CBAS scores across genders and countries

Correlations Females Males
Denmark 0.89 0.91
Iceland 0.78 0.80
Korea 0.88 0.90
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Notes

1.  Note that the error bars represent the 95% confidence intervals for the mean achievement score. Strictly, 
these cannot be used to test for significant differences between groups however as this requires calculation 
of the standard error of the mean taking into account the five plausible values applying the eighty replicate 
weights. For significance testing the PISA replicate macros in SPSS were used. See the Data Analysis Manual 
for more information about this procecure (OECD, 2005a).

2. Note that the gender difference in Iceland on the paper-and-pencil test of science is in favour of the 
females. This was the trend reported in the PISA 2006 OECD report, however with the full sample this 
difference was not statistically significant. Analysing only the students included in the CBAS sample however, 
this difference becomes significant at the p<0.05 level.
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