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Executive Summary

The Programme for International Student Assessment (PISA) is an initiative of the Organisation 
for Economic Cooperation and Development (OECD) in Paris.  PISA is part of an ongoing OECD 
program of reporting on indicators in education, which first appeared in the annual OECD 
publication Education at a Glance more than a decade ago.  Over this period, the OECD has 
successfully developed indicators of human and monetary resources invested in education and 
how education systems operate.  PISA arose because there was a need for regular and reliable 
information on educational outcomes across countries, particularly a measure of students´ skills.  
Because it is part of an ongoing program of reporting, an aim of PISA is to monitor trends in 
performance over time.

What does PISA assess?
The primary focus of PISA is on public policy issues related to education provision, with the aim 
of helping the governments of OECD member countries (and others) to have the best possible 
education systems.  Questions guiding the development of PISA are the following:

How well are young adults prepared to meet the challenges of the future? What skills do they  ◗

possess that will facilitate their capacity to adapt to rapid societal change?

Are some ways of organising schools and school learning more effective than others? ◗

What influence does the quality of school resources have on student outcomes? ◗

What educational structures and practices maximise the opportunities of students from  ◗

disadvantaged backgrounds? How equitable is education provision for students from all 
backgrounds?

Who is assessed?
The student population chosen for PISA is students aged 15 years, who are thus assessed as 
they approach the end of their secondary schooling. National random samples of at least 4,500 
15-year-old students are chosen from 150 or more schools in each country to participate in the 
assessment. 

The first assessment of 15-year-old students in 28 OECD member countries (including Australia) 
and four non-OECD (or partner) countries took place in 2000.  The second assessment was 
undertaken in 2003, and involved more than one-quarter of a million students in 41 countries (all 
30 OECD member countries and 11 non-OECD countries)1.  In 2006, 57 countries participated; 
all OECD countries and 27 partner countries in regions spanning all inhabited continents. In total, 
almost 400,000 students worldwide participated in PISA 2006.

In Australia, 356 schools and 14,170 students participated in PISA.  The larger sample was taken in 
Australia for a number of reasons: 

Smaller states and Indigenous students were oversampled so that reliable estimates could be  ◗

inferred for those populations; and 

The PISA 2006 sample was designed to become a cohort of the Longitudinal Surveys of  ◗

Australian Youth (LSAY). These students will be contacted in future years to trace their progress 
through school and entry into further education and the work force. A large sample is needed 
to allow for attrition: over time contact is lost with a proportion of the original sample.

1 Although the Netherlands participated in PISA 2000, and the United Kingdom in PISA 2003, neither 
countries´ results are reported as they were unable to meet sampling requirements.
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What is assessed?
The goal of PISA is to measure competencies that will equip students to participate productively 
and adaptively in their life beyond school education.  The PISA assessment focuses on young 
people´s ability to apply their knowledge and skills to real-life problems and situations. The 
emphasis is on whether students, faced with problem situations that might occur in real life, are 
able to analyse, reason and communicate their ideas effectively.  In addition, how well do they 
make use of technological advances? Do they have the capacity and are they equipped with 
strategies to continue learning throughout their lives?  The term literacy is attached to each domain 
to reflect the focus on these broader skills.  The way in which it is used is a great deal broader than 
in the traditional sense of being able to read and write.  The OECD considers that mathematics, 
science and technology are so pervasive in modern life that it is important for students to be 
`literate´ in these areas as well.

The relevant skills are measured with assessment tasks that typically contain some text describing 
a real-life situation and a series of two or more questions for students to answer about the text.  
For the mathematical and scientific components of the assessment, the text typically presents 
situations in which mathematical or scientific problems are posed or mathematical or scientific 
concepts need to be understood.  In all domains, the `text´ is not necessarily prose text, but can be 
a diagram, table, or chart, for example. Some of the PISA 2006 items were multiple choice, but for 
others, students had to construct and write their own answers.

There are many more skills in which PISA is interested than could be measured in each survey.  As 
the surveys are planned every three years a different domain is chosen to be the focus for each 
assessment.  Reading literacy was the major domain in PISA 2000, mathematical literacy in PISA 
2003, and scientific literacy was the major focus of the PISA 2006 assessment.

With the focus on scientific literacy as a major domain for PISA 2006, the framework describing 
PISA science was developed in depth.  The PISA 2006 assessment more clearly separates 
knowledge about science from knowledge of science.  Knowledge of science refers to knowledge 
of the natural world across the major fields of physics, chemistry, biological science, Earth and 
space science, and science-based technology.  Knowledge about science refers to knowledge 
of the means (scientific enquiry) and the goals (scientific explanations) of science. The PISA 
framework further elaborates on, and gives greater emphasis to, knowledge about science as 
an aspect of science performance, through the addition of elements that underscore students´ 
knowledge about the characteristic features of science.

The PISA scientific competencies can be thought of as a sequence of strategies students use when 
solving a problem.  First they identify the problem, then apply their knowledge of science to find a 
solution, and finally interpret and use the results. The three competencies defined in PISA 2006 for 
science are identifying scientific issues, explaining phenomena scientifically and using scientific 
evidence.  The term `scientific literacy´ used in this report refers collectively to both knowledge 
about science and knowledge of science.

What did participants need to do?
Students who participated in PISA completed an assessment booklet that contained questions from 
the major domain and one or more of the minor domains being tested – in PISA 2006 they were 
assessed on scientific literacy (the major domain), reading literacy, and mathematical literacy.  
Students also answered a short questionnaire, which included scales to measure their attitudes as 
well as questions to collect information on their backgrounds.  School principals completed a short 
questionnaire which collected information about their schools.  
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How are results reported?
Results are reported for scientific, reading and mathematical literacy, for the PISA scientific literacy 
knowledge domains and scientific competencies, and for attitudes towards science and science 
learning.  For each of the major domains, a scale was defined that had a mean of 500 and a 
standard deviation of 100.

Results from countries are reported as average scores, as distributions of scores, and as percentages 
of students who attain each of a set of defined levels of proficiency.  The science proficiency scales 
contain descriptions of the skills typically shown by students achieving at each level, and were 
defined especially for PISA 2006 by international science experts.

How is PISA managed?
PISA 2006 was implemented internationally by a consortium led by the Australian Council for 
Educational Research (ACER).  Other members of the consortium were the Netherlands National 
Institute for Educational Measurement (CITO), Westat Inc. in the United States, and the National 
Institute for Educational Policy Research (NIER) in Japan.

There is a high emphasis in PISA on collaboration between countries, and between countries and 
the consortium.  Input is sought from countries by the consortium at all stages of the development 
of the PISA instruments and the frameworks that establish what is to be assessed.

PISA 2006 in Australia
Just over 14,000 students from 356 schools participated, from all States and Territories and all  ◗

sectors of schooling.

Data were gathered between late-July and early September 2006. ◗

Teachers who were not on the staff of any of the selected schools, and who were not currently  ◗

teaching, travelled throughout Australia to administer the assessment sessions.  These Test 
Administrators were all required to attend a training session about PISA procedures in order to 
ensure that testing occurred in a standard way.

A group of teachers coded the students´ answers to questions where the answers had to be  ◗

written in. These teachers attended training sessions for several days to become familiar with 
the wide range of items in PISA and the criteria that were set up as the basis for decisions about 
the correctness of students´ answers.

Students´ results were sent back to their own schools.  Apart from that, all information in PISA  ◗

at student and school levels is strictly confidential at all times.

Australia´s performance in PISA 2006
Overall, Australia´s students acquitted themselves very well in PISA 2006. The following are some 
highlights.  Differences are only mentioned if tests of statistical significance showed that the 
differences were highly likely to indicate real differences.

In terms of country averages:

Australia´s results were above the OECD average in each of scientific, reading and  ◗

mathematical literacy.

Australia was significantly outperformed in scientific literacy by three countries – Finland,  ◗

Hong Kong-China and Canada.  Australia´s performance was not significantly different from 
that of Japan or Korea or to that of five other countries.  In 2003, four countries also achieved 
better results than Australia in scientific literacy – Finland, Japan, Korea and Hong Kong-China.  
In PISA 2000, only Korea and Japan outperformed Australia.
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Eight countries outperformed Australia in mathematical literacy in PISA 2006, compared with  ◗

seven countries in PISA 2003 and one in PISA 2000.

In reading literacy in PISA 2006 Australia was outperformed by five countries: Korea, Finland,  ◗

Hong Kong-China, Canada and New Zealand. In PISA 2003 Finland and Korea achieved 
significantly better results than Australia and in PISA 2000 only Finland achieved significantly 
better results than Australia in reading literacy.  The change in Australia´s position has occurred 
because of a combination of Australia´s decline in score, improvements for Korea and Hong 
Kong-China, and the scores for Canada, Finland and New Zealand remaining the same.

Australian students scored significantly higher than the OECD average in both science  ◗

knowledge domains, scoring 533 points for knowledge about science and 528 points for 
knowledge of science, compared to the OECD averages of 500.    

Australia performed at a level higher than the OECD average in all three of the content areas  ◗

within the PISA knowledge of science domain: Earth and space systems, living systems, and 
physical systems.  Physical systems was a relative weakness nationally, with achievement in 
this domain a significant 12 points lower than the average overall science performance score 
for Australia.  The score in living systems was also relatively lower than the overall average 
score for scientific literacy, while the score for Earth and space systems was slightly higher than 
the overall average score.

Australian students performed well in the  ◗ identifying scientific issues competency, scoring 
second only to Finland.  This was also a strength nationally, with an average score eight points 
higher than the overall Australian science average.  As was the case in almost all participating 
countries, Australian females scored significantly higher than males in this competency.  

Australian students demonstrated a relative weakness in the  ◗ explaining phenomena 
scientifically competency.  The average score was seven score points lower than the overall 
average for science, and Australian students were outperformed by five other countries. Gender 
differences internationally were almost all in favour of males, and Australian males outscored 
their female counterparts by a significant 14 score points.

In  ◗ using scientific evidence, Australian students performed moderately well.  The average 
score was four points higher than the overall science average, and Australian students were 
outperformed by four other countries.  There were fewer gender differences in this competency 
than in the other two, and most were in favour of females.  In Australia the gender difference 
was not significant.

In terms of distribution of scores:

In Australia, the ranges of scores between the 5 ◗ th and 95th percentile are wider than the OECD 
average for scientific literacy, and narrower than the OECD average for reading literacy 
and mathematical literacy.  A lower spread in scores means that there is a smaller gap in 
performance between the highest- and lowest-achieving students. 

In terms of proficiency levels in scientific literacy:

Three per cent of Australia´s students achieved the highest scientific literacy proficiency level  ◗

(Level 6), which was above the OECD average of one per cent. The country with the highest 
proportion of students achieving proficiency level 6 was Finland, with four per cent of its 
students at Level 6.

In Australia, three per cent of students reached proficiency level 6 in  ◗ identifying scientific issues 
(highest was New Zealand with 4%), three per cent in explaining phenomena scientifically 
(highest was Finland with 5%), and four per cent in using scientific evidence  (highest were 
New Zealand and Finland with 7%).

At Level 6, students can consistently identify, explain and apply scientific knowledge and  ◗

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

Fifteen per cent of Australian students were placed at Level 5 or higher in scientific literacy, 40  ◗

per cent at Level 4 or higher, and two-thirds at Level 3 or higher.  Corresponding figures for the 
OECD as a whole were nine per cent at Level 5 or higher, 29 per cent at Level 4 or higher, and 
56 per cent at Level 3 or higher.

Only 13 per cent of Australian students did not reach at least Level 2 in scientific literacy,  ◗

compared with the OECD average of 19 per cent.  Ten per cent of Australian students in 
identifying scientific issues, 14 per cent in explaining phenomena scientifically, and 14 per cent 
in using scientific evidence did not reach Level 2.

Four per cent of Australia´s students were not achieving at the basic PISA proficiency level,  ◗

Level 1, in scientific literacy compared with eight per cent in the OECD as a whole.  Students 
performing below the lower boundary of Level 1 were not necessarily incapable of performing 
any scientific tasks but were unable to utilise these skills in a given situation, as required by the 
easiest PISA tasks.

In terms of proficiency levels in reading literacy and mathematical literacy:

Eleven per cent of Australian students were achieving at the highest level of reading literacy,  ◗

Level 5, which was higher than the OECD average of nine per cent. The country with the 
highest proportion of students achieving at this level was Korea, with 22 per cent of students 
achieving at Level 5.

About 14 per cent of Australian students were performing below proficiency level 2 in reading,  ◗

lower than the OECD average (21%), but higher than that of the highest performing country, 
Korea (5%). 

Four per cent of Australian students were achieving at the highest level of mathematical  ◗

literacy, Level 6, which was just higher than the OECD average of three per cent.  Finland, one 
of the other highest scoring countries, achieved six per cent at Level 6, while Chinese Taipei, 
the other highest-scoring country achieved 12 per cent at level 6.

Sixteen per cent of Australian students, compared with 13 per cent for the OECD on average  ◗

and 32 per cent for Chinese Taipei, scored at Level 5 or 6 in mathematics.

Thirteen per cent of Australian students, compared with 22 per cent of students on average in  ◗

the OECD and 12 per cent in Chinese Taipei, failed to achieve Level 2 on the mathematical 
literacy scale. In Finland, just six per cent of students failed to achieve Level 2.

Between 2000, 2003 and 2006:

Australia´s performance significantly declined in reading literacy, and remained statistically  ◗

the same in mathematical literacy.  As the first major assessment of science, the PISA 2006 
assessment establishes the basis for analysis of trends in science performance in the future and 
it is therefore not possible to compare science learning outcomes from PISA 2006 with those of 
earlier PISA assessments as is done for reading and mathematics.

Data on reading literacy achievement by state and gender over the period from 2000 to 2006  ◗

show that there was a statistically significant decline in the reading literacy performance of 
females in the Northern Territory and Western Australia between PISA 2003 and PISA 2006 
and for Tasmania between PISA 2000 and PISA 2006.  There were also significant declines 
for males between 2003 and 2006 in South Australia and the Northern Territory and in the 
Northern Territory, New South Wales and South Australia between 2000 and 2006. Overall for 
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Australia, mean reading scores for both males and females declined significantly between 2003 
and 2006. 

While the mean scores in mathematical literacy for Australia as a whole and for most of the  ◗

states declined between PISA 2003 and PISA 2006, the decreases were not significant for 
Australia overall and were significant for only two states – Western Australia (by 17 score 
points) and South Australia (by 15 score points).  However, there was a significant decline in 
the mean score of female students between 2003 and 2006 for Australia as a whole.

In terms of results for the Australian states and territories:

In scientific literacy, the Australian states and territories all performed, on average, at a level in  ◗

each domain that was either at or above the OECD average.

In scientific literacy, the average performance of students in the Australian Capital Territory was  ◗

significantly higher than that of all states other than Western Australia.   The scores of students 
in Western Australia were statistically similar to those of students in New South Wales and 
South Australia but higher than those of the other states. These findings were similar to those 
reported for PISA 2000 and PISA 2003.

In reading literacy, the Australian Capital Territory and Western Australia achieved the highest  ◗

means (which were not statistically different from one another) while Western Australia also 
performed on a par with New South Wales and South Australia.  

In mathematical literacy the score for the Australian Capital Territory was not significantly  ◗

different to that of Chinese Taipei, the highest scoring country.  The score for Western 
Australia was not significantly different to that of the Australian Capital Territory, and was also 
significantly higher than the Australian average. 

In both the Australian Capital Territory and Western Australia, around 20 per cent of students  ◗

were performing at the highest two proficiency levels in scientific literacy, 40 per cent of 
students were performing at the highest two proficiency levels in reading literacy, and more 
than 20 per cent were performing above Level 5 in mathematical literacy.  

In terms of the results for males and females:

Internationally there were gender differences in scientific literacy in 20 countries: 12 in favour  ◗

of females and eight in favour of males.  In Australia there was no significant gender difference 
on the overall scientific literacy scale.

There were, however, some gender differences in scores at the level of content areas and  ◗

competencies.  Australian female students performed at a significantly lower level than 
Australian male students in both Earth and space systems and physical systems but at a 
similar level in living systems. In Earth and space systems and living systems the average 
scores for Australian females were significantly higher than the OECD average, but in physical 
systems the average score for females was not significantly different to the OECD average. 
In the science competencies, Australian males outscored females in explaining phenomena 
scientifically, and females outscored males in identifying scientific issues. 

As in PISA 2000 and PISA 2003, the gender difference in favour of females in reading literacy  ◗

was large, about 0.4 of a standard deviation, and this was about the same as the OECD 
average.

Males significantly outscored females in mathematical literacy in Australia in 2006, in contrast  ◗

to the position in the previous cycle when there was no significant gender difference.

There were no gender differences shown in overall scientific literacy within the states of  ◗

Australia. 

In reading literacy the gender difference in each state was in favour of females, and was largest  ◗

in New South Wales, where the difference was 46 score points or half a proficiency level. In 
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terms of proficiency levels, there were more than twice as many females as males achieving 
at Level 5 in the Northern Territory and South Australia, and almost twice as many females 
as males in New South Wales, Queensland, and Tasmania.  The smallest gender differences 
at Level 5 were found in the Australian Capital Territory, where 4% more females than males 
achieved Level 5, Western Australia, with a 5% gap between the proportion of females and 
males, and Victoria, with a 3% gap between the proportion of females and males.  

In mathematical literacy the largest gender differences were found in Victoria (23 points) and  ◗

Western Australia (19 points). In the Australian Capital Territory, 29 per cent of males but only 
18 per cent of females were found to be achieving at or above Level 5, and in Victoria and 
Western Australia there was a gap of some eight percentage points between the percentage 
of males and females achieving at this high level.  The smallest gender difference at high 
proficiency levels was found in the Northern Territory, where 10 per cent of females and 12 per 
cent of males achieved at Level 5 or higher.

In terms of Indigenous students´ results:

Altogether, 1,080 Indigenous students were assessed in PISA 2006.  On average, the  ◗

performance of Indigenous Australians in scientific literacy was 88 score points lower than that 
of non-Indigenous students.  That is, Indigenous students scored around one proficiency level 
lower than non-Indigenous students.  

Similar results were evident for reading and mathematical literacy. ◗

Indigenous students were over-represented in the lowest categories of science proficiency  ◗

and under-represented in the highest category.  Only three per cent of Indigenous students 
demonstrated skills at proficiency level 5 or higher, and 40 per cent failed to achieve 
proficiency level 2.

Similarly, Indigenous students were over-represented in the lowest categories of reading and  ◗

mathematical literacy, and under represented in the highest categories.  In reading, 12 per cent 
of Indigenous students were found in the highest two proficiency levels along with 36 per cent 
of non-Indigenous students.  In mathematical literacy, two per cent of Indigenous students and 
16 per cent of non-Indigenous students were found in the higher levels. In reading, 38 per 
cent of Indigenous and 12 per cent of non-Indigenous students did not achieve Level 2, and in 
mathematical literacy 39 per cent of Indigenous and 12 per cent of non-Indigenous students 
did not achieve Level 2.

The scores for Indigenous students on the three scientific competencies were also significantly  ◗

lower than the scores for non-Indigenous students and also than the OECD averages.  
Indigenous students performed relatively better in the identifying scientific issues competency, 
scoring an average of 12 points more than the Indigenous overall scientific literacy score.  Their 
performance in explaining phenomena scientifically and using scientific evidence was close to 
the Indigenous overall average for scientific literacy.

For other student groups:

The average scientific literacy score of students attending schools in remote areas was  ◗

significantly lower than that of students attending schools in either provincial areas (by 47 
score points) or metropolitan areas (by 57 score points).  More than one-quarter of students in 
remote schools were not achieving at Level 2, compared with around 12 per cent of the cohort 
in metropolitan or provincial areas.  At the higher end of the achievement scale, only seven per 
cent of students in remote areas achieved Level 5 or higher, compared with 13 and 15 per cent 
of students in provincial and metropolitan schools respectively.

In reading literacy, the average score of students attending remote schools was about 30 score  ◗

points lower than that of students attending schools in provincial areas, and about 50 score 
points lower than that of students attending schools in metropolitan areas. Twenty-four per cent 
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of the students in remote areas did not achieve the baseline proficiency level, compared to 17 
per cent of students in provincial areas and 12 per cent in metropolitan areas. Around 12 per 
cent of students attending metropolitan schools were achieving at Level 5, compared to eight 
per cent of those in provincial schools and seven per cent of those in remote schools.

In mathematical literacy the average score of students who attended schools in remote areas  ◗

was 40 score points lower than that of students attending schools in provincial areas, and 58 
score points lower than that of students attending schools in metropolitan areas. Twenty-eight 
per cent of the students in remote areas did not achieve proficiency level 2, compared to 20 
per cent of students in provincial areas and 12 per cent in metropolitan areas.  Around 18 per 
cent of students attending metropolitan schools were achieving at Level 5, compared to 12 per 
cent of those in provincial schools and seven per cent of those in remote schools.

The average scientific literacy score of students in the lowest socioeconomic quartile was  ◗

significantly lower than that of students in the highest socioeconomic quartile (by 87 score 
points).  Twenty-three per cent of students in the lowest socioeconomic quartile were not 
achieving at Level 2, compared with five per cent of the cohort in the highest socioeconomic 
quartile.  Only six per cent of students in the lowest socioeconomic quartile achieved Level 5 
or higher, compared with 26 per cent of students in the highest socioeconomic quartile.

In reading literacy the difference in average scores between students in the highest and  ◗

lowest socioeconomic quartiles was 84 score points.  Five per cent of students in the highest 
socioeconomic quartile were not achieving at Level 2, compared with 23 per cent of the 
cohort in the lowest socioeconomic quartile. Only four per cent of students in the lowest 
socioeconomic quartile achieved Level 5, compared with 21 per cent of students in the highest 
socioeconomic quartile.

In mathematical literacy, students in the lowest socioeconomic quartile scored on average  ◗

78 score points lower than those of students in the highest socioeconomic quartile.  Twenty-
two per cent of students in the lowest socioeconomic quartile were not achieving at Level 2, 
compared with five per cent of the cohort in the highest socioeconomic quartile.  Only six per 
cent of students in the lowest socioeconomic quartile achieved Level 5 or higher, compared 
with 29 per cent of students in the highest socioeconomic quartile.

To examine the effects of immigrant status on scientific literacy two indicators were used:  ◗

immigrant status (based on country of birth of students and their parents) and language 
background.  Language background is of interest because unfamiliarity with the language of 
testing could possibly be a factor in student performance in scientific, reading or mathematical 
literacy.  Students´ immigrant status is categorised in the Australian context as either Australian-
born, first-generation, or foreign-born. Language background is dichotomised as `English-
speaking´ or `language background other than English´.

In scientific literacy there were no significant differences between the scores of the three  ◗

immigrant groups, but students with a language background other than English scored 
significantly lower than those who spoke English.  Slightly more foreign-born students than 
Australian-born students and substantially more students with a language background other 
than English (20% compared to 11% of English-speaking students) were not achieving 
proficiency level 2.

In reading literacy, first-generation students achieved significantly higher scores than  ◗

Australian-born students.  In the proficiency levels, English-speaking students scored at a 
significantly higher level than those students with a language background other than English, 
and 20 per cent of students with a language background other than English failed to achieve 
Level 2, compared with 12 per cent of English-speaking students.

In mathematical literacy, both first-generation and foreign-born students significantly  ◗

outperformed Australian-born students.  There was no significant difference in the average 
scores of English-speaking students and those with a language background other than English.  
Similar proportions of students in each of the immigrant and language categories achieved at 
the lower proficiency levels. However, a higher proportion of foreign-born (23%) than first-
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generation (18%) and Australian-born (15%) students and a higher proportion of students with 
a language background other than English (22%) than English-speaking (16%) students were 
achieving at Level 5 or higher.

In relation to socioeconomic background:

The primary measure of a student´s family and home background in PISA is the index of  ◗

economic, social and cultural status (ESCS). PISA collected detailed information from students 
including information on the occupations of the student´s parents or guardians, the level of 
education of the parents or guardians, and an index of home possessions, which included 
access to educational and cultural resources at home.  The composite socioeconomic 
background index, ESCS, was based on the occupations of the parents or guardians, the highest 
level of education of the parents converted into years of education, an index of the home 
educational resources, an index of cultural possessions in the home, and an index of family 
wealth.  

As for all the other indices used in PISA, the ESCS index was standardised to have a mean of  ◗

zero and a standard deviation of 1 for all OECD countries combined.  Australia´s mean value 
on the ESCS was 0.21, which was higher than the OECD average.  This is similar to the ESCS 
score for OECD countries Austria (0.20), Finland (0.26), the Netherlands (0.25), and Sweden 
(0.24), is lower than that of Canada (0.37) and Iceland (0.77), and higher than that of countries 
such as New Zealand (0.10) and the United States (0.14).  Within Australia, the mean values 
for the ESCS were 0.58 in the Australian Capital Territory, 0.28 in New South Wales, 0.21 
in Victoria and Western Australia, 0.16 in South Australia, 0.10 in Queensland, 0.07 in the 
Northern Territory, and -0.04 in Tasmania.

The terms `socioeconomic gradient´ or `social gradient´ refer in PISA to the relationship  ◗

between students´ performance and ESCS, which is evident in all countries but the strength 
varies between countries.  Four types of information are useful in a discussion of this 
relationship.  

The  – strength of the relationship between science achievement and socioeconomic 
background – represented by the percentage of the variation in performance that can be 
explained by the ESCS index. If the percentage is large it indicates that performance is 
relatively highly determined by ESCS whereas if it is small it indicates that performance is 
not highly determined by ESCS.  

The  – slope of the gradient line is an indication of the extent of inequality in the relationship 
between students´ results and their socioeconomic background (as measured by ESCS). A 
steeper slope indicates a greater difference in performance between low socioeconomic 
background students and high socioeconomic background students. Greater equity would 
be indicated by a flatter gradient.

The average  – level of the line in the graph gives an indication of how well the overall 
population has achieved on the given assessment. Lines at higher levels indicate higher 
mean performance by the students.

The  – length of the line indicates the range of ESCS.  The graphs in this report are plotted 
between the 5th percentile of ESCS and the 95th percentile of ESCS. A smaller range 
indicates less difference in socioeconomic background between students from the highest 
and lowest socioeconomic backgrounds in the country. 

The strength of the relationship between ESCS and performance in science in Australia  ◗

is significantly lower than for the OECD overall, meaning that the relationship is not as 
deterministic.  

The slope of the socioeconomic gradient for Australia was 43, significantly higher than the  ◗

slope of 40 for the OECD.  This means that in Australia every additional unit increase on 
the index of socioeconomic background translates into an additional 43 score points on the 
scientific literacy scale, significantly more than the 40 score points on average over the OECD.
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On the basis of Australia´s lower than (OECD) average strength of relationship between  ◗

socioeconomic background and performance and higher than (OECD) average performance, 
Australia is categorised as a high quality and high equity country in relation to science literacy 
performance in PISA 2006.  Other countries categorised as high quality/high equity in science 
in 2006 were Finland, Hong-Kong China, Japan and Canada.  New South Wales, Western 
Australia, South Australia, Queensland and Victoria are similarly characterised.  Countries such 
as New Zealand, the Netherlands and Germany, as well as the Australian Capital Territory and 
Tasmania, are classed as high quality/low equity.  The United States and France, as well as 
the Northern Territory, are classed as low quality/low equity, and countries such as Italy and 
Norway are classed as low quality/high equity.  

Level of the lines:  The Australian gradient line is higher than that of the OECD, reflecting the  ◗

fact that Australian students performed at a higher level than on average in the OECD.   

Length of the lines:  The range of ESCS scores between the 5 ◗ th and 95th percentiles is smaller in 
Australia than over the OECD as a whole, as would be expected given the range of countries 
contributing to the OECD average score.

There is less difference in performance, generally, between countries at high levels of ESCS  ◗

than there is at low levels.  This means that students with high levels of socioeconomic 
background tend to vary less in their scientific literacy performance, from country to country, 
than students with relatively low levels of socioeconomic background.  That is, the impact 
of educational experiences on student performance is greatest for students from lower 
socioeconomic backgrounds.

The slopes for each of the three domains are very similar in Australia.  There is a slightly lower  ◗

impact of socioeconomic background on mathematics achievement than either scientific or 
reading literacy achievement.  The slope for reading scores has declined significantly from that 
measured in PISA 2000, meaning that Australia´s reading literacy score, although significantly 
lower than in PISA 2000, is also more equitably distributed in terms of socioeconomic 
background.  The strength of the relationship has also decreased over the time period.

In scientific literacy, the gradient for the Northern Territory is the steepest, with the Australian  ◗

Capital Territory almost as steep, and Victoria has the flattest slope.   The graphs for Tasmania 
and the Australian Capital Territory have a negative curvilinearity (the curvature of the line), 
indicating that there is a decreasing return on achievement for socioeconomic background 
past a certain point.   South Australia´s slope on the other hand shows a positive curvilinearity, 
indicating a higher rate of increase in science scores for students in high socioeconomic 
backgrounds than for students with low socioeconomic backgrounds.  The average 
socioeconomic background for the Australian Capital Territory is generally higher than that 
of other states.    Performance is also generally higher than that of students in other states. 
Performance across the states at the lower levels of ESCS has a wider range than at the higher 
levels; as was found internationally, the range of the states´ performance converges at higher 
levels of ESCS. 

In most OECD countries, including Australia, the effect of the average ESCS of students in a  ◗

school outweighs the effects of the student´s own socioeconomic background.

In terms of students´ attitudes and motivation:

A number of measures used in PISA reflect indices that summarise responses from students  ◗

to a series of related questions.  The questions were selected on the basis of theoretical 
considerations and previous research.  Values on the index were standardised so that the 
mean value for the OECD student population was zero and the standard deviation was one.  
The highest correlations between constructs discussed in this report and Australian scientific 
literacy performance were for self-efficacy in science, awareness of environmental issues, self-
concept in science and enjoyment of science.
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Australian students had higher levels of self-efficacy in science than the OECD average.  There  ◗

was a significant gender difference in Australia in relation to self-efficacy in science, with males 
scoring significantly higher than females; however, both were higher than the OECD average.  

Students from New South Wales had the highest levels of self-efficacy in science.   Students in  ◗

the Australian Capital Territory, Western Australia, South Australia and the Northern Territory 
had higher mean levels of self-efficacy in science than the OECD average, while students 
in Victoria, Tasmania and Queensland had means that were slightly lower than the OECD 
average.  Males from all states showed higher levels on the self-efficacy in science index than 
females.  The largest gender differences were found in Western Australia and Victoria, with 
differences of approximately 0.25 points.  There was a large positive relationship between self-
efficacy in science and scientific literacy performance for Australian students.  Students in the 
highest quartile scored 130 points on average higher than students in the lowest quartile on the 
self-efficacy in science index, which is equivalent to almost four years of schooling or almost 
two proficiency levels on the scientific literacy scale.    

The average for Australia for self-concept in science was -0.03, which was not significantly  ◗

different to the OECD average. There was a significant gender difference in Australia, with 
males generally more confident in science than the OECD mean for males, and females less 
confident than the OECD mean for females.  Western Australia had a mean score for self-
concept in science that was just higher than the OECD mean; all other states scored below the 
OECD average, indicating lower levels of self-concept in science than students on average in 
OECD countries.  The largest gender differences in relation to self-concept in science were in 
the Northern Territory and Western Australia.  Self-concept in science has a moderately strong 
positive relationship with scientific literacy performance in Australia. There were 113 points 
on average between students in the highest quartile of the self-concept in science index and 
students in the lowest quartile.     

In general there was a positive association in Australia between scientific literacy performance  ◗

and most of the constructs.  An exception to this was optimism regarding environmental issues, 
where students with high levels of optimism about future environmental issues scored lower 
than students with low levels of optimism.  

Significant gender differences were found for all indices in Australia except in the index of  ◗

general interest in learning science and the index of instrumental motivation in science, 
where no significant gender differences were found.  All but two of the significant gender 
differences were in favour of males, the exceptions being the indices related to responsibility 
for sustainable development and concern for environmental issues, where they were in favour 
of females.  
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Policy Issues 
Australia is well placed to continue its tradition of producing high quality scientists.  The average 
score in scientific literacy is significantly higher than the OECD average, and either statistically 
similar to, or significantly higher than, most trading partners and other countries to which we 
would usually compare ourselves.  Fifteen per cent of our young people scored in the top two 
proficiency levels, comparing favourably internationally.  

The `gap´ in achievement between the best and the weakest students varies by subject domain. 
In science, there is a relatively wide gap, narrower than that of the United States and the United 
Kingdom, but wider than the OECD average and that of most other countries.  In reading and 
mathematical literacy, however, it is narrower than the OECD average and also narrower than the 
spread for between 60 per cent of other countries (for reading) and 70 per cent of other countries 
(for mathematics).  

Analysis of Australia´s performance in terms of equity and achievement places us in the category 
of above-average level of student performance and below-average impact of socioeconomic 
background in scientific literacy; in other words, high quality and high equity.  In terms of the 
slope and strength of the association between socioeconomic background and achievement in 
science, both have decreased significantly since PISA 2003.  Australia´s outcomes have become 
more equitable, as shown by a flatter gradient, and less deterministic, as shown by the smaller 
proportion of variance explained by socioeconomic background. In reading literacy the slope 
and strength have also significantly declined, while in mathematics only the strength of the 
relationship has decreased. However, the increase in equity in reading literacy may be an artefact 
of declining achievement in the higher levels rather than because achievement at the bottom end 
has improved.

Australia´s results in scientific, reading and mathematical literacy are laudable.  However average 
scores do not paint the complete picture of a country´s performance, and that has been the 
primary aim of this report. There are a number of areas in which Australia´s performance is not as 
good as would be hoped.

Decline in reading achievement

The results from the first three cycles of PISA indicate that the performance levels of Australian 
students, while comparing reasonably well internationally, are generally not improving.  TIMSS 
2003 found that scores in science at Year 8 had improved significantly; however, this improvement 
in scores has not really translated to an improvement in scientific literacy in the manner in which it 
is presented in PISA.  There had also been no evidence previously of any decline in performance, 
but the PISA 2006 results now point to a significant decrease in performance in reading literacy 
since PISA 2000.  While some caution should be exercised in interpreting these results, as PISA 
2006 is comparing the results from the assessment of a minor domain to the assessment of a major 
domain, there is evidence of a decline, and it seems to be occurring primarily at the upper end 
of the achievement scale without any compensatory improvement at the lower end. The decline 
was found for both male and female students.  While there is no evidence of any decrease in the 
average achievement levels in mathematical or scientific literacy, there was a significant decline in 
the mathematics achievement of Australian females.   

Gender

In terms of gender, there was no difference overall in scientific literacy; however, males performed 
significantly better than females in both Earth and space systems and physical systems, and the 
performance of females in the latter was at the OECD average.  In reading literacy, the gender 
gap continued to favour females, and it is of a similar size to the gap found in PISA 2000.  In PISA 
2006 mathematics there is evidence of a decline in the scores of 15-year-old females and no 
associated decline in the score for males, resulting in a significant gender difference and one that 
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is higher than the OECD average.  The decline in scores for females appears to have come from the 
higher end of achievement.

The performance of males in reading relative to females has not improved, and there is now a 
gender difference in mathematics, in favour of males, that has not existed for many years.  Perhaps 
gender needs to be reconsidered as an issue for Australian education.

Indigenous students

The achievement of Australia´s Indigenous students continues to be a concern.  Average scores for 
Indigenous students place them on a par with students in a low-performing country such as Chile, 
and two and a half years behind the average for their non-Indigenous contemporaries.  While 
some individual Indigenous students performed very well on the PISA assessment many more 
performed extremely poorly.   There is no doubt that many Indigenous students will continue to 
need extra support.  

Students attending schools in remote locations

The relatively poor performance of students attending schools in remote areas is also evident from 
these analyses, and requires attention.  Students attending schools in remote areas were found 
to be achieving at a level about a year and a half lower than their counterparts in metropolitan 
schools in all of the assessment areas.  It is recognised that schools in remote areas face problems 
such as attracting and retaining qualified teachers, maintaining services and providing resources, 
and in their capacity to send staff to participate in professional development, which may impinge 
on the quality of student outcomes.

Students and schools with low socioeconomic levels

This report has also examined differences in achievement by quartiles of socioeconomic 
background.  Students in the lowest socioeconomic quartile, on average, were achieving at a 
level two and a half years lower than students in the highest socioeconomic quartile across all 
three domains.  Of the students in the lowest socioeconomic quartile around one-quarter failed 
to achieve the baseline proficiency levels in scientific, reading or mathematical literacy.  Few 
achieved the highest levels in any domain.

Achievement differences in Australia are much larger within schools than they are between 
schools.  However, the discussion of the PISA findings in scientific literacy indicates that the 
average socioeconomic background of a school outweighs a student´s own socioeconomic 
background, and that the impact of schooling is greatest for students from disadvantaged 
backgrounds or attending schools with a low average socioeconomic background.  

However, students from low socioeconomic backgrounds are a diverse group encompassing the 
full range of learning abilities, evidenced by the relatively low strength of the relationship between 
socioeconomic background and performance. They can and do achieve high standards.

Students who are confident in their own abilities and well motivated tend to do better at 
school.  Positive approaches not only help to explain student performance but also are themselves 
important outcomes of education.  Students who have become effective learners by the time they 
leave school, and particularly those who have learned to regulate their own learning, are often 
considered more likely to learn throughout life.

Australia remains committed to the principle of equity and social justice in education and to 
the goal of allowing and encouraging all children to fulfil their full educational potential.  To 
a large extent, these goals are realised; evidenced by the high average achievement levels in 
all three assessment domains in PISA.  However, there is some evidence from this cycle that 
Australia appears to be standing still while other countries improve their levels of performance.  
This report has also shown that behind the higher than average scores, significant levels of 
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educational disadvantage exist in Australia, and that the gap between students of the same age 
can be equivalent to several years of schooling.  This gap places an unacceptable proportion of 
15-year-old students at serious risk of not achieving levels sufficient for them to participate fully in 
the 21st century work force and to contribute to Australia as productive citizens.  

Educational inequality is not a given.  Some schools, some school systems, and some countries do 
more to mitigate inequality than others.  Using PISA to monitor national outcomes on a regular 
basis provides Australian educators at all levels with the opportunity to step back and see how we 
measure up in terms of educational outcomes.
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Reader’s Guide

Data underlying the figures

The data referred to in this report and presented in Figures and Tables are available as online 
documents from the ACER PISA National website (http://www.acer.edu.au/ozpisa/reports.html).

OECD average

An OECD average was calculated for most indicators in this report and is presented for 
comparative purposes.  The OECD average takes the OECD countries as a single entity, to which 
each country contributes with equal weight.  The OECD average is equivalent to the arithmetic 
mean of the respective country statistics.

Rounding of figures

Because of rounding, some figures in tables may not exactly add to the totals.  Totals, differences 
and averages are always calculated on the basis of exact numbers and are rounded only after 
calculation.  When standard errors have been rounded to one or two decimal places and the value 
0.0 or 0.00 is shown, this does not imply that the standard error is zero, but that it is smaller than 
0.05 or 0.005 respectively.

Reporting of student data

The report uses “15-year-olds” as shorthand for the PISA target population.  In practice,  the target 
population is students who were aged between 15 years and 3 (complete) months and 16 years 
and 2 (complete) months at the beginning of the assessment period and who were enrolled in an 
educational institution that they were attending full-time or part-time. 

Confidence intervals and standard errors

In this and other reports, student achievement is often described by a mean score. For PISA, each 
mean score is calculated from the sample of students who undertook the PISA assessment, and 
is referred to as the sample mean. These sample means are an approximation of the actual mean 
score, known as the population mean, which would have been derived had all students in Australia 
actually sat the PISA assessment. Since the sample mean is just one point along the range of 
student achievement scores, more information is needed to gauge whether the sample mean is an 
underestimation or overestimation of the population mean. The calculation of confidence intervals 
can assist our assessment of a sample mean’s precision as a population mean. Confidence intervals 
provide a range of scores within which we are ‘confident’ that the population mean actually lies. 
In this report, sample means are presented with an associated standard error. The confidence 
interval, which can be calculated using the standard error, indicates that there is a 95 per cent 
chance that the actual population mean lies within plus or minus 1.96 standard errors of the 
sample mean. Comparing confidence interval overlap provides an approximate way of comparing 
the differences between countries, or states, for example, however exact comparisons using t-tests 
have been used throughout this report. 

Correlational analysis

An analysis of the correlation between two variables can be used to investigate the association 
between them.  If there is a significant positive correlation, it does not imply that one factor 
depends on the other or that there is a cause-effect relationship between them – it simply means 
that they occur together.  Further analysis and investigation are needed to determine the nature 
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of the association.  Values of the correlation coefficient can range from –1 (a negative correlation 
– as one goes up the other goes down) to a +1 (a positive correlation – as one goes up so does 
the other).  The most commonly used measure is the Pearson correlation coefficient, which is 
abbreviated as r.  The statistical significance is indicated by a ‘p-value’.  For example, p < 0.01 
indicates a 99% confidence that the correlation between the two variables is significantly greater 
than zero.

PISA scores

To facilitate the interpretation of the scores assigned to students, scales were constructed to have 
an average score among the OECD countries of 500 points, with about two-thirds of students 
across OECD countries scoring between 400 and 600 points (i.e. the scale has a mean of 500 and 
a standard deviation of 100). 

Bonferroni correction

The Bonferroni correction states that if an experimenter is testing n independent hypotheses 
on a set of data, then the statistical significance level that should be used for each hypothesis 
separately is 1/n times what it would be if only one hypothesis were tested.  In previous cycles of 
PISA, the Bonferroni correction has been used in the multiple comparison tables – that is, those 
tables in which all countries are compared to each other, or in the Australian report those tables 
in which all states are compared to each other.  However, it is widely acknowledged that there are 
technical issues with using the Bonferroni correction with such a large group of countries, and that 
its results are very conservative.  As such, the use of the Bonferroni correction in PISA has been 
discontinued.  

Proficiency levels

To summarise data from responses to the PISA tests, performance scales were constructed for 
each assessment domain.  The scales are used to describe the performance of students in different 
countries, including in terms of described performance levels.  The described performance levels 
are known as proficiency levels.

At the lowest proficiency level in science, students are able to recall simple factual scientific 
knowledge (e.g. names, facts, terminology, simple rules); and to use common scientific knowledge 
in drawing or evaluating conclusions.

Around the OECD average score (500 points) students are typically able to use scientific 
knowledge to make predictions or provide explanations; to recognise questions that can be 
answered by scientific investigation and/or identify details of what is involved in a scientific 
investigation; and to select relevant information from competing data or chains of reasoning in 
drawing or evaluating conclusions.

Towards the high end of the science proficiency levels, students are generally able to create or use 
conceptual models to make predictions or give explanations; to analyse scientific investigations 
in order to grasp, for example, the design of an experiment or to identify an idea being tested; 
to compare data in order to evaluate alternative viewpoints or differing perspectives; and to 
communicate scientific arguments and/or descriptions in detail and with precision.

PISA indices

The measures that are presented as indices summarise student responses to a series of related 
questions constructed on the basis of previous research.  In describing students in terms of each 
characteristic (e.g. interest in science), scales were constructed on which the average OECD 
student was given an index value of zero, and about two-thirds of the OECD population were 
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given values between –1 and +1 (i.e. the index has a mean of 0 and a standard deviation of 
1).  Negative values on an index do not necessarily imply that students responded negatively to 
the underlying questions. Rather, a student with a negative score responded less positively than 
students on average across OECD countries.

Definitions of background characteristics

There are a number of definitions used in this report that are particular to the Australian context, as 
well as many which are international.  This section provides an explanation for those that are not 
self-evident.

Indigenous status: Indigenous status is derived from students’ self-identification as 
being of Australian Aboriginal or Torres Strait Islander descent.  
For the purposes of this report, data for the two groups are 
presented together for Indigenous Australian students.

Socioeconomic background: Two measures are used by the OECD to represent elements 
of socioeconomic background.   One is the highest level 
of the father’s and mother’s occupation (known as HISEI), 
which is coded in accordance with the International Standard 
Classification of Occupations.  The other measure is the index 
of economic, social and cultural status (ESCS), which was 
created to capture the wider aspects of a student’s family and 
home background. The ESCS is based on students’ responses 
on their parents’ occupations; the highest level of education 
of the father and mother converted into years of schooling; the 
number of books in the home; and access to home educational 
and cultural resources.  

Geographic location: In Australia, the participating schools were coded with respect 
to the MCEETYA Schools Geographic Location Classification.  
For the analysis in this report, only the broadest categories are 
used:

Metropolitan – including mainland state capital cities or  ◗

major urban districts with a population of 100,000 or more 
(e.g. Queanbeyan, Cairns, Geelong, Hobart)

Provincial – including provincial cities and other non- ◗

remote provincial areas (e.g. Darwin, Ballarat, Bundaberg, 
Geraldton, Tamworth) 

Remote – Remote areas and Very remote areas. Remote:  ◗

very restricted accessibility of goods, services and 
opportunities for social interaction (e.g. Coolabah, 
Mallacoota, Capella, Mt Isa, Port Lincoln, Port Hedland, 
Swansea and Alice Springs). Very remote: very little 
accessibility of goods, services and opportunities for social 
interaction (e.g. Bourke, Thursday Island, Yalata, Condingup, 
Nhulunbuy).
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Immigrant status: For the analysis in this report, immigrant status has been defined 
by the following categories:

Australian-born students – students born in Australia with  ◗

both parents born in Australia

First-generation students – students born in Australia with at  ◗

least one parent born overseas

Foreign-born students – students born overseas with both  ◗

parents also born overseas.
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Why PISA?
In 1997, the OECD launched the Programme for International Student Assessment (PISA).  PISA 
was the result of a desire by governments to monitor the outcomes of education systems in 
terms of student achievement on a regular basis and within an internationally accepted common 
framework.  In 2000, the first PISA assessment was carried out in 32 countries (including 28 
OECD member countries).  This assessment was repeated in a further 11 partner (non-OECD) 
countries in 2001.  The focus of this first assessment was reading literacy, with a lesser emphasis 
on mathematical and scientific literacy.  In 2003, PISA was conducted in 41 countries, including 
all 30 OECD countries.  The major focus of this assessment was mathematical literacy, with less 
emphasis on reading and scientific literacy.  PISA 2003 also included a one-off assessment of 
cross-curricular problem solving skills. PISA 2006 completes the first full cycle of assessment, with 
a primary focus on scientific literacy and minor assessments in reading and mathematical literacy.  
Almost 60 countries participated in this round of PISA.

PISA was designed to help governments not only understand but also to enhance the effectiveness 
of their educational systems.  PISA collects reliable information every three years and derives 
educational indicators that can monitor differences and similarities over time.  PISA findings are 
being used internationally to:

compare literacy skills of students in one country to those of students  in other participating  ◗

countries;

establish benchmarks for educational improvement, in terms of the mean scores achieved  ◗

by other countries or in terms of a country’s capacity to provide high levels of equity in 
educational outcomes and opportunities; and

understand the relative strengths and weaknesses of individual education systems. ◗

The overall aim of PISA is to measure how well 15-year-olds approaching the end of their 
compulsory schooling are prepared for meeting the challenges they will face in their lives beyond 
school.  PISA’s orientation towards the future of these students is reflected in its literacy approach, 
which is concerned with the capacity of students to apply their skills and knowledge in a particular 
subject area, and to analyse, reason and communicate effectively as they do so.

PISA in Australia
Within Australia PISA is an element of the National Assessment Program.  Together with the 
IEA’s Trends in International Mathematics and Science Study (TIMSS), PISA provides data from 
internationally standardised tests, which enables Australia to compare its performance with that 
of other countries.   The international measures complement state-based literacy and numeracy 
assessments for students in Years 3, 5 and 7 and national sample assessments of Science at Year 
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6, Civics and Citizenship at Years 6 and 10, and Information and Communications Technology at 
Years 6 and 10.  

The results from these assessments allow for nationally comparable reporting of student outcomes 
against the National Goals for Schooling in the Twenty-first Century, which aims to provide high 
quality schooling in Australia that will secure for students the necessary knowledge, understanding, 
skills and values for a productive and rewarding life.  Reporting on the assessments is undertaken 
through the annual National Reports on Schooling as well as through monographs and reports on 
particular assessments.

PISA’s focus on testing students nearing the completion of the compulsory years of schooling 
is particularly appropriate for reporting against the National Goals.  PISA enables reporting 
on comparable performance data every three years, and as required for the National Goals, 
student outcomes are reported disaggregated by sex, Indigenous status, geographic location and 
socioeconomic background.

The main goals of PISA
Overall, PISA seeks to measure how well young adults, at age 15 and therefore near the end 
of compulsory schooling, are prepared to use knowledge and skills in particular areas to meet 
real-life challenges.  This is in contrast to assessments that seek to measure the extent to which 
students have mastered a specific curriculum. PISA’s orientation reflects a change in the goals and 
objectives of curricula themselves, which increasingly address how well students are able to apply 
what they learn at school.  

As part of the PISA process, students complete an extensive background questionnaire while 
school principals complete a survey describing the context of education at their school – including 
aspects such as the level of resources in the school, qualifications of staff and teacher morale. The 
reporting of the findings from PISA is then able to focus on issues such as:

How well are young adults prepared to meet the challenges of the future? What skills do they  ◗

possess that will facilitate their capacity to adapt to rapid societal change?

Are some ways of organising schools or school learning more effective than others? ◗

What influence does the quality of school resources have on student outcomes? ◗

What educational structures and practices maximise the opportunities of students from  ◗

disadvantaged backgrounds?  How equitable is the provision of education in a country or 
across countries?

What skills does PISA assess?
As PISA’s goal is measuring competencies that will equip students to participate productively and 
adaptively in their life beyond school education, the PISA assessment focuses on young people’s 
ability to apply their knowledge and skills to real-life problems and situations. In such situations, 
are students able to analyse, reason and communicate their ideas effectively? How well do they 
make use of technological advances? Do they have the capacity and are they equipped with 
strategies to continue learning throughout their lives?

PISA uses the term ‘literacy’ to encompass this broad range of competencies relevant 
to coping with adult life in today’s rapidly changing societies. In such a context, adults 
need to be literate in many domains, as well as in the traditional literacy areas of being 
able to read and write. The OECD considers that mathematics, science and technology 
are sufficiently pervasive in modern life that personal fulfilment, employment, and full 
participation in society increasingly require an adult population which is not only able 
to read and write, but is also mathematically, scientifically and technologically literate.

(OECD, 2000, p. 9)
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PISA assesses competencies in each of three core domains – reading literacy, mathematical 
literacy and scientific literacy.  During each PISA cycle one (major) domain is tested in detail.  The 
remaining time is allocated to assessing the other (minor) domains.  In 2000, the major domain 
was reading literacy, with mathematical literacy and scientific literacy making up the minor 
domains.  In 2003, the major emphasis moved from reading literacy to mathematical literacy.  
In 2006, the major focus of the assessment was scientific literacy, with reading literacy and 
mathematical literacy forming the minor domains.  

The domains covered by PISA are defined in terms of the content that students need to acquire, the 
processes that need to be performed, and the contexts in which knowledge and skills are applied.  
The assessments are based on assessment frameworks which provide a common language and a 
vehicle for discussing the purpose of the assessment and what it is trying to measure.  Working 
groups consisting of subject matter experts were formed to develop the assessment frameworks, 
which are subsequently considered and approved by the PISA Governing Board (PGB) established 
by the OECD.  The frameworks have evolved since PISA began in 1997.  Each of the three 
literacies is described briefly later in the chapter, and in more detail in the relevant chapter of this 
report.

Scientific literacy

In PISA, scientific literacy is defined as:

an individual’s scientific knowledge and use of that knowledge to identify questions, to 
acquire new knowledge, to explain scientific phenomena, and to draw evidence-based 
conclusions about science-related issues, understanding of the characteristic features 
of science as a form of human knowledge and enquiry, awareness of how science and 
technology shape our material, intellectual, and cultural environments, and willingness 
to engage in science-related issues, and with the issues of science, as a reflective citizen. 

 (OECD, 2006, p. 12)

Scientific literacy relates to the ability to think scientifically and to use scientific knowledge and 
processes to both understand the world around us and to participate in decisions that affect it.  
Increasingly, science and technology are shaping our lives.  Scientific literacy is considered to be 
a key outcome of education for all students by the end of schooling – not just for future scientists, 
given the growing centrality of science and technology in modern societies.  The skill of being able 
to think scientifically about evidence and the absence of evidence for claims that are made in the 
media and elsewhere is vital to daily life.

The assessment framework for science includes three strands: 

Scientific knowledge or concepts: These constitute the links that aid understanding of related  ◗

phenomena.  In PISA, while the concepts are familiar ones relating to physics, chemistry, 
biological sciences, and Earth and space sciences, students are required to apply the content of 
the items and not just recall them.

Scientific processes or competencies:  These are centred on the ability to acquire, interpret and  ◗

act upon evidence. Three such processes present in PISA are: i) identifying scientific issues, ii) 
explaining phenomena scientifically, and iii) using scientific evidence.

Situations and context: These concern the application of scientific knowledge and the use  ◗

of scientific processes. The framework identifies three main areas: science in life and health, 
science in Earth and environment, and science in technology.

The scientific literacy framework is elaborated further in Chapter 2.
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Reading literacy

Reading literacy in PISA is defined as:

understanding, using and reflecting on written texts, in order to achieve one’s goals, to 
develop one’s knowledge and potential and to participate in society. 

 (OECD, 2006, p. 46)

Reading literacy is much more than decoding written words and literally comprehending them.  
It includes understanding texts at a general level, interpreting them, reflecting on their content 
and form in relation to the reader’s own knowledge of the world, and arguing a point of view in 
relation to what has been read.  The definition incorporates the PISA emphasis on acquiring skills 
that will be relevant throughout life.

The assessment of reading literacy focuses on three areas: text format; reading processes; and the 
situation for which the text was constructed.  PISA makes the distinction between two types of text 
format: continuous texts, which are organised in sentences and paragraphs, and non-continuous 
texts, which present information in, for example, charts and graphs, forms and information sheets.  
In 2000, when reading literacy was the major domain, three reading literacy subscales were 
created and used for reporting reading proficiency (retrieving information; interpreting texts; and 
reflection and evaluation).  Results will not be reported using these subscales for this cycle because 
reading literacy is a minor domain.  

For the purposes of the PISA assessment, ‘situation’ relates to the general category of text based on 
the author’s intended use.  There are four situations used in PISA: reading for private use (personal); 
reading for public use; reading for work (occupational); and reading for education. 

Mathematical literacy

PISA defines mathematical literacy as:

an individual’s capacity to identify and understand the role that mathematics play in 
the world, to make well-founded judgements and to use and engage with mathematics 
in ways that meet the needs of that individual’s life as a constructive, concerned and 
reflective citizen.   

(OECD, 2006, p. 72)

Thus, mathematical literacy revolves around wider uses of mathematics in people’s lives than 
being able to carry out mechanical operations with numbers and symbols.  It indicates the ability 
to put mathematical knowledge and skills to functional use as well as the ability to pose and solve 
mathematical problems in a variety of situations and having the interest and motivation to do so.

The assessment framework for mathematical literacy consists of three broad dimensions 
– mathematical content; mathematical processes; and the situations or contexts in which 
mathematics is used.  Mathematical content is related to broad mathematical concepts and 
underlying mathematical thinking.  In PISA 2000, when mathematical literacy was a minor 
domain, two overarching ideas: change and growth and space and shape were assessed.  For 
2003, the overarching ideas were expanded to assess four areas: quantity; space and shape; 
change and relationships; and uncertainty.   These four overarching ideas were reported on 
separately in PISA 2003, but this cannot be done in this cycle since, like reading literacy, 
mathematical literacy was a minor domain in 2006.

Mathematical processes are defined by mathematical skills or competencies.  PISA has assessed 
eight characteristic mathematical competencies: thinking and reasoning; argumentation; 
communication; modelling; problem posing and solving; representation; using symbolic, formal 
and technical language and operations; and use of aids and tools.  
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An important aspect of mathematical literacy is engagement with mathematics in a variety of 
situations.  The context of the mathematics task is its specific setting within a situation, of which 
four have been identified: personal; educational/occupational; public; and scientific.

Skills for life
Without further follow-up of future educational and occupational outcomes of the students 
assessed in PISA it is not possible to say how relevant their skills at age 15 will be in later life. 
However, there is evidence from both the International Adult Literacy Survey (IALS) and the 
Longitudinal Surveys of Australian Youth (LSAY) of differential future educational success and 
labour market experiences of people with higher and lower achievement in literacy.  

The International Adult Literacy Survey

The IALS established that people with higher levels of literacy were more likely than those with 
lower levels to be employed and have higher average salaries. People placed in the lowest two of 
five defined IALS levels of literacy skills were at least twice as likely to be unemployed as those 
placed in the top three levels (OECD, 2000). Further, the IALS was able to show that literacy levels 
predicted how well people did in the labour market over and above what could be predicted from 
their educational qualifications alone.

The link between LSAY and PISA

The Longitudinal Surveys of Australian Youth (LSAY)1 focus on the progress of young Australians as 
they move from their mid-teens to their mid twenties, from their initial education to independent 
working life.  These surveys involve large nationally representative samples of young people from 
whom data are collected each year about education and training, work and social development.  
Data from LSAY surveys provide descriptions of what young Australians are doing as they negotiate 
the transition from school, document changes as the group gets older, and enable comparisons 
with other groups when they were the same age.  Issues investigated in LSAY include school 
completion, participation in vocational and university education, employment and wellbeing.  
More detailed investigations examine the links between social characteristics, education and 
training, and employment.

In 2003, the Australian PISA sample became a commencing cohort for LSAY.  The PISA 2006 
sample was the second PISA cohort to act as a commencing cohort for LSAY. The link between 
LSAY and PISA will provide a basis for investigating the enduring effects of the skills and 
knowledge measured in PISA.

Follow-up studies of several successive cohorts of secondary students in LSAY have shown a 
consistent picture that those who have acquired sound mastery of literacy and numeracy skills by 
Year 9 are more likely to go to university, to find jobs and to earn higher incomes.  Initial analyses 
of the 2003 PISA/LSAY cohort have shown a general pattern of increasing odds of completion of 
Year 12 with increasing proficiency levels (Hillman & Thomson, 2006).

Further evidence from the longitudinal follow-up of students in Canada who had participated in 
the PISA 2000 reading assessment also shows that the PISA performance of students at age 15 was 
a very strong predictor for a successful transition to higher education at age 19.

There is also evidence from previous LSAY studies that psychological variables such as engagement 
in school life (assumed to reflect positive attitudes towards school) and self-concept of academic 
ability measured in Year 9 both contribute significantly, over and above socio-demographic factors, 

1 LSAY is a program of longitudinal surveys that follows the progress of young people from their mid-teens 
to their mid-twenties and is managed by the Australian Government of Education, Science and Training 
(DEST).
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to whether students complete their secondary schooling (Fullarton, 2002; Marks, Fleming, Long & 
McMillan, 2000).   

Implementing PISA

What did PISA 2006 participants do?

As mentioned earlier, each cycle of PISA focuses on one assessment domain (scientific literacy 
in 2006), with the other domains (reading and mathematical literacy) being covered to a lesser 
extent.  Students who participated in PISA 2006 completed an assessment booklet that contained 
questions about one or more of the domains being tested, and a Student Questionnaire.

Testing occurred during the morning and students were given two hours to complete the 
assessment and 30 to 40 minutes to complete the Student Questionnaire.  In all, there were 13 
assessment booklets, which were assembled according to a complex design so that each booklet 
was linked through common items to other booklets in a balanced way.  All booklets contained 
science items with a rotation system ensuring that the mathematics and reading items appeared 
equally throughout the 13 booklets.  In this way a broader range of tasks can be undertaken, 
and through Item Response Theory can be linked to other items.  This means also that the 
administration of the test is enhanced because students are unlikely to be doing the same booklet 
as students around them.  

There were five types of question format: multiple choice; complex multiple choice; closed 
constructed response; open constructed response and short response.  In some cases, students 
selected their response from a list or provided a short written response and in other cases students 
had to write extended answers.

The internationally standard Student Questionnaire sought information on students and their 
family background, aspects of learning and instruction in science, and context of instruction 
including instructional time and class size.    Australia also participated in several international 
options, which involved adding questions on the following topics into the Student Questionnaire: 
familiarity with ICT, self-regulated learning, and educational career paths.  

The School Questionnaire, answered by the principal (or the principal’s designate), sought 
descriptive information about the school and information about instructional practices. For 
example, questions were asked about qualifications of teachers and numbers of staff, teacher 
morale, school and teacher autonomy, school resources, and school policies and practices such as 
use of student assessments. 

In Australia, a National Advisory Committee guides all aspects of the project.  The National Project 
Manager is responsible for the implementation of PISA at the national level.  ACER (the National 
Project Manager in Australia) liaised with schools to gain their participation and help with the 
logistics of arranging assessment sessions (see Appendix 1).  

Development of the PISA assessment tasks

The development of assessment items for each of the domains in PISA is guided by a framework 
that is created and developed by a group of international experts in the relevant field and 
agreed to by the PISA Governing Board.  The Expert Groups meet on a regular basis to review 
developments and items and to propose future directions.  For PISA 2006, in addition to the 
Science Expert Group, the OECD held a Science Forum, to which all countries were invited to 
send representatives who could provide input to the development of the items.

The development of the assessment items is an interactive process, which allows for the 
involvement of participating countries.  Each country had the opportunity of submitting materials 
and providing comments in the review of items on aspects such as cultural appropriateness and 
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interest to 15-year olds.  After an extensive Field Trial in 2005, a final set of items was chosen to 
reflect the intentions of the frameworks for the Main Study in 2006.

How results are reported

International comparative studies have provided an arena to observe the similarities and 
differences between educational polices and practices and enable researchers and others to 
observe what is possible for students to achieve and what environment is most likely to facilitate 
their learning.  PISA provides regular information on educational outcomes within and across 
countries by providing insight about the range of skills and competencies, in different assessment 
domains, that are considered to be essential to an individual’s ability to participate and contribute 
to society.

Similar to other international studies, PISA results are reported as means that indicate average 
performance and various statistics that reflect the distribution of performance.  School and student 
variables further enhance the understanding of student performance.  PISA also attaches meaning 
to the performance scale by providing a profile of what students have achieved in terms of skills 
and knowledge.  The performance scale is divided into levels of difficulty, referred to as ‘described 
proficiency levels’.  Students at a particular level not only typically demonstrate the knowledge 
and skills associated with that level but also the proficiencies required at lower levels.  

For the major domain of reading in PISA 2000, five proficiency levels were defined.  Six levels of 
proficiency were defined in PISA 2003 for mathematics.  In the 2006 cycle of PISA, science was 
the major domain for the first time and so specific proficiency levels have been defined.  Further 
details on the proficiency levels for scientific literacy are provided in Chapter 2.

Who participates in PISA?

Countries

Although PISA was originally an OECD assessment, created by the governments of OECD 
countries, it has now become a major assessment tool in many regions and countries around 
the world.  In addition to the 30 OECD member countries, PISA has now been conducted in the 
following areas: 

East and Southeast Asia: Hong Kong-China, Indonesia, Macao-China, Chinese Taipei and  ◗

Thailand

Southwest Asia: Azerbaijan ◗

Central and Eastern Europe and Central Asia: Bulgaria, Croatia, Estonia, Kyrgyzstan, Latvia,  ◗

Lithuania, Montenegro, Romania, Serbia, Slovenia and the Russian Federation

Western Europe: Liechtenstein ◗

The Middle East: Jordan, Israel and Qatar ◗

Central and South America: Argentina, Brazil, Chile, Columbia and Uruguay ◗

North Africa: Tunisia ◗
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Argentina
Azerbaijan
Brazil
Bulgaria
Chile
Chinese Taipei
Colombia
Croatia
Estonia
Hong Kong-China

Indonesia
Israel
Jordan
Kyrgyzstan
Latvia
Liechtenstein
Lithuania
Macao-China
Montenegro
Qatar

Romania
Russian Federation
Serbia
Slovenia
Thailand
Tunisia
Uruguay

Partner Countries
Australia
Austria
Belgium
Canada
Czech Republic
Denmark
Finland
France
Germany
Greece

Hungary
Iceland
Ireland
Italy
Japan
Korea
Luxembourg
Mexico
Netherlands
New Zealand

Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
United Kingdom
United States

OECD Countries

Figure 1.1  Countries participating in PISA 2006

Schools

In most countries 150 schools and 35 students in each school were randomly selected to 
participate in PISA.  In some countries, including Australia, a larger sample of schools and students 
participated.  This allows for countries to carry out specific national options at the same time as 
the PISA assessment, or for meaningful comparisons to be made between different sectors of the 
population. 

In Australia, a larger sample of schools and students was gathered for three main reasons:

In order that comparisons can be made between states ◗ 2 it is necessary to ‘oversample’ the 
smaller states because a random sample proportionate to state populations would not yield 
sufficient students in the smaller states to give a result that would be sufficiently precise;

A special focus in PISA in Australia has been to ensure that there is a sufficiently large  ◗

sample of Australia’s Indigenous students, so that valid and reliable separate analysis can be 
conducted; and

As noted above, the PISA 2006 sample became a cohort of the Longitudinal Surveys of  ◗

Australian Youth (LSAY).  These students will be tracked, and contacted in future years to trace 
their progress through school and entry into further education and the work force.  A large 
sample is needed to allow for attrition: over time a proportion of the original sample is not able 
to be traced.

2 Throughout this report, the Australian states and territories will be collectively referred to as the states.
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In PISA 2006 the achieved sample of schools was 356 schools. The sample was designed so that 
schools were selected with a probability proportional to the enrolment of 15-year-olds in each 
school.  Stratification ensured the correct ratios for government, Catholic and independent sectors.  
Table 1.1 shows the distribution of the schools that participated in the Australian PISA sample 
in 2006. 

Table 1.1:  Australian PISA 2006 schools by state and sector

Catholic Government Independent Total

NSW 19 50 11 80
VIC 12 34 10 56
QLD 11 36 10 57
SA 8 26 9 43
WA 7 23 8 38
TAS 5 25 4 34
NT 3 13 6 22
ACT 8 15 3 26
Total 73 222 61 356

Eighty-five per cent of the Australian PISA schools were coeducational.  The number of all-female 
and all-male single-sex schools was similar (eight per cent and seven per cent respectively).  
Fifteen per cent of single-sex schools were government schools, approximately 60 per cent were 
Catholic and a quarter were independent.    

The PISA participating schools were also stratified with respect to the MCEETYA Schools 
Geographic Location Classification.  In PISA 2006, 65 per cent of schools were located in the 
metropolitan zone, 30 per cent were from provincial zones and around five per cent of schools 
were in remote areas. 

Students

The target population for PISA is students who are 15 years old and enrolled at an educational 
institution, either full- or part-time, at the time of testing3.  An age-based sample, focusing on 
students nearing the end of compulsory schooling, was chosen over a grade-based sample because 
of the complexities of defining an internationally comparable sample based on grade.  There are 
many differences between the countries with regard to the nature of pre-school education and the 
age at which formal education commences.  These differences also exist within Australia.

From each country, a random sample of 35 students is selected with equal probability from each 
school using a list of all 15-year-old students that is submitted by the school.  In PISA 2006, the 
Australian student sample was increased to 50 students per school for the reasons described 
earlier.  Further information on sampling can be found in Appendix 2.

Internationally, the desired minimum number of students to be assessed per country is 4,500.  In 
some countries, including Australia, the sample size was increased so that particular language 
groups or regions could be adequately represented or for other agreed purposes.  In a few small 
countries, such as Iceland, Liechtenstein and Luxembourg, the whole cohort of age-eligible 
students was assessed.  Table 1.2 shows the number of participating students from each country. 

3 Refer to the Reader’s Guide for a complete definition.
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Table 1.2:  Number of students in PISA 2006 sample and population, by country4

Country Sample N Population N Country Sample N Population N

Argentina 4 339 523 048 Kyrgyzstan 5 904 80 674

Australia 14 170 234 940 Latvia 4 719 29 232

Austria 4 927 89 925 Liechtenstein 339 353

Azerbaijan 5 184 122 208 Lithuania 4 744 50 329

Belgium 8 857 123 161 Luxembourg 4 567 4 733

Brazil 9 295 1 875 461 Macao-China 4 760 6 417

Bulgaria 4 498 74 326 Mexico 30 971 1190 420

Canada 22 646 370 879 Montenegro 4 455 7 734

Chile 5 235 233 526 Netherlands 4 871 189 576

Chinese Taipei 8 815 293 513 New Zealand 4 823 53 398

Colombia 4 478 537 262 Norway 4 692 59 884

Croatia 5 213 46 523 Poland 5 547 515 993

Czech Republic 5 932 128 827 Portugal 5 109 90 079

Denmark 4 532 57 013 Qatar 6 265 7 271

Estonia 4 865 18 662 Romania 5 118 223 887

Finland 4 714 61 387 Russian Federation 5 799 1 810 856

France 4 716 739 428 Serbia 4 798 73 907

Germany 4 891 903 512 Slovak Republic 4 731 76 201

Greece 4 873 96 412 Slovenia 6 595 20 595

Hong Kong-China 4 645 75 145 Spain 19 604 381 686

Hungary 4 490 106 010 Sweden 4 443 126 393

Iceland 3 789 4624 Switzerland 12 193 89 651

Indonesia 10 647 2 248 313 Thailand 6 192 644 125

Ireland 4 585 55 114 Tunisia 4 640 138 491

Israel 4 584 93 347 Turkey 4 942 665 477

Italy 21 773 520 055 United Kingdom 13 152 732 004

Japan 5 952 1 113 701 United States 5 611 3 578 040

Jordan 6 509 90 267 Uruguay 4 839 36 011

Korea 5 176 576 669 TOTAL 398 750 22 296 591

Note: Countries in bold are OECD countries.

The Australian PISA 2006 sample of 14,170 students, whose results are featured in the national 
and international reports, was drawn from all states and sectors according to the distributions 
shown in Table 1.3.  

4 Although Chinese Taipei, Hong Kong-China and Macao-China are economic regions, for convenience they 
will be referred to thoughout this report as countries.



Exploring Scientific Literacy: How Australia measures up 11

Table 1.3:  Australian PISA 2006 students by state and sector

Sector NSW VIC QLD SA WA TAS NT ACT TOTAL  

Government

N students* 2087 1335 1523 882 873 945 461 534 8640

Weighted N# 48060 33250  29700 11030 14587 4431 1260 2602 144920

Catholic

N students* 861 544 470 346 281 238 133 323 3196

Weighted N# 18532 13264 8906 3698 4544 1146 271 1521 51882

Independent

N students* 425 393 409 365 330 106 177 129 2334

Weighted N# 10046 9782 7515 4228 4901 607 402 655 38136

TOTALS

N students* 3373 2272 2402 1593 1484 1289 771 986 14170

Weighted N# 76638 56296 46121 18956 24032 6184 1933 4778 234938

*  Achieved sample
#  Number of students in target population represented by sample.  Numbers in this row have been 

rounded.

As the sample is age-based the students come from various grade levels, but they are mostly from 
Years 9, 10 and 11.  There are some variations to the Year-level composition of the sample in the 
different states as shown in Table 1.4, because of differing school starting ages in different states.

Table 1.4:  Distribution of students by year level and state#

Year level (%)

State 8 9 10 11 12

ACT 10 88 3

VIC  10 84 6

NSW  17 80 2

QLD  2 46 52 

SA 4 79 17 

WA  44 55 

TAS  28 72 

NT  7 74 18 

AUS  9 71 20 

#   The percentages are based on weighted data; state totals may not add up to 100 because of rounding.
   Percentage ≤ 1

The aim of PISA is to be as inclusive as possible of the population of 15-year-old students in each 
country and strict guidelines are enforced with regard to the exclusion of schools and students 
(which could not exceed five per cent of the nationally desired target population).5

There are strict criteria regarding population coverage, response rates and sampling procedures.  
For initially selected schools, a minimum response rate of 85 per cent (weighted and unweighted) 
was required as well as a minimum rate of 80 per cent (weighted and unweighted) of selected 
students.  Countries that obtained an initial school response rate between 65 and 85 per cent 
could still obtain an acceptable school response by the use of replacement schools.  Schools with 

5 For more information on sampling, refer to Appendix 2.
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a student participation response rate of less than 50 per cent were not regarded as a participating 
school.  Australia successfully achieved the required response rates.

Time of Testing
PISA standards dictate that testing should take place in the second half of the academic year.  For 
countries in the Northern Hemisphere the testing period is usually between March and May.  The 
testing in Australia occurred during a six-week period from late July to early September 2006.  
Together with appropriate application of the student age definition, this resulted in the students in 
Australia being at both a comparable age and a comparable stage in the school year to those in the 
Northern Hemisphere who had been tested earlier in 2006.

Organisation of the report
This report focuses on Australia’s results from PISA 2006 in the areas of scientific literacy, reading 
literacy and mathematical literacy.  Chapters 3, 5 and 6 are devoted to each of these respectively.  
Chapter 2 provides an overview of the context for science education in Australia and focuses 
on how students are assessed in science for PISA 2006.  Chapter 4 examines student attitudes, 
motivations and engagement influencing scientific literacy performance, Chapter 7 looks at the 
relationship between socioeconomic background and achievement, and Chapter 8 summarises 
this report.
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The study of science has been a focal area of concern for educators at most levels in Australia 

and internationally for the past few decades.  Over this time, science has played an increasingly 

important role in terms of economic development for countries in an information technology age.  

For national development to progress quickly, science could no longer stay the province of an elite 

group – all sections of society needed to be encouraged to study science.

In order to obtain some international benchmark of national achievement in science, Australia 

participated in the First International Science Study (FISS) in the early 1970s.  The results for the 

oldest group of students who participated in the FISS drew attention to gender differences in favour 

of boys in participation and achievement, in physics especially, in a number of countries including 

Australia (Comber and Keeves, 1973).  To redress these inequities as well as the perceived shortage 

of scientists, government policy in Australia during the 1970s and 1980s focused on encouraging 

more students, particularly girls, into non-traditional areas of study, including mathematics and 

science (e.g. McKinnon, 1975; Miland, 1984).  The Second International Science Study (SISS) in 

the early 1980s found that while similar patterns were still observable (boys outperforming girls), 

the magnitude of the differences had decreased in many countries, including Australia, where 

programs to reduce the gender gap had been implemented.

Australia next participated in an international science study when it took part in the combined 

Third International Mathematics and Science Study (TIMSS) in 1994–1995.  A feature of the 

Australian results, found in only a handful of countries, was that there were no gender differences 

for either younger (Year 4) or mid-secondary (Year 8) students (Beaton et al., 1996).  However in 

the next international study, TIMSS 2002–2003, while there were still no gender differences at 

Year 4 level, there were significant gender differences in favour of males at Year 8 (Thomson & 

Fleming, 2002).  

Despite government efforts and increasing retention rates to Year 12, the number of students 

studying science at both the secondary and tertiary level in Australia has declined (Dekkers & 

De Laeter, 1997; DeLaeter, Malone & Dekkers, 1989; Dobson & Calderon, 1999; FASTS, 2002; 

Fullarton, Walker, Ainley & Hillman, 2003; Rennie, Fraser & Treagust, 1999, Tytler, 2007).  

Australian trends are consistent with those found in, for example, the United Kingdom (Gallagher, 

McEwen & Knipe, 1997; Stables & Stables, 1995, Osborne, 2006), the United States (Sellinger, 

2002), and The Netherlands (Bosker & Dekkers, 1994).   The on-going OECD Global Science 

Forum has targeted the declining interest in science studies among young people as a priority 

issue, and their interim reports show that the ratio of females to males in many areas of science 

and technology, in particular computer science and engineering, is dramatically low (Duby, 2005).  

Chapter

2 Scientific literacy



14 Scientific Literacy

Background to science learning in Australia

The Australian education system

In Australia, there are both government and non-government schools.  Overall, government 
schools enrol 68 per cent of students, while non-government schools enrol 32 per cent of students.   
Most non-government schools have some religious affiliation, with approximately two-thirds 
of non-government school students enrolled in Catholic schools. Most government schools are 
coeducational; however, there are a few government same-sex high schools in the larger cities like 
Sydney and Melbourne. Many of the non-government schools are same-sex schools.  All schools 
receive funding from either the federal or a state government.

The compulsory starting age for school varies across states, ranging from 5 years to 6 years, 6 
months.  As such, generally students are either 17 or 18 by the time they leave Year 12.  In most 
states, students must complete Year 10 or be 16 years old before leaving school.  The leaving age 
varies in New South Wales, the Australian Capital Territory and the Northern Territory, where 
students may leave when they are 15 years old.  Most students go straight on to complete Years 11 
and 12 and obtain their Senior Certificate. Year 12 or Adult Matriculation is necessary if students 
want to go on to higher education courses at universities and also necessary for some Technical 
and Further Education centres (TAFEs) and private commercial courses. 

Each state and territory government in Australia runs their own school system from Kindergarten 
through to Year 12.  However in 1989 State and Commonwealth Education Ministers made 
an historic commitment to improve Australian schooling within a framework of national 
collaboration.  Agreement was reached at this time to address the areas of common concern 
embodied in the first set of Common and Agreed National Goals for Schooling in Australia.

National goals for schooling

The 1989 National Goals for Schooling provided, for the first time, a framework for cooperation 
between schools, States, Territories and the Commonwealth. They were intended to assist schools 
and systems to develop specific objectives and strategies, particularly in the areas of curriculum 
and assessment.

From 1991–1993, the Australian Education Council (the forerunner of today´s Ministerial Council 
on Education, Employment, Training and Youth Affairs, MCEETYA) developed eight sets of 
statements and profiles.  The statements set out a common framework for curriculum development 
in each learning area, in terms of its content, processes and concepts.  The profiles described the 
progression of learning, in eight levels of achievement, which provided a common framework for 
reporting student achievement.  Although each State and Territory has developed the statements 
and profiles independently, the focus on outcomes against which the progress of students can be 
charted remains (Goodrum, Hackling & Rennie, 2001).

Review of science learning

The review of the status and quality of teaching and learning science in Australian schools 
(Goodrum et al., 2001) conducted in 1999–2000 recommended to the Australian Government 
that the primary purpose of science education in the compulsory years of schooling should be to 
develop scientific literacy.  In all state curriculum documents there was found to be an: 

emphasis on the relevance and importance of science for all students.  Science is 
described as being part of everyday life and an understanding and appreciation of 
science concepts and processes is required by all members of society if they are to be 
active citizens making informed decisions and contributions to debate about relevant 
issues and events.  The rationales emphasise a view of science which fosters students´ 
curiosity about their world, develops their intrinsic interest in things around them and 
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their willingness to be questioning, and to explore explanations for their ideas.  These 
kinds of statements adhere closely to the idea of scientific literacy and, although not all 
Australian science curricula mention scientific literacy explicitly, it seems fair to say that 
the rationale for teaching science includes commitment to scientific literacy. 

(Goodrum, Hackling & Rennie, 2001, p. 31)

Lokan, Hollingsworth & Hackling (2006) provide an in-depth analysis of science teaching and 
learning in Australia, drawing from the national review mentioned above, the professional 
standards for accomplished teachers of science (Australian Science Teachers Association and 
Monash University, 2002), and the components of effective science teaching developed in the 
Victorian Science in Schools project (Tytler, 2002).  They argued that there is strong convergence 
among these documents around six characteristics of effective science teaching in Australia:

1. Students experience a curriculum that is relevant to their lives and interests within an 
emotionally supportive and physically safe learning environment.

2. Classroom science is linked with the broader community.

3. Students are actively engaged with inquiry, ideas and evidence.

4. Students are challenged to develop and extend meaningful conceptual understandings.

5. Assessment facilitates learning and focusing on outcomes that contribute to scientific 
literacy.

6. Information and communication technologies are exploited to enhance learning of 
science. (p. 137)

These characteristics highlight the role of the learner in using prior knowledge and experience to 
construct their own meaning within the socio-cultural context in which they find themselves.  They 
reflect a social constructivist approach to the teaching and learning of science in Australia within 
which students participating in PISA 2006 will have progressed through the compulsory years of 
schooling.

At a 2003 meeting of the MCEETYA, Ministers agreed that statements of learning should be 
developed nationally for English, science, mathematics and civics and citizenship.  These have 
now been finalised and approved.  Each statement of learning describes the skills, knowledge, 
understandings and capacities that students are given the opportunity to learn by the designated 
year levels, Years 3, 5, 7 and 9.  The statement of learning for science, with contributions from 
all states and territories, was approved in 2006.  The purpose of the document is to guide the 
curriculum documents for individual states and territories.  As a result of this, the majority of 
states are currently re-drafting and finalising the relevant curriculum documents, to address and 
incorporate the statements of learning.  

The statements are not meant to be a comprehensive document of learning opportunities, but a list 
of those features that all agree should be included in learning for all Australian students.  All states 
and territories document additional learning opportunities not present in the statements.  

“The Statements of Learning for Science are organised by year level and are structured 
around three broadly defined aspects of Science curriculums that are considered 
essential and common – Science as a Human Endeavour, Science as a Way to Know and 
Science as Body of Knowledge. They articulate a common set of learning opportunities 
that all students in Australia should have relating to knowledge, skills, understandings 
and capacities”. 

MCEETYA, 2006.  
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State curricula

The state curriculum arrangements pertaining in 2006 are as follows: 

In the Australian Capital Territory, science is one of eight key learning areas.  In 2006 there  ◗

were five strands across the science curriculum: 

Working Scientifically;  –

Earth and Beyond;  –

Energy and Change;  –

Life and Living; and  –

Natural and Processed Materials. –

The course content for Year 10 is designed by each school.

In New South Wales, science studies are mandatory from Years 7–10 with a minimum of  ◗

400 compulsory hours to be completed until the end of Year 10.  According to the syllabus, 
students will develop knowledge and understanding of:

the history of science; –

the nature and practice of science; –

applications and uses of science; –

implications of science for society and the environment; –

current issues, research and development; –

models, theories and laws, and structures and systems related to the physical world, matter,  –
the living world, and Earth and space; and

interactions within the physical world, matter, the living world and Earth and space. –

In Victoria, the Curriculum and Standards Framework (CSF) gives a description of what students  ◗

should be able to do in the areas of learning at regular intervals from the preparatory year 
to Year 10.  The framework provides sufficient detail for schools to be clear about the major 
elements of the curriculum and the standards expected of successful learners.  The areas of 
study for the science key learning area in the CSF were:

Biological science; –

Chemical science; –

Earth and space systems; and –

Physical science. –

In Queensland the science syllabus describes the nature of the science key learning area, the  ◗

place and context of science in the whole curriculum, the scope and sequence of learnings 
through the learning outcomes, and assessment issues. 
There are five strands in the Science key learning area:

Science and Society; –

Earth and Beyond; –

Energy and Change; –

Life and Living; and –

Natural and Processed Materials. –
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In South Australia, the South Australian Curriculum Standards and Accountability (SACSA)  ◗

Framework describes the curriculum Key Ideas and Outcomes all learners can expect their 
education to be built on.  Strands within science were:

Earth and Space; –

Energy Systems; –

Life Systems;  and  –

Matter. –

In Western Australia there are two main areas of learning outcomes in science:  ◗

Working Scientifically (investigating, communicating scientifically, science in daily life,  –
acting responsibly, science in society)

Understanding concepts: –

Earth and Beyond, •	

Energy and Change, •	

Life and Living, and •	

Natural and Processed Materials.•	

In Tasmania, areas of study in science in 2006 were:  ◗

Natural and Processed Materials (including forensic science);  –

Energy and Change; –

Life and Living;  –

Earth and Beyond; and  –

Working scientifically (including ideas for student investigations). –

In the Northern Territory, the science learning area is organised into two strands: ◗

Working Scientifically (five elements: Planning, Investigating, Evaluating, Acting  –
Responsibly, Science in Society)

Concepts and Contexts (drawn from four scientific disciplines: Natural and Processed  –
Materials (Chemistry), Life and Living (Biology), Energy and Change (Physics), and Earth 
and Beyond (Geology).

PISA scientific literacy6

To what extent have students learned fundamental scientific concepts and theories? How well 
can they identify scientific issues, explain phenomena scientifically, and use scientific evidence 
as they encounter, interpret, and solve real-life problems involving science and technology?  The 
PISA 2006 science assessment provided an opportunity to expand and extend the assessment in 
the domain of science, with the aim of providing answers to questions such as these.  In addition, 
PISA 2006 provided an important opportunity to assess how students´ scientific knowledge 
varies between countries and between school contexts within countries, and how these relate to 
science learning.  It is the first international survey to consider scientific competency, interests and 
attitudes, and school context and science teaching approaches jointly in an international context. 

In both PISA 2000 and PISA 2003, scientific literacy was a minor assessment domain.  In each of 
these cycles, only a small proportion of testing time was allocated to the assessment of scientific 

6 Parts of this chapter are drawn from Assessing scientific, reading and mathematical literacy: A framework 
for PISA 2006.
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literacy, and not all students completed science items.   Scientific literacy was reported on a single 
scale in both these cycles.  For PISA 2006, with scientific literacy being the major domain for the 
first time, the scientific literacy framework was fully developed and expanded and the majority of 
assessment time was spent assessing scientific literacy.   

This chapter provides a detailed description of the PISA 2006 scientific literacy framework that was 
used as a basis for the development of the items in the assessment.  The following chapter presents 
the results of the assessment.

How is scientific literacy defined in PISA?

PISA 2006 defines scientific literacy in terms of an individual´s:

Scientific knowledge and use of that knowledge to identify questions, to acquire new  ◗

knowledge, to explain scientific phenomena, and to draw evidence-based conclusions 
about science-related issues. For example, when individuals read about a health-related 
issue, can they separate scientific from non-scientific aspects of the text, and can they 
apply knowledge and justify personal decisions?

Understanding of the characteristic features of science as a form of human knowledge  ◗

and enquiry. For example, do individuals know the difference between evidence-based 
explanations and personal opinions?

Awareness of how science and technology shape our material, intellectual and  ◗

cultural environments. For example, can individuals recognise and explain the role of 
technologies as they influence a nation´s economy, social organisation, and culture? 
Are individuals aware of environmental changes and the effects of those changes on 
economic and social stability?

Willingness to engage with science-related issues, and with the ideas of science, as  ◗

a reflective citizen. This dimension of scientific literacy addresses the value students 
place on science, both in terms of topics and in terms of the scientific approach 
to understanding the world and solving problems. Memorising and reproducing 
information does not necessarily mean students will select scientific careers or engage 
in science-related issues. Knowing about 15-year-olds´ interest in science, support 
for scientific enquiry, and responsibility for resolving environmental issues provides 
policy makers with early indicators of citizens´ support of science as a force for social 
progress. 

(OECD, 2006, p. 23)

PISA´s approach to assessing scientific literacy is different from more traditional assessments in 
which mastery of science content is tested.  Instead, the PISA assessment focuses on students´ 
ability to extrapolate from what they have learned and to apply their knowledge and skills in 
novel situations.  This focus reflects the recognition amongst educators that globalisation and 
computerisation are changing labour markets and societies, and that a different set of skills will 
be needed by those entering such markets. Evidence from the US, for example, shows that the 
greatest decline in jobs over the past decade has not been in manual labour, but in tasks that are 
described as routine cognitive tasks – those that can easily be done at less cost by computer (Levy 
& Murnane, 2006).  Students preparing for the work force of the (near) future will need to be able 
to solve problems for which there are no clear solutions, and to be able to communicate their 
ideas effectively, rather than merely learning to memorise and reproduce facts.

There are two key changes from previous PISA science assessments.  Firstly, the PISA 2006 
assessment more clearly separates knowledge about science from knowledge of science.  
Knowledge of science refers to knowledge of the natural world across the major fields of physics, 
chemistry, biological science, Earth and space science, and science-based technology.  Knowledge 
about science refers to knowledge of the means (scientific enquiry) and the goals (scientific 
explanations) of science. The PISA framework further elaborates on, and gives greater emphasis to, 
knowledge about science as an aspect of science performance, through the addition of elements 
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that underscore students´ knowledge about the characteristic features of science.   The term 
`scientific literacy´ used in this report refers collectively to both knowledge about science and 
knowledge of science.  Secondly, the PISA 2006 framework has been enhanced by the addition of 
knowledge of the relationship between science and technology. 

There have also been two important changes in the way science was assessed in PISA 2006, 
compared with PISA 2003 and PISA 2000. First, to more clearly distinguish scientific literacy from 
reading literacy, the set of PISA 2006 science test items required, on average, less reading than did 
the sets of science items used in the two earlier PISA surveys. Second, because science was the 
major domain in 2006 there were 103 science items, compared with 35 in PISA 2003 and 35 in 
PISA 2000.  Of the 103 items used in 2006, 21 items were common to PISA 2006 and PISA 2003, 
and 13 were common to PISA 2006 and PISA 2000. 

As the first major assessment of science, the PISA 2006 assessment establishes the basis for 
analysis of trends in science performance in the future and it is therefore not possible to compare 
science learning outcomes from PISA 2006 with those of earlier PISA assessments as is done for 
reading and mathematics.   For PISA 2006 the scientific literacy framework was developed in 
much more detail than had previously been the case.  Indeed, differences in science performance 
that readers may observe when comparing PISA 2006 science scores with science scores from 
earlier PISA assessments are largely attributable to changes in the nature of the science assessment 
as well as changes in the test design.7

The PISA science framework
The framework for scientific literacy in PISA 2006 comprises four interrelated aspects: the contexts 
in which tasks are embedded, the competencies that students need to apply, the knowledge 
domains involved, and students´ attitudes towards science.  These are shown in Figure 2.1.

Context
Life situations that 
involve science and 
technology

Competencies
 Identify scientific 

issues
 Explain phenomena 

scientifically
 Use scientific 

evidence

Attitudes
How they respond to 
science issues:
 interest
 support for scientific 

enquiry
 responsibility 

towards resources 
and environments

Knowledge
What they know about:
 the natural world 

and technology 
(knowledge of 
science)

 science itself 
(knowledge about 
science)

Requires
people to:

How they
do so is

influenced by:

Figure 2.1  Framework for PISA 2006 science assessment (OECD, 2006, p. 26)

7 Some comparison has been done by the OECD examining student performance on the PISA tasks that were 
common to the PISA 2003 and PISA 2006 assessments.  While noting that these tasks are not representative 
of the PISA 2006 assessment, a preliminary analysis suggests that significant performance differences can 
be observed for Australia.
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Context

PISA´s orientation is preparing students for their future lives, and so the items for the PISA science 
assessment are situated in general life, not just life at school.  In the PISA 2006 science assessment, 
the focus of the items is on situations relating to the self, family and peer groups (personal), to the 
community (social) and to life across the world (global).  Some items are framed in an historical 
situation, in which an understanding of the advances in scientific knowledge can be assessed.  

The context of an item is its specific setting within a situation.  It includes all of the detailed 
elements used to formulate the question.

PISA 2006 assesses important scientific knowledge relevant to the science education curricula of 
participating countries without being constrained to the common aspects of participants´ national 
curricula.  The assessment does this by requiring evidence of the successful use of scientific 
competencies in important situations reflecting the world and in accordance with PISA´s focus on 
scientific literacy.  In turn, this involves the application of selected knowledge about the natural 
world, and about science itself, and evaluation of students´ attitudes towards scientific matters.  

Figure 2.2 lists the applications of science, within personal, social and global situations, which 
are primarily used as the contexts for the PISA 2006 assessment.  These are not definitive: other 
situations, such as technical and historical, and areas of application are also used in PISA.  The 
applications were drawn from a wide variety of life situations and were generally consistent with 
the areas of application for scientific literacy in the PISA 2000 and 2003 frameworks.  The areas of 
application are: health, natural resources, the environment, hazards and the frontiers of science and 
technology.  These are the areas in which scientific literacy has particular value for individuals and 
communities in enhancing and sustaining quality of life, and in the development of public policy.

Personal
(self, family and peer groups)

Social
(the community)

Global
(life across the world)

Health Maintenance of health, 
prevention of accidents, 
nutrition

Control of disease, social 
transmission, food choices, 
community health

Management of epidemics, 
spread of infectious diseases

Natural resources Personal consumption of 
materials and energy

Maintenance of human 
populations, quality of life, 
security, production and 
distribution of food, energy 
supply

Renewable and non-renewable 
natural systems, population 
growth, sustainable use of 
species

Environment Environmentally friendly 
behaviour, use and disposal of 
materials

Population distribution, 
disposal of waste, 
environmental impact, local 
weather

Biodiversity, ecological 
sustainability, control of 
pollution, production and loss 
of soil

Hazard Natural and human-induced 
risks, decisions about housing

Rapid changes (earthquakes, 
severe weather), slow and 
progressive changes (coastal 
erosion, sedimentation), risk 
assessment

Climate change, impact of 
modern warfare

Frontiers of science 
and technology

Interest in science´s 
explanations of natural 
phenomena, science-based 
hobbies, sport and leisure, 
music and personal technology

New materials, devices 
and processes, genetic 
modification, weapons 
technology, transport

Extinction of species, 
exploration of space, origin and 
structure of the universe

Figure 2.2  Contexts for the PISA 2006 science assessment

Competencies

The PISA 2006 science assessment items required students to identify scientifically-oriented 
issues, explain phenomena scientifically, and use scientific evidence.  These three competencies 
were chosen because of their importance to the practice of science and their connection to key 
cognitive abilities such as inductive and deductive reasoning, systems-based thinking, critical 
decision making, transformation of information (e.g. creating tables or graphs out of raw data), 
thinking in terms of models and use of science.  The essential features of each of the three 
competencies are described and elaborated in the following text boxes.
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Identifying scientific issues

Recognising issues that are possible to investigate scientifically ◗

Identifying keywords to search for scientific information ◗

Recognising the key features of a scientific investigation ◗

Scientific issues must lend themselves to answers based on scientific evidence.  The competency 
identifying scientific issues includes recognising questions that it would be possible to investigate 
scientifically in a given situation and identifying keywords to search for scientific information on 
a given topic.  It also involves recognising key features of a scientific investigation; for example, 
what things should be compared, what variables should be changed or controlled, what additional 
information is needed, or what action should be taken so that relevant data can be collected.

Identifying scientific issues requires students to possess knowledge about science itself, and may 
also draw on students´ knowledge of science.  

Explaining phenomena scientifically

Applying knowledge of science in a given situation ◗

Describing or interpreting phenomena scientifically and predicting changes ◗

Identifying appropriate descriptions, explanations, and predictions ◗

Students demonstrate this competency by applying appropriate knowledge of science in a given 
situation.  The competency includes describing or interpreting phenomena and predicting changes, 
and may involve recognising or identifying appropriate descriptions, explanations, and predictions.  

Using scientific evidence

Interpreting scientific evidence and making and communicating conclusions ◗

Identifying the assumptions, evidence and reasoning behind conclusions ◗

Reflecting on the societal implications of science and technological  ◗

developments

This competency requires students to make sense of scientific findings as evidence for claims 
or conclusions.  The required response can involve knowledge about science or knowledge of 
science or both.  Students should be able to assess scientific information and produce arguments 
based on scientific evidence.  The competency may also involve: selecting from alternative 
conclusions in relation to evidence; giving reasons for or against a given conclusion in terms of 
the process by which the conclusion was derived from the data provided; and identifying the 
assumptions made in reaching a conclusion.  Reflecting on the societal implications of scientific or 
technological developments is another perspective of this competency.

An illustration of the competencies is global climate change – one of the most talked about global 
issues of the day.  As people read or hear about climate change, they must be able to separate the 
scientific, economic and social issues.  It is not uncommon, for example, to hear scientists explain 
the origins and material consequences of releasing carbon dioxide into the Earth´s atmosphere.  
This scientific perspective is sometimes countered with an economic argument and citizens should 
be able to recognise the difference between scientific and economic positions.  Further, as people 
are presented with more, and sometimes conflicting, information about such phenomena they 
need to be able to assess scientific knowledge and understand the scientific assessments of various 
bodies.  Finally, citizens should be able to use the results of scientific studies to support their 
conclusions about scientific issues of personal, social and global consequence.
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Scientific knowledge

In PISA 2006, scientific knowledge refers to both knowledge of science and knowledge about 
science itself.  

Clearly only a sample of students´ knowledge of science could be assessed in the PISA 2006 
science assessment, and the focus of the assessment is the extent to which students are able to 
apply their knowledge in contexts of relevance to their lives.  The assessed knowledge was selected 
from the major fields of physics, chemistry, biology, Earth and space science, and technology 
according to the following criteria.  Items had to be:

relevant to real-life situations: scientific knowledge differs in the degree to which it is useful to  ◗

the life of individuals

representative of important scientific concepts and thus have enduring utility ◗

appropriate to the developmental level of 15-year-old students. ◗

Figure 2.3 shows the four content areas defined within knowledge of science.  The four areas 
represent knowledge required for understanding the natural world and for making sense of 
experiences in personal, social and global contexts.  For this reason the framework uses the term 
“systems” instead of “sciences” in the descriptors of the content areas.  The intention is to convey 
the idea that citizens have to understand concepts from the physical and life sciences, Earth and 
space science, and technology in different contexts.

Physical Systems

Structure of matter (e.g. particle models, bonds) ◗

Properties of matter (e.g. changes of state, thermal and electrical conductivity) ◗

Chemical changes of matter (e.g. reactions, energy transfer, acids/bases) ◗

Motions and forces (e.g. velocity, friction) ◗

Energy and its transformation (e.g. conservation, dissipation, chemical reactions) ◗

Interactions of energy and matter (e.g. light and radio waves, sound and seismic waves) ◗

Living Systems

Cells (e.g. structures and functions, DNA, plant and animal) ◗

Humans (e.g. health, nutrition, subsystems [i.e. digestion, respiration, circulation, excretion,  ◗

and their relationship], disease, reproduction)

Populations (e.g. species, evolution, biodiversity, genetic variation) ◗

Ecosystems (e.g. food chains, matter and energy flow) ◗

Biosphere (e.g. ecosystem services, sustainability) ◗

Earth And Space Systems

Structures of Earth systems (e.g. lithosphere, atmosphere, hydrosphere) ◗

Energy in Earth systems (e.g. sources, global climate) ◗

Change in Earth systems (e.g. plate tectonics, geochemical cycles, constructive and  ◗

destructive forces)

Earth’s history (e.g. fossils, origin and evolution) ◗

Earth in space (e.g. gravity, solar systems) ◗

Technology Systems

Role of science-based technology (e.g. solve problems, help humans meet needs and  ◗

wants, design and conduct investigations)

Relationships between science and technology (e.g. technologies contribute to scientific  ◗

advancement)

Concepts (e.g. optimisation, trade-offs, cost, risk, benefit) ◗

Important principles (e.g. criteria, constraints, innovation, invention, problem solving) ◗

Figure 2.3  PISA 2006 knowledge of science content areas
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As well as knowledge of science, PISA 2006 assessed knowledge about science, for which there 
were two categories defined by the framework. The first of these is “scientific enquiry”, which 
centres on enquiry as the central process of science and the various components of that process.  
The second is “scientific explanations”, which are the results of scientific enquiry.  Enquiry can 
be thought of as the means of science – how scientists obtain evidence – and explanations as the 
goals of science – how scientists use data.  The examples shown in Figure 2.4 convey the general 
meanings of the two categories.  

Scientific enquiry

Origin (e.g. curiosity, scientific questions) ◗

Purpose (e.g. to produce evidence that helps answer scientific questions, current ideas/ ◗

models/theories guide enquiries)

Experiments (e.g. different questions suggest different scientific investigations, design) ◗

Data (e.g. quantitative [measurements], qualitative [observations]) ◗

Measurement (e.g. inherent uncertainty, replicability, variation, accuracy/precision in  ◗

equipment and procedures)

Characteristics of results (e.g. empirical, tentative, testable, falsifiable, self-correcting) ◗

Scientific explanations

Types (e.g. hypothesis, theory, model, scientific law) ◗

Formation (e.g. existing knowledge and new evidence, creativity and imagination, logic) ◗

Rules (e.g. logically consistent, based on evidence, based on historical and current  ◗

knowledge)

Outcomes (e.g. new knowledge, new methods, new technologies, new investigations) ◗

Figure 2.4  PISA 2006 knowledge about science categories

Attitudes

Alongside helping students gain scientific and technical knowledge, an important goal of 
science education is helping students develop interest in science and support for scientific 
enquiry.  Attitudes towards science play an important role in students´ decisions to develop their 
science knowledge further, pursue careers in science, and use scientific concepts and methods 
productively throughout their lives.  PISA´s view of scientific literacy includes not just a student´s 
ability in science, but also their disposition towards science.  This includes attitudes, beliefs, 
motivational orientations, self-efficacy, and values.  

Interest in science

Indicate curiosity in science and science-related issues and endeavours ◗

Demonstrate willingness to acquire additional scientific knowledge and skills, using a  ◗

variety of resources and methods

Demonstrate willingness to seek information and have an ongoing interest in science,  ◗

including consideration of science-related careers

Support for scientific enquiry

Acknowledge the importance of considering different scientific perspectives and arguments ◗

Support the use of factual information and rational explanations ◗

Express the need for logical and careful processes in drawing conclusions ◗

Responsibility towards resources and environments

Show a sense of personal responsibility for maintaining a sustainable environment ◗

Demonstrate awareness of the environmental consequences of individual actions ◗

Demonstrate willingness to take action to maintain natural resources ◗

Figure 2.5  PISA 2006 survey of student attitudes
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The PISA 2006 science assessment evaluated students´ attitudes in four areas: interest in science, 
support for scientific enquiry, responsibility towards resources and environments and self-belief as 
science learners.  The first three of these are elaborated in Figure 2.5, and data on self-belief was 
collected via the student questionnaire.  Broadly, these areas were selected because they provide 
an international portrait of students´ general appreciation of science, specific attitudes and values 
concerning science, and sense of responsibility toward selected science-related issues that have 
personal, local, national and international ramifications.

Interest in science was selected because of its established relationships with achievement, 
course selection, career choice, and lifelong learning.  PISA 2006 collected data about students´ 
engagement in science-related social issues, their willingness to acquire scientific knowledge and 
skills, and their consideration of science-related careers.

Support for scientific enquiry is widely regarded as a fundamental objective of science education.  
Appreciation of and support for scientific enquiry implies that students value scientific ways 
of gathering evidence, thinking creatively, reasoning rationally, responding critically and 
communicating conclusions as they confront life situations related to science. Thus, support is not 
simply a matter of being interested in science but of an informed engagement that bases support 
on an understanding of the roles that science plays.  Aspects of this area in PISA 2006 include the 
use of evidence (knowledge) in making decisions and the appreciation for logic and rationality in 
formulating conclusions.

Responsible attitude towards resources and environments is an international concern and it is also 
of economic relevance to countries.  This third aspect of attitudes addressed in PISA 2006 presents 
information in reference to mounting global problems specifically related to the environment and 
resources; for example biodiversity, deforestation, pollution and water deficits.

PISA 2006 gathered rich data on students´ attitudes towards science not only by using the 
Student Questionnaire but also, for the first time, by embedding contextualised questions about 
student attitudes towards science in the actual test units.  The inclusion of these contextualised 
items enables PISA to investigate whether students´ attitudes differed when assessed in and 
out of context, whether they vary between contexts and whether they correlate with students´ 
performance on the cognitive items in the unit.  Students´ interest in science (specifically their 
interest in learning about science) and students´ support for scientific enquiry were directly 
assessed in the test, using embedded items that targeted personal, social and global contexts.

The structure of the assessment

Item response formats

In all PISA assessments pen and paper tests have been used. Under this constraint, certain types of 
item response format are possible and convenient, while others are less so. The response formats 
used must provide for the generation of reliable data. They must also be sufficiently credible to 
satisfy participants and observers that useful information is generated about student performance. 

Students were presented with units that required them to construct a response to a stimulus and 
a series of questions (or “items”). Context was represented in each unit by the stimulus material, 
which was typically a brief written passage or text accompanying a table, chart, graph, photograph 
or diagram, and then each unit contained several questions or items.  While students needed to 
possess a certain level of reading competency in order to understand and answer the science 
items, the stimulus material used language that was as clear, simple and brief as possible while 
still conveying the appropriate meaning.  More importantly, the items required students to use one 
or more of the scientific competencies as well as knowledge of science and/or knowledge about 
science.
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A range of item response formats were employed to cover the full range of cognitive abilities and 
scientific knowledge identified in the PISA 2006 framework.  These comprised: basic and complex 
multiple choice items, in which students selected from among several possible answers; closed-
constructed response items in which students were required to provide an unambiguous single 
word or diagrammatic answer; and open-constructed response items in which students wrote a 
short explanation in response to a question, showing the methods and thought processes they had 
used.  

Of the 103 science test items used in the PISA 2006 assessment:

37 were multiple-choice items; ◗

28 were complex multiple-choice items; ◗

34 were open-constructed response items; and ◗

4 were closed-constructed response items. ◗

The majority of items were either right or wrong, and so could be scored as either “full credit” or 
“no credit”.  However, a number of the open-constructed responses could show varying levels of 
understanding, and so required partial credit scoring.  For each open-constructed response item, 
a detailed scoring rubric was developed that allowed for “full credit”, “partial credit”, or “no 
credit”.  These categories divided students´ responses according to the extent to which the students 
demonstrated ability to answer the question.  A “full credit” response showed the highest level 
of understanding of the topic appropriate for a 15-year-old.  Less sophisticated but still correct 
responses qualified for “partial credit”, while completely incorrect, irrelevant or missing responses, 
or those which showed very little evidence of understanding, received “no credit”.  

Constructing the test booklets
In total, 103 science items were developed to ensure that the broadest possible coverage of 
scientific literacy was achieved. These items, together with reading and mathematics items, were 
placed in 13 item clusters (seven science, four mathematics and two reading) each designed 
to occupy 30 minutes of test time.  From those clusters assessment booklets were formed, each 
containing four clusters, using a balanced, rotated test design that ensured each individual item 
appeared in the same number of test booklets, that each cluster appeared in each of the four 
possible positions in the booklets, and that each cluster appeared once with each other cluster.  
While the number of science clusters varied among test booklets, every student completed at least 
one cluster on science.  

Distribution of items

The PISA 2006 science items were distributed across the three scientific competencies (identifying 
scientific issues, explaining phenomena scientifically, and using scientific evidence) and the two 
knowledge domains (knowledge of science and knowledge about science) as shown in Table 2.1 
and Table 2.2.

Table 2.1  Distribution of science items by competency in PISA 2006

Number of items
(and score points)

% of total 
competency items

Identifying scientific issues 23 (24) 22%

Explaining phenomena scientifically 49 (52) 48%

Using scientific evidence 31 (36) 30%

Total 103 (112) 100%
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The weightings assigned to the three scientific competencies were determined by both the need to 
have sufficient items to ensure that a reliable scale could be developed for each and their relative 
importance in PISA´s definition of scientific literacy.  The lower weighting assigned to the first 
competency reflects its narrower definition and lesser importance.

The PISA 2006 definition of scientific literacy places almost as much emphasis on knowledge 
about science as it does on knowledge of science, and this is reflected in their respective 
weightings (44% and 56% respectively).  About 38 per cent of the items in the knowledge of 
science domain were items regarding “living systems”, reflecting that a majority of the contexts 
relevant and interesting to 15-year-old students involve the life sciences.  A further 29 per cent of 
items were in the area of “physical systems”, 19 per cent in “Earth and space systems” and 14 per 
cent in “technology systems”. 

The distribution of items across the knowledge about science categories reflects the fact that they 
are regarded as equally important and ensures sufficient coverage of each category while allowing 
some flexibility.

Table 2.2  Distribution of science items by category and subcategory of knowledge in PISA 2006

Number of items
(and score points)

% of total 
knowledge items

Knowledge of science 58 (62) 56%

Earth and space systems 11(11) 19%

Living systems 22 (23) 38%

Physical systems 17 (19) 29%

Technology systems 8 (9) 14%

Knowledge about science 45 (51) 44%

Scientific enquiry 24 (26) 53%

Scientific explanations 21 (25) 47%

Total 103 (113) 100%

The distribution of items across contexts and themes also varied, with the greatest focus on the 
social context (56%) and the least focus on the global context (17%), while the remaining 27 per 
cent of items had a personal focus.  Within these contexts, the majority of items were concentrated 
on the topics “health” and “frontiers of science and technology”, followed by “natural resources” 
and “environment”.

Scaling the scientific literacy tasks
The relative ability of students taking a particular test can be estimated by considering the 
proportion of test items they answer correctly.  The relative difficulty of items in a test can be 
estimated by considering the proportion of test takers getting each item correct.  The mathematical 
model used to analyse the PISA data estimates the likelihood that a particular student will respond 
correctly to a given test item, and the likelihood that a particular test item will be answered 
correctly by a given student.  As a result, a continuum is defined to represent scientific literacy, 
and on that continuum it is possible to estimate the location of individual students, to show how 
scientifically literate they are.  This continuum is referred to as the PISA scientific literacy scale.   
Within this scale, science items are ranked by difficulty and linked to student proficiency. 

The scientific literacy scale, and the relationship between students and test items, is shown in 
Figure 2.6.
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A student whose ability estimate places him or her at a certain point on the PISA scientific literacy 
scale would most likely be able to successfully complete tasks at or below that location, and 
increasingly more likely to complete tasks located at progressively lower points on the scale, but 
would be less likely to be able to complete tasks above that point, and increasingly less likely to 
complete tasks located at progressively higher points on the scale. 

We expect student B 
to successfully complete 
items I and II, and probably 
item III as well; but not 
items V and VI, and 
probably not item IV either 

We expect student A to
successfully complete
items I to V, and probably
item VI as well 

We expect student C 
to be unable to 
successfully complete any 
of items II to VI, and 
probably not item I either 

Scientific literacy scale

Items with
relatively

high difficulty 

Items with
moderate
difficulty 

Items with
relatively

low difficulty 

Item V 

Item IV 

Item III 

Item VI 

Item I

Item II 

Student C,
with relatively

low proficiency 

Student B, 
with moderate

proficiency 

Student A,
with relatively

 high proficiency 

Figure 2.6  The relationship between items and students on a proficiency scale

The relationship between the student and the items is probabilistic – there is some probability that 
a particular student can correctly do any particular item. If a student is located at a point above 
an item, the probability that the student can successfully complete that item is relatively high, and 
if the student is located below the item, the probability of success for that student on that item is 
relatively low. 

This immediately raises the question as to the exact criterion that should be used in order to 
locate a student on the same scale on which the items are laid out.  When placing a student at a 
particular point on the scale, what probability of success should we insist on in relation to items 
located at the same point on the scale? If a student were given a test comprising a large number of 
items each with the same specified difficulty, what proportion of those items would we expect the 
student to successfully complete? Or, thinking of it in another way, if a large number of students of 
equal ability were given a single test item with a specified item difficulty, about how many of those 
students would we expect to successfully complete the item?

The answer to these questions is essentially arbitrary, but in order to define and report PISA 
outcomes in a consistent manner, an approach to defining performance levels, and of associating 
students with those levels, is needed. The definitions used for the proficiency scale developed for 
scientific literacy in PISA 2006 are described in the next section of this chapter.  
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Science proficiency levels in PISA 2006
While it is useful for countries to be able to examine their mean performance against other 
countries, PISA is also able to provide a profile of students´ scientific performance using 
proficiency levels as was done for reading literacy in PISA 2000 and mathematical literacy in PISA 
2003.

In the case of reading, five levels were defined, while for mathematics six levels were defined. 
Descriptions were developed to characterise typical student performance at each level. The levels 
were used to summarise the performance of students, to compare performances across subgroups 
of students, and to compare average performances among groups of students. A similar approach 
has been used in the current PISA cycle to analyse and report outcomes in science for PISA 2006.

For PISA 2006 science, six levels of proficiency have been defined and described as shown in 
Figure 2.7. 

The information about the items in each band has been used to develop summary descriptions of 
the kinds of scientific competencies associated with different levels of proficiency. These summary 
descriptions can then be used to encapsulate typical scientific proficiency of students associated 
with each level. As a set, the descriptions encapsulate a representation of growth in scientific 
literacy. Figure 2.7 describes the levels of proficiency in detail.

Level 2 has been defined internationally as a “baseline” proficiency level.  This level does not 
separate scientific literacy and illiteracy; rather it defines the level of achievement on the PISA 
scale at which students begin to demonstrate the scientific competencies that will enable them to 
actively participate in life situations related to science and technology.  Students performing below 
this baseline are at serious risk of not achieving at levels sufficient to allow them to adequately 
participate in the 21st century work force and contribute as a productive citizen.  

Students achieving at Level 2, for example, demonstrate competencies such as identifying key 
features of a scientific investigation, recalling single scientific concepts and information related 
to a current event, and using results of a scientific experiment represented in a data table as they 
support a personal decision.  Students at Level 1, on the other hand, often confuse key features 
of an investigation, apply incorrect scientific information, and mix personal beliefs with scientific 
facts in support of a decision. Science tasks any easier than the Level 1 tasks in PISA do not fit 
the PISA concept of scientific literacy as skills that will enable young adults to participate fully 
in society beyond school. Students performing below the lower boundary of Level 1 are not 
necessarily incapable of performing any scientific tasks but are unable to utilise these skills in a 
given situation, as required by the easiest PISA tasks. 

Proficiency descriptions for each of the six levels have also been developed for each of the 
three scales related to the science competencies of the scientific literacy framework.  These are 
summarised in Figures 2.8, 2.9 and 2.10.
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Proficiency 
level General scientific literacy proficiencies students should have at each level

6

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

707.9 points

5

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

633.3 points

4

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

558.7 points

3

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

484.1 points

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

409.5 points

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

334.9 points

Figure 2.7  Summary descriptions for six levels of overall scientific literacy8

Interpreting the scientific literacy levels

The proficiency levels defined and described in the 
preceding sections require one more set of technical 
decisions before they can be used to summarise and 
report the performance of particular students. The scale 
of ‘PISA scientific literacy’ is a continuous scale.  The use 
of performance bands, or levels of proficiency, involves a 
division of that continuous scale into discrete parts. The 
number of divisions and the location of the cut-points 
that mark the boundaries of the divisions are two matters 
that must be determined. For PISA science, the scale 
has been divided into a number of regions, including 5 
bounded regions labelled levels 1 to 5, an unbounded 
region below Level 1, and an unbounded upper region 
(labelled Level 6).The creation of these performance 
bands leads to a situation where a range of values on 
the continuous scale is grouped together into each 
single band. Given that range of performances within 
each level, how do we assign individual students to the 
levels, and what meaning do we ascribe to ‘being at a 
level’? In the context of the OECD reporting of PISA 2000 
results, a common sense interpretation of the meaning of 
‘being at a level’ was developed and adopted.  That is, 
students are assigned to the highest level for which they 
would be expected to correctly answer the majority of 
assessment items. If we could imagine a test composed 
of items spread uniformly across a level, a student near 

the bottom of the level will be expected to correctly 
answer at least half of the test questions from that level. 
Students at progressively higher points in that level 
would be expected to correctly answer progressively 
more of the questions in that level. It should be 
remembered that the relationship between students 
and items is probabilistic – it is possible to estimate the 
probability that a student at a particular location on the 
scale will get an item at a particular location on the scale 
correct. Students assigned to a particular level will be 
expected to successfully complete some items from the 
next higher level, and it is only when that expectation 
reaches the threshold of ‘at least half of the items’ in 
the next higher level that the student would be placed 
in the next higher level. Mathematically, the probability 
level used to assign students to the scale to achieve this 
common-sense interpretation of being at a level is 0.62. 
Students are placed on the scale at the point where they 
have a 62% chance of correctly answering test questions 
located at the same point. The same meaning has been 
applied in the reporting of PISA 2006 results. Such an 
approach makes it possible to summarise aspects of 
student proficiency by describing the things related to 
PISA scientific literacy that students can be expected to 
do at different locations on the scale.

8 These cut-off points are also applicable to the scientific literacy subscales.
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Proficiency 
level

General proficiencies students should have 
at each level Tasks a student should be able to do

6

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

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

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

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

5

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

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

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

◗	 Ask a scientific question relevant to a given 
issue.

4

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

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

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

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

3

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

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

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

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

2

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

◗	 Identify a relevant feature being modelled in 
an investigation.

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

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

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

◗	 Select a best set of internet search words 
on a topic from several given sets.

1

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

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

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

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

Figure 2.8  Description of proficiency levels for identifying scientific issues
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Proficiency 
level

General proficiencies students should have 
at each level

Tasks a student should be able to do

6

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

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

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

5

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

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

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

4

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

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

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

3

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

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

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

2

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

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

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

1

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

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

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

Figure 2.9  Description of proficiency levels for explaining phenomena scientifically
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Proficiency 
level

General proficiencies students should have 
at each level

Tasks a student should be able to do

6

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

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

◗	 Test competing hypotheses against 
available evidence.

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

5

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

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

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

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

4

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

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

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

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

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

3

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

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

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

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

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

2

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

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

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

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

1

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

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

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

Figure 2.10  Description of proficiency levels for using scientific evidence
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Sample scientific literacy items and responses
A sample of scientific literacy items, including responses from students, is provided in this section 
to illustrate the variety of tasks and the scope of PISA´s scientific literacy domain.  Only a small 
number of scientific literacy items has been released for public use as the majority of items remain 
secure for subsequent linking of items between cycles.

The sample items shown below have been selected to show the variation in questions used in 
assessing the competencies, the context of the items, and the knowledge required by students.  
In addition, the units, `Genetically Modified Crops´, `Grand Canyon´, `Acid Rain´ and `Mary 
Montagu´ provide examples of units with embedded attitudinal questions.  

Figure 2.11 shows a map of the sample items included in this section.  For each of the items, 
information is provided about the competency assessed, the proficiency level and score of the 
item (the number in brackets) as well as whether the response is awarded full credit or partial 
credit (where appropriate).  The map shows the items ordered according to difficulty, with the most 
difficult at the top and the least difficult at the bottom. 

Proficiency 
Level

Competencies

Identifying scientific issues Explaining phenomena 
scientifically Using scientific evidence

6
ACID RAIN
Question 5 (717)
(full credit)

GREENHOUSE
Question 5  (709)

707.9 points

5
GREENHOUSE
Question 4  (659)
(full credit)

633.3 points

4

SUNSCREENS
Question 2 (588)
Question 4 (574)

CLOTHES
Question 1 (567)

PHYSICAL EXERCISE
Question 5 (583)

SUNSCREENS
Question 5 (629)
(full credit)
Question 5 (616)
(partial credit)

GREENHOUSE
Question 4 (568) 
(partial credit)

558.7 points

3

ACID RAIN
Question 5 (513)
(partial credit)

SUNSCREENS
Question 3 (499)

GENETICALLY MODIFIED 
CROPS
Question 2 (488)

GRAND CANYON
Question 7 (485)

PHYSICAL EXERCISE
Question 1 (545)

MARY MONTAGU
Question 4 (507)

ACID RAIN
Question 2  (506)

GREENHOUSE
Question 3 (529)

484.1 points

2
GENETICALLY MODIFIED 
CROPS
Question 3 (421)

GRAND CANYON
Question 3 (451)

MARY MONTAGU
Question 2 (436)
Question 3 (431) 

GRAND CANYON
Question 5 (411)

ACID RAIN
Question 3 (460)

409.1 points

1

CLOTHES
Question 2 (399)

PHYSICAL EXERCISE
Question 3 (386)

334.9 points

Figure 2.11  Sample items from PISA 2006 and cut-off points for the scientific literacy proficiency levels
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Clothes

Two competencies are assessed in the unit `Clothes´, the stimulus for which follows. 

Clothes  Question 1

The first question, set out below, is a complex multiple-choice question, which assesses the 
identifying scientific issues competency.  Students are asked whether claims made in the article 
can be tested through scientific investigation in a laboratory, and students need to rely on their 
knowledge about science, specifically scientific enquiry, to complete this question.  The question 
is set in a social context and is framed in the setting: frontiers of science and technology, as the 
stimulus refers to the development of a new device, `a waistcoat made of a unique electrotextile´.  
This question is located at the lower boundary of Level 4 with a difficulty of 567 score points.



Exploring Scientific Literacy: How Australia measures up 35

In helping to illustrate the sample scientific literacy items, the percentage correct for several groups 
has been included in tabular form.  For each illustrated item, Australian students´ results are shown 
both overall and by gender.  The results of the highest performing country, the lowest performing 
country, and the OECD average have also been included.  For the purposes of generating the 
OECD averages, countries were weighted equally in computing these statistics.

Overall per cent correct

Liechtenstein (Highest achieving country)  71%

Australian females 67%

Australia 64%

Australian males 61%

OECD average 48%

Kyrgyzstan and Azerbaijan (Lowest achieving countries) 11%

Clothes  Question 2

The second question in the `Clothes´ unit asks the student to recall a single piece of laboratory 
equipment that could check that the fabric was conducting electricity.  This question assesses the 
explaining phenomena scientifically competency and is located in the knowledge of science area 
– technical systems.  The item is framed in the personal setting in the frontiers area.  This item is an 
example of an easy scientific literacy item, with a multiple-choice format, located at the bottom of 
the proficiency scale at Level 1 (with a difficulty of 399 score points).
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Overall per cent correct

Finland (Highest achieving country)  95%

Australian males 84%

Australia 82%

Australian females 80%

OECD average 79%

Qatar (Lowest achieving country) 37%

Physical Exercise

The `Physical Exercise´ unit consists of three questions and assesses the competency explaining 
phenomena scientifically. These questions require students to apply their knowledge of science, 
specifically of living systems.  They must be able to understand the impact of exercise on various 
biological systems, for example, the circulatory, muscular and respiratory systems.  The application 
area for this unit is health and the unit is set in a personal context.

The stimulus for `Physical Exercise´ was minimal with a picture and a sentence about exercise. 

Physical Exercise  Question 1  

This question, placed at Level 3 (with a difficulty of 545 score points), is a complex multiple-
choice item and students must have some knowledge about the benefits of physical exercise to the 
human body.



Exploring Scientific Literacy: How Australia measures up 37

Overall per cent correct

Finland (Highest achieving country)  78%

Australian females 52%

Australia 51%

Australian males 50%

OECD average 53%

Indonesia (Lowest achieving country)   5%

Physical Exercise  Question 3 

Question 3 of `Physical Exercise´ was another complex multiple-choice item, located at Level 1.  
Students found this item easier than the previous one with a difficulty of 386 score points.  
Students must have knowledge about the effect of exercise on muscles to complete this question.

Overall per cent correct

Finland (Highest achieving country)  93%

Australian females 86%

Australia 85%

Australian males 84%

OECD average 82%

Qatar (Lowest achieving country) 53%
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Physical Exercise  Question 5 

The next question is an `open constructed response item´, requiring students to have an 
understanding of why individuals have to breathe more heavily when they are doing physical 
exercise than when their body is resting.  

This is a Level 4 item with a difficulty of 583 score points.  It is more difficult because of the level 
of scientific knowledge that is needed to answer the question.  Students need to be familiar with 
the respiratory system and must have an understanding about the balance of carbon dioxide and 
oxygen and the changes that take place when you are doing physical exercise.  To be scored as 
correct, a response had to point out that you breathe more heavily when doing physical exercise 
to remove increased levels of carbon dioxide and to supply more oxygen to your body.  No codes 
were provided for students who used `air´ instead of carbon dioxide or oxygen.  A correct sample 
response is shown.

Overall per cent correct

Finland (Highest achieving country)  71%

Australian males 57%

Australia 52%

Australian females 47%

OECD average 45%

Kyrgyzstan (Lowest achieving country)   7%

Acid Rain 

There are three cognitive questions in the unit `Acid Rain´, which assess each of the three 
competencies.  This unit also includes two embedded attitudinal questions to ask students about 
their attitudes to acid rain.  

The `Acid Rain´ stimulus features a photograph of the Caryatids statues from the Acropolis in 
Athens and a short paragraph of text as shown here.  
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Acid Rain  Question 2

This question assesses the competency explaining phenomena scientifically.  To answer this 
question, students must have knowledge of science, in particular of physical systems.  The context 
of this question relates to hazards and it is framed in a social setting.  This item was placed at Level 
3 with a difficulty of 506 score points.

In the stem of the question, students are told `acid rain is more acidic than normal rain because 
it has absorbed gases like sulphur oxides and nitrogen oxides as well´.  They are asked where 
sulphur oxides and nitrogen oxides in the air come from.  Responses were coded correct if they 
included any one of car exhausts, factory emissions, burning fossil fuels (such as oil and coal), 
gases from volcanoes, or other similar things.  Two sample responses are shown, although both 
were coded as correct.
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Overall per cent correct

Finland and Hong Kong-China (Highest achieving 
countries)  

73%

Australian males 60%

Australia 58%

Australian females 57%

OECD average 58%

Indonesia (Lowest achieving country) 14%

Acid Rain  Question 3  

The next question assesses the competency using scientific evidence and is placed at Level 2 with a 
difficulty of 460 score points.  The science-related situation of this question relates to a hazard that 
is caused by humans and is set in a personal context. Knowledge of physical systems is required 
to successfully answer the question.  Students were provided with a simple model showing the 
influence of acid rain on marble and were asked to draw a conclusion about the effects of vinegar 
on marble.  
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Overall per cent correct

Korea (Highest achieving country)  84%

Australian males 74%

Australia 72%

Australian females 69%

OECD average 67%

Qatar (Lowest achieving country) 35%

Acid Rain  Question 5  

The final cognitive question in this unit assesses the competency identifying scientific issues and 
involves knowledge about scientific enquiry.  The question is set in a personal context and the 
situation involves hazards humans have to overcome.  Students have to demonstrate an ability to 
understand scientific investigation and the purpose of using a control variable.  In the previous 
question students were provided information about the effects of vinegar on marble.  In this 
question students were asked to explain why some chips were placed in distilled water overnight.  

This question is an example of a partial credit item.  To achieve full credit, students had to explain 
that the marble chips placed in distilled water were to compare with the test of vinegar and marble 
to show that the acid (vinegar) was necessary for the reaction to occur.  A full credit item was 
located at Level 6 with a difficulty of 717 score points.  Below is an example of a response that 
achieved full credit.

To achieve a partial credit, with a difficulty of 513 score points (Level 3), students provided a 
response that included a comparison with the test of vinegar and marble, but did not make clear 
that this was being done to show that the acid (vinegar) is necessary for the reaction.  A partial 
credit response is shown below.
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Overall per cent correct*

New Zealand (Highest achieving country)  47%

Australian females 47%

Australia 45%

Australian males 44%

OECD average 36%

Qatar (Lowest achieving country)   8%

*  These results are percentages weighted for the numbers of fully and 
partially correct answers.

Acid Rain  Attitudinal Questions 

The first attitudinal question of Àcid Rain´ probes the level of students´ interest in the topic of acid 
rain.

How much interest do you have in the following information?

Tick only one box in each row.

High
Interest

Medium
Interest

Low
Interest

No
Interest

a) Knowing which human activities contribute most to 
acid rain 1 2 3 4

b) Learning about technologies that minimise the 
emission of gases that cause acid rain 1 2 3 4

c) Understanding the methods used to repair buildings 
damaged by acid rain 1 2 3 4

Further details about students´ attitudes to science are provided in Chapter 4.  However, this 
section provides the percentages of Australian students who responded to each category of the 
question as well as the respective OECD average.

Table 2.3   Responses for Australian students and students across OECD countries to the first Acid Rain 
attitudinal question 

Attitudinal statements

Interest (%)

High Medium Low No

Aust. OECD Aust. OECD Aust. OECD Aust. OECD

a)  Knowing which human activities contribute 
most to acid rain 10 19 41 42 36 27 13 11

b)  Learning about technologies that minimise 
the emission of gases that cause acid rain 13 22 34 36 38 28 15 12

c)  Understanding the methods used to repair 
buildings damaged by acid rain 8 14 31 34 41 34 19 17

The second question asks students how much they agree with statements supporting further 
research in this area.
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How much do you agree with the following statements?

Tick only one box in each row.

Strongly
Agree Agree Disagree

Strongly
Disagree

a) Preservation of ancient ruins should be based 
on scientific evidence concerning the causes of 
damage.

1 2 3 4

b) Statements about the causes of acid rain should be 
based on scientific research. 1 2 3 4

Table 2.4   Responses for Australian students and students across OECD countries to the second Acid 
Rain attitudinal question 

Attitudinal statements

Support (%)

Strongly agree Agree Disagree Strongly 
disagree

Aust. OECD Aust. OECD Aust. OECD Aust. OECD

a)  Preservation of ancient ruins should be 
based on scientific evidence concerning 
the causes of damage.

19 24 62 58 15 14 3 3

b)  Statements about the causes of acid rain 
should be based on scientific research. 22 26 65 58 10 12 2 3

Mary Montagu 

The unit `Mary Montagu´ assesses the competency explaining phenomena scientifically and 
students must have knowledge of living systems to complete the questions.  The context of the 
questions is framed in a health setting of a social nature.  `Mary Montagu´ also contains an 
attitudinal question.

The stimulus features the following newspaper article.
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Mary Montagu  Question 2  

This multiple-choice question relies on students´ knowledge of vaccinations and asks students 
what kinds of diseases people can be vaccinated against.  This question was placed at Level 2 with 
436 score points.

Overall per cent correct

Liechtenstein (Highest achieving country)  86%

Australian females 83%

Australia 80%

Australian males 76%

OECD average 75%

Kyrgyzstan (Lowest achieving country) 32%

Mary Montagu  Question 3  

The next question is another multiple-choice item, placed at Level 2 with 431 score points.  
Students must have some knowledge about immunity to answer this question correctly.

Overall per cent correct

Chinese Taipei (Highest achieving country)  90%

Australian females 76%

Australia 75%

Australian males 74%

OECD average 75%

Azerbaijan (Lowest achieving country) 36%
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Mary Montagu  Question 4  

The final cognitive question in this unit is an open constructed response, requiring students 
to provide a written answer, making this question slightly harder at 507 score points (Level 
3).  Students were asked to provide one reason why young children and old people should be 
vaccinated against influenza.    

For a response to be coded as correct, students had to refer to young and old people having 
weaker immune systems than other people.  The following student response was coded as correct. 

The following sample response was coded as incorrect because it did not refer to the weaker 
immune system.

Overall per cent correct

Hong Kong-China (Highest achieving country)  87%

Australian females 61%

Australia 57%

Australian males 52%

OECD average 62%

Indonesia (Lowest achieving country) 12%

Mary Montagu  Attitudinal Question 

This unit contained an attitudinal question that asked students about their support for further 
research into developing vaccines and the purpose of using scientific research to validate 
treatments and find the cause of disease.
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How much do you agree with the following statements?

Tick only one box in each row.

Strongly
Agree Agree Disagree

Strongly
Disagree

a) I am in favour of research to develop vaccines for 
new strains of influenza. 1 2 3 4

b) The cause of a disease can only be identified by 
scientific research. 1 2 3 4

c) The effectiveness of unconventional treatments 
for diseases should be subject to scientific 
investigation. 1 2 3 4

Table 2.5   Responses for Australian students and students across OECD countries to the Mary Montagu 
attitudinal question 

Attitudinal statements

Support (%)

Strongly agree Agree Disagree Strongly 
disagree

Aust. OECD Aust. OECD Aust. OECD Aust. OECD

a)  I am in favour of research to develop 
vaccines for new strains of influenza. 41 54 51 39 7 4 2 1

b)  The cause of a disease can only be 
identified by scientific research. 18 21 55 48 24 27 2 3

c)  The effectiveness of unconventional 
treatments for diseases should be subject 
to scientific investigation.

21 30 63 56 13 11 2 2

Grand Canyon

The stimulus for the unit `Grand Canyon´ provided students with information about the Grand 
Canyon and its geomorphological features as shown below.
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Grand Canyon  Question 3  

This question assesses the competency explaining phenomena scientifically.  Students must have 
knowledge about Earth and space systems.  The question is framed in an environmental setting 
with a social context.  This question requires students to know the fact that freezing water expands 
and may influence the weathering of rocks. It is placed at Level 2 with a difficulty of 451 score 
points.  

Overall per cent correct

Ireland (Highest achieving country)  87%

Australian females 73%

Australia 72%

Australian males 71%

OECD average 68%

Uruguay (Lowest achieving country) 31%

Grand Canyon  Question 5  

This question also assesses the competency explaining phenomena scientifically, with knowledge 
of Earth and space systems required to answer the question successfully.  Natural resources are 
the area of focus for this question, which is within a social context.  The question was located at 
Level 2 with 411 score points.  Students are asked to indicate what happened millions of years ago 
to explain why fossils are found in a particular layer of rock.  Students are required to know that 
when the seas recede they may reveal fossils of organisms deposited at an earlier age.



48 Scientific Literacy

Overall per cent correct

Finland (Highest achieving country)  87%

Australia 84%

Australian males 84%

Australian females 84%

OECD average 76%

Qatar (Lowest achieving country) 36%

Grand Canyon  Question 7  

This question had a difficulty of 485 score points and is located at Level 3, close to the boundary 
between Levels 2 and 3.  It assesses the competency identifying scientific issues.  The environment 
is the focus of the question, which is set within a social context.  Students need to identify whether 
two issues can be investigated scientifically.  

Overall per cent correct

United Kingdom (Highest achieving country)  76%

Australian females 76%

Australia 74%

Australian males 72%

OECD average 61%

Azerbaijan (Lowest achieving country) 36%

Grand Canyon  Attitudinal Question 

The embedded attitudinal question in `Grand Canyon´ asks students about their support for 
scientific inquiry concerning fossils, protection of national parks and rock formations.
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How much do you agree with the following statements?

Tick only one box in each row.

Strongly
Agree Agree Disagree

Strongly
Disagree

a) The systematic study of fossils is important.
1 2 3 4

b) Action to protect National Parks from damage 
should be based on scientific evidence. 1 2 3 4

c) Scientific investigation of geological layers is 
important. 1 2 3 4

Table 2.6   Responses for Australian students and students across OECD countries to the Grand Canyon 
attitudinal question

Attitudinal statements

Support (%)

Strongly agree Agree Disagree Strongly 
disagree

Aust. OECD Aust. OECD Aust. OECD Aust. OECD

a) The systematic study of fossils is important. 19 26 66 58 11 11 3 3

b)  Action to protect National Parks from 
damage should be based on scientific 
evidence.

16 26 56 46 24 22 4 2

c)  Scientific investigation of geological layers 
is important.

18 41 63 47 15 7 4 1

Genetically Modified Crops

The competency identifying scientific issues was assessed in the unit `Genetically Modified Crops´, 
the stimulus for which follows.  Students are required to demonstrate knowledge about the design 
of science experiments.  The nature of this unit places this question in the frontiers category within 
a social context.
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Genetically Modified Crops Question 2

This question is a complex multiple-choice item which asks students to identify the factors that 
were varied in the scientific investigation.  This item was placed at Level 3 with a difficulty of 488 
score points.

Overall per cent correct

Korea (Highest achieving country)  77%

Australian females 67%

Australia 64%

Australian males 61%

OECD average 61%

Kyrgyzstan (Lowest achieving country) 26%

Genetically Modified Crops  Question 3

This multiple-choice item, located at Level 2 with 421 score points, asks students a simple 
question about varying conditions in a scientific investigation.

 Overall per cent correct

Finland (Highest achieving country)  87%

Australian females 86%

Australia 86%

Australian males 85%

OECD average 74%

Tunisia (Lowest achieving country) 29%
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Genetically Modified Crops Attitudinal Question 

The embedded attitudinal question in the unit `Genetically Modified Crops´ asks students to 
specify their interest in learning more about various aspects of genetically modified crops.

How much interest do you have in the following information?

Tick only one box in each row.

High
Interest

Medium
Interest

Low
Interest

No
Interest

a) Learning about the process by which plants are 
genetically modified 1 2 3 4

b) Learning why some plants are not affected by 
herbicides 1 2 3 4

c) Understanding better the difference between cross-
breeding and genetic modification of plants 1 2 3 4

Table 2.7   Responses for Australian students and students across OECD countries to the Genetically 
Modified Crops attitudinal question

Attitudinal statements

Interest (%)

High Medium Low No

Aust. OECD Aust. OECD Aust. OECD Aust. OECD

a)  Learning about the process by which 
plants are genetically modified 7 23 31 42 37 24 24 6

b)  Learning why some plants are not affected 
by herbicides 5 28 26 35 42 24 26 7

c)  Understanding better the difference 
between cross-breeding and genetic 
modification of plants

9 30 30 32 36 22 24 10
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Sunscreens

The stimulus `Sunscreens´ provides a description of a scientific experiment being undertaken by 
two people to investigate which sunscreen product provides the best protection for their skin.  The 
unit is set in a personal context in the area of health.   
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Sunscreens  Question 2  

Question 2 in the `Sunscreen´ unit requires students to apply their knowledge of scientific enquiry 
by selecting the statement that is a scientific description of the role of the two substances in 
comparing the effectiveness of two sunscreens.  This question assesses the competency identifying 
scientific issues.  It is a multiple-choice item at Level 4 with a difficulty of 588 score points.

Overall per cent correct

Finland (Highest achieving country)  68%

Australian females 47%

Australia 43%

Australian males 39%

OECD average 41%

Azerbaijan (Lowest achieving country) 15%

Sunscreens  Question 3  

The next question is a multiple-choice item assessing the competency identifying scientific issues.  
This item was placed at Level 3 (with a difficulty of 499 score points) and students must rely on 
their knowledge about scientific enquiry to answer this question correctly.  It is noteworthy (and 
perhaps not unexpected) that Australian students achieved the highest per cent correct for this 
question.

Overall per cent correct

Australia (Highest achieving country)  72%

Australian females 75%

Australian males 69%

OECD average 58%

Argentina (Lowest achieving country) 21%
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Sunscreens  Question 4  

This question also assesses students´ knowledge about scientific enquiry in the identifying scientific 
issues competency.  It was located at 574 score points in Level 4.  Students were asked to identify 
why the second sheet of plastic was pressed down.

Overall per cent correct

Australia and New Zealand (Highest achieving countries)  56%

Australian females 58%

Australian males 53%

OECD average 43%

Azerbaijan (Lowest achieving country) 23%

Sunscreens  Question 5

The final question from this unit was also placed at a proficiency of Level 4 with a full credit of 
629 score points and a partial credit of 616 score points.  This question assessed the competency 
using scientific evidence and students had to rely on their knowledge about scientific explanations.  
In this question, students are given an experiment and asked to interpret a pattern of results and 
explain their conclusion.
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The coding guide for this question is included here to illustrate the nature of the PISA coding 
criteria.  It also shows the way that items in PISA were coded as full or partial credit. 

Sunscreen Coding Guide

Full Credit

Code 2: A. With explanation that the ZnO spot has stayed dark grey (because it blocks sunlight) and the M spot 
has gone white (because mineral oil absorbs very little sunlight).  
[It is not necessary (though it is sufficient) to include the further explanations that are shown in 
parentheses.]

•	 A.	ZnO	has	blocked	the	sunlight	as	it	should	and	M	has	let	it	through.

•	 I	chose	A	because	the	mineral	oil	needs	to	be	the	lightest	shade	while	the	zinc	oxide	is	the	darkest.

Partial Credit

Code 1: A. Gives a correct explanation for either the ZnO spot or the M spot, but not both, and does not give an 
incorrect explanation for the other spot.

•	 A.	Mineral	oil	provides	the	lowest	resistance	against	UVL.	So	with	other	substances	the	paper	would	
not be white.

•	 A.	Zinc	oxide	absorbs	practically	all	rays	and	the	diagram	shows	this.

No Credit

Code 0: Other responses.

•	 A	because	ZnO	blocks	the	light	and	M	absorbs	it.

•	 B.	ZnO	blocks	the	sunlight	and	mineral	oil	lets	it	through.

Code 9: Missing.

The next two samples are examples of responses that were awarded full marks for completing this 
question accurately.
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Overall per cent correct

Korea (Highest achieving country)  46%

Australian females 39%

Australia 36%

Australian males 34%

OECD average 27%

Kyrgyzstan (Lowest achieving country) 3%

The next two student samples were awarded partial credit for their responses because they referred 
only to one of the products, not both. 

Finally, this sample is an example of a response that was given no credit.
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Greenhouse

The unit `Greenhouse´ assesses two competencies, using scientific evidence and explaining 
phenomena scientifically, from an environmental perspective with a global focus.  
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Greenhouse  Question 3  

This question is an open constructed response item assessing the using scientific evidence 
competency.  It also assesses students´ knowledge about scientific explanation.  For this question, 
students are asked to identify information in two graphs that supports a conclusion.  Students 
must interpret the graphs to conclude there is an increase in both average temperature and carbon 
dioxide emissions.  This question is placed at Level 3 with a difficulty of 529 score points. 

Overall per cent correct

Hong Kong-China (Highest achieving country)  75%

Australian females 69%

Australia 67%

Australian males 65%

OECD average 54%

Kyrgyzstan (Lowest achieving country) 11%

Greenhouse  Question 4 

This next question is an open constructed response item with full and partial credit awarded.  It 
assesses the competency using scientific evidence and students must rely on their knowledge about 
scientific explanation.  

Students are asked to provide an example of the two graphs that do not support André´s 
conclusion.  To achieve full credit students must identify a segment on both graphs in which the 
curves are not both descending or both climbing and give a corresponding explanation.  A full 
credit response was located at Level 5 with 659 score points.
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Students were awarded partial credit for example, if they mentioned the correct period but without 
any explanation, mentioned only one particular year (not a period of time) with an acceptable 
explanation, or referred to differences between the two curves without mentioning a specific 
period.  A partial credit response was located at Level 4 with 568 score points.  

Overall per cent correct

Japan (Highest achieving country)  54%

Australian males 45%

Australia 44%

Australian females 43%

OECD average 35%

Kyrgyzstan (Lowest achieving country) 4%

Greenhouse  Question 5 

The final question in the unit `Greenhouse´ assesses the competency explaining phenomena 
scientifically and students´ knowledge of Earth and space systems.  This question is one of the 
harder scientific literacy items to complete, placed at Level 6 with a difficultly of 709 score points.  
In this question students must provide a factor that could influence the greenhouse effect.

Two sample responses are shown.  Both were coded as correct, though providing different 
perspectives.   
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Overall per cent correct

The Netherlands (Highest achieving country)  34%

Australian males 22%

Australia 22%

Australian females 21%

OECD average 19%

Kyrgyzstan (Lowest achieving country)   3%

The next chapter, Chapter 3, provides details about Australian students’ performance in scientific 
literacy in PISA 2006.
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This chapter presents the international and national results for scientific literacy, firstly for science 
overall and then for the subscales described in Chapter 2.  The reporting of these results includes 
both mean scores and proficiency levels, as both are important to policy makers.  

Performance in overall scientific literacy

An international perspective

Table 3.1 and Figure 3.1 provide a summary of the overall performance of different countries on 
the combined science scale, in terms of the mean scores achieved by students in each country, 
and the differences between the 5th and 95th percentile scores.   Typically, changes in mean 
performance are used to assess improvement in the quality of schools and education systems.  
However, the mean level of performance does not provide the complete picture of student 
achievement and can mask significant variation within an individual class, school or education 
system. Countries aim not only to encourage high performance but also to minimise internal 
disparities in performance.  

Australian students achieved a mean score of 527 in overall scientific literacy, significantly higher 
than the OECD mean of 5009.  Finland achieved the highest score with an average of 563 score 
points.  This is significantly higher than Hong Kong-China, the next highest achieving country, 
with a score of 542 score points.  Three countries, two of them OECD countries, achieved higher 
mean scores on the overall scientific literacy scale than Australia – Finland, Hong Kong-China and 
Canada.  Seven countries had mean scores not significantly different from that of Australia. These 
included Japan, New Zealand, the Netherlands and Korea.  Australia’s score was significantly 
higher than that of all other countries, including Germany, the United Kingdom and the United 
States. 

9 Multiple comparison tables, which provide the statistical significance of differences between all countries, 
are provided in Appendix 4 of this report.

Chapter

3
Australian Students’ 
Performance in 
Scientific Literacy
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How big is big? Interpreting differences in PISA scores

How do we go about understanding the difference in average scores between two groups of 
students?  Is the difference of 36 score points, on average, between students in Finland and 
students in Australia big?  Small?  Meaningful? The following comparisons can help to judge 
the magnitude of score differences.  A difference of 75 score points represents one proficiency 
level on the PISA science scales. This can be considered a comparatively large difference in 
student performance in substantive terms.  For example, with regard to the skills that were 
described in Chapter 2 in the section on the PISA 2006 assessment framework, Level 3 requires 
students to select facts and knowledge to explain phenomena and apply simple models or 
inquiry strategies, whereas at Level 2 students are only required to engage in direct reasoning 
and make literal interpretations.

Another benchmark is that for the 28 OECD countries in which a sizeable number of 15-year-
olds in the PISA samples were enrolled in at least two different grades, the difference in mean 
scores between students in the two grades implies that one school year corresponds to an 
average of 34 score points on the PISA science scale.  So the difference in average scores 
between Australian and Finnish students is around one school year.

Fourteen of the 30 OECD countries – Finland, Canada, New Zealand, Japan, Australia, the 
Netherlands, Korea, Germany, United Kingdom, Czech Republic, Switzerland, Austria, Belgium 
and Ireland – scored higher than the OECD average.  Five OECD countries – Hungary, Sweden, 
Poland, Denmark and France – scored at a level not significantly different from the OECD mean.  
The remaining 11 OECD countries – Iceland, United States, Spain, Slovak Republic, Norway, 
Luxembourg, Italy, Portugal, Greece, Turkey and Mexico – scored at a level significantly lower than 
the OECD average.

The highest achieving partner countries were Hong Kong-China, with an average score of 542 
score points, Chinese Taipei and Estonia, with scores of 532 and 531 score points respectively.

It is evident from Figure 3.1 that there is a considerable range of scores within most countries, 
and that the relationship between average score and amount of spread is not a simple one.  In 
the countries with the lowest average scores, Kyrgyzstan and Qatar, the spread is also quite low – 
276 score points.  While the spread of scores in Finland is similar, at 281 score points, Finland’s 
mean score is more than 200 (563 compared with 322) score points higher.  Within the group of 
countries with scores statistically similar to Australia’s, the spread ranges from 352 score points 
in New Zealand to 276 score points in Estonia.  Australia’s spread of 327 score points is in the 
middle of these two, although somewhat higher than the OECD average of 312 score points, and is 
narrower than the spread in the United States and the United Kingdom but wider than that of most 
other countries.
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Table 3.1  Distribution of science achievement scores and variation, PISA 2006

Country Mean Score SE Difference  
5th – 95th percentile

Finland 563 (2.0) 281

Hong Kong-China 542 (2.5) 301

Canada 534 (2.0) 309

Chinese Taipei 532 (3.6) 307

Estonia 531 (2.5) 276

Japan 531 (3.4) 328

New Zealand 530 (2.7) 352

Australia 527 (2.3) 327

Netherlands 525 (2.7) 313

Liechtenstein 522 (4.1) 317

Korea 522 (3.4) 296

Slovenia 519 (1.1) 322

Germany 516 (3.8) 328

United Kingdom 515 (2.3) 348

Czech Republic 513 (3.5) 322

Switzerland 512 (3.2) 325

Macao-China 511 (1.1) 257

Austria 511 (3.9) 321

Belgium 510 (2.5) 323

Ireland 508 (3.2) 309

Hungary 504 (2.7) 288

Sweden 503 (2.4) 308

OECD average 500 (0.5) 312

Poland 498 (2.3) 293

Denmark 496 (3.1) 305

France 495 (3.4) 333

Croatia 493 (2.4) 280

Iceland 491 (1.6) 316

Latvia 490 (3.0) 279

United States 489 (4.2) 344

Slovak Republic 488 (2.6) 305

Spain 488 (2.6) 295

Lithuania 488 (2.8) 293

Norway 487 (3.1) 313

Luxembourg 486 (1.1) 318

Russian Federation 479 (3.7) 295

Italy 475 (2.0) 312

Portugal 474 (3.0) 288

Greece 473 (3.2) 303

Israel 454 (3.7) 361

Chile 438 (4.3) 300

Serbia 436 (3.0) 279

Bulgaria 434 (6.1) 346

Uruguay 428 (2.7) 310

Turkey 424 (3.8) 274

Jordan 422 (2.8) 292

Thailand 421 (2.1) 253

Romania 418 (4.2) 266

Montenegro 412 (1.1) 263

Mexico 410 (2.7) 263

Indonesia 393 (5.7) 232

Argentina 391 (6.1) 337

Brazil 390 (2.8) 295

Colombia 388 (3.4) 280

Tunisia 386 (3.0) 273

Azerbaijan 382 (2.8) 185

Qatar 349 (0.9) 276

Kyrgyzstan 322 (2.9) 276

Not significantly 
different from 
Australia

Significantly 
lower than 
Australia

Significantly 
higher than 
Australia
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Figure 3.1  International student performance in scientific literacy
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In addition to comparing country mean scores, it is possible to use the proficiency levels described 
in Chapter 2 to gain further insight into student achievement.  Figure 3.2 provides the proportion 
of students in each country at each of the proficiency levels. Countries are ordered from top to 
bottom according to the percentage of students achieving below Level 2. 

PISA devotes significant attention to the assessment of students at the high end of the skill 
distribution.  In the case of science, in particular, there is a growing demand for highly-skilled 
workers, and while basic competencies are generally considered important for the absorption 
of new technology, high-level competencies are critical for the creation of new technology and 
innovation. 

On average across OECD countries just over one per cent of 15-year-olds reach the highest level 
on the PISA overall science scale, Level 6, but in Finland and New Zealand almost four per cent 
achieved this level. In the United Kingdom, Australia, Japan and Canada, as well as the partner 
countries Liechtenstein, Slovenia and Hong Kong-China, between two and three per cent reached 
this level.

The proportion of 15-year-olds across OECD countries who achieve at least Level 5 is nine per 
cent.  However in Finland, as many as one-fifth (21%) of students achieve at this level of scientific 
literacy.  Finnish authorities attribute much of this enormous success to the Luma program, which 
fostered excellence in science education and was progressively implemented between 1996 and 
2002.  As well as the outstanding proportion of students in the very high achievement levels, 
Finland has had higher enrolments in the higher education areas of science and technology, and 
the Luma program has led to the establishment of specialised classes or streams in high schools, 
which specialise in mathematics or science.

New Zealand (with 18% of students at Level 5 or above), Australia (15%), Japan (15%) and partner 
country Hong Kong-China (16%) are also well-placed to create a pool of talented scientists, if 
these high-performing students can be encouraged to continue their studies in the area of science.

The proportion of students in the lower levels of scientific literacy is also important for countries 
to be aware of, as these students may have difficulty participating in the labour force, especially in 
highly developed economies such as Australia’s.  As described earlier, Level 2 has been established 
as a baseline level, defining the level of achievement on the PISA scale at which students begin 
to demonstrate the scientific competencies that will enable them to participate actively in life 
situations related to science and technology. 
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READING THE GRAPHS

Each country’s results are represented in horizontal bars with various colours.  On the left end of the bar 
is the 5th percentile – this is the score below which 5 per cent of the students have scored.  The next two 
lines indicate the 10th percentile and the 25th percentile.  The next line at the left of the white band is the 
lower limit of the confidence interval for the mean – i.e. there is 95 per cent confidence that the mean 
will lie in this white band.  The line in the centre of the white band is the mean.  The lines to the right of 
the white band indicate the 75th, 90th and 95th percentiles.

Results for states are presented vertically, however the interpretation is the same.
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Figure 3.2  Proficiency levels for students in scientific literacy by country
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Across the OECD, 19 per cent of students are categorised as achieving below Level 2. However, 
here again there is a substantial variability. In two OECD countries around half of the students 
are not proficient at Level 2: Mexico (51%) and Turkey (47%). In Australia, around 13 per cent of 
students achieved below Level 2.  Whilst this is clearly of concern, it is important to put it in an 
international perspective.  While in Finland and Estonia, the proportions of students achieving at 
these very low levels are five and eight per cent respectively, in other countries with which it is  
more relevant to compare Australian results, the proportions of students performing below Level 2 
range from 10 per cent in Canada, 12 per cent in Japan and 14 per cent in New Zealand, to some 
17 per cent in the United Kingdom and one-quarter (25%) in the United States. 

Performance by gender 

Figure 3.3 shows that there are statistically significant gender differences in performance on the 
overall scientific literacy scale in about one-third of the participating countries.  Mean scores and 
standard errors are shown in the table on the left of the figure, while the right side of the figure 
illustrates the difference between males and females graphically. If the bar is shaded, the difference 
between male and female students is significant.  

The OECD average shows a small but statistically significant difference in favour of males.  Among 
OECD countries, males significantly outperformed females in the United Kingdom, Luxembourg, 
Denmark, Switzerland, Mexico and the Netherlands.  In Greece and Turkey, females significantly 
outperformed males.  Among the partner countries, gender differences were seen in favour of 
females in Qatar (31 score points) and Jordan (28 score points) and in favour of males in Chile 
(22 score points).  In a total of 12 countries females significantly outperformed males and in eight 
countries males outscored females.  
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Females
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Males
score
higher

Differences in mean score
Females Males

Mean score SE Mean score SE

Qatar 365 (1.3) 334 (1.2)

Jordan 436 (3.3) 408 (4.5)

Bulgaria 443 (6.9) 426 (6.6)

Thailand 428 (2.5) 411 (3.4)

Argentina 397 (6.8) 384 (6.5)

Turkey 430 (4.1) 418 (4.6)

Greece 479 (3.4) 468 (4.5)

Liechtenstein 527 (6.3) 516 (7.6)

Lithuania 493 (3.1) 483 (3.1)

Slovenia 523 (1.9) 515 (2.0)

Azerbaijan 386 (2.7) 379 (3.1)

Latvia 493 (3.2) 486 (3.5)

Iceland 494 (2.1) 488 (2.6)

Kyrgyzstan 325 (3.0) 319 (3.6)

Serbia 438 (3.8) 433 (3.3)

Tunisia 388 (3.5) 383 (3.2)

Norway 489 (3.2) 484 (3.8)

New Zealand 532 (3.6) 528 (3.9)

Estonia 533 (2.9) 530 (3.1)

Finland 565 (2.4) 562 (2.6)

Uruguay 430 (2.7) 427 (4.0)

Croatia 494 (3.1) 492 (3.3)

Romania 419 (4.8) 417 (4.1)

Montenegro 413 (1.7) 411 (1.7)

Korea 523 (3.9) 521 (4.8)

Ireland 509 (3.3) 508 (4.3)

Australia 527 (2.7) 527 (3.2)

United States 489 (4.0) 489 (5.1)

Belgium 510 (3.2) 511 (3.3)

Sweden 503 (2.9) 504 (2.7)

OECD average 499 (0.6) 501 (0.7)

France 494 (3.6) 497 (4.3)

Russian Federation 478 (3.7) 481 (4.1)

Italy 474 (2.5) 477 (2.8)

Japan 530 (5.1) 533 (4.9)

Poland 496 (2.6) 500 (2.7)

Israel 452 (4.2) 456 (5.6)

Macao-China 509 (1.6) 513 (1.8)

Canada 532 (2.1) 536 (2.5)

Spain 486 (2.7) 491 (2.9)

Czech Republic 510 (4.8) 515 (4.2)

Portugal 472 (3.2) 477 (3.7)

Switzerland 509 (3.6) 514 (3.3)

Slovak Republic 485 (3.0) 491 (3.9)

Hungary 501 (3.5) 507 (3.3)

Mexico 406 (2.6) 413 (3.2)

Hong Kong-China 539 (3.5) 546 (3.5)

Chinese Taipei 529 (5.1) 536 (4.3)

Germany 512 (3.8) 519 (4.6)

Netherlands 521 (3.1) 528 (3.2)

Austria 507 (4.9) 515 (4.2)

Denmark 491 (3.4) 500 (3.6)

Brazil 386 (2.9) 395 (3.2)

Colombia 384 (4.1) 393 (4.1)

Luxembourg 482 (1.8) 491 (1.8)

United Kingdom 510 (2.8) 520 (3.0)

Indonesia 387 (3.7) 399 (8.2)

Chile 426 (4.4) 448 (5.4)

Figure 3.3  Means by gender and gender differences in scientific literacy by country
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Figure 3.4  Proficiency levels for students in scientific literacy by gender, Australia and OECD average

Figure 3.4 shows the percentage of Australian male and female students at each proficiency level, 
along with the percentages for the OECD.  Within Australia, there was a slightly higher percentage 
of males at both ends of the proficiency levels: 14 per cent of males and 11 per cent of females 
not achieving Level 2, and 15 per cent of males and 13 per cent of females achieving at Level 5 or 
above.  As might be expected given Australia’s good performance relative to the OECD average, 
these figures are more favourable than those for the OECD.  Across the OECD, about 20 per cent 
of both males and females did not achieve Level 2, while only 10 per cent of males and eight per 
cent of females achieved at Level 5 or higher.  

Performance by state

Figure 3.5 presents the distribution of performance for each of the Australian states in the 
same way as the international results are presented in Figure 3.1.  To place the state results in 
perspective, the means and distributions for the OECD, for Australia as a whole, and for the highest 
achieving country, Finland, are also included in the figure.  The states are shown in order from 
lowest to highest mean scores.

Figure 3.5 should be read in conjunction with Table 3.2, which presents the multiple comparisons 
of mean performance between the states.  

All states had mean scores at least as high as the OECD average. Other than Tasmania and the 
Northern Territory, all states performed at a significantly higher level than the OECD average. The 
average scores for Tasmania and the Northern Territory were not significantly different to the OECD 
average.

For all states there was a range in performance scores on the PISA overall scientific literacy 
assessment that was wider than the average for the OECD.  The Northern Territory had the widest 
range from the 5th to 95th percentile of 414 score points, whilst the ranges for the two highest 
performing states, Western Australia and the Australian Capital Territory, were 328 and 337 score 
points respectively.  
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Figure 3.5  Student performance in scientific literacy by state 

Figure 3.5 and Table 3.2 together show that the performance of students in the Australian Capital 
Territory was significantly better than that of students in all other states except Western Australia. 
Western Australia’s average score was also similar to the average for students in New South Wales 
and South Australia,  but higher than that for students in Queensland, Victoria, Tasmania and the 
Northern Territory.  The average score in the Northern Territory was significantly lower than the 
score for any other state.

Table 3.2  Multiple comparisons of mean performance in scientific literacy by state

   ACT WA NSW SA QLD VIC TAS NT OECD

 Mean 549 543 535 532 522 513 507 490 500

Mean SE 4.9 6.8 4.6 4.9 4.2 4.9 4.6 6.6 0.5

ACT 549 4.9  ● ▲ ▲ ▲ ▲ ▲ ▲ ▲

WA 543 6.8 ●  ● ● ▲ ▲ ▲ ▲ ▲

NSW 535 4.6 ▼ ●  ● ▲ ▲ ▲ ▲ ▲

SA 532 4.9 ▼ ● ●  ● ▲ ▲ ▲ ▲

QLD 522 4.2 ▼ ▼ ▼ ●  ● ▲ ▲ ▲

VIC 513 4.9 ▼ ▼ ▼ ▼ ●  ● ▲ ▲

TAS 507 4.6 ▼ ▼ ▼ ▼ ▼ ●  ▲ ●

NT 490 6.6 ▼ ▼ ▼ ▼ ▼ ▼ ▼  ●

Note:  Read across the row to compare a state’s performance with the performance of each state listed in the column 
heading.

▲ Average performance statistically significantly higher than in comparison state
● No statistically significant difference from comparison state
▼ Average performance statistically significantly lower than in comparison state 
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As shown in Table 3.3, within the Australian states there were no statistically significant gender 
differences in performance on the overall scientific literacy scale.

Table 3.3  Means by gender and gender differences in scientific literacy by state

40 30 20 10 0 10 20 30 40 50

Males
score
higher

Females
score
higher

Differences in mean score
Females Males

Mean score SE Mean score SE

NSW 539 4.8 531 7.5

NT 491 11.4 489 5.8

TAS 508 6.1 506 5.3

QLD 522 5.7 523 4.7

SA 531 6.1 533 5.6

WA 540 7.0 545 8.8

ACT 545 7.2 553 8.8

VIC 508 6.4 517 5.9

Figure 3.6 shows the proportion of students in each state at each of the described proficiency 
levels, along with the percentages for the OECD, Australia as a whole, and the highest scoring 
country, Finland.

As noted earlier, across the OECD, just over one per cent of students achieved at proficiency 
level 6, the highest proficiency level, while in Finland this proportion was almost four per cent.  
A similar proportion was achieved in the Australian Capital Territory, Western Australia and New 
South Wales.   In all other states of Australia, the proportion of students achieving at the highest 
proficiency level was above the average for the OECD, at either two or three per cent.  

All states achieved a higher proportion of students at Level 5 or greater than for the OECD as a 
whole.  The Australian Capital Territory had the same proportion of students in these two levels 
as Finland, with one-fifth of its students achieving at this level.  A similar proportion of students 
in Western Australia (19%) achieved at this level, while 17 per cent of students in New South 
Wales and 15 per cent of students in South Australia also achieved this very high level of scientific 
literacy.  In the Northern Territory, 13 per cent of students, around one in six, achieved at this 
proficiency level.
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Figure 3.6  Proficiency levels  in scientific literacy by state

The Australian Capital Territory and Western Australia both do well in not only having so many 
students at the highest proficiency level, but also in having high proportions of students beyond 
the minimum proficiency levels.  In these two states, almost half of the students achieved at Level 
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4 or higher, and only around one in ten were unable to complete tasks at Level 2.  In the Northern 
Territory, almost one-third (31%) of students were performing at Level 4 or higher; however, one-
quarter were unable to complete tasks above Level 2.

Proficiency level data confirm that there were few gender differences within states in overall 
scientific literacy (Figure 3.7).  In most states there is a slightly higher proportion of males than 
females who were not achieving at Level 2.  However, only in New South Wales are these large 
enough to warrant comment.  In New South Wales around nine per cent of females and almost 
14 per cent of males did not achieve at Level 2, while almost the same proportion of males and 
females were achieving at the top proficiency levels.
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Figure 3.7  Proficiency levels in scientific literacy by state and gender

Performance of Indigenous students

The educational attainment of Australia’s Indigenous population is an important policy issue.  For 
this reason, PISA oversamples Indigenous students to ensure that detailed analysis is possible.  
Indigenous status is based on students’ self-reports. A total of 425 students in the main sample 
identified as such, and an additional 655 15-year-old students from the participating PISA schools 
also participated in the assessment, providing a total sample of 1,080 Indigenous students.10 The 
mean scores for overall scientific literacy for Indigenous and non-Indigenous students are shown in 
Table 3.4, and the spread of scores for both groups is shown in Figure 3.8.

Table 3.4  Means by gender in scientific literacy for Indigenous and non-Indigenous students

Females Males Total

Mean SE Mean SE Mean SE

Indigenous 443 11.7 439 10.1 441 7.8

Non-Indigenous 529 2.6 530 3.2 529 2.3

10 All data analyses investigating Indigenous students include all (1,080) participating Indigenous students in 
PISA 2006.
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It is evident from Table 3.4 that there is a very wide gap (88 score points) between the average 
performance in scientific literacy between Indigenous and non-Indigenous students.  This reflects 
findings in both the PISA 2000 and PISA 2003 national reports in which similarly large gaps were 
found in terms of reading, mathematical literacy and scientific literacy.   Clearly this difference 
is large and is significant not only statistically but educationally.  It represents a difference of 
one full proficiency level, or two and a half years of formal schooling.  There were no significant 
differences between the achievement levels of male and female Indigenous students.   

The spread of scores for Indigenous students (between the 5th and 95th percentiles) was 356 score 
points, substantially larger than that for non-Indigenous students (324 score points).    The fact that 
the spread is large for Indigenous students is not all bad news, however, as it means that some 
Indigenous students are scoring at high levels (above 600 score points) as well as at lower levels.
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Figure 3.8  Indigenous and non-Indigenous performance in scientific literacy

Figure 3.9 adds to the picture of performance by showing the proportion of Indigenous and non-
Indigenous students in each of the six science proficiency levels, as well as the OECD average 
for comparison.  There is an over-representation of Indigenous students at the lower levels of 
achievement, with 40 per cent (that is four in ten) not able to achieve Level 2 and 17 per cent 
(almost one in five) scoring below Level 1.  In contrast, 12 per cent of non-Indigenous students 
were not achieving Level 2, and only three per cent were below Level 1. At the high end of the 
achievement spectrum the differences are also stark.  While some Indigenous students do achieve 
scores above 600, only three per cent achieved at Level 5 or above compared with 15 per cent of 
non-Indigenous students.

Consistent with the findings of Table 3.4 there were no significant differences in achievement at 
proficiency levels between male and female Indigenous students.  

Poor performance by Indigenous students is inextricably linked to geographic location and to 
socioeconomic background.  The performance of Indigenous students in these contexts will be 
examined in a subsequent report.
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Figure 3.9  Proficiency levels for Indigenous and non-Indigenous students in scientific literacy 
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Performance by geographic location of school 

In the 1900s more than half of Australia’s population lived in rural areas (Squires, 2003); however, 
this figure dropped to about 20 per cent towards the end of the 20th century and continues to 
decline.  As a result, rural schools face problems attracting and retaining qualified teachers, 
maintaining services and in sending staff to participate in professional development (Lyons, 
Cooksey, Panizzon, Parnell & Pegg, 2006).  It is also estimated that average household income in 
remote areas is substantially lower than the national average (Squires, 2003). 

To undertake the analysis in this section of the report, schools’ addresses were coded using the 
MCEETYA Schools Geographic Location Classification (see Reader’s Guide).  Only the broad 
categories – Metropolitan, Provincial and Remote – are used in these analyses.  The means and 
standard errors of students attending schools in the three location categories are shown in Table 
3.5.  The differences shown in the table are significant. The gaps between the scores of students in 
remote schools and those in other areas are particularly large – the 57 score point gap between 
those students attending schools in remote areas and those attending metropolitan schools 
represents almost two full school years. 

Table 3.5  Means in scientific literacy by geographic location

Mean SE Differences

Metropolitan 531 2.8

Provincial 521 3.5 –10 (to Metropolitan)

Remote 474 15.6 – 47 (to Provincial)

The spread of achievement by geographic location is shown in Figure 3.10.  The spread between 
the 5th and 95th percentile for metropolitan and provincial schools is 326 score points, and for 
remote schools the spread of scores was only slightly larger at 347 score points.   
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Figure 3.10  Student performance in scientific literacy by geographic location

Figure 3.11 shows the proficiency levels in scientific literacy by geographic location.  This 
indicates little difference between students in metropolitan and provincial schools, but rather 
a large gap to the scores for those in remote schools.  More than one-quarter of students in 
remote schools were not achieving at Level 2, compared with around 12 per cent of the cohort 
in metropolitan or provincial areas.  At the higher end of the achievement scale, only seven per 
cent of students in remote areas achieved Level 5 or higher, compared with 13 and 15 per cent of 
students in provincial and metropolitan schools respectively.  



Exploring Scientific Literacy: How Australia measures up 75

Remote

Provincial

Metropolitan

0 20 40 60 80 100100 80 60 40 20
Percentage of students

Below Level 1 Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

20 28 25 12 33 9

21 28 24 11 23 10

25 25 15 710 17

Figure 3.11  Proficiency levels in scientific literacy by geographic location

Scientific literacy and socioeconomic background

Socioeconomic background in PISA is measured via an index of economic, social and cultural 
status (ESCS), which captures the wider aspects of a student’s family and home background (see 
Reader’s Guide). Table 3.6 presents the mean scores for achievement in scientific literacy by 
quartile of socioeconomic background.

Table 3.6  Means in scientific literacy by quartiles of socioeconomic background

Mean SE

Difference from next 
lower quartile (score 

points)

Lowest quartile 485 2.2

Second quartile 516 2.4 31

Third quartile 540 2.8 24

Highest quartile 572 2.8 32

Clearly, socioeconomic background is strongly related to achievement. The difference in score 
points between each level is of the order of approximately one school year.  The distribution of 
scores for each group as shown in Figure 3.12 is similar, with each having a spread from the 5th to 
95th percentile of around 300 score points.  

150 250 350 450
Performance scores

550 650 750

Lowest quartile

Second quartile

Third quartile

Highest quartile

Figure 3.12  Student performance in scientific literacy by socioeconomic background

Figure 3.13 shows the proficiency levels for Australian students by quartiles of socioeconomic 
background.  Almost one-quarter (23%) of students in the lowest quartile of socioeconomic 
background did not achieve Level 2, compared with just five per cent of those students in the 
highest quartile.

Students in the higher socioeconomic quartiles achieve well, with few students at lower 
proficiency levels and a high proportion at higher proficiency levels.  It is quite striking that 
26 per cent of students in the highest socioeconomic quartile were achieving at Level 5 or greater, 
compared to 16 per cent of those in the third quartile, 12 per cent of those in the second quartile 
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and six per cent of those students in the lowest quartile.  Almost five times the proportion of 
students in the lowest socioeconomic quartile compared to those in the highest socioeconomic 
quartile were achieving below the OECD’s baseline level, Level 2.
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Figure 3.13  Proficiency levels in scientific literacy by socioeconomic background

Scientific literacy performance and immigrant status

To examine the effects of immigrant status on scientific literacy two indicators were used: 
immigrant status (based on country of birth of students and their parents) and language 
background.  Language background is of interest because unfamiliarity with the language of testing 
could possibly be a factor in student performance in scientific literacy.  As noted in Chapter 2, 
however, a special effort was made in PISA 2006 to minimise the language demands of the science 
test.  Furthermore, students who had less than one year’s tuition in the language of the test were 
excluded from the test population.

Table 3.7 shows the means and standard errors for scientific literacy by immigrant status (see 
Reader’s Guide for definitions).  

As was seen with mathematical literacy in the PISA 2003 assessment, there is no statistically 
significant difference in the mean scores for Australian-born, first-generation and foreign-born 
students.  This is an indication that the reading load of the science test does not bias the test 
against those students not born in Australia.

Table 3.7  Means in scientific literacy by immigrant status

Immigrant status Proportion of students Mean SE

Australian-born 60 528 2.1

First-generation 31 531 3.5

Foreign-born 9 526 5.7

Figure 3.14 shows the distribution of scores in scientific literacy by immigrant status.   There is a 
very strong similarity in the distribution of scores for Australian-born and first-generation students, 
and the spread for foreign-born students is only a little larger (7 score points larger for the 5th to 
95th percentile).
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Figure 3.14  Student performance in scientific literacy by immigrant status

Figure 3.15 presents the proficiency levels for scientific literacy by immigrant status.  This figure 
highlights two interesting differences between Australian-born students and foreign-born students.  
At the lower levels of achievement, the proportion of students not achieving Level 2 is a little 
higher for foreign-born students.  However, at the upper end of achievement, 17 per cent of 
foreign-born students, compared to 15 per cent of Australian-born students, were achieving at 
Level 5 or above.  Clearly with these students language is not an issue, and further study could 
examine characteristics of these groups of students in relation to Australian-born students. 
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Figure 3.15  Proficiency levels in scientific literacy by immigrant status

Table 3.8 presents the means and associated standard errors in scientific literacy for those students 
whose language background is English and for those students for whom this is not the case.  In this 
instance, the difference between the means is significant, and at around 23 score points represents 
about two-thirds of a school year difference in scientific literacy.  Despite this difference, it is also 
clear that the students who spoke a language other than English at home also perform very well, 
their mean score being at a level statistically similar to the OECD mean.   

Table 3.8  Means in scientific literacy by language background

Language background Percentage of students Mean SE

Speak English at home 92 530 2.0

Language other than 
English spoken at home 8 507 7.6

Figure 3.16 shows the distribution of scientific literacy scores for each group of students and this 
shows that the distribution of scores at the lower achievement levels seems to be elongated.  The 
difference in scores between the 5th and 95th percentiles is 321 for English speakers and 357 for 
those who do not speak English at home.
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Figure 3.16  Student performance in scientific literacy by language background

This can be investigated a little further by examining the proportion of students at each of the 
proficiency levels, shown in Figure 3.17.  At the higher levels, 15 per cent of English-speaking 
students and 13 per cent of those with a language background other than English were found to 
be achieving at Level 5 or greater.  At the other end of the scale, 11 per cent of English-speaking 
students and 20 per cent of those with a language background other than English were found 
not to be achieving at least Level 2.  Further study on this group of students would need to be 
undertaken to ascertain whether language is a barrier to good performance in the PISA assessment 
or whether understanding of the science curriculum is different.
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Figure 3.17  Proficiency levels in scientific literacy by language background

Achievement in the PISA knowledge domains
There were two knowledge domains defined in scientific literacy – knowledge about science and 
knowledge of science.  Australian students scored significantly higher than the OECD average in 
both domains, scoring 533 points for knowledge about science compared to the OECD average of 
500, and 528 points for knowledge of science, compared to the OECD average of 500.  

The knowledge of science domain can be divided into the content areas “physical systems”,”living 
systems” and “Earth and space systems”.  The fourth content area, “technology systems”, is not 
analysed separately as it contains too few items for analysis.  An analysis will be presented in this 
section from the PISA 2006 International Report for completeness only – no further sub-national 
analysis is possible.11 An overall view of Australian students’ strengths and weaknesses across 
the content areas is valuable for relating PISA 2006 science results to national curricula.  This is 
presented in Table 3.9.

11 The data for these two scales was not scaled for the purposes of sub-national analyses.
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Table 3.9  Comparison of mean performance on the different scales in science

 Australia SE Males SE Females SE OECD 
average SE

Physical systems 515 (1.9) 528 (2.6) 502 (2.3) 500 (0.5)

Living systems 522 (2.1) 522 (2.9) 521 (2.6) 502 (0.5)

Earth and space 
systems 530 (1.9) 538 (2.6) 522 (2.4) 500 (0.5)

Overall science 
performance 527 (2.3) 527 (3.2) 527 (2.7) 500 (0.5)

Australia’s mean scores in “Earth and space systems” and “living systems” are not significantly 
different from Australia’s mean score for overall science.  However, Australia’s mean score in 
“physical systems” represents a relative weakness, with achievement a significant 12 points lower 
than for overall science performance.  Australian students scored significantly higher than the 
OECD average in all content areas. 

Internationally, gender differences on the combined science scale tend to be small.  However 
in two of the three content areas, gender differences are apparent in a number of countries.  In 
Australia, significant gender differences can be seen in the scores for both “Earth and space 
systems” and “physical systems”, with males outperforming females by 16 score points in the 
former and 26 score points in the latter.  

Within Australia, male and female students had mean scores above the OECD averages in all three 
content areas with the single exception of females in “physical systems” where the average score 
for females is not significantly different from the OECD average. 

Figure 3.18 shows that this pattern of gender differences in achievement in the three content areas 
is consistent internationally.  In “physical systems”, which relates to the structure and properties of 
matter, changes of matter, and energy transformations, gender differences are particularly strong 
and consistently in favour of males.  In all OECD countries other than Turkey, males significantly 
outscored females.  The largest gender differences in OECD countries were found in Austria (45 
score points), the Czech Republic (39 score points), Luxembourg (38 score points), Hungary (36 
score points) and the Slovak Republic (35 score points).

There were few significant gender differences in the area of “living systems”, which covers the 
areas of cell structure, human biology, the nature of populations, and ecosystems.  In the OECD 
countries of Mexico (13 score points), Hungary (12 score points), Luxembourg (11 score points), 
Denmark (11 score points) and the Slovak Republic (11 score points), gender differences were 
evident in favour of males, while in Greece (12 score points) and Finland (11 score points) gender 
differences were significantly in favour of females.  

In the content area “Earth and space systems”, which focuses on the structure and energy of the 
Earth and its systems, the Earth’s history, and its place in space, males tend to outperform females, 
although there are fewer significant differences than for “physical systems”.  The largest differences 
in OECD countries were in the Czech Republic (29 score points), Luxembourg (27 score points), 
Japan, Switzerland and Denmark (26 score points), and the Netherlands (25 score points).
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Figure 3.18   Gender differences on the “Physical 
systems”, “Living systems” and “Earth 
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Achievement in the PISA scientific competencies
The design of the PISA scientific literacy assessment is unique in that it allows examination of 
students’ science competencies as well as their overall scientific literacy.  The remainder of 
this chapter provides a detailed description of student performance in the individual science 
competency scales. A simplified way of looking at these competencies is in terms of a sequence 
when dealing with science problems: first identifying the problem, then applying knowledge of 
scientific phenomena, and finally interpreting and using the results.  Traditional science teaching 
often concentrates on the middle process, explaining phenomena scientifically, which needs 
students to be familiar with key science knowledge and theories. 

However without first being able to recognise a science problem, or to be able to interpret the 
findings in the context of the real world, students are not fully scientifically literate.  A student who 
has understood and mastered the theory, but who cannot reflect on and weigh up the evidence, for 
example, will not make full use of science in their adult lives.  

The pattern of results shown in Table 3.10 indicates that, overall, Australia performed above the 
OECD average in all three competencies.  In terms of relative strengths, the data suggest that 
Australian students are more skilled at identifying scientific problems and interpreting the results of 
a study in real life terms, than they are in mastering scientific knowledge.

Table 3.10  Mean scores on scientific competencies 

Identifying scientific 
issues

Explaining phenomena 
scientifically

Using scientific 
evidence

Mean SE Mean SE Mean SE

OECD average 499 0.5 500 0.5 499 0.6

Australia 535 2.3 520 2.3 531 2.4

Difference from Australia’s  overall 
science mean 8 -7 4

Identifying scientific issues, internationally

About 22 per cent of the science tasks given to students in the PISA assessment were related to 
identifying scientific issues.  The essential features of this competency are recognising issues that 
are possible to investigate scientifically, identifying keywords to search for scientific information, 
and recognising the key features of a scientific investigation.  The scientific knowledge most 
applicable to this competency is that associated with an understanding of science processes and of 
the content areas of “physical sciences”, “life systems” and “Earth and space systems”.

Australian students performed well in this competency area, scoring second only to Finland, and 
not significantly different from students in New Zealand and the Netherlands and partner country 
Hong Kong-China.   Australia’s mean score for this competency was 8 score points higher than its 
mean score on the overall science scale (Figure 3.19).
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Figure 3.19  International student performance in identifying scientific issues
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Figure 3.20 shows the international proficiency levels for this competency scale.  New Zealand, 
Finland and the Netherlands are three OECD countries that have a large proportion of students 
highly proficient in this area (17 or 18% of students at Level 5 or above).    New Zealand  and 
Finland both had a large proportion of students in the two highest proficiency levels in the overall 
science scale, whereas in the Netherlands only 13 per cent of students were highly proficient on 
the overall science scale, indicating that identifying scientific issues is an area of strength in that 
country.  

In Australia this is also an area of relative strength; almost 16 per cent of Australian students 
achieved at Level 5 or 6, compared with 13 per cent on the overall science scale and a little more 
than eight per cent for the OECD on average.  In the lower levels of achievement, almost 11 per 
cent of students in Australia did not achieve Level 2, compared with 13 per cent in the overall 
science scale and an average OECD figure of 19 per cent.
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Figure 3.20  Proficiency levels internationally in identifying scientific issues
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Figure 3.21 shows gender differences internationally in the identifying scientific issues 
competency.  This is a competency in which females perform strongly.  There were significant 
gender differences in favour of females in all OECD countries and in all partner countries other 
than Israel, Indonesia, Chile, Colombia and Chinese Taipei. In Australia, females outperformed 
males by a significant 21 score points, just a little higher than the OECD average difference of 18 
score points.

The largest gender differences were found in Qatar (37 score points) and Bulgaria (34 score points) 
and the smallest in Chile (2 score points) and Colombia (3 score points).
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Figure 3.21 Gender differences internationally in identifying scientific issues
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Explaining phenomena scientifically, internationally

Approximately 46 per cent of the science tasks on the PISA assessment were related to explaining 
phenomena scientifically.  As described earlier, the main areas of interest in this competency 
are applying knowledge of science in a given situation, describing or interpreting phenomena 
scientifically and predicting changes, and identifying appropriate descriptions, explanations and 
predictions.  The distribution of scores on this scale is shown for all countries in Figure 3.22.

Australia demonstrated a relative weakness in this area.  Australia’s mean score in this competency 
was 7 points below Australia’s mean score for science overall, and Australia was outperformed 
by the OECD countries Finland and Canada and partner countries Hong Kong-China, Chinese 
Taipei and Estonia.  Nevertheless, Australia’s score in this competency was still significantly higher 
than the OECD average, and statistically similar to those of New Zealand, the Netherlands, Japan, 
Germany and the United Kingdom.
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Figure 3.22  International student performance in explaining phenomena scientifically
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Figure 3.23 shows the proficiency levels internationally for explaining phenomena scientifically.   
In Finland more than one in five students (23%) achieved at Level 5 or higher and only four per 
cent failed to achieve Level 2.  In Australia 14 per cent of students achieved Level 5 or higher, 
almost the same as the 15 per cent in overall scientific literacy.  Fourteen per cent of Australian 
students failed to achieve Level 2 in this competency, compared to 13 per cent of students in 
overall scientific literacy.
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Figure 3.23  Proficiency levels in explaining phenomena scientifically
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Figure 3.24 shows the gender differences internationally in this competency area.  Unlike the 
previous competency, the gender differences in this competency are fewer and primarily in favour 
of males.   In Australia males outperformed female students by 14 score points, around the same as 
the OECD average of 15 score points.

The largest gender difference in favour of males was found in Chile (34 score points).  The largest 
gender differences in favour of females were found in Qatar (29 score points) and Jordan (21 score 
points) and there were no gender differences in 13 countries, including the OECD countries Korea, 
Norway, Iceland, Greece and Turkey.
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Figure 3.24  Gender differences internationally in explaining phenomena scientifically
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Jordan 448 (4.1) 427 (4.6)
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Thailand 421 (2.2) 418 (3.4)

Argentina 386 (7.0) 387 (6.4)

Turkey 423 (4.5) 423 (4.7)

Kyrgyzstan 333 (2.9) 335 (3.9)

Greece 475 (3.0) 478 (4.3)

Tunisia 381 (3.5) 386 (3.1)

Serbia 438 (3.8) 444 (3.7)

Norway 492 (3.2) 498 (3.9)

Liechtenstein 513 (6.4) 519 (7.5)

Iceland 485 (2.1) 491 (2.6)

Estonia 537 (3.0) 544 (3.2)

Montenegro 412 (1.7) 421 (1.8)

Lithuania 490 (3.4) 499 (3.3)

Finland 562 (2.5) 571 (2.5)

Ireland 501 (3.5) 510 (4.4)

Romania 421 (4.5) 431 (4.3)

Latvia 481 (3.2) 491 (3.6)

Slovenia 518 (2.2) 528 (2.3)

New Zealand 517 (3.6) 528 (4.0)

Korea 506 (4.0) 517 (4.8)

Uruguay 418 (3.1) 429 (4.0)

Croatia 487 (3.3) 498 (3.2)

Sweden 504 (3.5) 516 (3.0)

United States 480 (4.0) 492 (5.3)

Australia 513 (2.7) 527 (3.1)

Macao-China 513 (1.6) 527 (2.0)

France 474 (3.4) 489 (4.2)

     OECD average 493 (0.6) 508 (0.7)

Italy 472 (2.5) 487 (2.8)

Portugal 462 (3.0) 477 (3.6)

Israel 436 (4.0) 451 (5.4)

Belgium 494 (3.1) 510 (3.4)

Japan 519 (4.4) 535 (4.6)

Poland 498 (2.8) 514 (2.9)

Canada 522 (2.3) 539 (2.6)

Indonesia 386 (3.8) 403 (7.0)

Mexico 398 (2.6) 415 (3.3)

Colombia 371 (4.3) 388 (4.3)

Spain 481 (2.7) 499 (2.8)

Switzerland 498 (3.9) 517 (3.4)

Netherlands 512 (3.1) 531 (3.1)

Austria 507 (4.7) 526 (4.4)

Brazil 382 (2.9) 400 (3.0)

Russian Federation 474 (3.4) 493 (4.0)

Chinese Taipei 535 (5.3) 554 (4.3)

Hong Kong-China 539 (3.3) 560 (3.5)

Germany 508 (3.7) 529 (4.5)

Czech Republic 516 (4.6) 537 (4.3)

Denmark 491 (3.7) 512 (3.8)

United Kingdom 506 (2.7) 527 (3.0)

Slovak Republic 490 (3.0) 512 (4.0)

Hungary 507 (3.6) 529 (3.2)

Luxembourg 471 (2.0) 495 (1.8)

Chile 414 (4.1) 448 (5.1)
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Using scientific evidence, internationally

Approximately 32 per cent of the science tasks presented to students in the PISA assessment 
related to using scientific evidence.  This competency requires students to synthesise knowledge 
about science and knowledge of science as they apply both of these to a life situation or a 
contemporary social problem.  Figure 3.25 shows the distribution of scores internationally in this 
competency.

Australian students performed moderately well in this competency, being outscored by only 
four other countries, Finland, Japan, Canada and partner country Hong Kong-China.  Australia’s 
mean score of 531 points was significantly higher than the OECD average and four score points 
higher than the Australian mean score for science overall, indicating some facility in interpreting 
problems in terms of the real world.



Exploring Scientific Literacy: How Australia measures up 95

Significantly higher 
than Australia

Significantly lower 
than Australia

Not significantly 
different from 
Australia

50 150 250 350 450

Performance scores

550 650 750

Kyrgyzstan

Qatar

Azerbaijan

Brazil

Tunisia

Colombia

Argentina

Indonesia

Mexico

Jordan

Montenegro

Romania

Bulgaria

Turkey

Thailand

Serbia

Uruguay

Chile

Israel

Greece

Italy

Portugal

Norway

Slovak Republic

Russian Federation

Spain

Lithuania

United States

Denmark

Croatia

Latvia

Iceland

Luxembourg

Poland

Sweden

Hungary

OECD average

Czech Republic

Austria

Ireland

France

Macao-China

United Kingdom

Germany

Belgium

Slovenia

Switzerland

Netherlands

Estonia

Australia

Chinese Taipei

Liechtenstein

New Zealand

Korea

Canada

Hong Kong-China

Japan

Finland

Figure 3.25  International student performance in using scientific evidence
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Figure 3.26 provides the proficiency levels internationally in using scientific evidence.

In Finland one-quarter of the students achieved at Level 5 or higher and just five per cent failed to 
achieve Level 2. In Japan, 23 per cent of students achieved at least Level 5, however 14 per cent 
did not attain Level 2. In Australia, 17 per cent of students achieved Level 5 or higher, comparing 
favourably to the proportion at this level in high-scoring countries such as Canada (18%) and Hong 
Kong-China (18%), and the OECD average of 11 per cent. Fourteen per cent of Australian students 
did not achieve Level 2, which is the same proportion as in over all scientific literacy and not 
substantially different to the proportion failing to reach this baseline level in either Canada (10%) 
or Hong Kong-China (11%). The OECD average was 22 per cent.
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Figure 3.26  Proficiency levels in using scientific evidence
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Figure 3.27 presents gender differences internationally in this competency.  There were few 
significant differences, and while there are some significant gender differences in favour of both 
males and females, the larger differences are in favour of female students.  

The largest gender differences in favour of females were found in Jordan (39 score points) and 
Qatar (34 score points), while the largest difference in favour of males was in Chile (16 score 
points).  Australia was one of the many countries which showed no significant difference by 
gender. 



Exploring Scientific Literacy: How Australia measures up 99

Figure 3.27  Gender differences in using scientific evidence
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Achievement in the PISA scientific competencies by state

The following three tables present the achievement scores on each of the PISA competency scales 
for each of the Australian states.  In each table the states are presented in decreasing order of 
average score.

Table 3.11 shows the achievement of students on the identifying scientific issues competency scale, 
as well as the difference in the score for the competency compared to the overall score on science 
for the state. 

Students in Western Australia and the Australian Capital Territory both performed at a very high 
level in this competency, the mean scores in these two states being not significantly different from 
that of students in Finland.  The mean scores on identifying scientific issues for all states other than 
the Northern Territory was higher than the OECD average.   

In terms of relative performance in the three competencies, Tasmania, Western Australia and 
Victoria all performed relatively well on this competency, with Tasmania scoring 19 points higher 
and Victoria and Western Australia scoring 11 points higher than the overall science mean score 
for the state.  It is notable that the Australian Capital Territory’s mean score on this competency was 
identical to its mean score for overall scientific literacy.

Table 3.11  Multiple comparisons for identifying scientific issues

  WA ACT NSW SA QLD TAS VIC NT OECD Difference 
from overall 
state mean

 Mean 554 549 542 537 529 525 524 497 499

Mean SE 7.0 5.2 5.0 5.4 5.0 5.0 4.4 6.4 0.5

WA 554 7.0 ● ● ● ▲ ▲ ▲ ▲ ▲ 11

ACT 549 5.2 ● ● ● ▲ ▲ ▲ ▲ ▲ 0

NSW 542 5.0 ● ● ● ● ▲ ▲ ▲ ▲ 7

SA 537 5.4 ● ● ● ● ● ● ▲ ▲ 5

QLD 529 4.2 ▼ ▼ ● ● ● ● ▲ ▲ 7

TAS 525 5.0 ▼ ▼ ▼ ● ● ● ▲ ▲ 19

VIC 524 4.4 ▼ ▼ ▼ ● ● ● ▲ ▲ 11

NT 497 6.4 ▼ ▼ ▼ ▼ ▼ ▼ ▼ ● 7

Note:  Read across the row to compare a state’s performance with the performance of each state listed in the column 
heading.

▲ Average performance statistically significantly higher than in comparison state
● No statistically significant difference from comparison state
▼ Average performance statistically significantly lower than in comparison state 

Table 3.12 shows the achievement of students on the explaining phenomena scientifically 
competency scale, as well as the difference in the score for the competency compared to the 
overall score on science for the state.

There were no really outstanding scores on this competency, with the Australian Capital Territory 
having statistically similar scores to Western Australia and New South Wales, and Western 
Australia having statistically similar scores to New South Wales, South Australia and Queensland.  
All scores were significantly lower than the score for Finland.  The mean scores for the Australian 
Capital Territory, Western Australia, New South Wales, South Australia and Queensland are all 
significantly higher than the OECD average, while for Victoria, Tasmania and the Northern Territory 
there was no significant difference from the OECD average.

In comparison with their performance on the other two competencies, all states performed 
relatively poorly on this competency, with the Australian Capital Territory, Western Australia, 
Victoria and Tasmania scoring nine points lower and South Australia eight points lower than the 
overall mean score for the state.  
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Table 3.12  Multiple comparisons for explaining phenomena scientifically

  ACT WA NSW SA QLD VIC TAS NT OECD Difference 
from overall 
state mean

 Mean 540 534 529 524 518 504 497 487 500

Mean SE 5.4 7.0 4.4 4.9 4.5 4.9 5.1 6.8 0.5

ACT 540 5.4 ● ● ▲ ▲ ▲ ▲ ▲ ▲ -9

WA 534 7.0 ● ● ● ● ▲ ▲ ▲ ▲ -9

NSW 529 4.4 ● ● ● ● ▲ ▲ ▲ ▲ -5

SA 524 4.9 ▼ ● ● ● ▲ ▲ ▲ ▲ -8

QLD 518 4.5 ▼ ● ● ● ▲ ▲ ▲ ▲ -4

VIC 504 4.9 ▼ ▼ ▼ ▼ ▼ ● ▲ ● -9

TAS 497 5.1 ▼ ▼ ▼ ▼ ▼ ● ● ● -9

NT 487 6.8 ▼ ▼ ▼ ▼ ▼ ▼ ● ● -3

Note:  Read across the row to compare a state’s performance with the performance of each state listed in the column 
heading.

▲ Average performance statistically significantly higher than in comparison state
● No statistically significant difference from comparison state
▼ Average performance statistically significantly lower than in comparison state 

Table 3.13 shows the multiple comparisons for the competency using scientific evidence, as well 
as the difference in the score for the competency compared to the overall score on science for the 
state.

While the Australian Capital Territory again performed strongly, with only Western Australia 
achieving scores that were not significantly different, none of the states achieved scores as high 
as those of Finland.  All but Tasmania and the Northern Territory scored significantly higher than 
the OECD average, while these two states’ scores were not significantly different from the OECD 
average.  

Most states performed relatively well in this competency compared with their mean score for 
science overall, the Australian Capital Territory and South Australia in particular.  However, the 
Northern Territory performed quite poorly in this area, relative to all other states.

Table 3.13  Multiple comparisons for using scientific evidence

  ACT WA NSW SA QLD VIC TAS NT OECD Difference 
from overall 
state mean

 Mean 557 549 539 538 525 519 505 485 499

Mean SE 4.9 7.3 4.9 5.2 4.3 5.0 4.7 10.7 0.6

ACT 557 4.9 ● ▲ ▲ ▲ ▲ ▲ ▲ ▲ 9

WA 549 7.3 ● ● ● ▲ ▲ ▲ ▲ ▲ 6

NSW 539 4.9 ▼ ● ● ▲ ▲ ▲ ▲ ▲ 4

SA 538 5.2 ▼ ● ● ▲ ▲ ▲ ▲ ▲ 7

QLD 525 4.3 ▼ ▼ ▼ ▼ ● ▲ ▲ ▲ 2

VIC 519 5.0 ▼ ▼ ▼ ▼ ● ▲ ▲ ▲ 6

TAS 505 4.7 ▼ ▼ ▼ ▼ ▼ ▼ ▲ ● -1

NT 485 10.7 ▼ ▼ ▼ ▼ ▼ ▼ ▼ ● -5

Note:   Read across the row to compare a state’s performance with the performance of each state listed in the column 
heading.

▲ Average performance statistically significantly higher than in comparison state
● No statistically significant difference from comparison state
▼ Average performance statistically significantly lower than in comparison state 

Summarising these three tables, students from all states other than the Australian Capital Territory 
performed relatively strongly in the competency area requiring students to identify the problem and 
other than Tasmania and the Northern Territory in interpreting findings in relation to the real world.  
All of the states were found to have a relative weakness in the area that requires students to apply 
their scientific knowledge and theories.  This set of findings is consistent with a constructivist way 
of teaching in which the focus is more on identifying and interpreting than on learning facts, and 
consistent with the finding from the 1999 TIMSS science video study that “Australian Year 8 science 
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lessons tended to focus on developing a limited number of canonical ideas (that is, generally-
accepted scientific facts, ideas, concepts or theories) by making connections between ideas and 
evidence rather than by acquiring facts, definitions and algorithms” (Lokan et al, 2006, p. xix).

Achievement by gender

In Table 3.14, the means are shown by gender for each state.  Consistent with international 
findings, significant gender differences in favour of females were apparent in identifying scientific 
issues in all states other than Victoria and the Australian Capital Territory.  These differences ranged 
in magnitude from 20 score points to 28 score points.   Again consistent with other findings, 
significant gender differences in favour of males were found in explaining phenomena scientifically 
in Western Australia, South Australia, Queensland, Tasmania and Victoria. These ranged in 
magnitude from five score points in New South Wales to 23 score points in the Australian Capital 
Territory.  Finally in the area of using scientific evidence, there were no gender differences apparent.

Table 3.14  Means for scientific competencies by state and gender

Identifying scientific issues Explaining phenomena 
scientifically Using scientific evidence

Females Males Females Males Females Males

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

WA 564 6.7 544 8.6 525 7.1 543 9.1 547 7.4 550 9.3

NSW 556 4.9 528 7.6 527 4.6 532 7.0 545 5.6 533 8.2

ACT 555 7.8 543 8.4 528 8.1 551 8.7 556 8.2 559 9.2

SA 547 6.7 526 5.4 516 5.7 532 5.7 539 6.4 538 6.0

QLD 540 5.9 518 4.9 511 6.3 525 4.6 526 6.1 524 5.2

TAS 537 7.0 512 5.6 489 6.6 506 6.0 508 6.9 503 5.8

VIC 530 5.9 520 5.7 492 6.6 514 6.0 516 6.8 522 6.2

NT 511 11.3 485 5.9 481 11.7 492 6.0 485 17.2 485 7.6

Note:  Significant differences shown in bold

Proficiency levels

Figure 3.28 shows the proportion of students in each state at each of the proficiency levels for 
identifying scientific issues.

New South Wales, the Australian Capital Territory and Western Australia all did very well in this 
area, with in excess of 18 per cent of students achieving at Level 5 or greater and in Western 
Australia and the Australian Capital Territory half of the students achieving at Level 4 or greater.   At 
the same time, fewer than 10 per cent of students in these states failed to achieve Level 2.
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Figure 3.28  Proficiency levels in identifying scientific issues by state
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In all other states achievement at Level 5 and above is higher than that for the OECD as a whole, 
and, other than in the Northern Territory, a smaller proportion of students failed to achieve Level 
2 than for the OECD as a whole.  There are some particular areas of concern however.  In a 
competency in which Australian students, in general, performed at a relatively high level, the 
proportion of students in Victoria and Queensland achieving at Level 5 and above is quite low.  In 
addition, Victoria and Tasmania both have 13 per cent of students not achieving Level 2.

Figure 3.29 examines achievement of proficiency levels by gender for each state.  As would be 
expected, more females achieved Level 5 or greater, although in Victoria this was very marginal, 
with 12 per cent of males and 13 per cent of females at this level.  Females in Western Australia 
did particularly well in this competency; with one-quarter achieving Level 5 or greater and six per 
cent not achieving Level 2.  
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Figure 3.29  Proficiency levels in identifying scientific issues by state and gender

Figure 3.30 shows the proportion of students at each proficiency level of explaining phenomena 
scientifically by state.  Again, Western Australia, the Australian Capital Territory and New South 
Wales all did very well, with high proportions of students in Levels 5 or 6, and also in the 
proportions of students achieving at least the baseline Level 2.  This was a competency in which 
Australian students performed relatively poorly on average, and in Tasmania and Victoria, the 
proportion of students achieving at Level 5 or 6 was the same as or smaller than the OECD average 
and the proportion failing to achieve at Level 2 was the same as or greater than the OECD average.  
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Figure 3.30  Proficiency levels in explaining phenomena scientifically by state

Figure 3.31 shows achievement at the proficiency levels for explaining phenomena scientifically 
by gender.  Almost one-quarter of the males in the Australian Capital Territory (24%), one in five 
males in Western Australia (20%) and just a little less than this (18%) of males in New South 
Wales, achieved at Level 5 or 6; however, achievement in the other states was a little more mixed.   
The proportion of students at lower levels of achievement is of some concern in a number of 
states: 17 per cent of males and 20 per cent of females in Victoria, 20 per cent of males and 22 per 
cent of females in Tasmania, and 25 per cent of males and 28 per cent of females in the Northern 
Territory were found to be below Level 2 in this competency. 
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Figure 3.31  Proficiency levels in explaining phenomena scientifically by state and gender

Figure 3.32 shows the proportions at each proficiency level by state and Figure 3.33 for each state 
by gender for the competency using scientific evidence, which reflects students’ ability to interpret 
findings scientifically in a real world situation.  This was an area in which Australian students 
performed relatively well overall.
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In Finland, 25 per cent of students achieved Level 5 or higher.  In the Australian Capital Territory 
25 per cent of students and in Western Australia 22 per cent of students also achieved this level.  
In Victoria, Tasmania and the Northern Territory, however, only 13 or 14 per cent of students 
achieved at this level. South Australia and New South Wales also achieved around 18 to 20 per 
cent of students at the highest levels while all but around 12 per cent achieved above Level 2.  In 
the Northern Territory and Tasmania, however, this is a problem area, with around 13 per cent 
of students achieving at or above Level 5 but 20 per cent (for Tasmania) and 27 per cent (for the 
Northern Territory) of students failing to achieve proficiency Level 2.

There were very few gender differences in this competency area within states although the tendency 
was for more males to achieve at least Level 5 and for more to have failed to reach Level 2.
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Figure 3.32  Proficiency levels in using scientific evidence by state
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Figure 3.33  Proficiency levels in using scientific evidence by state and gender
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Achievement by Indigenous and non-Indigenous students

Table 3.15 summarises the performance of Indigenous and non-Indigenous students in each of 
the three PISA science competencies.  In each case, the mean scores for Indigenous students 
are significantly below those for non-Indigenous students.  In terms of relative performance, 
Indigenous students perform best on the identifying scientific issues competency.

Table 3.15  Mean scores for Indigenous and non-Indigenous students on science competencies

Identifying 
scientific issues Diff 

from 
mean

Explaining 
phenomena 
scientifically Diff 

from 
mean

Using scientific 
evidence Diff 

from 
meanMean SE Mean SE Mean SE

Indigenous 453 7.9 12 438 7.6 -3 439 8.0 2

Non-Indigenous 538 2.3 9 523 2.3 -6 534 2.4 5

The proficiency levels for Indigenous and non-Indigenous students on all three competencies 
are shown in Figure 3.34.   As would be expected from the mean scores for both groups, the 
proportion of Indigenous students at each of the higher proficiency levels is low.  In identifying 
scientific issues, five per cent of Indigenous students compared to 16 per cent of non-Indigenous 
students achieved Level 5 or greater, while 34 per cent of Indigenous compared to 10 per cent of 
non-Indigenous students failed to achieve Level 2. In explaining phenomena scientifically, three 
per cent of Indigenous students and 14 per cent of non-Indigenous students achieved at least Level 
5, while 41 per cent of Indigenous compared to 13 per cent of non-Indigenous students failed to 
achieve Level 2. For using scientific evidence, only five per cent of Indigenous students compared 
to 18 per cent of non-Indigenous students achieved Level 5 or greater, while 39 per cent of 
Indigenous compared to 12 per cent of non-Indigenous students achieved below Level 2.
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Figure 3.34  Proficiency levels in science competencies for Indigenous and non-Indigenous students

Summary
This chapter has examined Australian performance in scientific literacy overall, in the two 
knowledge domains, including the three content areas identified within the knowledge of science 
domain, and in the three competencies described by the science framework.  It is important that 
Australia has a strong pool of talented scientists to push forward technological and scientific 
boundaries – to tackle problems associated with global warming and drought for example.  
However, with the influence of science and technology on today’s society, all citizens, not just 
those destined to become scientists and engineers, need to be scientifically literate. 

It is important, therefore, that mean scores are not looked at in isolation.  Analysis of the 
international data showed that countries with similar mean scores may have very different profiles 
of performance and both profiles and the overall mean score are important for considering policy 
directions.
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Australia performed very well in science overall, being significantly outscored by only three 
countries: Finland, Hong Kong-China and Canada, and achieving a similar score to seven other 
countries, including Japan, New Zealand and the Netherlands.  Australia outperformed the 
remaining 46 countries, including the United Kingdom and United States.  The spread of scores 
in Australia, that is the gap between the strongest and weakest students, is 327 score points.  This 
is somewhat higher than the OECD average, but lies in the middle of the spread of scores for 
countries with similar means.  

Fifteen per cent of Australian students achieved a score that placed them in proficiency level 5 
or higher, while 13 per cent failed to achieve Level 2.  This compares favourably with the OECD 
averages of nine and 19 per cent respectively.

There was no gender difference apparent in scientific literacy overall, but there were some 
differences in performance in content areas and between the scientific competencies.  Australian 
female students performed at a significantly lower level than Australian male students in both 
“Earth and space systems” and “physical systems”. In “physical systems” the average score for 
females was not significantly different to the OECD mean.  Australian males significantly outscored 
Australian females in the competency explaining phenomena scientifically; however, in the 
competency using scientific evidence, there was no significant gender difference and in identifying 
scientific issues, females outscored males.

In terms of overall scientific literacy, the Australian Capital Territory and Western Australian 
students achieved the highest mean scores.  Students in remote areas were found to score 
significantly lower than students in provincial or metropolitan areas. 

Socioeconomic background was found to be closely related to achievement.  Students in the 
lowest quartile of socioeconomic background scored significantly lower than those in the next 
highest quartile, and the difference between those in the highest and lowest socioeconomic 
quartiles was 87 score points – almost three school years.    Furthermore, almost one-quarter of 
students in the lowest socioeconomic quartile were not achieving at proficiency level 2, compared 
with just five per cent of those in the highest socioeconomic quartile.

Indigenous students’ performance was found to be the equivalent of one full proficiency level, or 
two and a half years of formal schooling, below that of non-Indigenous students on the overall 
scientific literacy scale.  In general, Indigenous students are under-represented in the higher 
proficiency levels and over-represented in the lower proficiency levels. 

There were no significant differences in the mean scores for Australian-born, first-generation or 
foreign-born students; however, a much larger proportion of students with a language background 
other than English were found to be achieving below Level 2, and a much smaller percentage 
performing at Level 5 or greater.

Australian students scored significantly higher than the OECD average in both of the defined 
knowledge areas: knowledge of science and knowledge about science.  Within the knowledge of 
science domain, Australian students showed a relative weakness in the “physical systems” content 
area, while their performance on both the “Earth and space systems” and “living systems” content 
areas was found to be similar to the overall mean.  Mean scores in all three content areas were 
significantly higher than the OECD averages.  

Australia scored relatively well in two of the three competencies identified in the science 
framework: identifying scientific issues and using scientific evidence, but less well in explaining 
phenomena scientifically.  A particular area of concern identified through this analysis is the 
relatively poor performance of students in most states on explaining phenomena scientifically; this 
points to a lack of mastery of scientific knowledge and facts. 
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An important outcome of science education is the attitudes students have to science, how they 
respond to scientific issues, the motivation they have to excel in their science subjects(s), their 
interest in learning science at school and beyond school and their motivation to pursue a science-
related course or career.  The focus on scientific literacy as the major domain in PISA 2006 
provides an opportunity to examine the attitudes, interest and engagement of 15-year-old students.

This chapter describes four areas that provide a summary of students´ general appreciation 
of science, their attitudes towards science, their personal beliefs as science learners and their 
responsibility towards selected science-related issues that have local and global consequences.  
The four constructs: support for scientific enquiry; self-belief as science learners; interest in 
science; and responsibility towards resources and environments are summarised in Figure 4.1.

Chapter

4
Student Attitudes, 
Engagement and 
Movitation in Science
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Support for scientific enquiry

Students show they can:

Acknowledge the importance of considering different scientific perspectives and arguments. ◗

Support the use of factual information and rational explanations. ◗

Express the need for logical and careful processes in drawing conclusions. ◗

Measures include: questions on support for scientific enquiry (that were integrated into the 
assessment of science performance); general value of science; personal value of science.

Student beliefs and learning science 

Students believe they can:

Handle scientific tasks effectively. ◗

Overcome difficulties to solve scientific problems. ◗

Demonstrate strong scientific abilities. ◗

Measures include: questions on self-efficacy in science; self-concept in science.

Interest, engagement and motivation  in science

Students show they can:

Indicate curiosity in science and science-related issues and endeavours. ◗

Demonstrate willingness to acquire additional scientific knowledge and skills, using a  ◗

variety of resources and methods.

Demonstrate willingness to seek information and have an ongoing interest in science,  ◗

including consideration of science-related careers.

Measures include: questions on interest in learning science topics (that were integrated into 
the assessment of science performance); general interest in science; importance of learning 
science; enjoyment of science; instrumental motivation to learn science and future-oriented 
science motivation.

Responsibility towards resources and environments

Students show they can:

Show a sense of personal responsibility for maintaining a sustainable environment. ◗

Demonstrate awareness of the environmental consequences of individual actions. ◗

Demonstrate willingness to take action to maintain natural resources. ◗

Measures include: questions on responsibility for sustainable development; awareness of 
environmental issues; level of concern for environmental issues; optimism for the evolution of 
selected environmental issues.

Figure 4.1  Summary of PISA 2006 assessment of attitudes (OECD, 2007, p.123)
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Measuring student attitudes, motivation and  
engagement in PISA 
Information about students´ attitudes towards science and student engagement in science was 
collected in two ways.  For each PISA cycle, contextual data including student attitudes has been 
gathered through the Student Questionnaire.  However, in PISA 2006 many of the scientific 
literacy units in the cognitive assessment contained one or two items designed to assess students´ 
attitudes towards science – in particular, their support for scientific enquiry and their interest in 
science.  Incorporating attitudinal items into the cognitive assessment captured how students value 
science in relation to specific topics.  

Several of PISA´s measures reflect indices that summarise responses from students to a series of 
related questions.  The questions were selected on the basis of theoretical considerations and 
previous research.  Values on the index were standardised so that the mean value for the OECD 
student population was zero and the standard deviation was one.  For further information, please 
refer to the Reader´s Guide.

This chapter provides a description of the constructs at an international level and a national level.  
When considering the results it is necessary to bear in mind the following points.  Firstly, the 
results described in this chapter are self-reported, and the impact that social desirability has on 
students´ response patterns is unknown.  For this reason, comparisons between countries are not 
always possible as students may not answer questions in the same way.  Secondly, the questions 
in PISA investigate the relationship between constructs and scientific literacy performance, 
and reports these as correlations, but it is not possible to determine what comes first.  For 
example, there may be a positive relationship between attitudes towards learning science and 
scientific literacy performance, but it is not possible to determine whether the attitudes influence 
performance or if performance influences attitudes (see Reader´s Guide).

Support for scientific enquiry
Support for scientific enquiry is often regarded as an important object of science education.  
Students have beliefs about the general appreciation of science and scientific enquiry and their 
own perceptions of the personal importance of science.  In addition to these two constructs 
(general value of science and personal value of science) students´ support for scientific enquiry 
was directly assessed in the cognitive assessment using embedded questions that targeted personal, 
social and global contexts.  Examples of the units incorporating questions about the support for 
scientific enquiry were `Acid Rain´, `Grand Canyon´ and `Mary Montagu´ (see Chapter 2).  For 
the attitudinal questions measuring students´ support for scientific enquiry, students were asked to 
express their level of agreement on a four-point scale: strongly agree; agree; disagree and strongly 
disagree.  Students reporting that they agree or strongly agree were considered to support scientific 
enquiry.  The responses for Australian students and for students across all OECD countries to these 
embedded items are shown in Chapter 2, in the section describing sample scientific literacy items 
and responses.

General value of science

PISA collected information on students´ perception of the general value of science.  A strong 
general value of science relates to students valuing the contribution of science and technology, 
for understanding the natural and constructed world, and for the improvement of natural, 
technological and social conditions of life.  Students were asked to indicate whether they agreed 
with the following statements:

Advances in science and technology usually improve people´s living conditions. ◗

Science is important for helping us to understand the natural world. ◗

Advances in science and technology usually help improve the country. ◗

Science is valuable to society. ◗

Advances in science and technology usually bring social benefits. ◗
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These statements were used to create an index on the general value of science.  This index, like 
all the indices that involve student responses to multiple questions, was scaled using a weighted 
maximum likelihood estimate.  Values on the index were standardised so that the mean value for 
the OECD student population was zero and the standard deviation was one.  

Thailand, Chinese Taipei and Tunisia reported the highest levels on the general value of science 
index (with a mean score of 0.70 or more).  Denmark and the Netherlands reported the lowest 
levels on the general value of science index (with a mean score of less than –0.20).  Australia had a 
mean of –0.05, which was slightly lower than the OECD average.  Eighty per cent of countries had 
significant gender differences, but there was no clear pattern.  Among the countries where females 
showed a greater general value of science than males were Jordan, Thailand and Turkey.  However, 
males from Japan, the United Kingdom and the Netherlands had higher mean scores than females.  
Australian males reported significantly higher levels on the general value of science index (equal to 
the OECD average of 0.0) than females (with a mean score of –0.11).  

Figure 4.2 shows the mean for all students and separately for females and males by country on the 
general value of science index.  The figure also shows the mean for students in the lowest quartile 
(those students reporting the lowest levels on the index) and the mean for students in the highest 
quartile (those students with the highest levels on the index).  The difference between the highest 
quartile mean and lowest quartile mean illustrates the range of scores on the index.  This data is 
presented graphically for each of the indices presented in this chapter.
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 Figure 4.2  General value of science by country
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Figure 4.3 shows the percentage of students by state who agreed12 with the statements about the 
general value of science.  Results for Australia overall and for Finland, the highest performing 
country in scientific literacy, have been included for comparison.  More than 60 per cent of 
students agreed that advances in science and technology usually bring social benefits and more 
than 80 per cent of Australian students agreed advances in science and technology usually help 
to improve the economy and to improve people´s living conditions and that science is valuable to 
society.  The majority of Australian students agreed that science is important for helping them to 
understand the natural world.  

Percentage of students who agree or strongly agree with the statements

Advances in 
science and 
technology 

usually 
improve 
people’s 

living 
conditions

Science is 
important for 
helping us to 
understand 
the natural 

world

Advances in 
science and 
technology 
usually help 
to improve 

the economy

Science is 
valable to 

society

Advances in 
science and 
technology 

usually 
bring social 

benefits

ACT 91 94 85 91 72

NSW 91 94 85 89 69

VIC 90 94 83 87 65

QLD 90 93 85 89 70

SA 91 94 87 92 67

WA 91 94 88 92 73

TAS 86 92 84 86 64

NT 88 93 83 89 72

Australia 90 94 85 89 68

Finland 94 96 84 93 89
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Figure 4.3  General value of science by state

On average, students in each state had a lower level of value for science than was the average 
in the OECD.  Tasmania had the lowest levels of students´ general value of science with a mean 
score of –0.24 (Figure 4.3).  Australian females in each state had a lower level of value for science 
than on average across all OECD countries.  Males from Western Australia, the Australian Capital 
Territory, New South Wales and South Australia were more positive in their views than the OECD 
average.  

Australian students who reported the highest levels on the general value of science index scored 
98 score points higher on average, almost the equivalent of three school years, in scientific literacy 
performance than those students who had the lowest levels on the general value of science index.  
The correlation coefficient between the general value of science index and scientific literacy was 
0.38.  

On average, students scored 37 points higher in scientific literacy performance per unit increase 
on the general value of science index (Figure 4.4).  General value of science explained 14 per cent 
of the explained variance on scientific literacy performance.

12 Includes responses for studentss who `agreed´ or `strongly agreed´.
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Figure 4.4   Relationship between general value of science and scientific literacy performance for 
Australian students 

It is useful to be able to make comparisons between countries on attitudinal measures; however, 
the distribution of these scores can vary widely across countries.  To make comparisons simpler 
effect sizes are used to account for these differences in distributions.  In keeping with the reporting 
practices of the OECD, only indices with an effect size of at least 0.20 or greater, or –0.20 or less 
are reported.  Effect sizes of between ±0.20 to ±0.49 are considered small, ±0.50 to ±0.79 are 
considered medium, and ±0.80 or more are considered large.

The general value of science index is positively associated with students´ socioeconomic 
background (as measured by the ESCS index) in Australia.  The effect size of the difference in 
scores between students in the highest and lowest quartile of the socioeconomic background index 
and general value of science index is 0.60. 

Personal value of science 

The majority of Australian students perceived science as generally important.  The personal 
values of science scale considered whether science was important in a student´s own life and 
affected their behaviour.  The personal value of science related to students´ value of science and 
the scientific advancement of understanding the world for their own sake, and the usefulness of 
science and scientific inquiry at an individual level.

Five items were used to measure perceptions of the personal value of science.  Students were 
asked to indicate the extent of their agreement with the following statements: 

Some concepts in science help me see how I relate to other people. ◗

I will use science in many ways when I am an adult. ◗

Science is very relevant to me. ◗

I find that science helps me to understand the things around me. ◗

When I leave school there will be many opportunities for me to use science.  ◗

Students from Colombia, Thailand and Azerbaijan showed the most positive perceptions of the 
personal value of science, and students from Austria, Liechtenstein and Germany showed the least 
positive perceptions on this index.  Australia had a mean index of 0.02, which was similar to that 
of the OECD average (Figure 4.5).  Over half the countries showed significant gender differences 
on the personal value of science index, including Australia.  The largest gender differences in 
favour of females were found in Lithuania, Uruguay and Azerbaijan.  The largest differences 
in favour of males occurred in Chinese Taipei, Japan and the Netherlands.  Australia´s gender 
difference was in favour of males, meaning that male students could see more use for science in 
their present and future lives.    
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Figure 4.5  Personal value of science by country

Seventy four per cent of Australian students agreed that science helps them to understand the 
things around them.  However, fewer students reported that they will use science in many ways 
when they are an adult, or that some concepts in science help them to see how they relate to other 
people or that when they leave school there will be many opportunities for them to use science 
(63, 62 and 60 per cent respectively).  Only a little more than half the Australian students indicated 
that science is very relevant to them.  Students from Western Australia reported the highest 
percentage on all but one of the statements on the personal value of science (Figure 4.6).

In three states (Queensland, Tasmania and Victoria) students had perceptions that were less positive 
than the OECD average.  All other states had mean scores that were more positive than the OECD 
average on the personal value of science index.  Males from all states held more positive values on 
science than their females counterparts with the largest differences reported in Western Australia 
and the Northern Territory.  
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Percentage of students who agree or strongly agree with the statements

Some 
concepts in 
science help 
me see how I 
relate to other 

people

I will use 
science in 
many ways 

when I am an 
adult

Science is 
very relevant 

to me

I find that 
science 

helps me to 
understand 
the things 
around me

When I leave 
school there 
will be many 
opportunities 
for me to use 

science

ACT 64 65 59 77 66

NSW 63 62 56 77 56

VIC 62 62 53 72 59

QLD 61 61 51 72 59

SA 58 66 57 74 63

WA 65 69 62 77 68

TAS 59 64 54 67 64

NT 65 69 58 79 64

Australia 62 63 55 74 60

Finland 66 57 48 76 59
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Figure 4.6  Personal value of science by state

Figure 4.7 shows that there is a moderate positive relationship between the personal value of 
science and scientific literacy performance for Australian students (r = 0.34).  Students in the 
highest quartile of the personal value of science index scored 94 points higher on average (almost 
the equivalent of three school years) than students in the lowest quartile of the index.  
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Figure 4.7   Relationship between personal value of science and scientific literacy performance for 
Australian students

On average, students scored 33 points higher in performance in scientific literacy per unit 
(increase) on the personal value of science index.  Personal value of science explained 13 per 
cent of the demonstrated variance on scientific literacy performance.  There was a positive and 
significant effect size (of 0.49) between the scores of students in the highest and lowest quartile of 
socioeconomic background.
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Students´ beliefs and learning science
Of all the attitudinal and student belief constructs examined in PISA 2003 for Australian students, 
self-efficacy and self-concept were found to have the strongest positive associations with 
mathematical literacy.  This was also the case for PISA 2006 and scientific literacy.  Self-efficacy 
and self-concept in science appear to play an important role in influencing behaviour. 

Self-efficacy in science 

Students´ feelings of confidence about a specific problem are important to an individual´s capacity 
to solve that problem.  Eight items measuring the student´s confidence to perform science-related 
tasks were used to assess self-efficacy in science for PISA 2006.  These statements cover important 
themes identified in the scientific literacy framework.  Students were asked how confidently they 
could:

Recognise the science question that underlies a newspaper report on a health issue. ◗

Explain why earthquakes occur more frequently in some areas than in others. ◗

Describe the role of antibiotics in the treatment of disease. ◗

Identify the science question associated with the disposal of garbage. ◗

Predict how changes to an environment will affect the survival of certain species. ◗

Interpret the scientific information provided on the labelling of food items. ◗

Discuss how new evidence can lead you to change your understanding about the possibility of  ◗

life on Mars.

Identify the better of two explanations for the formation of acid rain.    ◗

Students from Poland had the highest levels of self-efficacy in science with a mean of 0.26, while 
students in Finland, the highest performing country, had a mean similar to the OECD average.  
Australian students averaged 0.12 points, indicating that students had higher levels of self-efficacy 
in science than the OECD average (Figure 4.8).  There were significant gender differences in 
two-thirds of the countries on the self-efficacy in science index, with males from the majority of 
countries having higher levels of self-efficacy than females.  Iceland and Liechtenstein had the 
largest gender differences.  In Australia, males scored significantly higher (at 0.19 points) than 
females (at 0.04).  The gender difference was thus 0.14, which was around the same as the average 
difference for the OECD (0.12 points, which was also significant).
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Figure 4.8  Self-efficacy in science by country

On most items examined, Australian students showed high self-efficacy.  On average, at least three-
quarters of Australian students indicated they could easily, or could with a bit of effort, predict 
how changes to an environment will affect the survival of certain species, recognise the science 
question that underlies a newspaper report on a health issue, or explain why earthquakes occur 
more frequently in some areas than in others.  Sixty-eight per cent of students reported they could 
confidently interpret the scientific information on the labelling of food items, 61 per cent could 
confidently identify the science question associated with the disposal of garbage and 59 per cent 
could confidently describe the role of antibiotics in the treatment of disease.  Figure 4.9 shows, 
however, that fewer Australian students indicated they could easily discuss how new evidence can 
lead you to change your understanding about the possibility of life on Mars or identify the better of 
two explanations for the formation of acid rain (with 55 and 54 per cent respectively).
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Percentage of students who believe they can perform the following tasks easily or with a bit of effort

Recognise 
the science 

question that 
underlies a 
newspaper 
report on a 
health issue

Explain why 
earthquakes 
occur more 
frequently in 
some areas 

than in others

Describe 
the role of 

antibiotics in 
the treatment 

of disease

Identify the 
science 
question 

associated 
with the 

disposal of 
garbage

Predict how 
changes 

to an 
environment 

will affect 
the survival 
of certain 
species

Interpret the 
scientific 

information 
provided on 
the labelling 
of food items

Discuss 
how new 

evidence can 
lead you to 

change your 
understanding 

about the 
possibility of 
life on Mars

Identify the 
better of two 
explanations 

for the 
formation of 

acid rain

ACT 79 80 64 65 73 74 62 53

NSW 82 83 66 70 80 72 58 59

VIC 77 78 55 55 71 63 53 48

QLD 72 73 55 57 71 64 51 49

SA 78 74 58 59 73 65 51 55

WA 84 80 59 63 82 71 57 59

TAS 78 72 57 60 71 65 51 50

NT 74 76 59 62 75 68 62 58

Australia 78 78 59 61 75 68 55 54

Finland 77 83 53 63 56 68 64 48
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Figure 4.9  Self-efficacy in science by state

Students from New South Wales had the highest levels of self-efficacy in science with a mean 
index of 0.30, followed by the Australian Capital Territory and Western Australia.  South Australia 
and the Northern Territory also had means that indicated their students had higher levels of self-
efficacy in science than the OECD average.  Victoria, Tasmania and Queensland had means that 
were slightly lower than the OECD average.  Males from all states showed higher levels on the 
self-efficacy in science index than females.  The largest gender differences were found in Western 
Australia and Victoria, with differences of approximately 0.25 points.    

Figure 4.10 shows the positive relationship between self-efficacy in science and scientific literacy 
performance for Australian students (r = 0.49).  Students in the highest quartile scored 130 points 
on average higher than students in the lowest quartile on the self-efficacy in science index.  The 
difference is massive – equivalent to almost four years of schooling or almost two proficiency 
levels on the scientific literacy scale.  The difference in performance in the Northern Territory 
between students in the highest and lowest quartiles on the self-efficacy in science index was even 
greater, at 177 score points.  
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Figure 4.10   Relationship between self-efficacy in science and scientific literacy performance for 
Australian students
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Self-efficacy in science explained 24 per cent of the variation on scientific literacy performance, 
with an increase of 44 score points in scientific literacy performance per unit increase in the self-
efficacy in science index.    

In Australia, self-efficacy in science is strongly and positively associated with students´ 
socioeconomic background.  The effect size between students in the highest and lowest quartile of 
the socioeconomic background index and self-efficacy in science is 0.72.

Self-concept in science 

PISA collected information on student´s beliefs about their competence in science.  If students 
believe in their own capacities, they will be more willing to make the necessary investments in 
learning, with the outcome being improved performance.  

Six items on science self-concept were used in PISA 2006 to examine this construct.  Students 
were asked about their experience in learning topics by indicating their level of agreement on the 
following statements: 

Learning advanced science topics would be easy for me. ◗

I can usually give good answers to test questions on science topics. ◗

I learn science topics quickly. ◗

Science topics are easy for me. ◗

When I am being taught science, I can understand the concepts very well. ◗

I can easily understand new ideas in science. ◗

Figure 4.11 shows the means by country and gender as well as the means for students in the 
lowest and highest quartiles of the index on self-concept in science.  Students from three Asian 
countries: Japan, Korea and Chinese Taipei, had the lowest levels of self-concept in science with 
means less than –0.40.  The average for Australia was –0.03, which was not significantly different 
to the OECD average. 

In eighty-six per cent of countries, males had a significantly higher self-concept in science 
than females.  The largest gender differences were in Japan and Chinese Taipei with 0.5 points 
difference between males and females.  The smallest significant differences were in Kyrgyzstan and 
Romania.  In Australia, the gender difference was significant at 0.22 points, with a mean for males 
of 0.07 compared to a mean of –0.14 for females.  This means that Australian males were generally 
more confident in science than the OECD mean for males, while females were on average less 
confident than the OECD mean for females. 
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Figure 4.11  Self-concept in science by country

Sixty-seven per cent of Australian students agreed they can usually give good answers to test 
questions on science topics and 60 per cent of students agreed that when they are being taught 
science they understand concepts very well.  There were fewer students who indicated that they 
learn science topics quickly (55%) or that science topics are easy for them (47%).  Thirty-five per 
cent of Australian students reported that learning advanced science topics was easy for them.  
Students from Western Australia had the highest percentage of students in any state who agreed 
with the statements about self-concept in science (Figure 4.12).

All states except Western Australia had a mean score that was below that of the OECD average, 
indicating lower levels of self-concept in science than students across OECD countries.  Western 
Australia had a mean score 0.07 points, which was just higher than the OECD mean.  The largest 
gender differences, of approximately 0.25 points, were in the Northern Territory and Western 
Australia.  
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Percentage of students who agree or strongly agree with the following statements

Learning 
advanced 
science 

topics would 
be easy for 

me

I can usually 
give good 
answers 
to test 

questions 
on science 

topics

I learn 
science 

topics quickly

Science 
topics are 

easy for me

When I am 
being taught 

science, 
I can 

understand 
the concepts 

very well

I can easily 
understand 
new ideas in 

science

ACT 41 64 54 48 59 59

NSW 38 68 55 46 60 60

VIC 41 66 55 49 60 58

QLD 40 65 54 47 58 58

SA 40 66 55 45 60 58

WA 42 71 60 51 63 62

TAS 35 62 54 43 56 59

NT 47 67 55 49 59 60

Australia 39 67 55 47 60 59

Finland 50 69 61 53 52 61
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Figure 4.12  Self-concept in science by state

Figure 4.13 shows the relationship between science self-concept and scientific literacy 
performance for Australian students.  Self-concept in science has a moderately strong positive 
relationship with scientific literacy performance (r = 0.43).  There were 113 score points on 
average (or the equivalent of three years of schooling) between students in the highest quartile 
of the self-concept in science index and students in the lowest quartile.  As for self-efficacy in 
science, the difference in performance between students in the highest and lowest quartile of the 
index was even larger for students in the Northern Territory where 131 score points separated the 
two groups. 
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Figure 4.13   Relationship between self-concept in science and scientific literacy performance for 
Australian students

Self-concept in science explained 18 per cent of the variance in scientific literacy performance.  
For every unit change in the self-concept in science index, there was a 43 point change in 
the scientific literacy scores.  Self-concept in science was positively associated with students´ 
socioeconomic background (with an effect size of 0.51 between students in the highest and lowest 
quartiles of the socioeconomic background index and self-concept in science).
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Interest, engagement and motivation in science
Previous PISA cycles have reported students´ interest in reading and mathematics, and for 
PISA 2006 interest in science is examined.  Interest, motivation and engagement are important 
constructs in student learning.  Interest in and the enjoyment of particular subjects relates to 
intrinsic motivation, which influences whether students will be encouraged to work diligently and 
continue to learn in this area beyond school or even pursue further educational opportunities in 
this field.

Attitudinal items were also integrated into the cognitive assessment to assess interest in learning 
specific science topics.  To measure students´ interest in learning science topics, students were 
asked how much interest they had for specific topics on a four-point scale: high interest; medium 
interest; low interest; or no interest.  Students reporting high interest or medium interest were 
considered to report an interest in science.  Examples of the embedded questions on students´ 
interest in learning science are shown in the units `Acid Rain´ and `Genetically Modified Crops´ 
in Chapter 2 (in the section with sample scientific literacy items and responses).  The tables in that 
section show the percentages of Australian students who indicated a high, medium, low or no 
interest in the particular science topic.  The percentages of all students from OECD countries are 
also included.

General interest in learning science 

Eight items were used to measure how interested students are in learning science as a subject.  
These items from the Student Questionnaire provide data on students´ interests in more general 
terms than the embedded questions in the cognitive assessment, which provide data on interest in 
specific contexts.

Students were asked to indicate their level of interest on a range of science topics on a four-point 
scale (high interest, medium interest, low interest and no interest).  The science topics were: 
physics, chemistry, astronomy, geology, biology of plants, human biology, ways scientists design 
experiments, and what is required for scientific explanations.  An overall index of general interest 
in learning science was created using the data from these questions.

Figure 4.14 shows the means for all students, for females and males, as well as the means for 
students in the highest and lowest quartile of the general interest in learning science index.  
Students from Colombia, Kyrgyzstan and Thailand reported the highest general interest in learning 
science, whereas students from the Netherlands, Finland, Korea and Australia showed the lowest 
general interest in learning science.  Clearly lack of interest is no handicap to performance, nor is 
interest a guarantee of high levels of performance.

The gender difference on the general interest in learning science index ranged from –0.20 in 
Thailand to 0.29 in Chinese Taipei.  There was no significant gender difference on this index for 
Australia.
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Figure 4.14  General interest in learning science by country

Figure 4.15 shows the average percentage of students reporting high or medium interest for various 
science topics by state.  Overall, students were most interested in human biology, followed by 
chemistry, astronomy and physics.  Students from the Australian Capital Territory had the highest 
interest in human biology (67%).  Students from the Northern Territory had  the highest levels of 
interest in physics (58%), chemistry (55%), astronomy (51%), and in the ways scientists design 
experiments (39%) and geology (38%) – although neither of the latter elicited much interest from 
students in any state in Australia.
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Percentage of students who indicated a high or medium interest in the following topics

Topics in 
physics

Topics in 
chemistry

The biology 
of plants

Human 
biology

Topics in 
astronomy

Topics in 
geology

Ways 
scientists 
design 

experiments

What is 
required for 

scientific 
explanations

ACT 49 54 40 67 47 34 37 30

NSW 46 49 44 65 50 34 36 28

VIC 46 50 39 62 46 31 36 29

QLD 37 41 37 58 42 29 37 29

SA 49 50 42 65 45 34 33 26

WA 42 46 36 63 45 30 37 29

TAS 50 49 33 59 42 35 37 28

NT 58 55 43 60 51 38 39 29

Australia 44 48 40 62 46 32 36 29

Finland 41 45 33 66 48 31 24 26
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Figure 4.15  General interest in learning science by state

The index of general interest in learning science showed very little variation by state.  All states had 
means that were lower than the OECD average,  that is Australian students generally showed less 
interest in learning science than the OECD average.

In Australia, there was a moderate positive association between general interest in learning 
science and scientific literacy performance (r = 0.30).  There were 73 score points on average, the 
equivalent of one scientific literacy proficiency level, between the mean performance of students 
who reported the lowest levels of general interest in science and the mean performance of those 
students with the highest levels of general interest in science.  The relationship between scientific 
literacy performance and the general interest in science index for states showed a similar pattern as 
that for Australia overall (Figure 4.16).  
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Figure 4.16   Relationship between general interest in science and scientific literacy performance for 
Australian students

General interest in learning science explained nine per cent of the demonstrated variance on 
scientific literacy performance, with an increase of 27 score points (or almost one school year) 
in scientific literacy performance per unit increase in the general interest in learning science 
index.  In Australia, general interest in learning science is positively associated with students´ 
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socioeconomic background.  The effect size between the scores of students in the highest and 
lowest quartiles of the socioeconomic background index and the index of general interest in 
learning science was 0.40.

Enjoyment of science 

Students were asked to think about their views on various issues relating to science and indicate 
their agreement with the following statements:

I generally have fun when I am learning science topics. ◗

I like reading about science. ◗

I am happy doing science problems. ◗

I enjoy acquiring new knowledge in science. ◗

I am interested in learning about science. ◗

Students from Tunisia and Kyrgyzstan showed the highest levels of enjoyment of science and 
students from the Netherlands, Japan and Poland reported the lowest levels of enjoyment of 
science.  Australia had a mean index of –0.08, which was slightly lower than the OECD average.  
Figure 4.17 shows the means for females and males on the enjoyment of science index.  The 
largest gender differences were in Japan, Chinese Taipei and Hong Kong-China with males 
reporting significantly higher levels of enjoyment of science than females.  In contrast, females 
from the Czech Republic and Uruguay reported higher means on the index than males.  Australian 
males had a higher mean index (–0.03 points) than females (–0.12 points), although both were 
lower than the OECD average. 
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Figure 4.17  Enjoyment of science by country
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In Australia, relatively high percentages of students reported they enjoyed acquiring new 
knowledge in science (67%), that they are interested in learning about science (61%), and that 
they generally have fun when they are learning science topics (58%).  On the other hand, fewer 
than half the Australian students were happy doing science problems and reading about science 
(Figure 4.18).

Australian students overall and students from Tasmania, South Australia, Queensland and 
Victoria enjoy science less than the OECD average, while students from the Northern Territory, 
Western Australia, the Australian Capital Territory and New South Wales reported similar levels 
of enjoyment in science to students across all OECD countries.  Male students from all Australian 
states reported higher levels on the enjoyment of science index compared to females.  The 
largest gender differences were in Western Australia and New South Wales (0.18 and 0.10 points 
respectively) and the smallest gender differences in South Australia (0.03 points). 

Percentage of students who agree or strongly agree 
 with the following statements

I generally 
have fun 

when I am 
learning 
science 
topics

I like reading 
about 

science

I am happy 
doing 

science 
problems

I enjoy 
acquiring 

new 
knowledge in 

science

I am 
interested 
in learning 

about 
science.

ACT 60 44 52 70 63

NSW 60 46 50 70 64

VIC 56 42 47 64 59

QLD 57 42 47 63 58

SA 56 40 50 65 60

WA 64 45 56 70 65

TAS 58 38 53 63 58

NT 61 44 53 70 64

Australia 58 43 49 67 61

Finland 68 60 51 74 68
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All students
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Mean index

Figure 4.18  Enjoyment of science by state

The relationship between enjoyment of science and scientific literacy performance for Australian 
students is shown in Figure 4.19.  The association between these two variables was stronger than 
the relationship between the general interest in science index and scientific literacy (r = 0.43).  
Students in the highest quartile of the enjoyment of science index scored 109 score points on 
average (or almost 1½ proficiency levels) higher than students in the lowest quartile of the index.  

Enjoyment of science explained 19 per cent of the explained variance on scientific literacy 
performance, with an increase of 42 score points in scientific literacy performance per unit 
increase in the enjoyment of science index.  Enjoyment of science was positively associated with 
students´ socioeconomic background (with an effect size of 0.51 between students in the highest 
and lowest quartile of the socioeconomic background index and enjoyment of science).
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Figure 4.19   Relationship between enjoyment of science and scientific literacy performance for Australian 
students

Instrumental motivation in science 

PISA also assessed instrumental motivation in science.  Instrumental motivation focuses on the 
external rewards that encourage students to learn, to choose subjects and to choose careers.  

Five items were used to assess instrumental motivation.  Students were asked how much they 
agreed or disagreed on a four-point scale (strongly agree; agree; disagree; and strongly disagree) 
with the following:

Making an effort in my science subject(s) is worth it because this will help me in the work I  ◗

want to do later on.

What I learn in my science subject(s) is important for me because I need this for what I want to  ◗

study later on.

I study science because I know it is useful for me. ◗

Studying my science subject(s) is worthwhile for me because what I learn will improve my  ◗

career prospects.

I will learn many things in my science subject(s) that will help me get a job. ◗

Figure 4.20 shows the country means on the index of instrumental motivation to learn science 
derived from the list of statements above.  Students from Kyrgyzstan and Tunisia had the highest 
means on the instrumental motivation scale, while students from Japan and Austria had the lowest 
means.  Australia had a mean of 0.11, indicating Australian students were more instrumentally 
motivated than was the average for the OECD.  

Significant gender differences were found in almost 70 per cent of countries.  In approximately 
half these countries, males reported significantly higher levels of instrumental motivation than 
females, with Chinese Taipei and Liechtenstein having the largest gender differences in favour of 
males.  In the other half of the countries, females were more instrumentally motivated than males, 
with Ireland, Portugal and the Czech Republic having the greatest differences in favour of females.
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Figure 4.20  Instrumental motivation by country

The proportion of students agreeing with each of the statements is a good indicator of the 
influences on Australian students.  On average, three-quarters of Australian students agreed or 
strongly agreed that they study science because they know it is useful to them, 72 per cent of 
Australian students agreed or strongly agreed that making an effort in their science subject(s) is 
worth it because this will help them in the work they want to do later on, and 71 per cent agreed 
or strongly agreed studying science subject(s) is worthwhile for them because what they learn will 
improve their career prospects.  Two-thirds of students responded positively to the statement that 
they will learn many things in their science subject(s) that will help them get a job, and 61 per 
cent of students agreed or strongly agreed that they study science because they know it is useful 
for them.  Interestingly given their strong performance in scientific literacy, the highest percentage 
of students who responded positively to all the items on instrumental motivation was from Western 
Australia (Figure 4.21).  Perhaps students are able to see first-hand the links between science and 
the current mining boom in that state and this has influenced their beliefs.

The means for Australian students and for each of the states as well as the means for females and 
males (for Australia and for each state) on the index of instrumental motivation were all higher than 
the OECD average. 
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Percentage of students who agree or strongly agree with the following statements

Making an 
effort in my 

science 
subject(s) 
is worth it 

because this 
will help me in 
the work I want 
to do later on

What I learn 
in my science 
subject(s) is 
important for 
me because 
I need this for 
what I want to 
study later on

 I study science 
because I 

know it is useful 
for me

Studying 
my science 
subject(s) is 

worthwhile for 
me because 
what I learn 
will improve 
my career 
prospects

I will learn 
many things 

in my science 
subject(s) that 

will help me get 
a job

ACT 68 56 72 67 63

NSW 65 52 67 62 59

VIC 66 55 67 64 62

QLD 66 54 70 63 61

SA 68 57 74 68 65

WA 72 61 76 71 67

TAS 65 54 66 64 60

NT 69 56 73 68 63

Australia 66 55 69 64 62

Finland 53 43 63 51 48
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All students
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Figure 4.21  Instrumental motivation by state

The relationship between instrumental motivation and scientific literacy performance for Australian 
students is shown in Figure 4.22.  The association between instrumental motivation and scientific 
literacy performance was positive (r = 0.31).  Students in the highest quartile of the enjoyment of 
science index scored 87 score points on average (or just over one proficiency level) higher than 
students in the lowest quartile of the index.  

Instrumental motivation explained ten per cent of the explained variance on scientific literacy 
performance, with an increase of 30 score points in scientific literacy performance per unit 
increase in the enjoyment of science index.  The instrumental motivation index was positively 
associated with students´ socioeconomic background in Australia, with an effect size of 0.40.  
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Figure 4.22   Relationship between instrumental motivation and scientific literacy performance for 
Australian students
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Future-oriented motivation to learn science

Students´ expectations about studying science subjects beyond secondary school and working 
in science-related careers are another important aspect of student motivation to learn science, 
and they are also an important factor in countries´ ongoing and future scientific development.  
Four items in the PISA 2006 Student Questionnaire assessed students´ future-oriented science 
motivation to take up a science-related career by asking students to indicate their level of 
agreement with the following (using a four-point scale: strongly agree; agree; disagree; and 
strongly disagree):

I would like to work in a career involving science. ◗

I would like to study science after secondary school. ◗

I would like to spend my life doing advanced science.  ◗

I would like to work on science projects as an adult. ◗

At an international level Tunisia, Jordan and Kyrgyzstan had the highest means (more than 1.0 
points) on the future-oriented science motivation index.  Students with the lowest levels on the 
index were Austria and Liechtenstein with means of around –0.30 points.  Australia´s mean was  
–0.07, slightly below that of the OECD average (Figure 4.23).

There were significant gender differences in almost 70 per cent of countries.  Males from most 
countries had higher expectations about doing science studies at a tertiary level and working in a 
science-related career than females.  This reflects current statistics about the actual proportion of 
women entering science areas in universities, and perhaps is an indication that this imbalance is 
unlikely to change. 

The gender difference was largest in Chinese Taipei and Japan.  Australian males had a mean of  
–0.03 points while the mean for females was –0.12 points.  The Australian gender difference was 
similar to that of the OECD average (0.10 points).  In the Czech Republic, Poland and Uruguay 
females reported higher expectations on the future-oriented science motivation index than males.
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Figure 4.23  Future-oriented motivation to learn science by country

Overall, a high percentage of Australian students did not expect to have a science-related career 
or complete further study in the area of science after secondary school (Figure 4.24).  Only 40 per 
cent of students indicated they would like to work in a career involving science and 34 per cent 
of students would like to study science after secondary school.  There were fewer students who 
indicated they would like to work on science projects as an adult and even fewer who wanted to 
spend their life doing advanced science (22% and 15% respectively).  

The Australian Capital Territory had a mean of zero and Western Australia and the Northern 
Territory had means slightly above the OECD average.  All other states had means that were lower 
than the OECD average.  In terms of gender differences, Western Australia and the Northern 
Territory reported the largest differences; however, in all states males reported higher expectations 
than females of future study or a career in science.  
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Percentage of students who agree or strongly agree with 
the following statements

I would like 
to work in 
a career 
involving 
science

I would like 
to study 

science after 
secondary 

school

I would like 
to spend my 

life doing 
advanced 
science

I would like 
to work on 
science 

projects as 
an adult

ACT 41 42 17 23

NSW 38 33 14 21

VIC 40 35 16 23

QLD 37 31 16 21

SA 43 35 17 23

WA 44 38 18 25

TAS 34 33 13 19

NT 41 36 18 28

Australia 39 34 15 22

Finland 26 23 12 21
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Figure 4.24  Future-oriented motivation to learn science by state

Being highly motivated to learn science for future study or career purposes was found to be 
moderately associated with scientific literacy performance (r = 0.29).  There was an average 85 
point difference in science literacy scores between students in the highest and lowest quartiles 
in the future-oriented motivation to learn science index.  This was equivalent to more than one 
proficiency level or two-and-a-half years of schooling (Figure 4.25).

This index explained 10 per cent of the variance in scientific literacy performance, with an 
increase of 30 points in scientific literacy performance per unit increase in the index.  

Future-oriented motivation to learn science was positively associated with students´ 
socioeconomic background (with an effect size of 0.33 between students in the highest and lowest 
quartile of the socioeconomic background index and the index of future-oriented motivation to 
learn science).
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Figure 4.25   Relationship between future-oriented motivation to learn science and scientific literacy 
performance for Australian students
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Importance of doing well in science

Students were asked to respond on a four-point scale about how important they thought it was for 
them to do well in science.  The categories were very important, important, of little importance, 
and not important at all.

Overall, 72 per cent of Australian students considered it important or very important to do well 
in science, which was similar to the OECD average and higher than the percentage reported for 
Finnish students.  The percentage of students who reported it was important or very important to do 
well in science ranged from 69 per cent in Victoria to 79 per cent in the Northern Territory (Table 
4.1).  With the exception of two states (New South Wales and the Northern Territory) there were 
slightly more females than males who considered it important to do well in science.

Table 4.1   Percentage of students who reported that doing well in science is important or very important by 
state

All students 
(%)

Females 
(%)

Males 
(%)

ACT 75 75 74

NSW 72 71 74

VIC 69 74 65

QLD 70 71 68

SA 76 77 75

WA 77 79 76

TAS 72 73 71

NT 79 78 80

AUSTRALIA 72 73 71

OECD Average 73 73 72

Finland 62 66 58

Figure 4.26 shows that the more importance students place on doing well in science at school, 
the higher their performance on the scientific literacy scale (r = 0.36).  This is an important 
construct: the difference in scientific literacy performance with each increase in the category of the 
importance of doing well in science was about one school year.
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Figure 4.26   Relationship between the importance of doing well in science and scientific literacy 
performance for Australian students
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Responsibility towards resources and environments 
PISA 2006 has provided an opportunity to examine scientific literacy in detail, not only at a 
cognitive level but also at an attitudinal level where students´ opinions towards science learning 
can be investigated.  The skills and knowledge of 15-year-old students in scientific literacy equips 
them to assess environmental situations, to demonstrate a willingness to take action to maintain 
natural resources, and to show a sense of personal responsibility for maintaining a sustainable 
environment.  The last part of this chapter examines four constructs related to responsibility 
towards resources and environments.  

Responsibility for sustainable development 

PISA collected information about students´ responsibility for sustainable development by asking 
students how much they agreed with the following statements:

It is important to carry out regular checks on the emissions from cars as a condition of their  ◗

use.

It disturbs me when energy is wasted through the unnecessary use of electrical appliances. ◗

I am in favour of having laws that regulate factory emissions even if this would increase the  ◗

price of products.

To reduce waste, the use of plastic packaging should be kept to a minimum. ◗

Industries should be required to prove that they safely dispose of dangerous waste materials. ◗

I am in favour of having laws that protect the habitats of endangered species. ◗

Electricity should be produced from renewable sources as much as possible, even if this  ◗

increases the cost.

At an international level, students with the highest levels of responsibility for sustainable 
development were from Chinese Taipei and Turkey with means of around 0.75 points (Figure 
4.27).  On the other hand, students from the Netherlands had the lowest levels of responsibility for 
sustainable development, with a mean score of –0.48.  Australia had a mean score of –0.24 points, 
indicating that Australian students had lower levels of responsibility for sustainable development 
than the OECD average.   
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Figure 4.27  Responsibility for sustainable development by country

Seventy per cent of countries had significant gender differences, which mostly showed females 
having higher levels on this index.  The Nordic countries (Finland, Norway, Iceland, Sweden and 
Denmark) had the largest gender differences.  In Australia, females had a significantly higher mean 
index (of –0.16 points) than males (with a mean index of –0.34 points), although both were lower 
than the OECD average.

Over 90 per cent of Australian students were in favour of having laws protecting the habitats of 
endangered species, of ensuring that industries were required to prove that they safely dispose of 
dangerous waste materials, and of regular checks being carried out on the emissions from cars as 
a condition of their use.  Eighty-eight per cent of students strongly agreed or agreed that the use of 
plastic packaging should be kept to a minimum to reduce waste, and 78 per cent strongly agreed 
or agreed that electricity should be produced from renewable sources as much as possible, even if 
this increases the cost.  There were fewer students who indicated being disturbed when energy is 
wasted through the unnecessary use of electrical appliances or being in favour of having laws that 
regulate factory emissions even if this would increase the price of products (with 62 and 52 per 
cent respectively). Comparing states, Tasmania had the lowest percentage of students who agreed 
or strongly agreed with the statements about responsibility for sustainable development (Figure 
4.28). 
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Percentage of students who agree or strongly agree with the following statements

It is important 
to carry 

out regular 
checks on 

the emissions 
from cars as 
a condition of 

their use

It disturbs me 
when energy 

is wasted 
through the 

unnecessary 
use of 

electrical 
appliances

I am in favour 
of having 
laws that 
regulate 
factory 

emissions 
even if 

this would 
increase 

the price of 
products

To reduce 
waste, the 

use of plastic 
packaging 
should be 
kept to a 
minimum

Industries 
should be 
required to 
prove that 
they safely 
dispose of 
dangerous 

waste 
materials

I am in favour 
of having 
laws that 

protect the 
habitats of 

endangered 
species

Electricity 
should be 
produced 

from 
renewable 
sources as 
much as 
possible, 

even if this 
increases the 

cost

ACT 90 60 56 86 91 92 81

NSW 91 63 53 90 92 94 79

VIC 89 61 50 87 90 91 77

QLD 90 64 54 88 92 93 80

SA 89 61 49 89 92 92 78

WA 89 60 52 87 93 94 79

TAS 85 51 47 81 88 88 72

NT 87 58 52 85 89 90 79

Australia 90 62 52 88 92 93 78

Finland 93 59 71 81 91 91 79
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Figure 4.28  Responsibility for sustainable development by state

Although all states had means that were lower than the OECD average, students from Tasmania, 
followed by those in the Northern Territory and Victoria, had the lowest means (of more than  
–0.31 points).  Females from all states had higher levels than males on the responsibility for 
sustainable development index (with an effect size of 0.20).  The largest gender difference was 
found in the Northern Territory with a 0.28 point difference.  

In Australia, responsibility for sustainable development was moderately related to scientific 
literacy performance (r = 0.29), as shown in Figure 4.29.  Students in the highest quartile scored 
76 points on average (or the equivalent of almost two school years or one proficiency level) higher 
than students in the lowest quartile.  An increase of one unit in the index of responsibility for 
sustainable development was associated with a substantial performance difference of 32 points on 
the scientific literacy performance scale.  This index explained eight per cent of the demonstrated 
variance in student performance.

In Australia, the responsibility for sustainable development index was positively associated with 
students´ socioeconomic background.  The effect size between students in the highest and lowest 
quartile of the socioeconomic background and the responsibility for sustainable development 
index is 0.43.
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Figure 4.29   Relationship between awareness of responsibility for sustainable development and scientific 
literacy performance for Australian students

Awareness of environmental issues 

Awareness of environmental issues was assessed using five items in PISA 2006.  Students were 
asked how informed they were about the following environmental issues:

The increase of greenhouse gases in the atmosphere. ◗

Use of genetically modified organisms (GMO). ◗

Acid rain.  ◗

Nuclear waste. ◗

The consequences of clearing forests for other land use. ◗

Student responses were collected on a four-point scale with the categories: I have never heard 
of this; I have heard of this but I would not be able to explain what it is really about; I know 
something about this and could explain the general issue; and I am familiar with this and I would 
be able to explain this well.

Figure 4.30 shows the means of students on the awareness of environmental issues index, with 
students from Chinese Taipei having the highest levels with a mean of 0.46 points, followed by 
Ireland and Poland.  Students with the lowest levels of awareness of environmental issues were 
from Indonesia with a mean of –1.09 points.  Australia had a mean of 0.10 points, indicating a 
slightly higher level of awareness of environmental issues than the OECD average.

Males and females from over 70 per cent of countries reported significantly different levels of 
awareness of environmental issues.  In the majority of cases, males had higher levels of awareness 
of environmental issues than females.  The largest gender difference was found in Iceland where 
the difference was 0.43 points.  This was also the case for Australia, where the mean for males was 
0.19 compared to the mean for females of 0.01 points.
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Figure 4.30  Awareness of environmental issues by country

The results show that Australian students´ awareness differs across environmental issues.  Figure 
4.31 shows the percentages of students who either claimed to be familiar with the issue and would 
be able to explain it well or indicated they knew something about the issue and could explain it 
generally.  More Australian students indicated they were familiar with or knew something about 
the consequences of clearing forests for other land use (80%) and the increase of greenhouse 
gases in the atmosphere (72%) than for the other environmental issues.  Approximately half of 
the Australian students were informed about nuclear waste, but fewer knew about acid rain and 
the use of genetically modified organisms.  The awareness of environmental issues was highest in 
students from New South Wales and lowest in Tasmania.
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Percentage of students who are familiar with or know something about the following 
environmental issues

The increase 
of greenhouse 
gases in the 
atmosphere

Use of 
genetically 
modified 

organisms 
(GMO) Acid rain Nuclear waste

The 
consequences of 
clearing forests 

for other land use

ACT 70 41 45 51 75

NSW 79 46 56 60 85

VIC 68 35 39 47 76

QLD 67 32 45 49 78

SA 69 35 48 51 74

WA 76 36 51 55 84

TAS 60 26 35 41 71

NT 64 35 49 58 73

Australia 72 38 48 53 80

Finland 65 22 60 63 74
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Figure 4.31  Awareness of environmental issues by state

Means on the index relating to awareness of environmental issues are shown by state in Figure 
4.31.  New South Wales along with Western Australia, the Australian Capital Territory and South 
Australia had higher levels of awareness of environmental issues than students on average in 
OECD countries.  Students from Queensland, the Northern Territory, Victoria and Tasmania had 
less awareness about environmental issues than the OECD average.  Males from all states felt they 
were more informed about environmental issues than females.  

In Australia, there was a positive association (r = 0.46) between the awareness of environmental 
issues and scientific literacy performance.  Figure 4.32 shows there was a huge 125 score point 
difference in scientific literacy performance between students in the highest and lowest quartile on 
the index of awareness of environmental issues.  On average an increase of one unit in the index 
of awareness of environmental issues was associated with a performance increase of 46 points 
(more than one school year) on the scientific literacy performance scale.  The index of awareness 
of environmental issues explained 21 per cent of the explained variance in student performance.
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Figure 4.32   Relationship between awareness of environmental issues and scientific literacy performance 
for Australian students
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The relationship between awareness of environmental issues and socioeconomic background was 
significant, with students in the highest quartile of the socioeconomic index having higher levels of 
environmental awareness than students in the lowest quartile (with an effect size of 0.68).

Concern for environmental issues

Students were asked to indicate their perceptions on a range of environmental issues by marking 
one of four categories: this is a serious concern for me personally as well as others; this is a serious 
concern for other people in my country but not me personally; this is a serious concern for people 
in other countries; and this is not a serious concern to anyone.  The environmental issues were:

Air pollution ◗

Energy shortages ◗

Extinction of plants and animals ◗

Clearing of forests for other land use ◗

Water shortages ◗

Nuclear waste. ◗

Students in Turkey, Colombia and Portugal had the highest means on the index (with 0.60 points 
or more), indicating that students in these countries considered these environmental issues to be of 
serious concern to themselves or to others, or a serious concern to people in their country (Figure 
4.33).  On the other hand, students from the Nordic countries had the lowest means, indicating 
they were the least concerned that these environmental issues affected themselves or others.  
Australian students were less concerned about environmental issues (with a mean score of –0.19) 
than students across the OECD on average.

Over ninety per cent of countries had significant gender differences in favour of females.  The 
largest gender differences were in Thailand, Sweden and Norway.   In Australia there was a large 
gender difference as well, with females having a mean of –0.07 points compared to the mean of  
–0.29 for males.



142 Student Attitudes, Engagement and Motivation in Science

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

Tu
rk

ey

C
ol

om
bi

a

Po
rtu

ga
l

Sp
ai

n

M
ex

ic
o

C
hi

le

C
hi

ne
se

 T
ai

pe
i

Br
az

il

C
ro

at
ia

Ar
ge

nt
in

a

In
do

ne
si

a

Bu
lg

ar
ia

Th
ai

la
nd

Az
er

ba
ija

n

H
un

ga
ry

Se
rb

ia

M
on

te
ne

gr
o

Sl
ov

ak
 R

ep
ub

lic

Ru
ss

ia
n 

Fe
de

ra
tio

n

U
ru

gu
ay

Ita
ly

G
re

ec
e

M
ac

ao
-C

hi
na

Sl
ov

en
ia

G
er

m
an

y

Ko
re

a

Li
th

ua
ni

a

Fr
an

ce

C
ze

ch
 R

ep
ub

lic

Po
la

nd

Ja
pa

n

Ky
rg

yz
st

an

   
  O

EC
D

 a
ve

ra
ge

Jo
rd

an

N
et

he
rla

nd
s

Lu
xe

m
bo

ur
g

H
on

g 
Ko

ng
-C

hi
na

Au
st

ria

Es
to

ni
a

La
tv

ia

U
ni

te
d 

St
at

es

Be
lg

iu
m

C
an

ad
a

Sw
itz

er
la

nd

Li
ec

ht
en

st
ei

n

Ro
m

an
ia

Tu
ni

si
a

A
us

tr
al

ia

Q
at

ar

Is
ra

el

Ire
la

nd

U
ni

te
d 

Ki
ng

do
m

N
ew

 Z
ea

la
nd

D
en

m
ar

k

N
or

w
ay

Ic
el

an
d

Sw
ed

en

Fi
nl

an
d

Lowest quartileHighest quartileFemalesMalesAll students

M
ea

n 
In

de
x

Figure 4.33  Concern for environmental issues by country

Figure 4.34 shows the percentages of students in Australia, by state, who indicated either that 
environmental issues were a serious concern for them personally as well as for others or that they 
were a concern for other people in Australia.  The results reflect the concerns about environmental 
issues currently faced in this country.  The majority of Australian students (92%) considered 
water shortages a serious concern for themselves and/or others in the country.  Over 80 per cent 
of students reported air pollution, the clearing of forests for other land use, extinction of plants 
and animals and energy shortages as serious concerns.  Three-quarters of Australian students 
considered nuclear waste to be a serious concern.  Students from the Northern Territory had the 
lowest level of concern for all the environmental issues considered, except for nuclear waste 
where students from Queensland had the lowest level of concern.
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Percentage of students who believe the following environmental issues are a serious 
concern for themselves or other people in their country

Air pollution
Energy 

shortages

Extinction of 
plants and 

animals

Clearing of 
forests for 
other land 

use
Water 

shortages
Nuclear 
waste

ACT 85 77 85 88 93 75

NSW 90 81 86 88 93 76

VIC 87 80 83 85 91 74

QLD 87 79 85 86 94 69

SA 88 86 87 87 92 82

WA 87 83 87 88 92 74

TAS 85 76 86 88 85 72

NT 78 73 80 79 84 80

Australia 88 81 85 87 92 75

Finland 88 67 74 76 45 74

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

Lowest quartile

Highest quartile

All students

Females

Males

Mean index

Figure 4.34  Concern for environmental issues by state

All states had mean scores on the concern for environmental issues index lower than the OECD 
average.  The lowest levels of concern on environmental issues were shown by students in the 
Northern Territory who had a mean of –0.36 points.  Females from all states were more concerned 
about environmental issues than males (with a significant effect size of 0.22).  The largest gender 
differences were found in the Australian Capital Territory and Tasmania.

The association between the index of concern for environmental issues and scientific literacy 
performance was curvilinear with a correlation coefficient of 0.08 (Figure 4.35).  Students in 
the highest quartile of the index performed at a similar level to students in the lowest quartile, 
the difference in mean scores in scientific literacy being only 18 points.  The index of concern 
for environmental issues explained very little (only 1%) in the variation of scientific literacy 
performance.  There was an eight point change in scientific literacy performance per unit change 
in the index. 
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Figure 4.35   Relationship between concern for environmental issues and scientific literacy performance for 
Australian students



144 Student Attitudes, Engagement and Motivation in Science

Optimism regarding environmental issues 

Using the same set of environmental issues used in the concern for environmental issues index, 
students were asked whether they thought that the problems associated with these environmental 
issues would improve or get worse over the next 20 years.  Students had to choose one category 
from the following: improve; stay about the same; or get worse.

The Australian result on the optimism regarding environmental issues index (–0.13) was lower 
than the OECD average, meaning that Australian students are, on average, less optimistic about 
environmental issues than was the average in the OECD.  Lowest on the index was Croatia (with a 
mean index of –0.29), followed by Liechtenstein, New Zealand and Canada.  Highest on the index 
were Qatar and Kyrgyzstan with means of around 0.75 points.  These are presented in Figure 4.36.  

Significant gender differences were found in three-quarters of the countries.  In all but two 
countries (Azerbaijan and Kyrgyzstan) males were more likely than females to be optimistic about 
environmental issues over the next 20 years.  The largest differences were found in the United 
States and Canada.  Australian males (mean of –0.03) were more optimistic than Australian females 
(mean of –0.24).  This difference was slightly more than the OECD average gender difference (of 
0.21 points).  
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Figure 4.36  Optimism regarding environmental issues by country

The data collected from PISA 2006 indicates Australian students are not optimistic about an 
improvement in these environmental issues over the next 20 years.  Only a little over ten per cent 
of Australian students considered there would be less clearing of forests, that nuclear waste would 
not become an environmental issue, that extinction of plants and animals would slow and that air 
pollution would decrease.  About one-fifth of Australian students considered that energy shortages 
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would not be an issue, and almost the same proportion were somewhat optimistic about the 
situation with water shortages improving over the next 20 years (Figure 4.37).

Percentage of students who believe the problem associated with the environmental 
issues below will improve over the next 20 years

Air pollution
Energy 

shortages

Extinction of 
plants and 

animals

Clearing of 
forests for 
other land 

use
Water 

shortages
Nuclear 
waste

ACT 10 19 10 8 14 11

NSW 14 21 13 11 20 13

VIC 15 21 14 11 18 12

QLD 13 18 11 10 16 10

SA 13 20 13 10 14 11

WA 13 22 11 11 17 13

TAS 16 21 13 12 15 12

NT 14 22 12 9 17 11

Australia 14 21 12 11 18 12

Finland 9 14 11 6 16 8
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Figure 4.37  Optimism regarding environmental issues by state

The mean index scores for students in all states were lower than the OECD average.  Gender 
differences were all in favour of males, who were more optimistic about environmental issues than 
females, and the effect size of 0.21 was significant.   Students in the Australian Capital Territory 
were least optimistic about the future.  The largest differences in the index scores between states 
were found in Queensland, South Australia and Tasmania, and were approximately 0.25 points.

There was a weak negative association between optimism regarding environmental issues and 
scientific literacy performance (r = –0.12); in other words, more scientifically literate students 
were less optimistic about the future.  There was a 29 point difference in terms of mean scores in 
scientific literacy between students in the highest and lowest quartiles of the index of optimism 
regarding environmental issues.  However, this index accounted for only two per cent of the 
explained variance on scientific literacy performance (Figure 4.38).
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Figure 4.38   Relationship between optimism regarding environmental issues and scientific literacy 
performance for Australian students
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Summary
In each PISA cycle students complete a questionnaire about their background, their attitudes and 
their beliefs, as well as questions on their engagement and motivation.  In PISA 2006, student 
characteristics focused on science.  

PISA 2006 collected information in four areas: support for scientific enquiry; self-belief as science 
learners; interest in science; and responsibility towards resources and environments.  These areas 
were assessed to create a picture of students´ attitudes to and engagement in science, including 
how students handle scientific tasks effectively; how they overcome difficulties to solve scientific 
problems; whether they support the use of factual information and rational explanations; whether 
they demonstrate the willingness to seek information and have an ongoing interest in science; and 
whether they demonstrate awareness of the environmental consequences of individual actions.  
These constructs are worth examining in attempting to understand education in a broader context.

Many of the constructs were found to be correlated with scientific literacy performance 
in Australia, but typically at weak to moderately weak levels.  The data showed a positive 
association between the constructs and scientific literacy performance except in the case of 
optimism regarding environmental issues where students with high levels of optimism about 
future environmental issues scored lower than students with low levels of optimism.  The highest 
correlations between constructs discussed in this chapter and Australian scientific literacy 
performance were 0.49 for self-efficacy in science, 0.46 for awareness of environmental issues and 
0.43 for both self-concept in science and enjoyment of science.

Significant gender differences were found for all indices in Australia with the exception of two: the 
index of general interest in learning science and the index of instrumental motivation in science, 
where no significant gender differences were found.  The significant gender differences were all in 
favour of males, except for the indices related to responsibility for sustainable development and 
concern for environmental issues, where they were in favour of females.  Self-concept in science, 
responsibility for sustainable development, concern for environmental issues, and optimism 
regarding environmental issues all had effect sizes around 0.20 (meaning only a small effect of 
these constructs on science achievement).  

The impact of socioeconomic background on the various constructs in this chapter was found to 
have effect sizes between 0.33 and 0.72.  The effect sizes were highest between socioeconomic 
background and self-efficacy (0.72), followed by environmental awareness (0.68).  This can be 
interpreted as meaning that the influence of socioeconomic background on attitudes towards 
science was generally classed as a small to medium-sized effect.

This chapter has not compared the attitudes, motivation and engagement of Indigenous and non-
Indigenous students, of students attending schools in different geographic locations, or of students 
from differing language backgrounds.  These will be explored at a later date in more depth than is 
possible in this initial report.

The next chapter of this report examines Australian students´ performance in reading literacy in 
PISA 2006.
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In PISA 2000, reading literacy was the major domain, shifting to mathematical literacy in 2003 
and scientific literacy in 2006.  The assessment of a major domain provides an in-depth analysis 
of knowledge and skills to be reported, as shown in Chapter 3 with the description of scientific 
literacy and its subscales.  The two remaining literacy domains (known as the minor domains) 
are assessed less comprehensively and take up less of the overall assessment time.  The results 
of the minor domains are reported as a summary profile of skills only with an update on overall 
performance.

The first part of this chapter provides a summary of the reading literacy domain and the assessment 
framework; a description of how PISA measures reading literacy; and a sample of reading literacy 
items used in PISA13.  The second part of the chapter focuses on the achievement of Australian 
students in 2006, on reading literacy.  Initially Australian students’ performance is compared 
with those of students in the other participating countries, and then results are provided for the 
Australian states, males and females, Indigenous students, students from different geographic 
locations and different socioeconomic backgrounds, and for students according to their immigrant 
status and language spoken at home.  The final part of this chapter examines the performance of 
students from an international and national perspective, across the different PISA cycles. 

Definition of reading literacy
The PISA concept of reading literacy emphasises skills in using written information in situations 
that students may encounter in their life both at and beyond school.  The PISA framework (OECD, 
2006) defines reading literacy as:

… understanding, using and reflecting on written texts, in order to achieve one’s goals, 
to develop one’s knowledge and potential and to participate in society.

(p. 46)

This definition goes beyond the traditional notion of reading literacy as decoding information and 
literal comprehension.  It implies that reading literacy involves understanding, using and reflecting 
on written information in a range of situations.

13 Parts of this chapter have been adapted from the OECD publication, Assessing scientific, reading and 
mathematical literacy: A framework for PISA 2006.

Chapter

5 Student Performance 
in Reading Literacy
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How reading literacy is measured in PISA
PISA acknowledges that readers respond to a given text in a variety of ways as they seek to use 
and understand what they are reading.  The concept of reading literacy in PISA is defined by three 
dimensions: the format of the reading material, the type of reading task or reading processes, and 
the situation or the use for which the text was constructed.

Text format

The text format or the structure of the reading material makes a distinction between continuous 
and non-continuous texts.  Continuous texts are typically composed of sentences that are, in turn, 
organised into paragraphs.  These may fit into even larger structures such as sections, chapters and 
books.  Examples of continuous texts are narration, exposition, argumentation, instruction and 
hypertext.  Non-continuous texts are organised differently from continuous texts and so require 
different kinds of reading approaches.  Non-continuous texts are classified by their formats; for 
example, charts and graphs, diagrams, maps, and information sheets.

Processes

The PISA reading assessment measures the following five processes associated with achieving a full 
understanding of a text: retrieving information; forming a broad general understanding; developing 
an interpretation; reflecting on and evaluating the context of a text; and reflecting on and 
evaluating the form of a text.  It is expected that all readers, irrespective of their overall proficiency, 
will be able to demonstrate some level of competency in each of these aspects.  

For reporting purposes in PISA 2000, the five processes were collapsed into three larger categories 
(forming the reading literacy subscales): retrieving information, interpreting texts (combining the 
two processes that require students to focus on relationships within a text), and reflecting and 
evaluating (combining the two processes that require students to reflect on and evaluate content 
or form of text).  In 2006, results for reading are reported on a single reading literacy scale that 
combines the different types of tasks.

Situations

The reading situation refers to the use for which the text was constructed and can be understood 
as a general categorisation of texts based on the author’s intended use, on the relationship with 
other persons implicitly or explicitly associated with the text, and on the general content.  The texts 
used in the assessment were drawn from a variety of situations to maximise the diversity of content 
included in PISA.  Four situation variables are identified: reading for private use (personal), reading 
for public use, reading for work (occupational) and reading for education.   

A more detailed description of the conceptual framework underlying the PISA reading literacy 
assessment is provided in the publication, Assessing scientific, reading and mathematical literacy:  
A framework for PISA 2006 (OECD, 2006).  

Item Types
A variety of reading literacy item formats was used in PISA.  Some items were basic multiple-
choice tasks, where students had to choose one answer from a set of given answers; others were 
complex multiple choice, where students were given a series of ‘true/false’ or ‘yes/no’ choices 
and one answer had to be chosen for each element in the series.  There were also two kinds of 
constructed response items: closed-constructed responses required a clear-cut answer while open-
constructed or extended responses required students to provide an extended written answer.  The 
open-constructed responses required markers to code the students’ responses.  
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In 2000, when reading literacy was the major focus of the PISA assessment, there were 141 
items and 210 minutes of overall testing time devoted to reading literacy.  In 2003 and 2006, 60 
minutes of overall testing time was devoted to reading literacy and there were about 30 items.  The 
distributions of reading literacy items for PISA 2000, 2003 and 2006 are shown in Table 5.1.

Table 5.1  Distribution of reading literacy items, by reading process and item type (OECD, 2006)

Process

Item Types

Multiple- 
choice items

(%)

Complex 
multiple-choice 

items
(%)

Closed-
constructed 

response 
items
(%)

Open-
constructed 

response 
items
(%)

Total14

Retrieving information 8 - 2 4 6 14 13 11 29 29

Interpreting texts 32 29 2 4 2 7 13 11 49 50

Reflection and evaluation 2 - 2 - - - 18 21 22 21

Total 42 29 6 7 9 21 44 43 100 100

   PISA 2000: reading as a major domain
   PISA 2003 and 2006: reading as a minor domain14

Reporting reading literacy performance
In PISA 2000, results for reading literacy were reported on an overall scale and on three reading 
subscales.  These subscales were retrieving information, interpreting texts, and reflecting on and 
evaluating texts.  In PISA 2006, as was the case for PISA 2003, reading literacy results are reported 
against a single, overall scale.  There were insufficient items included in the assessment to enable 
separate reporting against the three subscales.

The PISA 2006 results can be reported on the overall reading literacy scale by country, within 
Australia by state and by student subgroups as mean scores, as the distribution of scores around 
the mean, and on the basis of proficiency levels that describe levels of performance.

Mean scores and distribution of scores

The use of mean scores summarises student performance and compares the relative standing of 
countries.  Internationally, the overall reading literacy scale was constructed in PISA 2000 to have 
a mean score of 500 points and a standard deviation of 100 points across the participating OECD 
countries.

In PISA 2003, reading literacy performance was reported on the reading literacy scale established 
in 2000.  The mean score on the PISA 2003 reading literacy scale across participating OECD 
countries was 494, a decline of six points15.  In PISA 2006, the OECD average has declined again 
by a small amount to 492 points. 

Proficiency levels 

Reporting mean scores and distribution of scores provides data on which to compare performance 
between countries, between states and territories, and so on.  These results, however, tell us 
little about what skills and knowledge students actually have.  To add meaning and depth to 
these results, PISA has also reported results on a proficiency scale, describing the progression of 
students’ knowledge and skills in reading literacy.

14 Data may not always add up to the total indicated because of rounding.
15 The decrease in the OECD average was partly due to the inclusion of two new countries, the Slovak 

Republic and Turkey, whose performance on reading literacy was below the OECD average, and partly due 
to the fact that several OECD countries had decreases in reading performance between 2000 and 2003.
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As described in Chapter 2 in relation to science, the described proficiency scale for reading 
literacy was constructed using Item Response Theory (IRT) techniques. The scores on the scale 
represent varying degrees of difficulty.  A low score indicates that a student has very limited 
knowledge and skills, while a high score indicates that a student has quite advanced knowledge 
and skills.  Students at a particular level not only demonstrate the knowledge and skills associated 
with that level but also the proficiencies required at lower levels.  For example, a student who is 
judged to be at Level 4 on the reading literacy scale is proficient in Level 4 tasks as well as Level 1, 
2 and 3 tasks.  The average student within each level can be expected to successfully perform the 
average task within that level 62 per cent of the time. 

The reading literacy scale established in 2000 divides students into five levels of proficiency as 
shown in Figure 5.116.  Students who scored below 335 points and are therefore placed below 
Level 1 are not able to perform the most basic reading literacy skills that PISA seeks to measure.  
Students performing at this level should not be assumed to have no reading skills at all, but a score 
below 335 does point to serious deficiencies in students’ ability to meet the challenges of the 
future and adapt to societal change. 

Proficiency 
level General reading literacy proficiencies students should have at each level

5

At Level 5 students are able to deal with difficult texts and complete sophisticated reading tasks.  They 
can deal with information that is difficult to find in unfamiliar texts, especially in the presence of closely 
competing information, show detailed understanding of these texts and sort out which information is 
relevant to the task.  They are able to evaluate texts critically, draw on specialised knowledge to build 
hypotheses, and cope with concepts that may be contrary to expectations.

625.6 points

4

At Level 4 students are able to cope with difficult tasks, such as locating embedded information, 
construing meaning of parts of a text through considering the texts as a whole, and dealing with 
ambiguities and negatively worded ideas.  They show accurate understanding of complex texts and 
are able to evaluate texts critically.

552.9 points

3

At Level 3 students can deal with moderately complex reading tasks, such as finding several pieces 
of relevant information and sorting out detailed competing information requiring consideration of many 
criteria to compare, contrast or categorise.  They are able to make links between different parts of a 
text and to understand text in a detailed way in relation to everyday knowledge.

480.2 points

2
At Level 2 students can cope with basic reading tasks, such as locating straightforward information, 
making low-level inferences, using some outside knowledge to help understand a well-defined part of 
a text, and applying their own experience and attitudes to help explain a feature of a text.

407.5 points

1

At Level 1 students are able to deal with only the least complex reading tasks developed for PISA, 
such as finding explicitly stated pieces of information and recognising the main theme or author’s 
purpose in a text on a familiar topic when the required information is readily accessible in the text.  
They are also able to make a connection between common, everyday knowledge and information in 
the text.

334.8 points

Figure 5.1  Descriptions of the five proficiency levels on the reading literacy scale

Sample reading literacy items and responses
The sample reading literacy items set out below are included to show the types of questions 
included in the PISA assessment and to help with understanding the descriptions of the proficiency 
levels in Figure 5.1.

Only a small number of reading literacy items was released for public use following PISA 2000.  
The majority of reading literacy items remain secure as the linking of items between cycles enables 
monitoring of results across time.    

As no additional reading literacy items have been released since the publication of the PISA 2000 
reports, the examples provided here are taken from the Australian national report on PISA 2000 
(Lokan, Greenwood & Cresswell, 2001).  They illustrate a range of proficiency levels and item 
types.   

16 This is unlike scientific literacy and mathematical literacy, where there are six proficiency levels.
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Running Shoes

In PISA 2000 the unit ‘Running Shoes’ was among the easiest overall in the assessment.  It 
consisted of the following text and four items, all of which were at Level 1.

Feel Good in your Runners

For 14 years the Sports Medicine Centre of Lyon (France) has been studying the injuries of 
young sports players and sports professionals. The study has established that the best course is 
prevention … and good shoes.

Knocks, falls, wear and tear...

Eighteen per cent of sports 
players aged 8 to 12 already 
have heel injuries.  The 
cartilage of a footballer’s 
ankle does not respond 
well to shocks, and 25% of 
professionals have discovered 
for themselves that it is an 
especially weak point. The 
cartilage of the delicate knee 
joint can also be irreparably 
damaged and if care is not 
taken right from childhood 
(10–12 years of age), this can 
cause premature osteoarthritis.  
The hip does not escape 
damage either and, particularly 
when tired, players run the risk 
of fractures as a result of falls 
or collisions.

According to the study, 
footballers who have been 
playing for more than ten years 
have bony outgrowths either on 
the tibia or on the heel.  This is 
what is known as “footballer’s 
foot”, a deformity caused by 
shoes with soles and ankle 
parts that are too flexible.

Protect, support, stabilise, 
absorb

If a shoe is too rigid, it restricts 
movement.  If it is too flexible, 
it increases the risk of injuries 
and sprains.  A good sports 
shoe should meet four criteria:

Firstly, it must provide exterior 
protection: resisting knocks 
from the ball or another player, 
coping with unevenness in the 
ground, and keeping the foot 
warm and dry even when it is 
freezing cold and raining.

It must support the foot, and 
in particular the ankle joint, to 
avoid sprains, swelling and 
other problems, which may 
even affect the knee.  

It must also provide players 
with good stability so that they 
do not slip on a wet ground or 
skid on a surface that is too 
dry.

Finally, it must absorb shocks, 
especially those suffered 
by volleyball and basketball 
players who are constantly 
jumping.

Dry feet

To avoid minor but painful 
conditions such as blisters 
or even splits or athlete’s foot 
(fungal infections), the shoe 
must allow evaporation of 
perspiration and must prevent 
outside dampness from getting 
in.  The ideal material for this 
is leather, which can be water-
proofed to prevent the shoe 
from getting soaked the first 
time it rains.
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Running Shoes  Question 1

The first item in ‘Running Shoes’, shown below, required interpretation, but was easy because the 
point is made prominently near the beginning of the text.

Overall per cent correct17

Sweden (Highest achieving country)  91%

Australian females 91%

Australia 88%

Australian males 86%

OECD average 85%

Mexico (Lowest achieving country) 71%

17

Running Shoes  Question 2

The second question asked for a single piece of information directly stated in the text to be located 
and reproduced.  A further factor making the item relatively easy is that the information is at the 
beginning of a new section of text. 

Overall per cent correct

Finland (Highest achieving country)  89%

Australian females 87%

Australia 81%

OECD average 79%

Australian males 77%

Mexico (Lowest achieving country) 60%

17 The students’ results for the sample reading literacy items were derived from the PISA 2000 dataset.
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Running Shoes  Question 3

This item also asked for information to be located, identified and reproduced.  The item was a 
little more difficult because four pieces of information have to be correctly stated to gain a correct 
score.  The students also had to filter out competing information.  

Overall per cent correct

Korea (Highest achieving country)  89%

Australian females 86%

Australia 83%

Australian males 80%

OECD average 76%

Luxembourg (Lowest achieving country) 45%

Running Shoes  Question 4

The final item about running shoes required students to reflect on the logical connection between 
two parts of a sentence, which are clearly indicated in the assessment item. 
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Overall per cent correct

Spain (Highest achieving country)  85%

Australian females 85%

Australia 81%

OECD average 78%

Australian males 77%

Luxembourg (Lowest achieving country) 69%

Lake Chad

The stimulus for ‘Lake Chad’ comprised two graphs with a minimum of text.  Students needed to 
have a basic understanding of how information is presented graphically, and to be able to read 
line graphs.  Items in this unit were at levels ranging from 1 to 4, and involved all three reading 
processes.
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Lake Chad   Question 1 

The first item required retrieval of information.  It was placed at Level 2 because of the added need 
to be able to locate information presented graphically.  

Lake Chad   Question 2 

The second item also asked for some information from the graph, but was more challenging 
because some estimation is needed, the required value is not marked, and extra care is required 
because the dates are in the negative direction for ‘BC’.  Many students wrote 10,000 as their 
answer, failing to extrapolate from the scale.  They were given no credit.  The response below was 
assessed as correct – answers between 10,500 and 12,000 BC were accepted. 

Overall per cent correct

Finland (Highest achieving country)  71%

Australian males 60%

Australia 58%

Australian females 55%

OECD average 51%

Mexico (Lowest achieving country) 31%

Lake Chad   Question 3 

This question was a ‘short response’ item, which required students to evaluate what they had 
read and make an inference about the author’s intention in preparing the graph.  This was a Level 
4 item.  It was more difficult than the earlier items because of the level of reasoning involved.  
Students with the necessary skill could state the answer correctly and succinctly as shown in this 
student response.
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Overall per cent correct

Finland (Highest achieving country)  49%

Australian females 37%

OECD average 37%

Australia 35%

Australian males 33%

Mexico (Lowest achieving country) 18%

Lake Chad  Question 5

The last item was also a multiple-choice question, shown below.  This item required interpretation 
skills and was more difficult than the previous item because it required consideration of the two 
sets of information shown in Figures 1 and 2 in the stimulus of Lake Chad.

Overall per cent correct

Finland (Highest achieving country)  71%

Australian males 63%

Australia 62%

Australian females 61%

OECD average 57%

Mexico (Lowest achieving country) 34%
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Labour

Only a handful of items in the PISA 2000 reading literacy assessment were at Level 5, and most of 
these have not been released.  A sample Level 5 item, the third item in the Labour unit, is included 
here.   The unit is about the structure of a country’s labour market, in which the information is 
presented as a complex tree diagram with several divisions and sub-divisions.  For each branch of 
the tree, both numbers in thousands and percentages are given.  Definitions of the ‘working-age 
population’ and ‘not in the labour force’ are provided.
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Labour  Question 3 

This item assessed the ‘interpreting texts’ process and is an example of a ‘complex multiple 
choice’ item.  All five of the people described had to be correctly categorised for the student to 
be given a score of 2.  If three of four were correct the answer was scored 1.  The item is difficult 
because multiple pieces of information have to be dealt with, the tree diagram interpreted and the 
definitions taken into account in order to identify the five correct answers.

Overall per cent correct*

France (Highest achieving country)  50%

Australian females 46%

Australia 42%

Australian males 39%

OECD average 39%

Mexico (Lowest achieving country) 22%

*   This item was worth two score points.  The results shown are weighted 
percentages for the numbers of fully and partially correct answers.
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Student performance in reading literacy

Australia’s reading literacy performance from an international perspective

In PISA 2006, Australia achieved a mean score of 513 points in reading literacy.  Five countries, 
of which four were OECD countries, performed significantly higher than Australia:  these were 
Korea (556 score points); Finland (547 score points); Hong Kong-China (536 score points); Canada 
(527 score points) and New Zealand (521 score points).  Australia’s performance was equivalent 
to that of five other countries: Ireland (517 score points); Liechtenstein (510 score points); Poland 
(508 score points), Sweden (507 score points) and the Netherlands (507 score points).  Australia 
performed significantly higher than all other countries.  Figure 5.2 shows the mean reading literacy 
scores for participating countries in PISA 2006.18, 19

Korea’s score was significantly higher than that for any other country and was 64 score points 
above the OECD average20.  It has overtaken Finland, which was ‘number one’ in reading literacy 
in both PISA 2000 and PISA 2003.  

Fifteen countries (including Australia) scored significantly higher than the OECD average;  eight 
countries achieved means equivalent to the OECD average; while the remaining 33 countries 
scored significantly lower than the OECD average.  The difference between the top-performing 
country, Korea, and the lowest-performing country, Kyrgyzstan, was 271 score points.

18 See page 65 for directions on how to read the bar charts.
19 Reading literacy results for the United States are not available because due to a printing error in the 

assessment booklets the mean performance in reading literacy cannot be accurately estimated.
20 Multiple comparison tables, which provide the statistical significance of differences between all countries, 

are provided in Appendix 4 of this report.
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Figure 5.2  International student performance in reading literacy21

21 The Bonferroni correction has not been used for these comparisons.  See Reader’s Guide for more 
information.
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Figure 5.2 also shows the variation in scores between the lowest and highest performing students 
within each country.  Examining the spread of student performance between the 5th and the 95th 
percentiles, the largest differences were found in the partner countries Argentina and Uruguay, 
with about 400 score points between students in the 5th and 95th percentiles.  For OECD countries, 
the largest differences were in the Czech Republic, Belgium and Germany with a spread of 363, 
360 and 359 score points respectively.   The smallest spread of student performance was in the 
partner countries of Azerbaijan, Indonesia and Macao-China (with differences of between 229 and 
250 score points).  The highest performing countries, Finland and Hong Kong-China, had relatively 
narrow spreads of 265 and 270 score points respectively, and Korea had a slightly broader spread 
at 289 score points.  The two other countries that out-performed Australia were Canada, with a 
similar distribution of students at 316 scores points, and New Zealand, with a wider distribution of 
344 score points.  Australia’s spread between the highest and lowest performing students was 307 
score points.  Other countries with similar spreads were Ireland, Turkey, the Russian Federation, 
Hungary, Jordan and Switzerland.  The OECD average between students in the 5th and 95th 
percentiles was 324 score points and United Kingdom’s spread was wider at 344 score points. 

In both PISA 2000 and PISA 2003 females outperformed males in reading literacy in all countries 
with the single exception of Liechtenstein in PISA 2003.  In PISA 2006, the pattern of females 
achieving significantly higher than males has continued.  Figure 5.3 provides the mean scores 
for reading literacy by gender and graphically illustrates the gender difference in reading literacy 
performance.  The figure orders countries by the magnitude of the gender difference, from highest 
to lowest.   

Australian females achieved a mean score of 532.  This was 37 score points higher than the mean 
score of Australian males at 495 score points.  The gender difference found in Australia was similar 
to the OECD average gender difference of 38 points.  Australian males’ mean reading literacy 
score was 22 score points higher than the OECD average for male performance (473 score points).  
Australian females scored, on average, 21 score points higher than the OECD average for females 
(511 score points).  

Across countries, the gender differences in favour of females ranged from a low of 17 points in 
Chile to a high of 66 points in Qatar.   Other countries that displayed small gender differences 
were the partner countries Indonesia (18 points), Colombia (19 points), Azerbaijan (20 points), 
Chinese Taipei (21 points), and OECD countries the Netherlands (24 points) and the United 
Kingdom (29 points).  In twelve countries, of which two were OECD countries (Finland and 
Greece), females scored more than 50 points higher than their male counterparts.
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higher

Differences in mean score

Gender difference significant
Gender difference not significant

Females Males

Mean score SE Mean score SE

Qatar 346 (1.6) 280 (1.9)

Bulgaria 432 (6.9) 374 (7.7)

Greece 488 (3.5) 432 (5.7)

Jordan 428 (3.4) 373 (5.6)

Thailand 440 (3.0) 386 (4.0)

Argentina 399 (7.4) 345 (8.3)

Slovenia 521 (1.4) 467 (1.9)

Lithuania 496 (3.2) 445 (3.5)

Kyrgyzstan 308 (3.3) 257 (4.4)

Finland 572 (2.3) 521 (2.7)

Latvia 504 (3.5) 454 (4.3)

Croatia 502 (3.3) 452 (3.8)

Iceland 509 (2.3) 460 (2.8)

Norway 508 (3.3) 462 (3.8)

Estonia 524 (3.1) 478 (3.2)

Czech Republic 509 (5.4) 463 (5.0)

Uruguay 435 (3.8) 389 (4.4)

Montenegro 415 (1.8) 370 (2.0)

Liechtenstein 531 (6.3) 486 (7.7)

Austria 513 (5.5) 468 (4.9)

Romania 418 (5.2) 374 (4.5)

Turkey 471 (4.3) 427 (5.1)

Israel 460 (4.6) 417 (6.5)

Germany 517 (4.4) 475 (5.3)

Slovak Republic 488 (3.8) 446 (4.2)

Serbia 422 (4.2) 381 (3.4)

Italy 489 (2.8) 448 (3.4)

Sweden 528 (3.5) 488 (4.0)

Poland 528 (2.8) 487 (3.4)

Belgium 522 (3.5) 482 (4.1)

Hungary 503 (3.9) 463 (3.7)

OECD average 511 (0.7) 473 (0.7)

Russian Federation 458 (4.3) 420 (4.8)

Tunisia 398 (3.9) 361 (4.6)

New Zealand 539 (3.6) 502 (3.6)

Australia 532 (2.2) 495 (3.0)

Spain 479 (2.3) 443 (2.6)

Korea 574 (4.5) 539 (4.6)

France 505 (3.9) 470 (5.2)

Ireland 534 (3.8) 500 (4.5)

Mexico 427 (3.0) 393 (3.5)

Portugal 488 (3.5) 455 (4.4)

Canada 543 (2.5) 511 (2.8)

Brazil 408 (3.7) 376 (4.3)

Luxembourg 495 (2.1) 464 (2.0)

Hong Kong-China 551 (3.0) 520 (3.5)

Switzerland 515 (3.3) 484 (3.2)

Japan 513 (5.2) 483 (5.4)

Denmark 509 (3.5) 480 (3.6)

United Kingdom 510 (2.6) 480 (3.0)

Macao-China 505 (1.5) 479 (1.8)

Netherlands 519 (3.0) 495 (3.7)

Chinese Taipei 507 (4.2) 486 (4.4)

Azerbaijan 363 (3.3) 343 (3.5)

Colombia 394 (5.6) 375 (5.6)

Indonesia 402 (4.2) 384 (8.7)

Chile 451 (5.4) 434 (6.0)

Figure 5.3   Gender differences on the reading literacy scale by country



Exploring Scientific Literacy: How Australia measures up 163

The percentages of students at each reading literacy proficiency level, from below Level 1 to 
Level 5, are shown by country in Figure 5.4.  In the figure, countries are ordered on the basis of 
the percentage of students achieving below Level 2.  Generally, if a country had a relatively high 
percentage of students below Level 2, it tended to have a relatively low percentage at the higher 
proficiency levels. 

On average across the OECD countries, about nine per cent of students achieved Level 5, the 
highest proficiency on the reading literacy scale.  There was a wide variation between countries 
in the percentage of students at this level.  Korea had the largest proportion (22%), followed by 17 
per cent of Finnish students and 16 per cent of students from New Zealand.  Australia, like Sweden 
and Belgium, had 11 per cent of students at Level 5, while 13 per cent of students from Hong 
Kong-China, nine per cent of Japanese students, five per cent of Chinese Taipei students and three 
per cent of Macao-Chinese students performed at this level.  There were 12 countries, including 
Indonesia, Serbia, Thailand and Mexico, that had less than one per cent of students achieving at 
this level.

On average across the OECD, 30 per cent of students were proficient at Level 4 or higher on 
the reading literacy scale.  More than 40 per cent of students in Canada, Hong Kong-China and 
Finland, and more than half the students from Korea, achieved at these two highest levels.  Thirty-
six per cent of Australian students were proficient at Level 4 and Level 5.
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16 31 32 171 4

13 27 33 221 4

17 32 32 131 6

18 29 27 143 8

21 30 25 123 9

29 37 19 33 10

21 30 25 114 10

24 34 22 63 10

20 31 25 105 9

19 26 24 165 10

21 29 26 95 10

22 29 23 115 10

24 34 22 54 12

26 32 21 65 11

21 28 23 125 11

23 30 23 85 11

25 32 22 54 12

22 29 22 97 12

23 29 21 97 12

19 26 24 119 11

20 27 23 108 12

23 28 21 97 13

25 30 19 67 13

25 31 19 57 14

28 30 17 56 15

22 26 21 98 13

28 31 17 46 15

21 28 22 78 13

23 28 19 88 14

25 28 19 69 14

22 24 19 910 15

25 28 17 59 16

27 27 16 49 17

30 30 13 29 17

25 26 18 511 15

27 28 14 312 16

25 26 16 511 17

31 24 10 211 21

30 24 9 214 22

28 21 11 415 21

22 21 13 520 19

23 18 9 325 21

29 18 5 121 26

31 16 323 27

22 16 8 229 22

28 16 424 28

28 15 326 28

25 13 5 128 28

25 14 4 130 25

27 13 326 30

22 14 5 136 22

29 11 222 37

26 13 331 28

16 3141 38

15 5 2161 20

8 3170 18

33 17 416 29

Figure 5.4  Proficiency levels for students in reading literacy by country
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Proficiency Level 2, while not officially designated by the OECD as such, represents a baseline 
level of proficiency at which students begin to demonstrate the kind of reading literacy skills that 
are considered fundamental for future development, not only in reading, but also in other areas 
of knowledge acquisition.  This chapter will report on the proportion of students failing to achieve 
this level.

On average a fifth of students in OECD countries performed at or below Level 2, and in Australia 
14 per cent of students achieved at these levels.  The highest performing countries (Korea, Finland 
and Hong Kong-China) had fewer than seven per cent of students achieving at these low levels, 
while Qatar and Kyrgyzstan had more than 80 per cent of students performing at or below Level 2.

Students performing below Level 1 have not demonstrated even the most basic type of information 
retrieval and understanding of text that PISA measures.  These students are likely to be seriously 
disadvantaged in their lives beyond school and to encounter problems as they meet challenges 
beyond school life.

On average, seven per cent of students in OECD countries were unable to demonstrate Level 1 
reading literacy skills.  Finland, Hong Kong-China and Korea each had fewer than two per cent in 
this level while Australia had four per cent of students below Level 1.  In contrast, more than 60 
per cent of students from Kyrgyzstan and Qatar were placed below Level 1.

State differences in reading literacy performance 

The mean performance and distributions for reading literacy in each Australian state is shown by 
state in Figure 5.5, along with the results for Korea, the highest performing country, and the OECD 
average.   Students from the Australian Capital Territory achieved the highest mean score of 535 
points, followed by Western Australia with a mean score of 524 points.  These and four other states 
achieved a mean score that was significantly higher than the OECD average: New South Wales 
with a mean score of 519 points, South Australia (514 score points), Queensland (509 score points) 
and Victoria (504 score points).  Tasmania’s mean reading literacy score of 496 points was not 
statistically significantly different from the OECD average, but the Northern Territory’s mean score 
of 460 score points was significantly below the OECD average.
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Figure 5.5  Student performance in reading literacy by state

Some states show more disparity in reading literacy performance than others.  South Australia had 
the narrowest distribution between students in the 5th and 95th percentiles of 289 score points, 
while Western Australia, Victoria and the Australian Capital Territory had a spread of around 300 
score points. In Queensland, New South Wales and Tasmania there were differences of 308, 313 
and 319 score points respectively between the highest and lowest achievers.  Of all the states, the 
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Northern Territory had the widest variation in reading literacy performance with 402 score points 
between students in the 5th and 95th percentiles (this was approximately 100 score points more than 
the spread for Australia as a whole). 

Table 5.2 provides further insight into state-level performance by indicating significant differences 
in achievement between the states.  The Australian Capital Territory performed similarly to Western 
Australia and significantly higher than all other states.  Western Australia performed significantly 
higher than Queensland, Victoria, Tasmania and the Northern Territory, and equivalent to the 
Australian Capital Territory, New South Wales and South Australia. The Northern Territory performed 
significantly lower than all other states and significantly lower than the OECD average. Tasmania’s 
score was similar to the OECD average, all other states performed significantly better. 

Table 5.2  Multiple comparisons of mean performance on the reading literacy scale by state 

ACT WA NSW SA QLD VIC TAS NT OECD

Mean 535 524 519 514 509 504 496 460 492

Mean SE 5.0 6.0 4.4 4.9 3.5 4.3 4.6 10.6 0.6

ACT 535 5.0 ● ▲ ▲ ▲ ▲ ▲ ▲ ▲

WA 524 6.0 ● ● ● ▲ ▲ ▲ ▲ ▲

NSW 519 4.4 ▼ ● ● ● ▲ ▲ ▲ ▲

SA 514 4.9 ▼ ● ● ● ● ▲ ▲ ▲

QLD 509 3.5 ▼ ▼ ● ● ● ▲ ▲ ▲

VIC 504 4.3 ▼ ▼ ▼ ● ● ● ▲ ▲

TAS 496 4.6 ▼ ▼ ▼ ▼ ▼ ● ▲ ●

NT 460 10.6 ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼

Note:  Read across the row to compare a state’s performance with the performance of each state listed in the column heading.
▲ Average performance statistically significantly higher than in comparison state
● No statistically significant difference from comparison state
▼ Average performance statistically significantly lower than in comparison state

The mean reading literacy score for females and males, together with the standard error and gender 
differences are shown by state in Figure 5.6.  States are ordered from the largest to smallest gender 
differences in reading literacy.  Females statistically significantly outperformed males in all states.  
New South Wales had the largest gender difference, with a 46 score point difference, representing 
more than half a proficiency level.  Females in Tasmania, South Australia and Queensland performed 
37 score points higher than males from the same states, this difference being similar to the OECD 
average.  Gender differences in the remaining states were between 27 and 33 score points, with the 
smallest difference in the Australian Capital Territory.
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Differences in mean score
Females Males

Mean score SE Mean score SE

NSW 542 3.9 496 7.7

TAS 514 6.1 477 5.6

SA 531 5.9 494 6.1

QLD 528 5.1 491 3.9

NT 478 17.3 445 7.0

VIC 520 5.0 492 5.3

WA 539 6.0 511 8.2

ACT 549 6.1 522 10.3

Figure 5.6  Gender differences on the reading literacy scale by state
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Figure 5.7 shows the performance of the states in terms of the reading literacy proficiency levels.  
The performance of Korea and the OECD average are again included for comparison.

On average across Australia, 11 per cent of students achieved Level 5 in reading literacy.  In the 
Australian Capital Territory 16 per cent of students were performing at this level, while in Victoria, 
Tasmania and the Northern Territory fewer than 10 per cent of students achieved at this highest 
level. 

Almost half the students from the Australian Capital Territory were proficient at Level 4 or higher.  
Western Australia and New South Wales also performed strongly, with around 40 per cent of 
students achieving at Level 4 or higher.  In the Northern Territory, however, less than one quarter of 
students achieved at the highest two levels.
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Figure 5.7  Proficiency levels in reading literacy by state

Overall, almost 14 per cent of Australian students failed to reach Level 2, the baseline level of 
reading literacy proficiency as described earlier.  Results varied between the levels achieved in 
the Australian Capital Territory and Western Australia, where only ten per cent of students failed to 
achieve Level 2, to that of Tasmania (19%) and the Northern Territory, where 29% of students did 
not reach Level 2.

Gender differences on the reading literacy proficiency scale were more apparent at the higher and 
lower ends of the scale (Figure 5.8).  Thirteen per cent of female students in Australia achieved 
Level 5, compared to eight per cent of males.  Comparing states, there were more than twice the 
proportion of females as males achieving at this level in the Northern Territory and South Australia, 
and almost twice the proportion of females as males in New South Wales, Queensland and 
Tasmania.  The smallest gender differences at Level 5 were found in the Australian Capital Territory 
(4%), Western Australia (5%) and Victoria (3%).  

The largest difference in the proportion of students at the lower end of the reading literacy 
proficiency scale was in New South Wales, where 19 per cent of males and six per cent of females 
had not reached Level 2.  In Tasmania there was also a large gender difference, with 25 per cent of 
males and 13 per cent of females failing to achieve Level 2.  In the other states gender differences 
were significant, and ranged from 11 per cent in the Northern Territory to six per cent in Western 
Australia.



168 Student Performance in Reading Literacy

0 20 40 60 80 100100 80 60 40 20

Males

Females

Males

Females

Males

Females

Males

Females

Males

Females

Males

Females

Males

Females

Males

Females

Males

Females

Percentage of students

Australia

NT

TAS

VIC

QLD

SA

NSW

WA

ACT

Below Level 1 Level 1 Level 2 Level 3 Level 4 Level 5

15 28 33 181 5

17 29 28 144 9

17 29 31 161 5

24 28 21 96 13

21 34 26 102 7

24 30 20 76 13

18 32 28 132 7

24 28 21 76 13

19 32 29 131 7

25 32 20 64 13

16 31 31 151 6

22 31 24 104 9

21 29 26 103 10

24 28 18 69 16

21 26 20 1011 12

24 25 13 416 18

18 31 29 132 6

24 29 21 86 13

Figure 5.8  Proficiency levels for students on the reading literacy scale by state and gender

Indigenous students’ performance in reading literacy

Figure 5.9 shows the large disparity between the mean reading literacy performance of Indigenous 
and non-Indigenous students.  Indigenous students achieved a mean score of 434 points for 
reading literacy compared to the mean score of 515 points for non-Indigenous students.  This 
difference of 81 score points equates to more than one proficiency level.  Furthermore, the 
Indigenous students’ mean score was more than three-quarters of a proficiency level lower than 
the OECD average (compared to the non-Indigenous students who performed one-third of a 
proficiency level higher than the OECD average).
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Figure 5.9  Student performance in reading literacy for Indigenous and non-Indigenous students

As Table 5.3 shows, Indigenous females performed significantly better than Indigenous males, 
with a difference (between mean scores) of about half a proficiency level in reading literacy 
(which is also similar to the difference in means between non-Indigenous females and males).  
The differences in performance between Indigenous and non-Indigenous students by gender is 
substantial with both non-Indigenous females and non-Indigenous males performing more than 
one proficiency level higher than Indigenous females and males respectively. 
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Table 5.3  Means by gender on the reading literacy scale for Indigenous and non-Indigenous students

 
Females Males Total

Mean SE Mean SE Mean SE

Indigenous 451 11.6 417 9.4 434 6.9

Non-Indigenous 534 2.1 497 3.1 515 2.1

As in PISA 2000 and PISA 2003, Indigenous students were again over-represented in the lower 
proficiency levels for reading literacy and under-represented in the upper proficiency levels 
(Figure 5.10). 

At the higher end of the reading literacy proficiency scale, the proportion of non-Indigenous 
students achieving at Level 5 is more than four times the proportion of Indigenous students.  Only 
three per cent of Indigenous students were able to complete sophisticated reading tasks, show 
detailed understanding of such texts, infer which information in the text is relevant to the task, 
and be able to evaluate critically and build hypotheses.  Similarly, only 12 per cent of Indigenous 
students, compared to 36 per cent of non-Indigenous students, were able to achieve at Level 4 or 
higher.

At the lower end of the reading literacy proficiency scale, 16 per cent of Indigenous students 
compared with three per cent of non-Indigenous students failed to achieve higher than Level 1.  
Thirty-eight per cent of the Indigenous students did not achieve Level 2, compared to only 12 per 
cent of non-Indigenous students.  Given that students achieving below Level 1 are the students 
that the OECD describes as likely to be seriously disadvantaged in their lives beyond school 
and that Level 2 is considered to be the baseline of demonstrating reading literacy skills that are 
essential for students’ participation in society and meeting real-life challenges, these are alarming 
proportions.
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Figure 5.10  Proficiency levels for Indigenous and non-Indigenous students on the reading literacy scale

In PISA 2000, 35 per cent and in PISA 2003, 38 per cent of Indigenous students failed to achieve 
Level 2, compared to 12 per cent and 11 per cent of non-Indigenous students respectively.  The 
reading literacy achievement for Indigenous students has not improved over time. 

Figure 5.11 shows the performance of Indigenous and non-Indigenous students in reading literacy 
by gender.  Almost half the Indigenous males did not reach Level 2 compared to almost one-fifth of 
non-Indigenous male students, while approximately one-third of Indigenous females did not reach 
Level 2 compared to less than one-tenth of non-Indigenous females.
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Figure 5.11   Proficiency levels for Indigenous and non-Indigenous students on the reading literacy scale 
by gender

At the upper end, only nine per cent of Indigenous males and 16 per cent of Indigenous females 
achieved at least Level 4, compared with 29 per cent of non-Indigenous males and 43 per cent of 
non-Indigenous females.

Reading literacy performance for students from different school locations

The mean scores and distribution of PISA 2006 students using the broad categories of geographic 
location from the MCEETYA Schools Geographic Location Classification, as described in the 
Reader’s Guide, are shown in Figure 5.12.

In terms of mean scores, students who attended schools in metropolitan locations performed 
about 20 score points higher than students from schools in provincial areas and about 50 score 
points higher than students attending schools in remote locations.  These differences were both 
statistically significant.  However, although students attending schools in provincial areas achieved 
a higher mean score than students in schools located in remote areas, the difference was not 
statistically significant22. 
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Figure 5.12  Student performance on the reading literacy scale by geographic location

Figure 5.13 shows the distribution of performance in the reading literacy proficiency levels 
by geographic location.  Around 38 per cent of students attending metropolitan schools were 
achieving Level 5, compared to 30 per cent of those in provincial schools and 24 per cent of those 
in remote schools.

The proportion of students in remote areas not achieving at Level 2 is of some concern: 
approximately one-quarter of students in remote areas, compared to 17 per cent of students in 
provincial areas and 12 per cent of those in metropolitan areas, did not achieve this baseline level 
of proficiency.

22 The confidence interval for students attending remote schools is very large, and so it is possible that this 
may mask any real differences.
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Figure 5.13  Proficiency levels on the reading literacy scale by geographic location

Reading literacy performance and socioeconomic background

As described in the Reader’s Guide, an economic, social and cultural status index (ESCS) is used as 
the main measure of socioeconomic background in PISA and was derived from a series of student 
responses in relation to parental occupation status, parental education and home background.

Figure 5.14 shows that reading literacy scores varied positively with students’ socioeconomic 
background; that is, in general terms, students with higher socioeconomic backgrounds tended to 
achieve higher scores in reading literacy. The mean score for students in the highest socioeconomic 
quartile was 557 points, with students in the lowest socioeconomic quartile  performing more than 
one reading literacy proficiency level lower with a mean score of 473 score points.  The difference 
in reading literacy scores between the highest and third quartiles of socioeconomic background 
was 0.4 of a proficiency level, 0.3 of a proficiency level between the third and second quartiles 
of socioeconomic background, and 0.4 of a proficiency level between the second and the lowest 
quartile of socioeconomic background.  The differences in performance between students in each 
of the four quartiles of socioeconomic background are all statistically significant. 
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Figure 5.14  Student performance in reading literacy by socioeconomic background

Figure 5.15 shows the same pattern in terms of proficiency levels.  For example, more than 
one-fifth of students in the highest quartile of socioeconomic background achieved Level 5 
compared to 11 per cent of those in the third quartile, eight per cent in the second quartile and 
four per cent in the lowest quartile.  At the same time, only five per cent of students in the highest 
socioeconomic quartile failed to achieve Level 2, compared to one-quarter (23%) of students in 
the lowest quartile. 
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Figure 5.15  Proficiency levels in reading literacy by socioeconomic background

Reading literacy performance and immigrant status

The results for reading literacy based on students’ immigrant status (in terms of country of birth) 
are shown in Figure 5.16.  The mean score of 520 points for first-generation students (i.e. those 
students born in Australia with at least one parent born overseas) was statistically significantly 
higher than that of Australian-born students (512 score points).  However, the mean score of 
foreign-born students (514 score points) was not statistically different from the scores for either 
Australian-born or first-generation students.  
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Figure 5.16  Student performance on the reading literacy scale by immigrant status

The distribution of students across the reading literacy proficiency levels is similar for each 
category of immigrant status (Figure 5.17).  At the higher end of the reading literacy scale, there 
was at least 35 per cent of students achieving at Level 4 or Level 5, regardless of immigrant status.  
At the lower end, 14 per cent of foreign-born students had not reached Level 2, very similar to the 
percentage of first-generation (12%) and Australian-born (14%) students who did not achieve this 
level.
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Figure 5.17  Proficiency levels in reading literacy by immigrant status
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Students who spoke English as their main language at home performed significantly higher in 
reading literacy (with a mean score of 517 points) than those students whose main language at 
home was a language other than English (mean score of 497 points) (Figure 5.18).  The difference 
in performance between those students who speak English at home and those students who speak 
another language at home is almost a third of a proficiency level.
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Figure 5.18  Student performance on the reading literacy scale by language spoken at home

Figure 5.19 shows there are some slight differences between these two groups in terms of 
proficiency levels.   The proportion of students who speak a language other than English at home 
who did not achieve Level 2 is higher than the equivalent proportion for students whose main 
language at home is English (20 per cent and 12 per cent respectively).  Thirty-six per cent of 
students who speak English at home and 32 per cent of students who speak a language other than 
English at home achieved at least Level 4. 

0 20 40 60 80 100100 80 60 40 20

Language other
than English 

spoken at home

Speak English
at home

Percentage of students

Below Level 1 Level 1 Level 2 Level 3 Level 4 Level 5

21 30 25 113 9

21 27 23 98 12

Figure 5.19  Proficiency levels on the reading literacy scale by language spoken at home

Monitoring reading literacy changes over time
One of the main aims of PISA is to examine student performance over time so that policy makers 
can monitor learning outcomes in both an international and national context.  Although the 
optimal reporting of trends will occur between each full assessment of a literacy domain (for 
example, in reading between PISA 2000 and PISA 2009, where the major focus will again be on 
reading literacy), PISA has been designed so that it is possible to compare results between each 
three-year cycle.  Nevertheless, care needs to be taken in making comparisons involving minor 
domains, both because of the smaller number of test items involved in minor domains and the fact 
that small refinements continue to be made in PISA’s methodology, which may have an effect on 
comparability over time.

Internationally there are 36 countries in which reading literacy performance can be compared 
between PISA 2000 and PISA 2006.  While the average OECD mean score has declined by nine 
points between 2000 and 2006 (from 500 score points to 492 score points), several countries 
have seen an improvement in their performance over this time while some countries have seen a 
decline and others no change (Table 5.4).
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Table 5.4   Mean reading literacy scores, standard errors and differences in  performance between PISA 
2000 and PISA 2006 by country 

Country
PISA 2000 PISA 2006

Difference SE
Mean SE Mean SE

Argentina 418 9.9 374 7.2 -45 13.2

Australia 528 3.5 513 2.1 -15 6.4

Austria 492 2.7 490 4.1 -2 7.0

Belgium 507 3.6 501 3.0 -6 6.8

Brazil 396 3.1 393 3.7 -3 7.0

Bulgaria 430 4.9 402 6.9 -28 9.8

Canada 534 1.6 527 2.4 -7 5.8

Chile 410 3.6 442 5.0 33 7.9

Czech Republic 492 2.4 483 4.2 -9 6.9

Denmark 497 2.4 494 3.2 -2 6.4

Finland 546 2.6 547 2.1 0 6.0

France 505 2.7 488 4.1 -17 7.0

Germany 484 2.5 495 4.4 11 7.1

Greece 474 5 460 4.0 -14 8.1

Hong Kong-China 525 2.9 536 2.4 11 6.3

Hungary 480 4 482 3.3 2 7.2

Iceland 507 1.5 484 1.9 -22 5.5

Indonesia 371 4 393 5.9 22 8.7

Ireland 527 3.2 517 3.5 -9 6.9

Israel 452 8.5 439 4.6 -14 10.8

Italy 487 2.9 469 2.4 -19 6.3

Japan 522 5.2 498 3.6 -24 8.1

Korea 525 2.4 556 3.8 31 6.7

Latvia 458 5.3 479 3.7 21 8.2

Liechtenstein 483 4.1 510 3.9 28 7.6

Mexico 422 3.3 410 3.1 -11 6.7

New Zealand 529 2.8 521 3.0 -8 6.4

Norway 505 2.8 484 3.2 -21 6.5

OECD average 500 0.6 492 0.6 -8 1.4

Poland 479 4.5 508 2.8 29 7.2

Portugal 470 4.5 472 3.6 2 7.6

Romania 428 3.5 396 4.7 -32 7.7

Russian Federation 462 4.2 440 4.3 -22 7.8

Spain 493 2.7 461 2.2 -32 6.1

Sweden 516 2.2 507 3.4 -9 6.4

Switzerland 494 4.2 499 3.1 5 7.2

Thailand 431 3.2 417 2.6 -14 6.5

Note:  Differences in bold are statistically significant (at 95 per cent confidence level)

Two OECD countries (Korea and Poland) and four partner countries (Chile, Liechtenstein, 
Indonesia and Latvia) showed improved reading literacy performance between PISA 2000 
and PISA 2006.  Korea increased its performance by 31 score points and Poland by 29 score 
points.  Korea improved its performance by raising the performance of the better students while 
Poland raised its performance by improving the performance of students at the lower end of the 
performance distribution.  For the partner countries, Chile’s performance has risen by 33 score 
points, followed by Liechtenstein (28 score points), Indonesia (22 score points) and Latvia (21 
score points).

The reading literacy performance of seven OECD countries and five partner countries declined 
from PISA 2000 to PISA 2006.  For the OECD countries, Spain decreased its performance by 
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32 score points, followed by Japan (by 24 score points), Iceland (by 22 score points), Norway 
(by 21 score points), Italy (by 19 score points), France (by 17 score points) and Australia (by 15 
score points).  The partner countries that showed a decline in their reading literacy performance 
from PISA 2000 to PISA 2006 were Argentina (by 45 score points), Romania (by 32 score points), 
Bulgaria (by 28 score points), the Russian Federation (by 22 score points) and Thailand (by 14 
score points).

The remaining 15 countries showed no change in their reading literacy performance between PISA 
2000 and PISA 2006.  This included 13 OECD countries, including some of the high performing 
countries in 2006 (Finland, Canada, New Zealand and Ireland) and two partner countries; Brazil 
and Israel.

In PISA 2000 only Finland outperformed Australia, and in 2003 Finland and Korea achieved 
significantly higher results than Australia.  In PISA 2006, Figure 5.2 shows that five countries are 
now significantly outperforming Australia: Korea, Finland, Hong Kong-China, Canada and New 
Zealand.  These changes have occurred for a combination of reasons – Australia’s significant 
decline in score plus a large increase in the average score for Korea and a moderate increase for 
Hong Kong-China, and no decrease in scores in the average score for Finland, Canada and New 
Zealand.

At a national level, there were no statistically significant differences in the performance of reading 
literacy between PISA 2000 and PISA 2003 for Australia overall or for individual states as shown in 
Table 5.5.

From PISA 2003 to PISA 2006, there was a decrease in the reading literacy performance by 13 
score points for Australia overall.  The difference in mean reading literacy scores decreased in 
all states between PISA 2003 and PISA 2006.  Statistically significant declines were found in 
the Northern Territory (by approximately half a proficiency level), Western Australia (by almost 
one-third of a proficiency level) and South Australia (by one-quarter of a proficiency level).  The 
difference between PISA 2003 and PISA 2006 across all OECD countries was a decline of two 
score points.

The overall reading literacy mean for Australia declined significantly by 15 score points, from 
528 to 513 score points from PISA 2000 to PISA 2006.  This difference was larger than that of the 
OECD average, which was a decline of six score points.  The difference in mean reading literacy 
scores decreased in all states between PISA 2000 and PISA 2006.  Statistically significant declines 
were found in the Northern Territory (by approximately 0.4 of a proficiency level), South Australia 
and New South Wales (by approximately 0.3 of a proficiency level), and the Australian Capital 
Territory (by approximately one-quarter of a proficiency level). 
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Table 5.5   Mean reading literacy scores and standard errors for PISA 2000, PISA 2003 and PISA 2006, and 
differences between performance in cycles by state

State
PISA 2000 PISA 2003 PISA 2006 

Differences between

PISA 2000 and 
PISA 2003

PISA 2003 and 
PISA 2006

PISA 2000 and 
PISA 2006

Mean SE Mean SE Mean SE Diff. SE Diff. SE Diff. SE

ACT 552 4.6 549 6.0 535 5.0 -3 9.2 -14 9.0 -17 8.4

NSW 539 6.3 530 4.3 519 4.4 -9 9.3 -11 7.6 -20 9.2

VIC 516 7.6 514 5.0 504 4.3 -2 10.5 -10 8.0 -12 10.0

QLD 521 8.6 517 8.1 509 3.5 -4 13.0 -8 9.9 -12 10.5

SA 537 7.7 532 4.3 514 4.9 -5 10.3 -18 7.9 -23 10.4

WA 538 8.0 546 4.3 524 6.0 8 10.5 -22 8.7 -14 11.2

TAS 514 9.7 508 7.2 496 4.6 -6 13.2 -12 9.6 -18 11.8

NT 489 5.6 496 6.1 460 10.6 7 9.8 -36 13.0 -29 13.0

Australia 528 3.5 525 2.1 513 2.1 -3 6.7 -13 5.4 -15 6.4

Note:  Differences in bold are statistically significant (at 95 per cent confidence level)

Given that Australia was one of the countries to show a decline in reading literacy performance 
between 2000 and 2006, it is important to investigate further where and when this change has 
occurred.  Table 5.6 shows the difference in percentiles between PISA cycles.  There have been 
significant declines in the performance of students in the 75th, 90th and 95th percentiles between 
PISA 2003 and 2006, and between PISA 2000 and PISA 2006; that is, the best performers in 
reading literacy are not performing as well in PISA 2006 as they did in PISA 2000 and PISA 2003.

Table 5.6  Differences in percentiles between PISA 2000, PISA 2003 and PISA 2006 for Australia 

PISA
5th 10th 25th 75th 90th 95th 

Diff. SE Diff. SE Diff. SE Diff. SE Diff. SE Diff. SE

2000 and 2003 -2 8.7 1 7.8 6 7.5 -8 7.5 -12 7.3 -13 7.6

2003 and 2006 -3 7.4 -6 6.7 -11 5.9 -15 5.6 -16 6.0 -17 6.0

2000 and 2006 -5 7.7 -6 7.4 -5 7.1 -23 7.2 -27 7.1 -29 7.2

Note:  Differences in bold are statistically significant (at 95 percent confidence level)

Table 5.7 shows the mean reading literacy scores for females from PISA 2000 to PISA 2006 as well 
as the differences in reading literacy performance between PISA cycles.  There were no statistically 
significant differences in reading literacy performance for females between PISA 2000 and PISA 
2003 in Australia or in any of the states.  

There was a statistically significant decline in the reading literacy performance of females for 
Australia overall and for two states (Northern Territory and Western Australia) between PISA 2003 
and PISA 2006.  For Australian females, reading literacy performance declined from 545 to 532 
score points, a decline of 14 score points.  In the Northern Territory, there was a decline of 45 
score points (more than half a proficiency level), and in Western Australia the reading literacy 
performance for females declines by 26 score points (or one-third of a proficiency level).

Comparing the reading literacy performance between PISA 2000 and PISA 2006, there was a 
statistically significant decline in the female mean reading literacy score for Australia overall and 
for Tasmania.  The mean reading literacy score for Australian females declined by 14 score points, 
from a mean of 546 to 532 score points, and for Tasmania, by 27 score points.
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Table 5.7   Mean reading literacy scores and standard errors for PISA 2000, PISA 2003 and PISA 2006, and 
differences between performance in cycles by state for females

State
PISA 2000 PISA 2003 PISA 2006 

Differences between

PISA 2000 and 
PISA 2003

PISA 2003 and 
PISA 2006

PISA 2000 and 
PISA 2006

Mean SE Mean SE Mean SE Diff. SE Diff. SE Diff. SE

ACT 565 10.1 569 12.2 549 6.1 4 16.7 -20 14.4 -16 12.8

NSW 555 6.9 550 4.1 542 3.9 -5 9.6 -8 7.2 -13 9.3

VIC 532 13.3 530 5.9 520 5.0 -2 15.5 -10 9.0 -12 15.1

QLD 545 11.6 544 8.2 528 5.1 -1 15.2 -16 10.6 -17 13.6

SA 551 9.3 551 8.0 531 5.9 0 13.4 -20 10.9 -19 12.1

WA 557 9.5 565 4.8 539 6.0 8 11.9 -26 8.9 -18 12.3

TAS 541 9.1 532 8.0 514 6.1 -9 13.2 -18 11.0 -27 12.0

NT 505 7.1 523 9.0 478 17.3 18 12.6 -45 20.0 -27 19.3

Australia 546 4.7 545 2.6 532 2.2 -1 7.6 -14 5.6 -14 7.2

Note:  Differences in bold are statistically significant (at 95 per cent confidence level)

Table 5.8 shows the mean reading literacy scores for males from PISA 2000 to PISA 2006 as well 
as the differences in reading literacy performance between PISA cycles.  There were no statistically 
significant differences in reading literacy performance for males between PISA 2000 and PISA 
2003 in Australia or in any of the states.

Between PISA 2003 and PISA 2006 there were significant declines in the mean reading literacy 
scores in South Australia.  The mean reading literacy score for males decreased 22 points, from 
517 to 494 score points.

Comparing the mean reading literacy performance for males between PISA 2000 and PISA 2006 
there was a statistically significant decline for Australia overall and for three states  
(the Northern Territory, New South Wales and South Australia).  For Australia, the mean reading 
literacy score for males decreased by 18 points, from 513 to 495 score points.  In the Northern 
Territory, there was a 30 point decline (or 0.4 of a proficiency level) from 475 to 445 score points.  
In New South Wales the mean reading literacy score for males decreased from 525 to 496 score 
points, a decline of 29 score points, and in South Australia there was a decline of 28 score points 
in the mean reading literacy score for males from 522 to 494 score points. 

Table 5.8   Mean reading literacy scores and standard errors for PISA 2000, PISA 2003 and PISA 2006, and 
differences between performance in cycles by state for males

State
PISA 2000 PISA 2003 PISA 2006 

Differences between

PISA 2000 and 
PISA 2003

PISA 2003 and 
PISA 2006

PISA 2000 and 
PISA 2006

Mean SE Mean SE Mean SE Diff. SE Diff. SE Diff. SE

ACT 542 14.0 527 9.2 522 10.3 -15 17.6 -5 14.5 -20 18.1

NSW 525 8.9 510 6.6 496 7.7 -15 12.3 -14 11.1 -29 12.8

VIC 504 6.7 499 6.8 492 5.3 -5 10.9 -7 9.7 -13 9.9

QLD 498 8.6 495 8.9 491 3.9 -3 13.5 -4 10.7 -8 10.7

SA 522 10.7 517 5.9 494 6.1 -5 13.3 -23 9.6 -28 13.3

WA 523 9.6 526 5.7 511 8.2 3 12.4 -15 10.9 -12 13.5

TAS 491 12.1 487 10.0 477 5.6 -4 16.6 -10 12.3 -14 14.2

NT 475 9.0 465 7.3 445 7.0 -10 12.7 -20 11.1 -30 12.5

Australia 513 4.0 506 2.8 495 3.0 -7 7.2 -11 6.1 -18 7.1

Note:  Differences in bold are statistically significant (at 95 per cent confidence level)
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The reading literacy performance of Indigenous students was also examined to determine if there 
have been any changes between PISA 2000, PISA 2003 to PISA 2006. Table 5.9 shows although 
there has been a decline in the reading literacy performance for Indigenous students, these 
changes are not statistically significant.

Table 5.9   Mean reading literacy scores and standard errors for PISA 2000, PISA 2003 and PISA 2006, and 
differences between performance in cycles for Indigenous students.

PISA 2000 PISA 2003 PISA 2006

Differences between

PISA 2000 and 
PISA 2003

PISA 2003 and 
PISA 2006

PISA 2000 and 
PISA 2006

Mean SE Mean SE Mean SE Diff. SE Diff. SE Diff. SE

448 3.1 444 8.6 434 6.9 -4 10.6 -10 11.9 -14 9.1

Summary
Australia’s mean score in reading literacy in PISA 2006 was 513 score points, significantly lower 
than the scores achieved in both PISA 2000 and in PISA 2003.  Australia was outperformed by five 
countries: Korea, Finland, Hong Kong-China, Canada and New Zealand, compared to the previous 
two cycles, in which only Finland significantly outperformed Australia.  This has occurred because 
the average scores for Korea and Hong Kong-China have improved, and the scores for Finland, 
Canada and New Zealand have remained the same, while that of Australia has significantly 
declined.

The spread in scores between the 5th and 95th percentiles ranged from 229 score points in 
Azerbaijan to 406 score points in Argentina.  Comparing the countries who significantly out-
performed Australia, Australia’s spread of 307 score points was higher than for Korea, Hong Kong-
China and Finland, and lower than for Canada and New Zealand.  The distribution between the 
lowest and highest performing students for the OECD average was 324 score points.

Significant gender differences in favour of females were found in all countries that participated in 
PISA 2006. In Australia the gender difference was 38 score points, which was similar to the OECD 
average.  Both female and male students scored significantly higher than the OECD average.  More 
females than males achieved at the higher proficiency levels, and more males than females failed 
to achieve at least Level 2.

New South Wales, South Australia, Queensland and Victoria all had mean scores higher than 
the OECD average, Tasmania’s score was similar to the OECD average, while the score for the 
Northern Territory was significantly lower than the OECD average.  The Northern Territory had the 
widest variation in scores of 402 score points, and their average score was significantly lower than 
that of all other states.  The largest gender differences were found in New South Wales, and the 
smallest in the Australian Capital Territory.  

Almost half (46%) of the students in the Australian Capital Territory achieved at Level 4 or higher, 
compared to only 23 per cent in the Northern Territory.  The Australian Capital Territory did 
well not only in having a high proportion of students with high levels of attainment, but also in 
having the lowest proportion of students (10%) not attaining Level 2, compared with the Northern 
Territory in which 29 per cent failed to attain this level.

Indigenous students again performed relatively poorly in reading literacy.  Their average score 
was 81 score points lower than that of non-Indigenous students, which represents three-quarters 
of a proficiency level, and is significantly lower than the OECD average.  Thirty-eight per cent of 
Indigenous students were not achieving the baseline of Level 2.

There were also significant differences found between students in metropolitan schools and 
those in remote schools.  The difference was 47 score points in favour of students in metropolitan 
schools.  Also a cause for concern is that approximately one-quarter of students attending schools 
in remote locations were failing to achieve Level 2.  
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Socioeconomic background also has a strong relationship with performance in reading literacy.  
There was an 84 score points difference between the average scores of students in the highest and 
lowest socioeconomic quartiles.  In addition, more than one-half of the students in the highest 
socioeconomic quartile were achieving at a level greater than Level 4, compared to about 20 per 
cent of those in the lowest socioeconomic quartile, and only five per cent of those in the highest 
socioeconomic quartile, compared to 23 per cent of those in the lowest socioeconomic quartile, 
failed to achieve at Level 2.

There were not large differences either in scores or in distribution by proficiency levels for students 
by immigrant status, with foreign-born students achieving similar mean scores to Australian-
born students. Language background also did not appear to have a great effect, with the major 
difference being a larger proportion of students with a language background other than English 
(20%) compared to English-speaking students (12%) failing to achieve Level 2.

 Australia’s results in mathematical literacy are considered in Chapter 6.
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How well can young adults use their mathematical knowledge and understanding to participate 
in today’s changing world?  Do they have the capacity to analyse and solve everyday problems 
involving mathematics?  Do they have the ability to communicate ideas and information from 
a mathematical stand point?  The assessment of mathematical literacy in PISA addresses these 
questions through the use of ‘real-world’ tasks. 

Mathematical literacy was the major domain of PISA 2003.  This allowed the mathematical literacy 
framework to be expanded and mathematics performance to be assessed in far greater detail than 
in the first assessment of 2000 when mathematical literacy was a minor domain.  Mathematical 
literacy was again a minor domain in this current PISA cycle.  The assessment of mathematical 
literacy as a minor domain in PISA 2006 provides results for the mathematical literacy scale overall 
(but not by subscale).

This chapter23 begins with an overview of the assessment framework for the mathematical literacy 
domain, a description of how mathematical literacy is reported and a selection of examples to 
illustrate the assessment of mathematical literacy.  The next part of this chapter follows the same 
format in reporting student performance as in the previous chapter – firstly from an international 
context, and then from a national perspective.  The final part of the chapter investigates 
mathematical literacy performance between PISA 2003 and PISA 2006.

Definition of mathematical literacy
The PISA mathematical literacy domain is concerned with the capacities of students to 
analyse, reason and communicate ideas effectively as they pose, formulate, solve and interpret 
mathematical problems in a variety of situations.  The PISA assessment framework (OECD, 2006) 
defines mathematical literacy as:

…an individual’s capacity to identify and understand the role that mathematics plays in 
the world, to make well-founded judgements and to use and engage with mathematics 
in ways that meet the needs of that individual’s life as a constructive, concerned and 
reflective citizen.

(p.72)

In this conception, mathematical literacy is about meeting life needs.  Mathematical literacy is 
expressed through using and engaging with mathematics, making informed judgements, and 
understanding the usefulness of mathematics in relation to the demands of life.  

23 Parts of this chapter have been adapted from the OECD publication, Assessing Scientific, Reading and 
Mathematical Literacy:  A Framework for PISA 2006.
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The PISA mathematics assessment directly confronts the importance of the functional use 
of mathematics by placing primary emphasis on a real-world problem situation, and on the 
mathematical knowledge and competencies that are likely to be useful to deal effectively with 
such a problem.  The PISA mathematics framework was written to encourage an approach to 
teaching and learning mathematics that gives strong emphasis to the processes associated with 
confronting a problem in a real-world context, transforming the problem into one amenable to 
mathematical treatment, making use of the relevant mathematical knowledge to solve it, and 
evaluating the solution in the original problem context.  If students can learn to do these things, 
they will be much better equipped to make use of their mathematical knowledge and skills 
throughout their lives.  

How mathematical literacy is measured in PISA
The PISA framework for mathematical literacy is organised into three broad components: the 
situations and contexts in which problems are presented and that are used as sources of stimulus 
material; the mathematical content to which different problems and questions relate; and the 
mathematical competencies that need to be activated in order to connect the real world, in which 
problems are generated, with mathematics and then to solve problems.  The three components and 
their interactions are shown in Figure 6.1.

COMPETENCY 
CLUSTERS

Competencies

PROBLEM
and

SOLUTION
Problem format

Overarching ideas

CONTENT

Situations

CONTEXT

Process

Figure 6.1  The components of the mathematical literacy framework (OECD, 2006)

Situations and Context

An important aspect of mathematical literacy is engagement with mathematics: using and doing 
mathematics in a variety of situations.  As in previous PISA cycles, students were shown written 
materials that described various situations that students could conceivably confront, and which 
required them to apply their mathematical knowledge, understanding or skill to analyse and 
deal with the situation.  Four situations are defined in the PISA mathematical literacy framework: 
personal, educational or occupational, public and scientific, and assessment items are placed 
within each of these contexts.
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The situations differ in terms of how directly the problem affects students’ lives, that is, the degree 
of immediacy and directness in the connection between the student and the problem context. 
For example, personal situations are closest to the student and are characterised by the direct 
perceptions involved.  The situations also differ in the extent to which the mathematical aspects 
are explicit.  Although some tasks in the assessment refer only to mathematical objects, symbols 
or structures, and make no reference to matters outside the mathematical world, more typically, 
the problems are not stated in explicit mathematical terms.  This reflects the strong emphasis in 
the PISA mathematical literacy assessment on exploring the extent to which students can identify 
mathematical features of a problem when it is presented in a non-mathematical context, and can 
activate their mathematical knowledge to explore and solve the problem and to make sense of the 
solution in the context or situation in which the problem arose. 

Mathematical Content

The PISA framework defines mathematical content in terms of four broad knowledge domains 
and includes the kinds of problems individuals come across through interaction with day-to-
day phenomena and that are based on a conception of the ways in which mathematical content 
presents itself to people. These broad knowledge domains, referred to as overarching ideas, reflect 
historically well-established branches of mathematical thinking and they underpin mathematical 
curricula in education systems throughout the world.  Together, these broad content areas cover 
the range of mathematics that 15-year-old students need as a foundation for life and for further 
extending their horizon in mathematics.  There are four overarching ideas: 

Space and shape ◗  relates to spatial and geometric phenomena and relationships, drawing on 
the curriculum of geometry.  Space and shape requires looking for similarities and differences 
when analysing the components of shapes, recognising shapes in different representations 
and different dimensions as well as understanding the properties of objects and their 
relative positions, and the relationship between visual representations (both two- and three- 
dimensional) and real objects.

Change and relationships ◗  relates most closely to the curriculum area of algebra and recognises 
the world is not a constant – every phenomenon is a manifestation of change.  These changes 
can be presented in a number of ways, including a simple equation, an algebraic expression, 
a graph or table.  As different representations are appropriate in different situations, translation 
between representations is an important skill when dealing with situations and tasks.

Quantity ◗  involves numeric phenomena and quantitative relationships and patterns.  It relates 
to the understanding of relative size, the recognition of numerical patterns, and the use of 
numbers to represent quantities and quantifiable attributes of real world objects (counting and 
measuring).  Furthermore, quantity deals with the processing and understanding of numbers 
that are represented in various ways.

Uncertainty ◗  involves probabilistic and statistical phenomena and relationships.  Uncertainty is 
present in daily life, where a great deal of information is often presented as precise and having 
no error, when in fact there is a varying amount of uncertainty.

Although the overarching ideas together generally encompass the range of mathematical topics 
that students are expected to have learned, the approach to content in PISA is somewhat different 
in terms of mathematical instruction and the curricular strands taught.  The assessment in PISA is 
related more to the application of mathematical knowledge rather than what content has been 
learnt.

In PISA 2003, results were reported for each of these four overarching ideas, as well as for 
mathematical literacy overall.  As noted above, separate reporting by subscale is not possible for 
mathematical literacy in 2006.
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Competencies

While the overarching ideas define the main areas of mathematics that are assessed in PISA, they 
do not make explicit the mathematical processes that students apply as they attempt to solve 
problems.  The PISA mathematics framework uses the term mathematisation to define the cycle 
of activity for investigating and solving real-world problems.  Beginning with a problem situated 
in reality, students must organise it according to mathematical concepts.  They progressively trim 
away the reality in order to transform the problem into one that is amenable to direct mathematical 
solution.  Students can then apply specific mathematical knowledge and skills to solve the 
mathematical problem, before using some form of translation of the mathematical results into a 
solution that works for the original problem context; for example, this may involve the formulation 
of an explanation or justification of proof. 

Various competencies are called into play as the mathematisation process is employed.  The PISA 
mathematics framework discusses and groups the competencies in three competency clusters: 
reproduction, connections and reflections.

Item Types
The PISA mathematical literacy assessment items are in a variety of formats.  Some of the items 
are basic or complex multiple-choice items and the rest of the items require students to construct 
a response.  There are three different types of constructed response items – short response items 
(students were required to provide a response that was numeric or another fixed form); open-
constructed response items (students had to write an explanation of their results that illustrated 
aspects of the methods and thought processes they had used to answer the question); and closed-
response items (students had to provide the calculations they had employed to complete the 
answer).  

The PISA 2006 assessment included a number of common items from the PISA 2003 assessment.  
This provides a link between the two cycles of testing and enables the monitoring 15-year-old 
mathematical literacy performance across and within countries over time.

Reporting mathematical literacy performance
As noted above, mathematical literacy is reported only on a single scale for 2006 along a 
continuum describing the skills demonstrated at various levels.

Mean scores and distribution of scores

In PISA 2003, when mathematical literacy was the major domain, the mean score across all OECD 
countries was set at 500 and established the benchmark against which mathematical literacy 
performance in PISA 2006 is compared.  The OECD average in mathematical literacy is slightly 
lower in 2006, at 498 score points, than in PISA 2003; however, this difference is not statistically 
significant.

Proficiency levels

Six levels of proficiency for mathematics were defined and described in 2003.  The continuum of 
increasing mathematical literacy is shown in Figure 6.2 along with the summary descriptions of the 
kinds of mathematical competencies associated with the different levels of proficiency. Students 
who scored below 358 points are placed below Level 1.  Students performing below this level 
were not necessarily incapable of performing any mathematical operation, but they were unable to 
utilise mathematical skills in a given situation as required by the easiest PISA tasks.  These students 
are not demonstrating skills that will enable young adults to participate fully in society beyond 
school.



Exploring Scientific Literacy: How Australia measures up 185

Proficiency 
level General mathematical literacy proficiencies students should have at each level

6

At Level 6 students can conceptualise, generalise, and utilise information based on their investigations 
and modelling of complex problem situations.  They can link different information sources and 
representations and flexibly translate among them.  Students at this level are capable of advanced 
mathematical thinking and reasoning.  These students can apply this insight and understandings 
along with a mastery of symbolic and formal mathematical operations and relationships to develop 
new approaches and strategies for attacking novel situations.  Students at this level can formulate 
and precisely communicate their actions and reflections regarding their findings, interpretations, 
arguments, and the appropriateness of these to the original situations.

669.3 points

5

At Level 5 students can develop and work with models for complex situations, identifying constraints 
and specifying assumptions.  They can select, compare and evaluate appropriate problem solving 
strategies for dealing with complex problems related to these models.  Students at this level can 
work strategically using broad, well-developed thinking and reasoning skills, appropriate linked 
representations, symbolic and formal characterisations, and insights pertaining to these situations.  
They can reflect on their actions and formulate and communicate their interpretations and reasoning.

607.0 points

4

At Level 4 students can work effectively with explicit models for complex concrete situations that 
may involve constraints or call for making assumptions.  They can select and integrate different 
representations, including symbolic, linking them directly to aspects of real-world situations.  Students 
at this level can utilise well-developed skills and reason flexibly, with some insight, in these contexts.  
They can construct and communicate explanations and arguments based on their interpretations, 
arguments and actions.

544.7 points

3

At Level 3 students can execute clearly described procedures, including those that require sequential 
decisions.  They can select and apply simple problem solving strategies.  Students at this level can 
interpret and use representations based on different information sources and reason directly from 
them.  They can develop short communications reporting their interpretations, results and reasoning.

482.4 points

2

At Level 2 students can interpret and recognise situations in contexts that require no more than direct 
inference.  They can extract relevant information from a single source and make use of a single 
representational mode.  Students at this level can employ basic algorithms, formulae, procedures or 
conventions.  They are capable of direct reasoning and making literal interpretations of the results.

420.1 points

1

At Level 1 students can answer questions involving familiar contexts where all relevant information is 
present and the questions are clearly defined.  They are able to identify information and to carry out 
routine procedures according to direct instructions in explicit situations.  They can perform actions 
that are obvious and follow immediately from the given stimuli.

357.8 points

Figure 6.2  Summary descriptions of the six proficiency levels on the overall mathematical literacy scale 

Sample mathematical literacy items and responses
This section provides a selection of sample items to illustrate the various aspects of the PISA 
mathematical literacy framework (the overarching ideas, competencies and situations), 
different item types and the wide range of complexity involved in such tasks.  As no additional 
mathematical literacy items have been released since PISA 2003, the examples provided here are 
replicated from the national report on PISA 2003 (Thomson, Cresswell & De Bortoli, 2004).
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Number Cubes

During their education students would have encountered many games and activities, whether 
formal or informal, that use number cubes or dice.  Somewhat challenging was the problem posed 
below, which required spatial insight or mental visualisation technique, as students needed to 
imagine how the four planes of number cubes, if reconstructed into a three-dimensional number 
cube, obey the numerical construction rule given in the information (i.e., two opposite sides have 
a total of seven dots).

Full credit was given to students who correctly identified the four expected results, as shown in the 
example below.  This complex multiple-choice item is situated in a personal context, is placed in 
the overarching area of Space and Shape and illustrates proficiency level 3.

Overall per cent correct24

Korea (Highest achieving country)  81%

Australian males 71%

Australia 69%

Australian females 66%

OECD average 63%

Mexico (Lowest achieving country) 29%

24

24 The students’ results for the sample mathematical literacy items were derived from the PISA 2003 dataset.
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The problem required the encoding and spatial interpretation of two-dimensional objects, 
interpretation of the connected three-dimensional object, and checking certain basic 
computational relations.  Thus this item fits within the connections competency cluster. 

Carpenter

‘Carpenter’, also a complex multiple-choice item, fits into the educational context and belongs to 
the Space and Shape area.  Students were presented with four possible designs for garden beds 
and were asked to determine if each design could be made with 32 metres of timber.  

 

To obtain full credit students had to correctly identify which of the garden beds could be 
constructed.  Students needed to rely on their geometric knowledge, not only recognising the three 
rectangular shapes but also the parallelogram and that it requires more than 32 metres of timber.  
This use of geometric insight and argumentation skills and technical geometric knowledge makes 
this one of the more difficult items at Level 6.
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Overall per cent correct

Hong Kong-China (Highest achieving country)  40%

Australian males 26%

Australia 24%

Australian females 21%

OECD average 20%

Tunisia (Lowest achieving country)   5%

Walking

Reflecting on embedded mathematics from daily life is part of acquiring mathematical literacy 
and ‘Walking’ is an example of this phenomenon.  Students would be familiar with seeing their 
footprints in sand or soil but probably would not have given much thought to the relationship 
between the ‘number of steps taken per minute’ and ‘pace length’.

The two questions in this unit were open-constructed response items, in the Change and 
Relationships area and situated in a personal context. 

Walking  Question 1

The first item required problem solving by asking students to make use of a formal algebraic 
expression – substituting a simple formula and carrying out a routine calculation: if 70/p = 140 
what is the value of p?  Students needed to recognise that as the pace length increases, so the 
number of steps per minute will decrease, and in order to gain credit for this item students needed 
to carry out the actual calculation.  
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This item belongs to the reproduction competency cluster and illustrates Level 5 proficiency.  
The following example gained full credit for showing the correct substitution of numbers in the 
formula, along with the correct answer.

Overall per cent correct

Hong Kong-China (Highest achieving country)  62%

Australian males 35%

Australia 34%

Australian females 34%

OECD average 36%

Brazil (Lowest achieving country) 14%

Walking  Question 2

The second item in ‘Walking’ also involved the relationship between ‘the number of steps per 
minute’ and ‘pace length’, but this time with a non-routine calculation.  Students needed to 
calculate the number of steps per minute when the pace length is given (0.8m), which requires 
proper substitution: n/0.80 = 140 and the observation that this equals: n = 140 x 0.80 = 112 (steps 
per minute).

More than routine operations were required here, with firstly substitution in an algebraic 
expression being used, followed by manipulating the resulting formula, in order to carry out the 
required calculation.  The next step required going beyond the observation that the number of 
steps is 112, as the question also asked for the speed per minute – the subject walks 112 x 0.80 = 
89.6 metres, so his speed is 89.6 metres/minute.  The final step is to transform this speed in metres/
minute into kilometres/hour – a more common unit of speed.  Full credit for this item illustrates the 
high part of proficiency level 6.
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Overall per cent correct

Hong Kong-China (Highest achieving country)  45%

Australian males 22%

Australia 22%

Australian females 21%

OECD average 21%

Brazil (Lowest achieving country)   6%

Students providing the above explanations were given full credit as they showed they were able to 
complete the conversions and provide a correct answer in both the requested units.  This problem 
belongs to the connections competency cluster.  Not only is use of a formal algebraic expression 
required, but also completing a sequence of different but connected calculations that need proper 
understanding of transforming formulae and units of measure.

Exchange Rate

The unit ‘Exchange Rate’ consisted of three items involving number operations (multiplication 
and division) set in the overarching Quantity area and a public context.  The concept of foreign 
exchange rates, and the possibility of both increasing and decreasing movements, formed the basis 
of this constructed response unit.  Exposure to the operation and use of exchange rates may not be 
common to all students but the concept can be seen as belonging to skills and knowledge required 
in the global economy.  
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Exchange Rate  Question 1

The first item in ‘Exchange Rate’ required students to interpret a simple, explicit mathematical 
relationship (the exchange rate for 1 Singapore dollar/1 South African rand), and then apply 
a small reasoning step to apply the relationship directly to 3000 Singapore dollars, using the 
calculation (3000 x 4.2).  This short constructed response belongs to the reproduction competency 
cluster.  This item, with a clearly defined question, is set in a relatively familiar context and the 
direct application of well-known mathematical knowledge places this item at proficiency level 1.  
The following student response was awarded full credit.  

Overall per cent correct

Liechtenstein (Highest achieving country)  95%

Australian males 83%

Australia 81%

Australian females 80%

OECD average 80%

Brazil (Lowest achieving country) 37%

Exchange Rate  Question 2

The second item in ‘Exchange Rate’ was also a short constructed response item, which required a 
limited form of mathematisation (understanding a simple text) as well as deciding that division was 
the correct procedure.

Students were required to interpret a simple, explicit mathematical relationship and only a small 
reasoning step was required to apply the relationship directly to 3900 South African rand using a 
calculation (3900/4.0).  This item belonged to the reproduction competency cluster and represents 
proficiency level 2.
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Overall per cent correct

Liechtenstein (Highest achieving country)  93%

Australian males 76%

Australia 75%

Australian females 74%

OECD average 74%

Brazil (Lowest achieving country) 25%

Exchange Rate  Question 3

The mathematics required to solve the problem in this open-constructed response item was more 
demanding as students needed to reflect on the concept of exchange rate movements and the 
subsequent consequences.  The required procedural knowledge was more complex, and involved 
students applying flexible reasoning and reflection.
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Overall per cent correct

Liechtenstein (Highest achieving country)  64%

Australian females 47%

Australia 46%

Australian males 45%

OECD average 40%

Mexico (Lowest achieving country) 13%

The student example above achieved full credit, which was awarded to students who interpreted 
the specified change in the exchange rate and applied basic computational skills or quantitative 
comparison skills to solve the problem.  Students also needed to provide an explanation of their 
conclusion.  This item belongs to the reflection cluster and represents proficiency level 4.

Robberies

The unit ‘Robberies’, situated in the public context, provided a graphical representation showing 
the number of robberies within a two-year period, along with a statement made by a reporter.  This 
type of item is frequently presented in the media where graphics have been used to support a pre-
determined message.

The item involved data interpretation, placing it in the overarching area of Uncertainty and in 
the connections competency cluster, as students needed to rely on reasoning and interpretation 
competencies together with communication skills.  Students were asked, using an open-
constructed response, to consider the reporter’s statement and with the use of the graph explain 
whether the statement fitted the data.  
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The full credit response illustrated proficiency level 6 as it required students to be able to 
communicate an argument based on interpretation of data, using some proportional reasoning in a 
statistical context.

To obtain full credit, students had to indicate that the statement was not reasonable and explain 
their judgment in appropriate detail.  Answers had to focus on an increase given by the exact 
number of robberies in absolute terms and also in relative terms.

Overall per cent correct

Finland (Highest achieving country)  46%

Australian females 40%

Australian males 40%

Australia 40%

OECD average 30%

Indonesia (Lowest achieving country)   2%
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Australia’s mathematical literacy performance from an 
international perspective
In PISA 2006, Australia achieved a mean score of 520 points, which was significantly higher 
than the OECD average of 498 points25.  The top four performing countries – Chinese Taipei (549 
points), Finland (548 points), Hong Kong-China and Korea (547 points) – all achieved mean scores 
more than half a proficiency level above the OECD average.

Figure 6.3 shows the mean scores and distribution of scores for mathematical literacy in PISA 
200626.  There were eight countries whose performance was significantly better than that of 
Australia.  These were Chinese Taipei, Finland, Hong Kong-China and Korea (whose mean scores 
are provided above), the Netherlands (531 points), Switzerland (530 points), Canada (527 points) 
and Macao-China (525 points).

Australia is in a group of six countries (Liechtenstein, Japan, New Zealand, Belgium and Estonia 
being the other five) with mean scores ranging from 513 to 525 points whose results are not 
statistically different from each other.  All other countries performed at a significantly lower level 
than Australia.

The results also show that countries can perform similarly in terms of mean score but show a great 
deal of variation in student performance.  The variation between students performing at the 5th 
percentile and students at the 95th percentile (the lowest and highest performers) within a country 
ranged from 153 score points to 350 score points.  For OECD countries, the narrowest ranges 
of scores were found in Finland and Ireland with a difference of around 270 points. The partner 
country Azerbaijan had an even narrower range of 153 points.  Countries with the widest ranges 
of performance between the 5th and 95th  percentiles were partner country Israel with 350 points 
and the OECD countries, Belgium and Czech Republic, each with a difference of around 340 
points.  Chinese Taipei, one of the top performing countries, also had a wide variation between 
the 5th and 95th percentiles of  333 points. Australia’s range between the 5th percentile and the 95th 
percentile was 289 points and was similar to Chile, Iceland, Colombia, the Netherlands, Spain and 
Kyrgyzstan.  The OECD average between the 5th percentile and the 95th percentile was 300 score 
points.

25 Multiple comparison tables, which provide the statistical significance of differences between all countries, 
are provided in Appendix 4 of this report.

26 See page 65 for directions on how to read the bar charts.
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Figure 6.3  Student performance in mathematical literacy by country
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Approximately eighty per cent of OECD countries and sixty per cent of partner countries had 
statistically significant gender differences, all but one in favour of males.  Australian males 
achieved a mean score of 527 points and performed significantly higher than Australian females, 
who achieved a mean score of 513 points (Figure 6.4).  This was not the case in PISA 2003, where 
although males achieved a mean score higher than females, the difference was not statistically 
significant.  Further information about the performance of Australian students by gender between 
PISA 2003 and PISA 2006 is provided at the end of this chapter. 

The highest mean scores for males were in the partner countries Chinese Taipei (556 points), Hong 
Kong-China (555 points), and the OECD countries Finland (554 points) and Korea (552 points).  
The lowest mean scores for males were from the partner countries, Kyrgyzstan (311 points), Qatar 
(311 points), Tunisia (373 points) and Brazil (380 points).  For the OECD countries, Mexico, Turkey, 
Greece and Italy had the lowest mean scores for males with less than 470 score points.  

Females from the OECD countries Korea and Finland and the partner country Chinese Taipei had 
the highest mean score of 543 points.  The lowest mean scores for females were found in the 
partner countries Kyrgyzstan (310 score points), Qatar (325 score points) and Tunisia (328 score 
points), and in the OECD countries Mexico (401 score points), Turkey (421 score points) and Italy 
(453 score points).  

The differences in favour of males ranged from 28 score points in the partner country Chile and 
23 score points in Austria, to six score points in Norway and seven score points in the partner 
country Romania. There were 14 score points difference between Australian males and females.    
Qatar was the only country where females significantly outperformed males (with a mean score 
difference of 14 points).
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Differences in mean score

Gender difference significant
Gender difference not significant

Females Males

Mean score SE Mean score SE

Qatar 325 (1.3) 311 (1.6)
Jordan 388 (3.9) 381 (5.3)

Thailand 420 (2.6) 413 (3.8)
Iceland 508 (2.2) 503 (2.6)

Bulgaria 415 (6.5) 412 (6.7)
Azerbaijan 477 (2.6) 475 (2.4)

Liechtenstein 525 (7.0) 525 (7.4)
Kyrgyzstan 310 (3.4) 311 (4.0)

Estonia 514 (3.0) 515 (3.3)
Lithuania 485 (3.3) 487 (3.3)

Greece 457 (3.0) 462 (4.3)
Slovenia 502 (1.8) 507 (1.8)
Sweden 500 (3.0) 505 (2.7)

Latvia 484 (3.2) 489 (3.5)
Serbia 433 (4.4) 438 (4.0)

Russian Federation 473 (3.9) 479 (4.6)
Turkey 421 (5.1) 427 (5.6)

Norway 487 (2.8) 493 (3.3)
France 492 (3.3) 499 (4.0)

Romania 412 (4.9) 418 (4.2)
Belgium 517 (3.4) 524 (4.1)

United States 470 (3.9) 479 (4.6)
Spain 476 (2.6) 484 (2.6)

Mexico 401 (3.1) 410 (3.4)
Poland 491 (2.7) 500 (2.8)
Korea 543 (4.5) 552 (5.3)

Hungary 486 (3.7) 496 (3.5)
Denmark 508 (3.0) 518 (2.9)

Czech Republic 504 (4.8) 514 (4.2)
New Zealand 517 (3.6) 527 (3.1)
Macao-China 520 (1.7) 530 (2.1)

OECD average 492 (0.6) 503 (0.7)
Ireland 496 (3.2) 507 (3.7)

Montenegro 393 (1.9) 405 (2.3)
Finland 543 (2.6) 554 (2.7)

Israel 436 (4.3) 448 (6.6)
Netherlands 524 (2.8) 537 (3.1)

Argentina 375 (7.2) 388 (6.5)
Uruguay 420 (3.1) 433 (3.6)

Chinese Taipei 543 (5.9) 556 (4.7)
Croatia 461 (2.8) 474 (3.2)

Switzerland 523 (3.6) 536 (3.3)
Canada 520 (2.0) 534 (2.4)

Slovak Republic 485 (3.5) 499 (3.7)
Australia 513 (2.4) 527 (3.2)
Portugal 459 (3.2) 474 (3.7)

Tunisia 358 (4.4) 373 (4.4)
Hong Kong-China 540 (3.7) 555 (3.9)

Luxembourg 482 (1.8) 498 (1.7)
Italy 453 (2.7) 470 (2.9)

United Kingdom 487 (2.6) 504 (2.6)
Indonesia 382 (4.0) 399 (8.3)

Brazil 361 (3.0) 380 (3.4)
Germany 494 (3.9) 513 (4.6)

Japan 513 (4.9) 533 (4.8)
Colombia 360 (5.0) 382 (4.1)

Austria 494 (4.1) 517 (4.4)
Chile 396 (4.7) 424 (5.5)

Figure 6.4  Gender differences in mathematical literacy by country
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In PISA 2003, when mathematical literacy was the major focus, six levels of proficiency were 
defined, as described earlier in this chapter.  Figure 6.5 shows the percentage of students in 2006 
at each mathematical literacy proficiency level by country.  The distribution of students across 
proficiency levels is of course influenced by the countries’ mean performance and also by how 
much variation there is within countries.  Usually, if a country had a relatively high proportion of 
students achieving at Level 6, it tended to have a relatively low proportion at or below Level 1.  

On average across the OECD countries, three per cent of students were at Level 6, the highest level 
on the mathematical literacy proficiency scale.  In Australia, four per cent of students achieved 
at this level.  Almost half of the participating countries had fewer than two per cent of students at 
Level 6.  

Chinese Taipei had the highest percentage of students (12%) who performed at Level 6.  This was 
followed by two other top-performing countries in mathematical literacy – Korea and Hong Kong-
China, each with nine per cent of students at Level 6.  Finland had slightly fewer students at this 
level with six per cent of students.

A number of countries do very well in the proportion of students reaching at least Level 5.  More 
than one-fifth of students from the Netherlands, Belgium, Switzerland and Finland, more than one-
quarter of students from Korea and Hong Kong-China, and more than 30 per cent of students from 
Chinese Taipei reached Levels 5 or 6.  Sixteen per cent of Australian students achieved at least 
Level 5, the OECD average being 13 per cent.
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Figure 6.5  Proficiency levels for students in mathematical literacy by country
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At the lower end of the performance scale, the OECD has described Level 2 as a baseline level 
of mathematical literacy proficiency at which students begin to demonstrate the kind of skills that 
enable them to actively use mathematics as stipulated by the PISA definition.  

On average 78 per cent of students in OECD countries were at Level 2 or higher.  In Australia, 87 
per cent of the students reached at least this level.  Among the highest performing countries, at 
least 90 per cent of students from Finland, Korea and Hong Kong-China had achieved at least Level 
2.  In all but two OECD countries, Mexico (43%) and Turkey (48%), at least half of the students 
reached at least Level 2.

In 15 countries (13 partner countries and two OECD countries), more than half the students were 
unable to achieve even Level 2 and in almost a fifth of countries, which included a number of 
European countries, plus Uruguay, Israel, the United States and the Russian Federation, between 
25 and 50 per cent of students had not reached Level 2.

The top performing countries, Finland, Korea and Hong Kong-China, had fewer than ten per cent 
of students below Level 2.  The partner country Azerbaijan had a similarly low proportion of 
students placed below Level 2.  However, interestingly, the distribution of student performance in 
Azerbaijan is very different with over 80 per cent of students placed at Levels 2 and 3, and fewer 
students at the higher end of the scale.   In Australia, 13 per cent of students were below Level 2, 
the OECD average being 21 per cent.

PISA does not assess mathematical skills below proficiency level 1.  Students unable to 
demonstrate proficiency at Level 1 were not necessarily incapable of performing any mathematical 
operation, but were unable to utilise the mathematical skills required by the easiest PISA tasks.  
The OECD views these students as being at risk of not achieving the mathematical skills that will 
enable young adults to participate fully in society beyond school.  

On average eight per cent of students across OECD countries and three per cent of students in 
Australia did not reach Level 1.  This was comparable to the proportion in the highest performing 
countries.  In Kyrgyzstan and Qatar more than 70 per cent of students, and in Tunisia, Brazil and 
Colombia more than 40 per cent of students, were placed at this category.  There were five OECD 
countries in which more than ten per cent of students were below Level 1 – Mexico (28%), Turkey 
(24%), Italy (14%), Greece (13%) and Portugal (12%).

Mathematical literacy performance by state
The mean score for mathematical literacy, together with the spread of scores from the 5th to the 95th 
percentile for the Australian states, is shown by state in Figure 6.6.  The highest performing state in 
mathematical literacy was the Australian Capital Territory with a mean score of 539 points, which 
was not significantly different from that of Chinese Taipei, the highest scoring country.  Western 
Australia’s score of 531 points was also very strong and significantly lower compared to Chinese 
Taipei (and not significantly different from that of the Netherlands). 

The Australian Capital Territory performed significantly higher compared to the Australian 
mean score overall.  The mean scores for Western Australia, New South Wales, South Australia, 
Queensland and Victoria were not significantly different from the Australian mean score, and the 
mean score for Tasmania and the Northern Territory was significantly lower than the Australian 
mean score on mathematical literacy.  

All states other than Tasmania and the Northern Territory achieved mean scores higher than the 
OECD average of 498 points. Tasmania achieved a mean score of 502 points, which was similar 
to the OECD average and below the Australian overall average, while the Northern Territory 
performed significantly below the OECD average (and the Australian overall average) with a mean 
score of 481 points.

South Australia had the narrowest spread with 272 score points between the 5th and 95th 
percentiles of its distribution, while the Northern Territory had the widest range of scores with a 
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range of 350 score points (Figure 6.6).  The range of scores was between 280 and 290 score points for 
all other states.  
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Figure 6.6  Student performance in mathematical literacy by state

Multiple comparisons of scores in mathematical literacy are shown in Table 6.1.  The Australian 
Capital Territory outperformed all other states except Western Australia; these states performed on 
a par with each other (Table 6.1).  Western Australia performed significantly higher than Victoria, 
Tasmania and the Northern Territory and not statistically different from the remaining states.  The 
Northern Territory’s score was significantly lower than any of the other states.

Table 6.1  Multiple comparisons of mean performance in mathematical literacy by state

  ACT WA NSW SA QLD VIC TAS NT OECD

 Mean 539 531 523 520 519 513 502 481 498

Mean SE 5.6 6.5 5.0 4.3 4.4 4.0 3.8 6.2 0.5

ACT 539 5.6 ● ▲ ▲ ▲ ▲ ▲ ▲ ▲

WA 531 6.5 ● ● ● ● ▲ ▲ ▲ ▲

NSW 523 5.0 ▼ ● ● ● ● ▲ ▲ ▲

SA 520 4.3 ▼ ● ● ● ● ▲ ▲ ▲

QLD 519 4.4 ▼ ● ● ● ● ▲ ▲ ▲

VIC 513 4.0 ▼ ▼ ● ● ● ▲ ▲ ▲

TAS 502 3.8 ▼ ▼ ▼ ▼ ▼ ▼ ▲ ●

NT 481 6.2 ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼

Note:  Read across the row to compare a state’s performance with the performance of each state listed in the column heading.
▲ Average performance statistically significantly higher than in comparison state
● No statistically significant difference from comparison state
▼ Average performance statistically significantly lower than in comparison state

As noted earlier, Australian males achieved a mean score of 527 points compared to the mean score 
for Australian females of 513, the difference of 14 points being statistically significant.  

Although males in all Australian states achieved mean scores higher than their female counterparts, 
only four states had significant gender differences.  The largest of these differences was in Victoria, 
where males outperformed females by 23 points.  Males from Western Australia, Tasmania and 
Queensland significantly outperformed their female counterparts, with differences of 19, 16 and 13 
points respectively.  Figure 6.7 shows the mean scores for females and males by state and graphically 
represents the difference between these mean scores by gender.
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VIC 501 5.3 524 4.9

WA 522 7.3 541 8.2

ACT 529 6.6 548 8.8

TAS 494 4.4 510 5.1

QLD 513 5.8 526 4.6

SA 514 5.6 527 5.1

NT 474 10.3 487 5.4

NSW 518 4.6 527 7.9

Figure 6.7  Gender differences in mathematical literacy by state

Figure 6.8 shows the proportion of students in each state at each of the mathematical literacy 
proficiency levels.  On average, four per cent of Australian students achieved at Level 6.  Six per 
cent of students from the Australian Capital Territory and five per cent of students from Western 
Australia and New South Wales achieved a proficiency of Level 6, which although much lower 
than the very high proportions of students in Korea and Hong Kong-China at this level, was the 
same as in Finland, and more than in Canada and Macao-China.  In the Northern Territory and 
Tasmania, the proportions of students at this highest level were similar to the OECD average.

In the Australian Capital Territory, almost one-quarter (23%) and in Western Australia 21 per cent 
of students achieved Level 5 or higher, comparing favourably with countries such as Finland, the 
Netherlands and Switzerland.  There were 16 per cent of Australian students overall on average 
who had achieved at least Level 5.  As a comparison – or as something to aim for – the proportions 
of students achieving this very high level were in Chinese Taipei 32 per cent, in Hong Kong-China 
28 per cent and in Korea 27 per cent.

0 20 40 60 80 100100 80 60 40 20

OECD average

Chinese Taipei

Australia

NT

TAS

VIC

QLD

NSW

SA

WA

ACT

Percentage of students

Below Level 1 Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

16 24 26 17 63 7

17 26 25 16 53 8

21 28 24 11 43 9

21 27 23 13 53 10

20 27 24 11 43 10

22 28 22 11 34 10

24 26 20 9 24 14

23 24 17 9 211 14

21 27 23 12 43 10

22 24 19 10 38 14

14 19 22 20 124 8

Figure 6.8  Proficiency levels for students on the mathematical literacy scale by state

Most states did well in terms of the proportion of students above the minimum proficiency levels.  
The Australian Capital Territory had the lowest percentage of students who had not reached Level 
2 (10%), while for most other states this proportion was between 11 and 14 per cent of students. 
Tasmania and the Northern Territory had the highest percentages of students who had not achieved 
Level 2 with 18 and 25 per cent respectively.     

The percentage of females and males at each proficiency level is shown by state in Figure 6.9.  At 
the high end of the proficiency scale, the largest gender difference was found in the Australian 
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Capital Territory, where 29 per cent of males but only 18 per cent of females were found to be 
achieving at or above Level 5.  In Victoria and Western Australia, there was a gap of some eight 
percentage points between the percentage of males and females achieving at this high level.  The 
smallest gender difference was found in the Northern Territory, where 10 per cent of females and 
12 per cent of males achieved at Level 5 or higher.
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Figure 6.9  Proficiency levels for students on the mathematical literacy scale by state and gender

In most states there were few differences in the proportions of males and females not achieving 
Level 2.  The largest gender difference at this lower level of achievement was in Victoria, where 12 
per cent of males and 16 per cent of females did not achieve Level 2.

Indigenous students’ performance in mathematical 
literacy
Figure 6.10 shows the mean scores and distributions of scores around the mean for Indigenous 
and non-Indigenous students in mathematical literacy.  As in reading and science, there were large 
performance differences apparent, with Indigenous students achieving a mean score of 442 points 
compared to the mean score for non-Indigenous students of 522 points.  This is a difference of 80 
score points, which is equivalent to more than one full mathematical literacy proficiency level (or 
almost two and a half school years).  Indigenous students also performed significantly lower than 
the OECD average by 56 score points, which represents more than three-quarters of a proficiency 
level.
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Figure 6.10  Indigenous and non-Indigenous performance in mathematical literacy
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Table 6.2 shows the mean scores for Indigenous and non-Indigenous students by gender and the 
associated standard errors.  Indigenous females performed significantly and substantially lower 
than their non-Indigenous counterparts (by 79 score points, or around one and a quarter of a 
proficiency level).  Indigenous males also performed well below non-Indigenous males (by 81 
score points).  

While males overall in Australia achieved a statistically higher mean score than females, there was 
no significant difference between the mean scores of Indigenous males and females. 

Table 6.2   Means by gender and gender differences in mathematical literacy for Indigenous and non-
Indigenous students

Females Males Total

Mean SE Mean SE Mean SE

Indigenous 436 10.9 448 8.4 442 7.3

Non-Indigenous 515 2.4 529 3.2 522 2.3

Figure 6.11 shows the performance of Indigenous and non-Indigenous students in terms of 
mathematical literacy proficiency levels, illustrating very clearly the lower performance of 
Indigenous students.  At the lower end of the proficiency scale, there are 39 per cent of Indigenous 
students compared to 12 per cent of non-Indigenous students who did not achieve Level 2.  Of 
even more concern are the 17 per cent of Indigenous students (compared to the three per cent 
of non-Indigenous students) who performed below Level 1 (and achieved a mean score of less 
than 358 score points).  Students below Level 1 are described by the OECD as not being able to 
successfully demonstrate the most basic types of mathematical skills and knowledge  that PISA 
measures. 
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Figure 6.11  Proficiency levels for Indigenous and non-Indigenous students in mathematical literacy 

The disparity between Indigenous and non-Indigenous students is also evident at the higher end of 
achievement.  Only 0.5 per cent of Indigenous students achieved Level 627, compared to four per 
cent of non-Indigenous students.  Only two per cent of Indigenous students performed at either 
Level 5 or 6, compared with 16 per cent of non-Indigenous students.

Figure 6.12 shows the distributions of Indigenous and non-Indigenous students at the mathematical 
literacy proficiency levels by gender.  As in the previous figure, Figure 6.12 shows the higher 
percentage of Indigenous students performing at or below Level 1, but also indicates that there are 
few gender differences in achievement between Indigenous males and females.  The percentage 
of Indigenous females (40%) who have not reached Level 2 is similar to that of Indigenous males 
(38%).  There are approximately three times more Indigenous females than non-Indigenous 
females who have not reached Level 2.  At the higher end of the proficiency level scale, less than 
one per cent of Indigenous males and females (0.4% of females and 0.6% of males) achieved Level 
6, compared to 3 per cent of non-Indigenous females and 6 per cent of non-Indigenous males. 

27 As this is less than 1%, it does not appear on the bar for Indigenous students in Figure 6.11.
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Figure 6.12   Proficiency levels for Indigenous and non-Indigenous students in mathematical literacy by 
gender

Mathematical literacy performance for students from 
different school locations
As mentioned in the Reader’s Guide, geographic location is based on the MCEETYA Schools 
Geographic Location Classification and consists of three categories – metropolitan, provincial and 
remote.

Students who attended schools in metropolitan areas achieved a mean score of 526 score points, 
which was 18 points higher than the mean score for students from schools located in provincial 
areas (mean of 508 score points).  Students attending metropolitan schools performed 58 score 
points higher than students attending schools in remote regions, whose mean score was 468 points 
(Figure 6.13).  The differences between the mean scores of students attending schools in each of 
the categories of geographic location were all statistically significant.  
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Figure 6.13  Student performance in mathematical literacy by geographic location

The difference between students attending metropolitan and remote schools is equivalent to almost 
one proficiency level.  The difference between students attending metropolitan and provinical 
schools is equivalent to almost a third of a proficiency level, while the difference between students 
from provincial and remote schools is equivalent to more than half a proficiency level.

Figure 6.14 shows the percentages of students across the mathematical literacy proficiency scale 
for students attending school in different locations.  The proportion of students attending schools in 
remote areas who had not achieved Level 2 was twice the proportion of students attending schools 
in metropolitan or provincial areas.  At the top of the scale, the proportion of students attending 
metropolitan schools who achieved at Level 5 or 6 was twice the proportion of students attending 
schools in remote areas.  There was also a higher percentage of students from provincial areas than 
students attending schools in remote areas achieving the highest proficiency levels.
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Figure 6.14  Proficiency levels in mathematical literacy by geographic location

Mathematical literacy performance and  
socioeconomic background
The PISA measure of socioeconomic background was derived using student responses to several 
questions about their home and family background in the Student Questionnaire.  Figure 6.15 
shows the distribution of performance in mathematical literacy for each of the socioeconomic 
quartiles.  The differences in mathematical literacy mean scores on the basis of socioeconomic 
quartiles were found to be statistically significant between all of the quartiles, and the higher the 
level of socioeconomic background, the higher the mathematical literacy performance.    
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Figure 6.15  Student performance in mathematical literacy by socioeconomic background

Students in the highest quartile achieved a mean score of 561 points compared to students in the 
lowest quartile who achieved a mean score of 483 points, a difference of 78 points.  Even students 
in the second quartile achieved almost 30 points higher on average than students in the lowest 
quartile, and students in the third quartile achieved about 30 points lower on average than students 
in the highest quartile.   Each of these differences was statistically significant, and represent almost 
one year of schooling.

Figure 6.16 shows the distribution of students across the mathematical literacy proficiency levels 
by socioeconomic quartiles.  This clearly shows that the percentage of students who did not reach 
Level 2 increases as the socioeconomic quartile decreases.  Almost a quarter of students in the 
lowest socioeconomic quartile achieved only at or below Level 1, compared to 14 per cent of 
students in the second quartile of socioeconomic background, nine per cent of students in the 
third quartile, and five per cent of students in the highest quartile of socioeconomic background.  
At the higher end of the mathematical literacy proficiency scale 30 per cent of students in the 
highest quartile of socioeconomic background achieved a proficiency of at least Level 5.  This 
was more than four times the percentage of students in the lowest socioeconomic quartile, more 
than twice the percentage of students in the second socioeconomic quartile and almost twice the 
percentage of students in the third socioeconomic quartile.
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Figure 6.16  Proficiency levels in mathematical literacy by socioeconomic background

Mathematical literacy performance and immigrant status 
Two constructs have been created in PISA to examine the impact of immigrant status on the 
performance in the literacy domains.  The first construct refers to the immigrant status of the 
student, and the second refers to the language spoken in the home.

The mean score for Australian-born students in mathematical literacy was 518 points, statistically 
lower than the mean score for both first-generation students (526 points) and foreign-born students 
(529 points).  The difference between the mean scores for first-generation students and foreign-
born students was not statistically different (Figure 6.17).  The variation in scores between students 
in the 5th and 95th percentiles show that foreign-born students have a wider spread, of 313 score 
points, compared to Australian-born students or first-generation students, who each have a spread 
of 283 score points between the highest and lowest performing students.
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Figure 6.17  Student performance in mathematical literacy by immigrant status

Figure 6.18 shows the proportions of students in each of the mathematical literacy proficiency 
levels by immigrant status.  Although the distributions for each of these groups of students is quite 
similar, there are slight differences at the higher end of the proficiency scale with 23 per cent of 
foreign-born students achieving at Level 5 or 6 compared to 18 per cent of first-generation students 
and 15 per cent of Australian-born students.
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Figure 6.18  Proficiency levels in mathematical literacy by immigrant status

The mean mathematical literacy performance of those students who speak English at home and 
those students who speak a language other than English at home was similar, with mean scores 
of 521 points and 523 points respectively28.  There is also a wider spread of performance amongst 
the students who speak a language other than English at home, with both higher performance than 
the English-speaking group at the high achieving end, and lower performance than the English-
speaking group at the low achievement end (Figure 6.19).
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Figure 6.19  Student performance in mathematical literacy by language spoken at home

Figure 6.20 shows the proportion of students in each of the mathematical literacy proficiency 
levels for those students who speak English at home and those students who speak a language 
other than English at home.  There were some differences at both ends of the achievement 
spectrum.  At the lower end of the proficiency levels 12 per cent of students who spoke English 
at home and 15 per cent of students who spoke a language other than English at home did not 
achieve Level 2.  At the higher end of the proficiency level there were 16 per cent and 22 per cent 
of students who spoke English at home and students who spoke a language other than English at 
home respectively that achieved at Level 5 or 6.
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Figure 6.20  Proficiency levels in mathematical literacy by language spoken at home

28 The confidence interval for students speaking a language other than English at home is large, and so it is 
possible that this may mask any real differences.
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Monitoring mathematical literacy changes over time
In Chapter 5, reading literacy performance between PISA cycles was examined at both an 
international and a national level.  The cautions that were outlined in Chapter 5 also apply when 
comparing student performance over time on mathematical literacy.  

There is a further point to note, however, in relation to mathematical literacy.  As the first major 
domain assessment of mathematical literacy took place in 2003, allowing for a complete 
development of the mathematical literacy scale, it is only possible to compare mathematical 
literacy from 2003 onwards.  Data on mathematical literacy from PISA 2000 are therefore not 
included in this section. 

Internationally, results for mathematical literacy performance from 39 countries can be investigated 
for PISA 2003 and PISA 2006, comprising 29 OECD countries and 10 partner countries.  There 
was no significant change in the average mathematical literacy performance across all OECD 
countries between PISA 2003 and PISA 2006.  The mean scores were 500 and 498 respectively, a 
difference of two score points.

Two OECD countries (Mexico and Greece) and two partner countries (Indonesia and Brazil) 
improved their mathematical literacy performance between PISA 2003 and PISA 2006.  Mexico 
increased its performance by 20 score points and Greece by 14 score points.  The performance of 
Mexico from PISA 2003 to PISA 2006 improved across all levels, and in Greece the increase in 
performance was due to a rise in the lower and middle range of the performance distribution and 
the significantly higher performance of females in PISA 2006.  Indonesia’s performance has risen 
by 31 score points (which is equivalent to half a mathematical literacy proficiency level) and is due 
to the higher performance of males in PISA 2006.  In the case of Brazil, improvements in the lower 
end of the performance distribution enabled overall performance to be increased by 13 score 
points. 

The mathematical literacy performance of four OECD countries declined from PISA 2003 to PISA 
2006.  The declines were in France (15 score points), Japan (11 score points), Iceland (10 score 
points) and Belgium (9 score points). 

Overall, mathematical literacy performance has remained relatively stable between PISA 2003 and 
PISA 2006 for the remaining 31 countries including Australia, 22 other OECD countries and eight 
partner countries (Table 6.3).
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Table 6.3   Mean mathematical literacy scores, standard errors and differences in performance between 
PISA 2003 and PISA 2006 by country

Country
PISA 2003 PISA 2006

Difference SE
Mean SE Mean SE

Australia 524 2.1 520 2.2 -4 3.4

Austria 506 3.3 505 3.7 0 5.2

Belgium 529 2.3 520 3.0 -9 4.0

Brazil 356 4.8 370 2.9 13 5.8

Canada 532 1.8 527 2.0 -5 3.0

Czech Republic 516 3.5 510 3.6 -7 5.2

Denmark 514 2.7 513 2.6 -1 4.0

Finland 544 1.9 548 2.3 4 3.3

France 511 2.5 496 3.2 -15 4.3

Germany 503 3.3 504 3.9 1 5.3

Greece 445 3.9 459 3.0 14 5.1

Hong Kong-China 550 4.5 547 2.7 -3 5.4

Hungary 490 2.8 491 2.9 1 4.3

Iceland 515 1.4 506 1.8 -10 2.7

Indonesia 360 3.9 391 5.6 31 7.0

Ireland 503 2.4 501 2.8 -1 4.0

Italy 466 3.1 462 2.3 -4 4.1

Japan 534 4.0 523 3.3 -11 5.4

Korea 542 3.2 547 3.8 5 5.2

Latvia 483 3.7 486 3.0 3 5.0

Liechtenstein 536 4.1 525 4.2 -11 6.1

Luxembourg 493 1.0 490 1.1 -3 2.0

Macao-China 527 2.9 525 1.3 -2 3.5

Mexico 385 3.6 406 2.9 20 4.9

Netherlands 538 3.1 531 2.6 -7 4.3

New Zealand 523 2.3 522 2.4 -1 3.6

Norway 495 2.4 490 2.6 -5 3.8

OECD average 500 0.6 498 0.5 -2 0.8

Poland 490 2.5 495 2.4 5 3.8

Portugal 466 3.4 466 3.1 0 4.8

Russian Federation 468 4.2 476 3.9 7 5.9

Slovak Republic 498 3.3 492 2.8 -6 4.6

Spain 485 2.4 480 2.3 -5 3.6

Sweden 509 2.6 502 2.4 -7 3.8

Switzerland 527 3.4 530 3.2 3 4.8

Thailand 417 3.0 417 2.3 0 4.0

Tunisia 359 2.5 365 4.0 7 4.9

Turkey 423 6.7 424 4.9 1 8.4

United States 483 2.9 474 4.0 -9 5.2

Uruguay 422 3.3 427 2.6 5 4.4

Note:  Differences in bold are statistically significant (at 95 per cent confidence level)

At a national level, while the mean scores in mathematical literacy for Australia as a whole and for 
most of the states have declined between PISA 2003 and PISA 2006, the decreases were significant 
for only two states – Western Australia (by 17 score points or about a quarter of a proficiency level) 
and South Australia (by 15 score points) (Table 6.4).
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Table 6.4   Mean mathematical literacy scores, standard errors and differences in performance between 
PISA 2003 and PISA 2006 by state

 State PISA 2003 PISA 2006

Differences 
between PISA 
2003 and PISA 

2006

 Mean SE Mean SE Mean SE

ACT 548 3.5 539 5.6 -9 6.7

NSW 526 4.3 523 5.0 -3 6.7

VIC 511 5.1 513 4.0 2 6.6

QLD 520 6.9 519 4.4 -1 8.3

SA 535 4.9 520 4.3 -15 6.7

WA 548 4.1 531 6.5 -17 7.8

TAS 507 9.4 502 3.8 -5 10.2

NT 496 4.9 481 6.2 -15 8.0

Australia 524 2.1 520 2.2 -4 3.4

Note:  Differences in bold are statistically significant (at 95 per cent confidence level)

Table 6.5 shows the mean mathematical literacy scores and the standard errors for males and 
females for Australia overall and by state for PISA 2003 and 2006.  For males, there were no 
statistically significant differences in their mathematical literacy performance between PISA 2003 
and PISA 2006 in Australia or in any of the states.  However, the data  shows that there were 
significant declines in the scores of female students, for Australia overall (by 9 score points) and for 
two states, the Northern Territory (by 27 score points) and Western Australia (by 24 score points).

Table 6.5   Mean mathematical literacy scores, standard errors and differences in performance between 
PISA 2003 and PISA 2006 by gender

State

Females Males

PISA 2003 PISA 2006
Differences 

between PISA 
2003 and PISA 

2006

PISA 2003 PISA 2006
Differences 

between PISA 
2003 and PISA 

2006

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

ACT 548 12.2 529 6.6 -19 14.0 548 10.2 548 8.8 0 13.6

NSW 524 3.9 518 4.6 -6 6.2 529 6.9 527 7.9 -2 10.6

VIC 503 6.2 501 5.3 -2 8.3 518 6.6 524 4.9 6 8.3

QLD 521 8.6 513 5.8 -8 10.5 518 7.7 526 4.6 8 9.1

SA 530 7.1 514 5.6 -16 9.1 540 7 527 5.1 -13 8.8

WA 546 4.3 522 7.3 -24 8.6 551 5.7 541 8.2 -10 10.0

TAS 508 9.9 494 4.4 -14 10.9 507 10.7 510 5.1 3 11.9

NT 501 7.7 474 10.3 -27 12.9 491 6.2 487 5.4 -4 8.4

Australia 522 2.7 513 2.4 -9 3.9 527 3.0 527 3.2 0 4.6

Note:  Differences in bold are statistically significant (at 95 per cent confidence level)

The mathematical literacy performance of Indigenous students was also examined to determine if 
there have been any changes from PISA 2003 to PISA 2006. Table 6.6 shows the performance of 
Indigenous students in PISA 2006 has remained essentially the same as PISA 2003.
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Table 6.6   Mean mathematical literacy scores, standard errors and differences in performance between 
PISA 2003 and PISA 2006 for Indigenous students

PISA 2003 PISA 2006 Differences between  
PISA 2003 and PISA 2006

Mean SE Mean SE Mean SE

Indigenous students 440 5.4 442 7.3 2 9.2

Summary 
Australia’s mean score in mathematical literacy in 2006 was 520 points, significantly better than 
the OECD average.  Australia was in a group of six countries with similar levels of achievement.  
Eight countries significantly outperformed Australia, compared to seven countries in PISA 2003 
(without the Bonferroni correction).  

The range of scores between the 5th and 95th percentiles in Australia was 289 score points, which 
was lower than the highest performing country, Chinese Taipei (333 score points), and the OECD 
average (300 score points).

In many countries, including Australia, male students significantly outperformed female students in 
2006.  In Australia, this represented a change from 2003 when there was no significant difference 
between male and female students in mathematics.  

Australia’s average score remained statistically unchanged between 2003 and 2006.  However, 
while the average score for males remained the same as in PISA 2003, the average score for 
females in Australia declined significantly between the two cycles.

Around 16 per cent of Australian students achieved at Level 5 or higher, compared with 13 per 
cent on average in OECD countries.  At the other end of the achievement scale, 13 per cent of 
Australian students compared to the OECD average of 21 per cent failed to achieve proficiency 
Level 2, including some eight per cent internationally and three per cent of Australian students 
who were not even able to demonstrate the most basic mathematical skills that PISA assesses at 
proficiency Level 1.

The score for the Australian Capital Territory was not significantly different to that of Chinese 
Taipei, the highest scoring country.  The score for Western Australia was not significantly different 
to that of the Australian Capital Territory, and was also significantly higher than the Australian 
average. Other than Tasmania and the Northern Territory, all states scored significantly higher than 
the OECD average.  Tasmania’s score was not significantly different while that for the Northern 
Territory was significantly lower than the OECD average.  The Northern Territory’s score was also 
significantly lower than that of all of the other states. 

In the Australian Capital Territory around one-quarter of students and in Western Australia just over 
20 per cent of students achieved Level 5 or higher, which compared favourably with Finland, the 
Netherlands and Sweden.

There were significant gender differences in favour of males in Victoria, Western Australia, 
Tasmania and Queensland, with the largest difference in Victoria.  

Indigenous students scored, on average, 80 points lower than non-Indigenous students, and 56 
score points lower than the OECD average.  There was no significant gender difference in the 
average score.  Some 17 per cent of Indigenous students, compared to three per cent of non-
Indigenous students, were unable to demonstrate Level 1, and 39 per cent of Indigenous compared 
to 12 per cent of non-Indigenous students achieved below Level 2.  

Significant differences were also found by location of school that the students attended with 
students in metropolitan schools outscoring those in remote schools by a significant 58 score 
points on average – almost a full proficiency level. There were also significant differences between 
metropolitan and provincial school and between provincial and remote schools.    
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Socioeconomic differences were also apparent, with students in the highest socioeconomic 
quartile outperforming those in the lowest socioeconomic quartile by 78 score points on 
average.  This represents more than one full proficiency level.  At the highest and lowest 
achievement proficiencies, the differences are stark.  Twenty-two per cent of students in the lowest 
socioeconomic quartile, compared to five per cent of students in the highest socioeconomic 
quartile, failed to achieve Level 2.  At the same time, six per cent of students in the lowest 
socioeconomic quartile, compared to 29 per cent of students in the highest socioeconomic 
quartile, achieved Level 5 or higher.

There are always interesting differences in Australia in mathematics achievement between 
those born in the country and those with immediate roots outside the country. In the PISA 2006 
mathematical literacy assessment, Australian-born students scored at a level significantly lower 
than either foreign-born or first-generation students, and although the proportions of students not 
achieving Level 2 are around the same for all three groups, the proportions achieving at the higher 
levels are quite different. Fifteen per cent of Australian-born students, compared to 18 per cent of 
first-generation students and 23 per cent of foreign-born students, achieved Level 5 or higher. 

As previously mentioned, Australia’s mean score in mathematical literacy in PISA 2006 was not 
significantly different from the mean score achieved in PISA 2003.  There were some differences 
evident however; the scores for males in all states remained statistically the same, while those of 
females in the Northern Territory and Western Australia declined by a significant 27 score points 
and 24 score points respectively. 

The next chapter of this report will examine the influences of socioeconomic background on 
student achievement within Australia and the states. 
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Previous chapters have described student performance in the three literacy domains: scientific, 
reading and mathematical literacy.  Student performance is, of course, affected by myriad 
factors – student home background, attitudes, motivations, learning preferences and the learning 
environment have all been shown to influence student performance.  At school and system level, 
there are differences in the way that teaching is organised and delivered in classes, the human 
and financial resources available to schools as well as factors such as curricular differences and 
organisational policies and practices.

Students come from a wide range of backgrounds and it is important that schools are equipped 
to accommodate students with diverse experiences and that they seek to provide equitable 
educational opportunities.  Previous chapters have shown that this is not always the case, and 
that achievement varies widely within Australia.  This chapter examines the relationship between 
socioeconomic background and achievement in PISA, presenting the findings both in an 
international29 and national context.

The overall impact of socioeconomic background on student performance was found to be similar 
for science, reading and mathematics in PISA 2006.  Therefore to simplify the presentation and to 
avoid repetition most of the analysis in this chapter will relate to student performance in science, 
the focus of the PISA 2006 assessment, and consider the combined science scale rather than 
examining the competency and knowledge areas separately.

The challenge for countries is to both cater for a diverse student body and narrow the gaps 
in student performance.  In Australia, there is little institutional differentiation, reflecting the 
comprehensive nature of our education system.  In general, schools are required to provide all 
students with similar opportunities for learning by requiring each school and teacher to provide for 
the full range of student abilities, interests and backgrounds.

How much variation?
There are considerable differences in the extent to which science achievement varies within 
countries.   Figure 7.1 (derived from the OECD database, Table 4.1a) shows these differences.  The 
total length of the bars indicates the observed variance in student performance on the PISA science 
scale.  The values are expressed as percentages of the average variance between OECD countries 
in student performance on the PISA science scale, which is equal to 8,971 units.

A value larger than 100 indicates that variance in student performance is greater in that country 
than on average among OECD countries, while a value smaller than 100 indicates below-average 

29 International charts presented in this chapter are derived from the OECD PISA 2006 database and adapted 
from PISA 2006: Science Competencies for Tomorrow’s World, Volume 1.
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variance in student performance.  Australia’s variance is 9,926 units, which is about 11 per cent 
higher than the OECD average.  As a contrast Finland, the highest performing country, had one of 
the lowest levels of variation in student performance – almost 20 per cent lower than the OECD 
average.  

For each country a distinction is made between the variation attributable to differences in student 
results obtained by students in different schools (between-school differences) and that attributable 
to the range of student results within schools (within-school differences).  In Figure 7.1 the length 
of the bars to the left of the central line shows between-school differences, while the length of the 
bars to the right of the central line shows the within-school differences.  Longer segments on the 
left of the central line indicate greater variation in the mean performance of different schools while 
longer segments to the right indicate greater variation among students within schools.  Countries 
such as Finland, Canada, Australia and New Zealand not only achieve high average student 
performance, they also show low or modest levels of between-school variation.  These results 
are similar to those found in PISA 2000 and PISA 2003 in reading and mathematical literacy 
respectively.
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Figure 7.1  Variance in student performance between schools and within schools in scientific literacy
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Also shown in Figure 7.1 is the amount of between-school variance and within-school variance 
that can be attributed to the socioeconomic background of students and schools.  Chapter 3 has 
shown that although achievement in Australia is generally high, inequalities persist.  The long-term 
social and financial costs to a society of educational inequality are high in that those who are not 
able to participate socially and economically in society generate higher costs for health, income 
support, child welfare and security.

The OECD defines the relative success of an educational system as the extent to which the system 
provides appropriate and equitable opportunities for a diverse student body.  To do so, it uses the 
extent to which social background relates to student and school performance.  Where students 
and schools perform well irrespective of their social background, learning can be considered to 
be more equitably distributed.  If successful student and school performance depends largely on 
socioeconomic background, inequalities remain and student potential is unrealised.

Economic, social and cultural status
To measure wider aspects of a student’s family and home background in addition to parental 
occupational status, the PISA index of economic, social and cultural status (ESCS) was created. 
PISA collected detailed information from students on various aspects of their background 
related to the economic, social and cultural status of their family.  These included information 
on the occupations of the student’s parents or guardians, the level of education of the parents or 
guardians, and an index of home possessions, which included access to educational and cultural 
resources at home.  The composite socioeconomic background index, ESCS, was based on the 
occupations of the parents or guardians (using the index known as HISEI, which is described in the 
following section), the highest level of education of the parents converted into years of education, 
an index of the home educational resources, an index of cultural possessions in the home, and an 
index of family wealth. 

ESCS can be regarded as a broader measure of socioeconomic or family background than HISEI 
alone. In PISA 2000, HISEI was used as the main measure of socioeconomic background in the 
national report (Lokan, Greenwood & Cresswell, 2001). The current international report (OECD, 
2007) discusses the relationship between socioeconomic background and student performance in 
terms of ESCS, and we have therefore used the ESCS measure in this report for consistency. 

The measures that comprise the ESCS are elaborated further in the following section.

Parents’ occupational status

Students were asked in the Student Questionnaire to report (in an open-ended response) their 
mother’s and father’s occupations.  The open-ended responses were then coded in accordance 
with the International Standard Classification of Occupations (ISCO). The resulting classifications 
were then used to derive a measure on the PISA International Socioeconomic Index of 
Occupational Status (ISEI). This index captures the attributes of occupations that relate parental 
education to income and is therefore indicative of socioeconomic status. In PISA a further 
index, HISEI, is created with values based on whichever of the father’s or mother’s occupation 
is the highest. Values on HISEI range from 0 to 90. High values on the index represent higher 
socioeconomic status and low values represent lower socioeconomic status. The mean value for 
the OECD was 48.7.

Australia had a mean of 53.0, following behind Iceland (53.9), Canada (53.5) and Norway 
(53.1).  The scores for the United States (52.5) and New Zealand (51.6) were slightly below that 
of Australia.  Turkey had the lowest value on the index with a mean of 39.5. Within Australia, the 
mean on HISEI ranged from 59.5 in the Australian Capital Territory to 48.8 in Tasmania. All states 
and territories other than Tasmania had a mean on the HISEI index significantly above the OECD 
mean. In Australia, the correlation coefficients between HISEI and student performance across 
each of the three (scientific, reading and mathematical literacy) domains were similar at around 
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0.30. This is a moderate positive correlation, indicating that there is a general tendency for students 
with higher levels on the index to have higher scores than students with lower levels on the index. 

Parents’ educational attainments

Information was collected on parents’ education levels by asking students two questions. The 
first question asked students to indicate their parents’ level of school education, from a list of 
statements (completed Year 12, completed Year 10 or 11, completed some secondary school but 
not more than Year 10, completed primary school only or none of the above). The second question 
asked students to indicate their mother’s and father’s post-school qualification from the following: 
a TAFE training certificate, a TAFE diploma or a university degree.

In terms of the mother’s highest education levels, 26 per cent had completed some secondary 
school, but not more than Year 10, 15 per cent had completed Year 10 or 11 and 58 per cent of 
mothers had completed Year 12.  Only one per cent of mothers had completed primary school 
only.  Approximately 30 per cent of mothers had a university degree qualification, one- fifth had a 
TAFE training certificate, and another fifth had completed a TAFE diploma.

Similar percentages were found with the father’s highest levels of education attained: 26 per cent 
had completed some secondary, but not more than Year 10; 17 per cent had completed Year 10 or 
11; and 54 per cent of fathers had completed Year 12.  One-third of fathers had a university degree 
qualification, 17 per cent had a TAFE diploma, and 27 per cent had a TAFE training certificate.

There was a weak (but significant) positive relationship in Australia between parents’ education 
and student performance. The correlation coefficient was 0.25 for scientific literacy and 
mathematical literacy, and 0.24 for reading literacy.

In all participating countries there was a significant positive relationship between parental 
educational level and student performance in scientific literacy. Further information can be found 
in the international report (OECD, 2007).

Books in the home

Books are an important educational resource and the number of books in students’ homes has 
been found to have an association with student performance. Eleven per cent of Australian 
students had more than 500 books in their home; about 20 per cent had each of 201 to 500 books 
and 101 to 200 books; thirty per cent had 26 to 100 books; 20 per cent had 11 to 25 books, while 
the remaining seven per cent had no more than 10 books in their home. The percentage of books 
in the home was very similar for females and males. On average, students from the Northern 
Territory had the lowest number of books in the home and students in the Australian Capital 
Territory had the highest.

There was a moderate positive relationship (correlation coefficient 0.35) between student 
performance in scientific literacy and the number of books a student has in their home. On 
average, a student whose home had more than 500 books scored 117 points higher in scientific 
literacy than a student who had less than 10 books in their home.

Educational resources in the home

The index on home educational resources was derived from students’ indications of their access to 
educational items other than books in their home. Almost all Australian students had a dictionary 
and a calculator, 93 per cent had a desk, 89 per cent had a place to study and 86 per cent had 
books to help with schoolwork. Australia’s mean on the home educational resources index was 
higher than the OECD mean at 0.04. The means for the states ranged above and below the OECD 
mean, with the Australian Capital Territory (0.16) and Western Australia (0.02) above the OECD 
mean, and Queensland (–0.04), Tasmania (–0.17) and the Northern Territory (–0.39) below the 
OECD mean. There was a weak positive association between educational resources in the home 
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and performance. The correlation coefficient between educational resources in the home and 
performance was 0.20 for scientific literacy, 0.21 for mathematical literacy and 0.22 for reading 
literacy.  On average, students whose home had all of the educational resources mentioned above 
(and were therefore placed in the highest quartile of the index) scored 38 points higher in scientific 
literacy than students in the lowest quartile (who had very few or no educational resources in the 
home). 

Cultural possessions in the home

Students were asked to indicate whether they had possessions related to ‘classical culture’ in their 
home. The index was derived from the possession of three items, with 40 per cent of Australian 
students having classical literature (e.g. Shakespeare), 45 per cent having books of poetry, and 
27 per cent having works of art (e.g. paintings) in their home. Australia’s mean on the cultural 
possessions index was below the OECD average at –0.11. The mean in the Australian Capital 
Territory (at 0.18) was the only one higher than the OECD mean.  The means for all other states 
were below the OECD mean, ranging from –0.05 in New South Wales to –0.26 in Tasmania. There 
was a weak positive relationship between cultural possessions and student performance. The 
correlation coefficients for scientific, reading and mathematical literacy were 0.23, 0.20 and 0.24 
respectively.  Students with higher means on the cultural possessions at home index (i.e. those 
students who have classical literature, books of poetry and works of art in their home) scored 59 
points higher on average in scientific literacy than students with lower mean scores on the index.  

Family wealth 

The index on family wealth was based on items in the home.  Students were asked two questions 
about possession of specific items in the home and about the quantity of some of these items.  
Almost all students reported having a DVD or VCR player and more than ninety per cent of 
students had a room of their own and a link to the Internet.  Eighty-eight per cent of students had a 
digital camera, 86 per cent had a mobile phone, and 66 per cent reported having a dishwasher in 
their home.  Fewer than half the students reported having cable or pay TV or a plasma TV in their 
home.   Two-thirds of students had three or more televisions in their home, one- third had three 
or more cars, and a quarter of students participating in PISA 2006 had three or more computers 
in their home.  Australia’s mean (0.39) on the wealth index was higher than the average for all 
OECD countries.  The Australian Capital Territory had a mean of 0.58, followed by Victoria (0.42), 
New South Wales and Western Australia (0.41 points), and South Australia (0.40).  Queensland, 
Tasmania and the Northern Territory had the lowest means on the wealth index with 0.33, 0.29 
and 0.22 respectively.  Family wealth was not correlated with performance, with a correlation 
coefficient of 0.03 for scientific literacy, 0.06 for mathematical literacy and 0.05 for reading 
literacy.  On average, students in the highest quartile of the wealth index scored nine points higher 
in scientific literacy compared to students in the lowest quartile.    

The ESCS index
Using the various factors described above, values on the ESCS index were computed for each 
student, with mean scores also being calculated for each country.  As for all the other indices in 
this report, the ESCS index was standardised to have a mean of zero and a standard deviation of 
1 for all OECD countries combined.  Australia’s mean value on the ESCS was 0.21, which was 
higher than the OECD average.  This is similar to the ESCS score for OECD countries Austria (0.20), 
Finland (0.26), the Netherlands (0.25), and Sweden (0.24), is lower than that of Canada (0.37) and 
Iceland (0.77), and higher than that of countries such as New Zealand (0.10) and the United States 
(0.14).  Within Australia, the mean values for the ESCS were 0.58 in the Australian Capital Territory, 
0.28 in New South Wales, 0.21 in Victoria and Western Australia, 0.16 in South Australia, 0.10 in 
Queensland, 0.07 in the Northern Territory, and –0.04 in Tasmania (see Figure 7.5, which shows 
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the mean and range of ESCS scores for selected countries, and Figure 7.10, which shows the range 
for the Australian states).

Socioeconomic gradients

The terms ‘socioeconomic gradient’ or ‘social gradient’ refer to the relationship between an 
outcome and socioeconomic background. In the case of PISA the outcome considered is students’ 
performance and the measure of socioeconomic performance is the ESCS index. PISA data show 
that there is a significant relationship between students’ performance and their socioeconomic 
background as measured by ESCS. This relationship is evident in Australia and all PISA countries, 
although the strength of the relationship differs among countries. In a graphical representation the 
line of best fit for the points that represent performance against socioeconomic background (ESCS) 
provides information about several aspects of the relationship. The line is referred to as the social 
gradient.  

The analysis of socioeconomic gradients is a means of characterising student performance and 
providing guidance for educational policy.  Socioeconomic gradients can be used to compare the 
relationships between outcomes and student background across countries and to examine changes 
in gradients that occur from one cycle of PISA to another.

Four types of information are relevant to a consideration of social gradients:

The  ◗ strength of the relationship between science achievement and socioeconomic background.  
Although it is not always evident from a graphical presentation (even if individual data points 
for students are represented as a scatter plot) it is important to consider how closely individual 
results fit to the line of best fit. In other words, are the points representing the performance and 
ESCS measures for all the individual students situated close to the line of best fit or are they 
widely scattered about it? The closer all the points are to the line of best fit, the greater is the 
strength of the relationship.  This aspect of the social gradient is represented by the percentage 
of the variation in performance that can be explained by the ESCS index. If the percentage 
is large it indicates that performance is relatively highly determined by ESCS, whereas if it is 
small it indicates that performance is not highly determined by ESCS.  For OECD countries as 
a whole, the strength of the relationship between science achievement and socioeconomic 
background is 14.4.

The  ◗ slope of the gradient line is an indication of the extent of inequality in the relationship 
between students’ results and their socioeconomic background (as measured by ESCS). A 
steeper slope indicates a greater difference in performance between low socioeconomic 
background students and high socioeconomic background students. Education systems 
typically aim to decrease the differences in performance between different social groups. 
Greater equity would thus be indicated by a flatter gradient.

The average  ◗ level of the line in the graph gives an indication of how well the overall population 
has achieved on the given assessment. Lines at higher levels indicate higher mean performance 
by the students.

The  ◗ length of the line indicates the range of ESCS.  The graphs in this chapter are plotted 
between the 5th percentile of ESCS and the 95th percentile of ESCS, that is the graphs span 
the middle 90 per cent of the values of ESCS for each country. A smaller range indicates 
less difference in socioeconomic background between students from the highest and lowest 
socioeconomic backgrounds in the country. The range can be measured by projecting the 
starting point and finishing point of the gradient onto the horizontal axis.

The relationship between science performance and socioeconomic background as measured by 
ESCS for the OECD as a whole is shown in Figure 7.2. The vertical axis on the left hand side of the 
figure represents scores on the PISA 2006 overall scientific literacy scale. The banded horizontal 
regions on the graph represent the six proficiency levels (and an area below Level 1) as discussed 
in Chapter 2. The horizontal axis on the graph represents the index of ESCS. Each dot on the graph 
represents a fraction of the sampled students over the whole OECD.   
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Figure 7.2  Socioeconomic gradient for the OECD in scientific literacy

Several points can be noted about the distribution of scores in this graph, and the almost straight 
line representing the socioeconomic gradient.  Firstly, the most obvious is that students from more 
advantaged socioeconomic backgrounds generally perform better than those from disadvantaged 
backgrounds.  This can be seen from the upwards slope of the line.  Across OECD countries this 
slope represents an average rise of 40 score points in science performance for an increase of one 
standard deviation in socioeconomic background.

Secondly, the gradient line is almost straight, meaning that the difference in student science 
achievement associated with a particular change in socioeconomic background is about the same 
throughout the distribution of socioeconomic background.  That is, the benefit for performance of 
socioeconomic advantage neither diminishes nor rises as socioeconomic advantage grows.

Finally, the graph shows very clearly that socioeconomic background is not deterministic. This 
is evidenced by the spread of the dots around the line.  Some students from very disadvantaged 
backgrounds score well above what the gradient line would predict, while some students from 
highly advantaged homes, shown on the right hand side of the figure, perform at a very low 
level.  For any group of students with similar socioeconomic backgrounds there is a large range of 
performance.

Figure 7.3 shows the socioeconomic gradients for Australia and the OECD.  Several aspects of the 
graphs can be explored – how well socioeconomic background predicts performance, how well 
students with an average socioeconomic background perform, how wide are the differences in 
socioeconomic background in Australia compared with the OECD on average, and how much 
performance differs between students with stronger or weaker than average socioeconomic 
backgrounds.
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Figure 7.3  Socioeconomic gradients for Australia and the OECD in scientific literacy30

Examining each of the key points in turn for Figure 7.3:

Strength:  The scatter plot in Figure 7.3, which shows the relationship between socioeconomic  ◗

background and scientific literacy for individual Australian students, indicates that the 
relationship between student performance and socioeconomic background is by no means 
deterministic.  In the case of Australia, the strength of the relationship is 11.3, which is 
significantly lower than the OECD average of 14.5.

Slope:  As noted above, the slope is an indication of the extent of inequality in science  ◗

performance attributable to socioeconomic factors.  The slope of the socioeconomic gradient 
for Australia was 43, significantly higher than the slope of 40 for the OECD.  This means that in 
Australia every additional unit increase on the index of socioeconomic background translates 
into an additional 43 score points on the scientific literacy scale, significantly more than the 40 
score points on average over the OECD.

It is important to examine these two aspects together.   The slope tells us that each additional unit, 
on average, of socioeconomic background translates into 43 score points, significantly higher than 
that of the OECD overall of 40 points.  However, the association between the two variables is 
significantly less in Australia compared with the OECD overall, with socioeconomic background 
explaining some 11 per cent of the variation in scores compared to 14.5 per cent over the OECD.  
The strength of the relationship between socioeconomic background and science performance is 
used by the OECD as a proxy for equity in the distribution of learning opportunities.  On the basis 
of Australia’s higher than OECD average performance and lower than OECD average strength of 
relationship between socioeconomic background and performance, Australia is categorised as a 
high quality/high equity country in relation to science literacy performance in PISA 2006.

Level of the lines:  The Australian gradient line is higher than the OECD, reflecting the fact that  ◗

Australian students performed at a higher level than on average in the OECD.

Length of the lines:  The range of ESCS scores between the 5 ◗ th and 95th percentiles is smaller in 
Australia than over the OECD as a whole, as would be expected given the range of countries 
contributing to the OECD average score.

30 Australian students are represented by the dots in the scatter plot.
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Figure 7.4 plots the socioeconomic gradients for Finland, Canada, Australia, New Zealand, the 
United Kingdom and the United States, and the OECD average.  This illustrates a number of 
features:

The level of the line for Australia is above that of the United States, the United Kingdom, and  ◗

the OECD average, reflecting the fact that Australia has a higher mean score than both these 
two countries and than the OECD average.  The line for Finland is higher than the line for 
Australia and it is less steep than that for Australia. This indicates that not  only is there higher 
overall achievement in Finland, but there is less difference in the scores obtained in PISA 
between lower socioeconomic background and higher socioeconomic background students 
in Finland than in Australia.  In other words, the figure shows that there is a higher degree of 
equity in Finland.  

It is also worth noting that the lines for Finland and Canada start on the horizontal axis at  ◗

a point considerably to the right of the starting points for all the other countries shown and 
for the OECD average.  This indicates that these two countries do not have students with 
socioeconomic backgrounds as low as occur in Australia, New Zealand, the United Kingdom, 
the United States or the OECD on average. 
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Figure 7.4  Socioeconomic gradients for selected countries in scientific literacy

The gradients for Canada, New Zealand and the United States are slightly curved.  This indicates, 
in the case of Canada, that the added benefit of higher socioeconomic background tapers off 
at higher socioeconomic levels, showing that at higher levels of socioeconomic background 
there is progressively less advantage in student performance.  In New Zealand and the United 
States, however, the curves rise towards the right hand end, indicating that the greater the 
socioeconomic advantage, the greater the advantage in terms of student achievement.  At lower 
levels of socioeconomic background, Australia and New Zealand perform at about the same level; 
however, at high levels of socioeconomic background New Zealand students clearly outperform 
Australian students.  Canada, on the other hand, appears to cater well for its lower socioeconomic 
background students: their achievement levels are higher than in Australia for low socioeconomic 
background students and closer to the achievement scores for their high achieving students.  For 
higher socioeconomic background students, Australia’s achievement level is higher than that of 
Canada.

An important feature illustrated by this figure is that there is less difference, generally, between 
countries at high levels of ESCS than there is at low levels – the slopes appear to converge slightly 
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at higher levels of ESCS.  This is also observed when the social gradients of all countries are plotted 
together, implying that students with high levels of socioeconomic background tend to vary less 
in their scientific literacy performance, from country to country, than students with relatively low 
levels of socioeconomic background.  That is, the impact of educational experiences on student 
performance may be greatest for students from lower socioeconomic backgrounds. 

The range of the index of ESCS spanned by the gradient lines should also be noted when 
comparing countries’ scores.  As noted above, the range is indicated by the length of the line from 
the 5th percentile to the 95th percentile.  The ranges for selected countries are shown in Figure 
7.5.  For some countries the spread is quite narrow – for example in Australia the range spans less 
than 2.5 index points, while in others, for example Portugal, the range is much larger (4 index 
points).  What this means is that in Australia, there is a fairly narrow distribution of socioeconomic 
background and the lowest level is quite high, whereas in countries such as Portugal, Mexico, 
Turkey and Thailand, there is a wide range of socioeconomic backgrounds and the lowest level is 
very low.  In these countries, the education system needs to cope with students from both high and 
very low socioeconomic backgrounds.
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Figure 7.5  Range of ESCS index scores for selected countries for PISA 2006

Table 7.1 shows the slope and strength of the relationship between socioeconomic background 
and performance in scientific literacy for all participating countries in PISA 2000, PISA 2003 and 
PISA 2006.   A bolded figure indicates that the value is significantly different from the OECD 
average. For Australia, both the slope and strength of the gradient were significantly lower in 
2006 than in 2003, which means that the effect of socioeconomic background both declined 
and weakened over this period of time.  Also notable is that in the United States the slope has 
increased and the strength has weakened between PISA 2000 and PISA 2003 and PISA 2006. Also, 
quite remarkably, the slope in Finland has declined.

Table 7.1 also shows that in PISA 2006: 

The strength of the relationship varies widely – from less than eight per cent of variation being  ◗

explained in Iceland, Japan, Montenegro, Hong Kong-China, Azerbaijan, Qatar and Macao-
China, to more than 21 per cent in France, Hungary, Luxembourg, Liechtenstein, Chile and 
Bulgaria.  The slope for Australia was 11 per cent.
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The steepness of the slopes vary – steep slopes can be seen in France (54), New Zealand (52),  ◗

the United States (49), and the United Kingdom (48) compared with gentler slopes, indicating 
lower impact of socioeconomic background on performance in the three highest scoring 
countries, Finland (31), Hong Kong-China (26) and Canada (33), as well as in a range of other 
countries.  The slope for Australia was 43.

Both strength and slope need to be taken into account – countries may have similar slopes,  ◗

but if the strength of the relationship is quite different then the interpretation should be made 
carefully.  For example, compare Australia with Hungary.  The slopes of the socioeconomic 
gradients are very similar: 43 for Australia and 44 for Hungary.  However, in Australia there 
are many students from disadvantaged backgrounds performing well and many students 
from advantaged backgrounds performing at a lower level than would be expected, so 
that the relationship only explains 11.3 per cent of the variance.  In Hungary, however, 
performance follows the levels predicted by socioeconomic background more closely, so that 
socioeconomic background explains 21.4 per cent of the variance.
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Table 7.1   Relationship between student performance in scientific literacy and the PISA index of economic, 
social and cultural status (ESCS) for PISA 2000, PISA 2003 and PISA 2006

PISA 2000 PISA 2003 PISA 2006
Slope of   

ESCS 
Strength of the 

relationship 
Slope of   

ESCS 
Strength of the 

relationship 
Slope of   

ESCS 
Strength of the 

relationship 
Slope SE % SE Slope SE % SE Slope SE % SE

OECD countries       
Australia 42 (2.6) 14.3 (1.75) 47 (2.1) 14.6 (1.15) 43 (1.5) 11.3 (0.78)

Austria 42 (2.7) 15.3 (1.70) 49 (2.2) 18.7 (1.48) 46 (3.1) 15.4 (2.02)
Belgium 53 (2.7) 20.0 (1.51) 55 (1.8) 24.5 (1.32) 48 (1.9) 19.4 (1.29)
Canada 33 (1.5) 10.6 (0.88) 40 (1.6) 11.4 (0.82) 33 (1.4) 8.2 (0.68)

Czech Republic 56 (2.7) 20.9 (1.83) 50 (2.2) 16.4 (1.38) 51 (2.6) 15.6 (1.35)
Denmark 46 (2.6) 16.6 (1.80) 47 (2.3) 16.3 (1.40) 39 (2.0) 14.1 (1.43)

Finland 26 (2.3) 7.3 (1.24) 34 (1.7) 9.9 (0.97) 31 (1.6) 8.3 (0.87)
France 47 (2.5) 18.5 (1.90) 54 (2.8) 20.9 (1.97) 54 (2.5) 21.2 (1.77)

Germany 54 (2.6) 23.4 (2.19) 54 (1.7) 25.9 (1.51) 46 (2.1) 19.0 (1.45)
Greece 30 (2.8) 10.5 (1.93) 36 (2.0) 13.0 (1.48) 37 (2.2) 15.0 (1.72)

Hungary 60 (3.6) 23.3 (2.44) 51 (2.4) 21.4 (1.75) 44 (1.8) 21.4 (1.58)
Iceland 22 (2.4) 5.7 (1.19) 31 (2.1) 6.8 (0.95) 29 (1.8) 6.7 (0.80)
Ireland 34 (2.3) 12.8 (1.62) 44 (2.1) 17.8 (1.62) 39 (2.2) 12.7 (1.37)

Italy 30 (2.4) 9.3 (1.34) 40 (2.2) 14.1 (1.32) 31 (1.6) 10.0 (0.94)
Japan 48 (4.5) 10.6 (1.67) 39 (2.7) 7.4 (0.95)
Korea 27 (2.8) 8.4 (1.70) 39 (3.3) 10.9 (1.75) 32 (3.1) 8.1 (1.49)

Luxembourg 40 (1.6) 17.7 (1.27) 41 (1.2) 21.7 (1.12)
Mexico 26 (2.2) 16.2 (2.67) 28 (1.9) 15.1 (1.82) 25 (1.3) 16.8 (1.72)

Netherlands 47 (2.4) 17.3 (1.62) 44 (2.2) 16.7 (1.65)
New Zealand 44 (2.5) 16.2 (1.60) 46 (1.7) 16.8 (1.13) 52 (1.8) 16.4 (1.11)

Norway 38 (2.2) 13.1 (1.44) 47 (2.3) 12.9 (1.21) 36 (2.5) 8.3 (1.10)
Poland 42 (3.5) 14.1 (2.11) 52 (2.1) 17.5 (1.29) 39 (1.8) 14.5 (1.13)

Portugal 33 (2.2) 15.6 (2.23) 29 (1.6) 15.1 (1.55) 28 (1.4) 16.6 (1.50)
Slovak Republic 58 (3.6) 21.8 (2.29) 45 (2.6) 19.2 (1.96)

Spain 35 (2.1) 15.3 (1.71) 36 (2.0) 13.3 (1.38) 31 (1.3) 13.9 (1.21)
Sweden 33 (2.3) 9.3 (1.20) 46 (2.4) 14.2 (1.36) 38 (2.1) 10.6 (0.97)

Switzerland 52 (2.3) 23.0 (1.92) 56 (2.5) 19.4 (1.54) 44 (1.8) 15.7 (1.20)
Turkey 41 (4.4) 22.2 (3.76) 31 (3.2) 16.5 (2.96)

United Kingdom 48 (1.9) 13.9 (1.12)
United States 46 (3.6) 21.2 (2.93) 48 (1.7) 18.5 (1.33) 49 (2.5) 17.9 (1.63)

OECD average 40 (0.5) 15.1 (0.38) 45 (0.5) 16.4 (0.30) 40 (0.4) 14.5 (0.26)
Partner countries       

Argentina 38 (2.4) 19.5 (2.33)
Azerbaijan 11 (2.0) 4.7 (1.71)

Brazil 28 (2.9) 12.2 (2.29) 30 (2.6) 11.6 (1.84) 30 (1.9) 17.1 (1.92)
Bulgaria 52 (3.6) 24.1 (2.76)

Chile 38 (1.8) 23.3 (1.92)
Chinese Taipei 42 (2.1) 12.5 (1.19)

Colombia 23 (1.6) 11.4 (1.57)
Croatia 34 (1.9) 12.3 (1.21)
Estonia 31 (2.0) 9.3 (1.12)

Hong Kong-China 32 (3.0) 9.4 (1.93) 30 (2.5) 6.7 (1.20) 26 (2.3) 6.9 (1.26)
Indonesia 18 (3.5) 5.6 (1.97) 19 (2.2) 8.0 (1.62) 21 (2.6) 10.2 (2.31)

Israel 43 (2.7) 10.9 (1.10)
Jordan 27 (1.8) 11.2 (1.35)

Kyrgyzstan 27 (2.6) 8.2 (1.42)
Latvia 36 (4.7) 8.9 (2.17) 38 (3.0) 9.5 (1.53) 29 (2.3) 9.7 (1.41)

Liechtenstein 43 (7.6) 19.2 (6.74) 61 (6.7) 23.0 (4.47) 49 (5.5) 20.4 (4.42)
Lithuania 38 (2.0) 15.2 (1.33)

Macao-China   10 (3.1) 0.9 (0.59) 13 (1.5) 2.2 (0.49)
Montenegro 24 (1.4) 7.5 (0.90)

Romania 35 (3.4) 16.6 (3.15)
Russian Fed. 38 (3.3) 8.0 (1.29) 40 (2.3) 9.0 (1.01) 32 (2.6) 8.1 (1.23)

Serbia 33 (1.8) 13.2 (1.27)
Slovenia 46 (1.6) 16.7 (1.11)
Thailand 22 (2.7) 7.0 (1.70) 28 (2.2) 12.8 (1.85) 28 (1.6) 15.9 (2.00)

Tunisia 19 (2.5) 7.2 (1.83) 19 (2.2) 9.5 (2.11)
Uruguay 37 (2.3) 12.7 (1.47) 34 (1.4) 18.3 (1.23)

Note: Figures in bold are significantly different to the OECD average
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Differences among domains

Table 7.2 shows the average score, slope and strength of the relationship between socioeconomic 
background and achievement in each of science, reading and mathematics for Australia as a whole 
in each of the three cycles of PISA.  In previous years some of this information was presented 
graphically; however, with three cycles this is not now ideal.

Table 7.2   Mean scores, slope and strength of the relationship between ESCS and achievement in science, 
reading and mathematics, PISA 2000, PISA 2003 and PISA 2006 for Australia

Scientific literacy Reading literacy Mathematical literacy

Score Slope Strength Score Slope Strength Score Slope Strength

PISA 2000 528 42 14.3 528 50 17.4 533 44 17.1

PISA 2003 525 47 14.6 525 44 14.2 524 42 13.7

PISA 2006 527 43 11.3 513 41 11.8 520 38 11.5

Note:  Figures in bold are significantly different to the PISA 2000 figures

The slope for reading has declined significantly from that measured in PISA 2000, meaning 
that Australia’s reading literacy, although significantly lower than in PISA 2000, is also more 
equitably distributed in terms of socioeconomic background.  The strength of the relationship has 
also decreased over the time period – only 11.8 per cent of variation in students’ scores can be 
explained by socioeconomic background in 2006 compared to 17.4 per cent in 2000.

The slope for mathematics has also decreased, but not significantly.  The strength of the 
relationship has significantly decreased from PISA 2000 to PISA 2006, explaining around 17 per 
cent of the variation in 2000 and 11.5 per cent of the variation in 2006. 

Figure 7.6 shows the socioeconomic gradients for the three assessed areas in PISA 2006. 
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Figure 7.6  Socioeconomic gradients for scientific, reading and mathematical literacy, PISA 2006

As also shown in Table 7.2, these data indicate that the slopes for each of the domains are 
very similar.  There is a slightly lower impact of socioeconomic background on mathematics 
achievement than either scientific or reading literacy achievement, as indicated by the slightly 
flatter line for mathematical literacy.
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Relationships by state

Analysis carried out for Australia suggests that the vast majority of the variation in student scores 
across the country is due to variation between students within schools (81 per cent), with 18.4 per 
cent due to differences between schools, and only 0.6 per cent due to differences between states.31

As there is so little variation between states in terms of the impact of socioeconomic background 
on science achievement, an extensive analysis of the reasons for between-state differences will 
not be carried out; however, Figure 7.7 shows that there is variation in the relationship between 
socioeconomic background and science achievement, some of which have already been explored 
in Chapter 3.
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Figure 7.7   Socioeconomic gradients in scientific literacy for the states, PISA 2006

The graph illustrates the following:

The gradient for the Northern Territory is the steepest, with the Australian Capital Territory  ◗

almost as steep, while Victoria has the flattest slope.  

The graphs for Tasmania and the Australian Capital Territory have a negative curvilinearity (the  ◗

curvature of the line), indicating that the influence of socioeconomic background on science 
achievement ‘flattens out’ at higher levels, i.e. that there is a decreasing return on achievement 
for socioeconomic background past a certain point.   South Australia’s slope on the other 
hand shows a positive curvilinearity, indicating a higher rate of increase in science scores 
for students in high socioeconomic backgrounds than for students with low socioeconomic 
backgrounds.

The average socioeconomic background for the Australian Capital Territory is generally higher  ◗

than that of other states.  Performance is also generally higher than that of students in other 
states.

31 A three-level multilevel regression analysis was carried out with students at the first level, schools at the 
second level and states at the third level.  Whilst not technically correct, as random selection is assumed 
at each level for multilevel analysis, this mimics the analysis conducted internationally with countries 
at the third level.  Partitioning the variance found that of the total variation in science achievement 
scores in Australia, 0.6 per cent of the variance was at the third level, i.e. between states, 18.4 per cent 
was between-school variance, and the remaining 81 per cent was within-school variance, i.e. variation 
between students within schools.
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Performance across the states at the lower levels of ESCS has a wider range than at the higher  ◗

levels; as was found internationally the range of the states’ performance converges at higher 
levels of ESCS. 

Figure 7.8 shows the socioeconomic gradient lines for reading in PISA 2006.  Some similar 
patterns can be seen in reading as for science – there is less dispersion at the higher ESCS levels 
than at the lower levels, and Tasmania, the Australian Capital Territory and the Northern Territory 
show a negative curvilinearity (that of Tasmania is a little more pronounced).
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Figure 7.8  Socioeconomic gradients in reading literacy for the states, PISA 2006

A similar pattern can be seen in the socioeconomic gradients for mathematics in PISA 2006, as 
shown in Figure 7.9.  There is more convergence at the higher levels of ESCS, and the slopes are 
generally flatter.  In other words socioeconomic background appears to be less of an influence on 
achievement in mathematics than in the other two literacy domains.  
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Figure 7.10 shows the spread of ESCS between the 5th and 95th percentiles for the states.  These 
are all very similar, ranging from 2.24 index points in the Australian Capital Territory to 2.51 in the 
Northern Territory and 2.55 in Tasmania.  
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Figure 7.10   Range of ESCS for states, PISA 2006

Figure 7.10 shows the spread of ESCS between the 5th and 95th percentiles for the states.  These 
range from 2.24 index points in the Australian Capital Territory to 2.51 in the Northern Territory 
and 2.55 in Tasmania.  The average socioeconomic background in the Australian Capital Territory 
is higher than that in other states, while the average socioeconomic background in Tasmania 
is generally lower.   The range of ESCS is also shorter than for other states, starting higher and 
finishing higher.

The impact of socioeconomic background
The socioeconomic gradient for a country can be broken down into two parts: a within-school 
gradient and a between-school gradient, as shown in Figure 7.11.  The within-school gradient 
describes how a student’s socioeconomic background is related to their performance within a 
common school environment. The between-school gradient describes how schools’ average level 
of performance is related to the average socioeconomic background of their student intake.  Figure 
7.11 shows the within-school and between-school slopes across countries.  The lengths of the bars 
represent the differences in scores on the PISA scientific literacy scale that are associated with a 
difference of one-half of a standard deviation on the PISA ESCS index for the individual student 
(dark grey bar) and for the average of the student’s school (orange bar).
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Figure 7.11   Effects of students’ and schools’ socioeconomic background on student performance in 
scientific literacy

In almost all countries, the relatively long bars representing the school’s effect on achievement 
show a clear advantage in attending a school whose students are, on average, from higher 
socioeconomic backgrounds.  Regardless of their own socioeconomic background, students 
attending schools in which the average socioeconomic background is high tend to achieve 
better than if they were attending schools with a below-average socioeconomic intake.  In most 
OECD countries the effect of the average ESCS of students in a school outweighs the effects of the 
student’s own socioeconomic background.

In some countries this difference is very large.  In Japan, for example, a student of average family 
socioeconomic background attending a school in which the average socioeconomic background 
is one-quarter of a standard deviation above the OECD average is likely to score about 64 points 
higher on the PISA science literacy scale than if he or she attended a school whose average 
socioeconomic background was one-quarter of a standard deviation lower than the OECD 
average.  In Australia, the differences are not as great, with the score difference being about 28 
score points for a student in the same situation.  However, given that 34 score points represents a 
full school year, this is not an insignificant advantage. 

Socioeconomic differences at the student level are not as predictive of performance as those at 
the school level in most countries.  Consider the case of two students living in the same country, 
whose family scores on the ESCS place them one-quarter of a standard deviation above, and one-
quarter of a standard deviation below the mean.  If these students attend the same school, with an 
average socioeconomic profile, the predicted difference in their scores would be about 15 score 
points in Australia, compared to just 3 score points in Japan and 20 score points in New Zealand.

The positive effect on performance of attending a school with a higher average socioeconomic 
status is likely due to many factors, including a better learning environment and access to better 
resources at school.  Research has found that schools with a higher average socioeconomic level 
tend to have fewer disciplinary problems, better teacher–student relations, higher teacher morale 
and an environment that is oriented towards higher performance (e.g. Baker, Goesling & Letendre, 
2000).  Some of the contextual effect may also be due to higher levels of peer interaction as higher 
achieving students work together, while some, no doubt, is due to factors not measured in PISA, 
such as the engagement of students and their parents with learning.
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Summary
Figure 7.12 summarises the findings from this chapter by contrasting average performance in 
science (shown on the y-axis) with the strength of the relationship between socioeconomic 
background and science performance, which is used as a proxy for equity in the distribution of 
learning opportunities (shown on the x-axis).  The Australian states have been included in this 
figure.  

Australia and most of the states lie in the top right quadrant of this figure, as was the case for 
mathematical literacy in PISA 2003.  Australia, along with countries such as Finland, Hong Kong-
China, Japan and Canada, in the top right-hand quadrant of the graph, is an example of countries 
with above average performance in science and a below-average impact of socioeconomic 
background on performance.  New South Wales, Western Australia, South Australia, Queensland 
and Victoria are similarly characterised.  Countries such as New Zealand, the Netherlands and 
Germany, as well as the Australian Capital Territory and Tasmania, are countries and states with 
high levels of student performance and an above-average impact of socioeconomic background 
on student performance in science (top left quadrant of the graph).  Countries such as the United 
States and France, as well as the Northern Territory, have a below-average level of performance in 
science and an above-average impact of socioeconomic background on performance.  Countries 
such as Italy and Norway, in the bottom right quadrant of the figure, are countries in which 
performance is relatively low but not strongly related to students’ socioeconomic background.
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Figure 7.12  Performance in scientific literacy and the impact of socioeconomic background

The final chapter of this report provides an overall summary of the findings of this report.
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Many education systems monitor student performance at various points in schooling to provide 
information about how well young people are being prepared for life.  Developing the knowledge 
and skills of young people is important to a society in terms of both future prosperity and future 
wellbeing, and education systems play a vital role not only in developing students’ knowledge 
and skills, but also in strengthening students’ disposition for learning both at school and over their 
lifetimes.  Science has played an increasingly important role in terms of economic development 
for countries in an information technology age, and for development to progress quickly it is 
important that all students should be encouraged to study science and to see the relevance of it to 
their worlds.

The first national tests in literacy and numeracy will be conducted in 2008 for Years 3, 5, 7 
and 9, and comparative international studies can provide a context within which to interpret 
national results. PISA is an initiative by governments within the OECD (with many non-OECD 
countries also participating) to monitor the outcomes of education systems in terms of student 
performance on a regular basis within a common framework.  PISA goes beyond reporting on the 
relative performance of countries. Using the data from PISA we are able to examine differences 
in performance between males and females, Indigenous and non-Indigenous students, students in 
different geographic locations and from different socioeconomic backgrounds, and students from 
different language backgrounds.  Examining these differences on an internationally comparative 
basis can draw attention to variations in relationships considered to be immutable within any one 
national context. PISA explores some of the factors associated with the development of knowledge 
and skills and the implications for policy and practice. PISA also examines issues such as students’ 
attitudes and motivation to learn, and their beliefs about themselves.

PISA began as an initiative of the OECD in Paris in 1997, and its first international assessment 
was carried out in 2000. The core domains of learning chosen for assessment were reading, 
mathematical and scientific literacy.  Data on each of these three domains are gathered in each 
testing cycle, but within each cycle there is about four times the emphasis on the major domain, in 
terms of testing time, than on each of the other domains.

The PISA assessment materials focus on young people’s ability to apply their knowledge and skills 
to real-life problems and situations, rather than on how much curriculum-based knowledge they 
possess. The emphasis is on whether students, faced with problem situations that might occur 
in real life, are able to analyse, reason and communicate their ideas, arguments or conclusions 
effectively. The term ‘literacy’ as used in PISA reflects the focus on these broader skills, not just 
the ability to read and write. In the way that the term is used, it holds more meaning than the 
traditional sense of being able to read and write. The OECD considers that mathematics, science 
and technology are so pervasive in modern life that it is important for students to be ‘literate’ 
in these areas as well. The student population chosen for PISA is students aged 15 years, who 
are typically in their final year of compulsory schooling in most OECD countries. The measures 
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obtained from the assessments undertaken in PISA, as well as the information collected about 
students’ home backgrounds, beliefs and attitudes, provide an assessment of the cumulative ‘yield’ 
of education systems. Procedures in place ensure that the data collected for PISA is both reliable 
and comparable across countries in terms both of the measurements and the student sample. These 
steps are detailed in Appendix 1.

In the first PISA study in 2000, reading literacy was the major domain, with less emphasis on 
the testing of mathematical and scientific literacy.  PISA 2000 revealed wide differences in 
the extent to which countries succeed in equipping young adults with knowledge and skills 
in reading literacy as well as other key subject areas. It also highlighted the extent of variation 
within countries in performance and the distribution of learning outcomes. The second cycle 
of PISA, carried out in 2003, was conducted in 41 countries with a little over a quarter of a 
million students, and the major domain was mathematical literacy.  As in PISA 2000, it found 
wide differences in performance in mathematics, in the variation between countries, and in the 
distribution of learning outcomes. 

The third cycle of PISA was conducted in 2006.   Over 400,000 students in 57 countries took part.  
This report has examined the performance of Australian students in PISA 2006.  The main focus of 
the assessment was scientific literacy, with mathematics and reading forming the minor assessment 
domains.  This report compared the performance of Australian students with the performance of 
students in other OECD countries and other participating countries, and presented results for each 
of the states in the major and minor assessment areas.  Results for scientific literacy, as the major 
domain, have been further reported against the PISA science knowledge domains (knowledge of 
science and knowledge about science) and the scientific competencies defined in the framework: 
identifying scientific issues, explaining phenomena scientifically and using scientific evidence.  
Information on student attitudes and beliefs about science has been presented, along with 
information about the relationships between these factors and student achievement in science.  

The report also examined performance within Australia of various subgroups: males and females, 
Indigenous and non-Indigenous students, students in different geographic locations and from 
different socioeconomic backgrounds, and students from different language backgrounds.

It is important that Australia has a strong pool of talented scientists to push forward the 
technological and scientific boundaries – to tackle problems associated with global warming and 
drought for example.  However in terms of human capital in a society strongly dependent on and 
influenced by science and technology, all citizens, not just those destined to become scientists and 
engineers, need to be scientifically literate.

PISA in Australia
In Australia, 356 schools and 14,170 students participated in PISA 2006. The Australian students 
undertook the assessment between late July and early September 2006.  Students in Northern 
Hemisphere countries undertook the assessment a few months earlier to ensure that students in all 
countries were assessed at around the same stage of their school year. Australia sampled a larger 
number of students than the minimum required by the international PISA project.  This was done 
for two major reasons:

Students in the smaller states, and Indigenous students, were oversampled so that reliable  ◗

estimates could be drawn for each of the individual states and for Indigenous students 
nationally; and

The PISA 2006 sample will be used as a cohort of the Longitudinal Surveys of Australian Youth  ◗

(LSAY). These students will be surveyed in future years about their progress through school 
and entry into further education and the work force. A large initial sample is needed for LSAY 
because a proportion of the original sample will lose contact with the project over time.
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International performance in scientific, reading and mathematical literacy

Australia’s performance in PISA 2006 was significantly higher than the OECD average in each of 
the three assessment areas: scientific, reading and mathematical literacy. Australia performed very 
well in science overall, being significantly outscored by only three countries: Finland, Hong Kong-
China and Canada, and achieving a similar score to seven other countries, including Japan, New 
Zealand and the Netherlands.  Australia significantly outperformed the remaining 46 countries, 
including the United Kingdom and the United States.  In 2003 three countries also achieved better 
results than Australia in scientific literacy – Finland, Japan and Korea.  In PISA 2000, only Korea 
and Japan outperformed Australia.

Australia’s score was also significantly higher than the OECD average in reading literacy. In PISA 
2006, Australia was outperformed by five countries: Korea, Finland, Hong Kong-China, Canada 
and New Zealand, compared to the previous cycles, in which Finland and Korea significantly 
outperformed Australia in PISA 2003, and PISA 2000 in which only Finland outperformed 
Australia32. Five countries scored at a similar level to Australia in 2006, and Australia’s 2006 
score was significantly lower than its score in PISA 2000 and in PISA 2003.  This was a result of a 
decline in scores at the high end of achievement; the national score at the 90th percentile declined 
by 12 score points between PISA 2000 and PISA 2003 and by a further 16 points between PISA 
2003 and PISA 2006. The score at the 75th percentile declined by 8 score points and a further 15 
score points between PISA 2000 and 2003 and PISA 2003 and 2006 respectively.  There was no 
compensatory improvement at the lower end of the achievement scale.  

Data on reading literacy achievement by state and gender over the period from 2000 to 2006 show 
that there was a statistically significant decline in the reading literacy performance of females for 
two states (Northern Territory and Western Australia) between PISA 2003 and PISA 2006 and for 
Tasmania between PISA 2000 and PISA 2006.  There were also significant declines for males in 
South Australia and the Northern Territory between 2003 and 2006, and in the Northern Territory, 
New South Wales and South Australia between 2000 and 2006.

In mathematical literacy in 2006, Australia was in a group of six countries with similar levels of 
achievement.  Eight countries significantly outperformed Australia (including Chinese Taipei, which 
participated in PISA for the first time in PISA 2006), compared to seven countries in PISA 2003.  
There was no statistically significant difference in Australia’s overall mean score between PISA 
2003 and PISA 2006, although there were statistically significant declines in the mean scores in 
three states – Western Australia (by 17 score points), the Northern Territory (by 16 score points) and 
South Australia (by 14 score points). There was also a significant decline in the average score for 
females.

It is important that mean scores are not looked at in isolation.  Analysis of the international data 
showed that countries with similar mean scores may have very different profiles of performance 
and both the profiles and the overall mean score are important for considering policy directions.  
Based on the content of the PISA assessment measures together with a consideration of students’ 
performances across all of the participating OECD countries, the continuum of increasing scientific 
literacy was divided into six proficiency levels.  Thus six levels of scientific literacy proficiency 
were defined with descriptions of the scientific competencies associated with each level.  In 
addition to having students grouped by their mean scores, it is also therefore possible to obtain 
a picture of the skills and knowledge that students at each level typically possess.  Reading and 
mathematical literacy proficiency levels were also developed when these domains were the major 
assessment domain; there are five proficiency levels defined for reading and six for mathematics.

Level 6 is the highest proficiency level in scientific and mathematical literacy and throughout 
this report summaries have been made of the proportion of students at Level 5 or 6.  For reading 
literacy Level 5 is the highest proficiency level, and reporting is presented for the proportion of 

32 These comparisons are made without the Bonferroni correction to be consistent with current OECD 
reporting.
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students at Level 4 or 5. These are the students who do exceptionally well on the PISA assessment, 
showing facility in interpreting and utilising competencies in real world settings. However, also 
in each country there were students who were unable to do even the simplest items in the PISA 
assessment. These students are classified as not reaching Level 1. Three per cent of Australia’s 
students were not achieving at this level in scientific literacy, compared with five per cent in the 
OECD as a whole.  Level 2 has been established by the OECD as a baseline level of proficiency 
in mathematical and scientific literacy, defining this as the level on the PISA scale at which 
students begin to demonstrate the competencies that will enable them to participate actively in life 
situations. Although it has not been officially described as such by the OECD, Level 2 represents a 
similar baseline proficiency level in reading.  As such we have referred to it this way in this report.  
Summaries will reflect the proportion of students below this OECD baseline. 

In scientific literacy, 15 per cent of Australian students achieved a score that placed them 
in proficiency level 5 or higher, while 13 per cent failed to achieve Level 2.  This compares 
favourably with the OECD averages of nine and 19 per cent respectively. In reading literacy, 11 
per cent of Australian students compared to the OECD average of 9 per cent were proficient at 
Level 5, and 36 per cent of Australian students compared to 30 per cent on average for the OECD 
were proficient at Level 4 or higher. Around 14 per cent of Australian students compared to an 
OECD average of 20 per cent did not achieve the baseline proficiency of Level 2.  In mathematical 
literacy, around 16 per cent of Australian students achieved proficiency level 5 or higher, 
compared with an OECD average of 13 per cent, and 13 per cent of Australian students compared 
with an OECD average of 21 per cent failed to achieve proficiency level 2.  So in all domains, 
Australia has more students in the higher proficiency levels and fewer in the lower proficiency 
levels than on average in the OECD.

Performance in the science knowledge domains and scientific competencies

There were two knowledge domains defined in PISA scientific literacy – knowledge about science 
and knowledge of science.  Australian students scored significantly higher than the OECD average 
in both domains, scoring 533 points for knowledge about science and 528 points for knowledge of 
science, compared to the OECD average of 500.  The knowledge of science domain can be divided 
into four content areas, three of which are able to be reported.  An overall view of the strengths 
and weaknesses of students in these areas is valuable for relating the science results to curricula.  

Australia performed at a level higher than the OECD average in all three of the PISA knowledge 
content areas: Earth and space systems, living systems, and physical systems.  Physical systems is 
a relative weakness nationally, with achievement in this domain a significant 12 points lower than 
the average overall science performance score for Australia.  The score for living systems was also 
relatively lower than the overall average score for scientific literacy, while the score for Earth and 
space systems was slightly higher than the overall average score.

Australia scored relatively well in two of the three competencies identified in the science 
framework, identifying scientific issues and using scientific evidence, but relatively less well in 
explaining phenomena scientifically.  A particular area of concern identified through this analysis is 
the relatively poor performance of students in most states on explaining phenomena scientifically, 
which points to a lack of mastery of scientific knowledge and facts.

Australian students performed very well in the identifying scientific issues competency, scoring 
second only to Finland.  This was our strongest competency area, with an average score eight 
points higher than the overall Australian science average. Australian females, as was the case in 
almost all participating countries, scored significantly higher than males in this competency.  

Australian students demonstrated a relative weakness in the competency explaining phenomena 
scientifically.  The average score was seven score points lower than the overall average for 
science. However, the performance of Australian students in this competency still compared well 
internationally, with Australian students outperformed by students from only five other countries. 
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Gender differences internationally were almost all in favour of males, and Australian males 
outscored their female counterparts by a significant 14 score points.

In the competency, using scientific evidence, Australian students performed well.  The average 
score was four points higher than the overall science average, and Australian students were only 
outperformed by four other countries.  There were fewer gender differences in this competency 
than in the other two, and most were in favour of females.  In Australia the gender difference was 
not significant.

Gender differences

Internationally there was a gender difference in science scores in 20 countries: in 12 countries 
females outscored males and in eight countries males outscored females.  In Australia there 
was no gender difference apparent in the overall scientific literacy score, but there were some 
differences in performance in content areas and between the scientific competencies.  Australian 
female students performed at a significantly lower level than Australian male students in both 
Earth and space systems and physical systems, but at a similar level in living systems. In both areas 
the average scores for Australian females was significantly higher than the OECD average, but in 
physical systems the average score for females was not significantly different to the OECD average.  
Australian males also significantly outscored Australian females in the competency explaining 
phenomena scientifically; however, in the competency using scientific evidence, there was no 
significant gender difference and in identifying scientific issues females outscored males.

In reading literacy, gender differences were apparent in all countries, all in favour of females.  
In Australia the gender difference was 37 score points, which is about the OECD average, and 
represents about one school year of learning.  This is at about the same level as the gender 
differences in reading in Australia for PISA 2000 (34 score points) and PISA 2003 (39 score points). 

In mathematical literacy there were 36 countries with a significant gender difference in favour of 
males and one (Qatar) in which females outperformed males. In Australia the difference was a 
significant 14 score points compared to the OECD average of 11 points.   The gender difference in 
Australia, which was not apparent in 2003, is the result of a significant decline in females’ scores. 

Performance within Australia

This report sets the context for achievement nationally within an international framework.  It is 
useful to be able to benchmark Australian students’ achievement against that of students in other 
countries using a standard instrument and standard procedures.  The report also examines the 
results for each of the states of Australia.

In terms of overall scientific literacy, students in the Australian Capital Territory, Western Australia, 
New South Wales, South Australia, Queensland and Victoria scored at a level significantly higher 
than the OECD mean, while the scores of students in Tasmania and the Northern Territory were 
equivalent with the OECD mean.  Students in Western Australia and the Australian Capital Territory 
achieved the highest mean scores, with students in the Northern Territory achieving a mean score 
significantly below the mean scores of students in all other states.  Students in Western Australia 
and the Australian Capital Territory also performed at an exceptionally high level in the identifying 
scientific issues competency, scoring at a level statistically similar to students in Finland, the 
highest achieving country.  

Relative strength was measured by comparing the score in a competency with the overall science 
score.  Students from all states other than the Australian Capital Territory performed relatively 
strongly in the competency area requiring students to identify the problem and other than 
Tasmania and the Northern Territory in interpreting findings in relation to the real world.  All of 
the states were found to have a relative weakness in the area that requires students to apply their 
scientific knowledge and theories.  This set of findings is consistent with a constructivist way of 
teaching (which is generally the approach used in science teaching in Australia) in which the focus 



240 PISA 2006: Summary and Policy Implications

is more on identifying and interpreting than on learning facts, and consistent with findings from the 
1999 TIMSS science video study.

All states achieved a higher proportion of students at Level 5 or above in scientific literacy than the 
OECD average.  The Australian Capital Territory and Western Australia had a similar proportion of 
students in these two levels as Finland, and 17 per cent of students in New South Wales and 15 
per cent of students in South Australia also achieved this very high level of scientific literacy.  In 
the Northern Territory, 13 per cent of students, around one in six, achieved at this proficiency level.

The Australian Capital Territory and Western Australia also had high proportions of students 
achieving beyond the minimum proficiency levels in scientific literacy: only around one in ten was 
unable to complete tasks at Level 2.  Similar proportions below Level 2 were found also for New 
South Wales and South Australia, while in Queensland (14%), Victoria (16%) and Tasmania (19%) 
the proportions were higher.  In the Northern Territory, however, more than one-quarter (26%) 
were unable to complete tasks at Level 2.

In reading literacy, students in the Australian Capital Territory, Western Australia, New South Wales, 
South Australia, Queensland and Victoria all scored at a level higher than the OECD average, 
Tasmania’s score was not different to the OECD average, and the score for the Northern Territory 
was significantly lower.  In terms of proficiency levels, almost half (46%) of the students in the 
Australian Capital Territory achieved at Level 4 or Level 5; the proportion in other states with the 
exception of the Northern Territory ranged from 30 per cent (Tasmania and Victoria) to 40 per 
cent (Western Australia), while only 23 per cent in the Northern Territory achieved this level. 
The Australian Capital Territory and Western Australia had the lowest proportions of students not 
attaining proficiency level 2 (10% in each state), compared to the Northern Territory in which 29 
per cent failed to attain this level.  In other states the proportion ranged from 12 per cent in South 
Australia to 19 per cent in Tasmania. The OECD average was 20 per cent not achieving proficiency 
level 2.

In mathematical literacy the Australian Capital Territory was the highest achieving Australian 
state, with a score not significantly different to that of Chinese Taipei, the highest scoring country.  
Students in Western Australia also achieved at a level significantly higher than the Australian 
average.  Other than Tasmania and the Northern Territory, all of the other states scored significantly 
higher than the OECD average – the score for Tasmania was not significantly different from the 
OECD average, while that for the Northern Territory was significantly lower than the OECD 
average.  The Northern Territory’s score was also significantly lower than that of all of the other 
states. In the Australian Capital Territory around one-quarter of students and in Western Australia 
just over 20 per cent of students achieved at least proficiency level 5.  Most states did well in terms 
of proportions of students above the minimum proficiency levels.  The Australian Capital Territory 
had the lowest percentage of students who did not achieve Level 2, and for most other states this 
proportion was between 11 and 14 per cent of students. Tasmania and the Northern Territory had 
the highest percentage of students who had not achieved proficiency level 2 with 18 and 25 per 
cent respectively.     The OECD average was 21 per cent not achieving proficiency level 2.

Performance of equity groups

The performance level of Indigenous students is an enduring concern.  In PISA 2006, Indigenous 
students’ performance in scientific literacy was found to be the equivalent of 86 score points 
(which is equivalent to one full proficiency level, or two and a half years of formal schooling) 
below that of non-Indigenous students on the overall scientific literacy scale.  In reading literacy 
the average score of Indigenous students was 81 score points below that of non-Indigenous 
students.  In mathematical literacy, Indigenous students scored an average 80 points lower than 
their non-Indigenous counterparts. In all three domains Indigenous students are under-represented 
in the higher proficiency levels and over-represented in the lower proficiency levels.  

The difference in achievement levels between students attending metropolitan schools and those 
attending schools in remote locations is large: students in metropolitan schools scored 57 score 
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points higher in scientific literacy, 50 score points higher in reading literacy and 58 score points 
higher in mathematical literacy.  Students attending schools in provincial areas also performed at 
a lower level than those attending schools in metropolitan areas; however, these differences were 
not as large as those between remote and metropolitan areas. 

Socioeconomic background was found to be closely related to achievement in all three domains.  
In scientific literacy students in the lowest quartile of socioeconomic background scored 
significantly lower than those in the next highest quartile, and the difference between those in the 
highest and lowest socioeconomic quartiles was 87 score points – representing about two and a 
half school years of formal schooling.    Furthermore, almost one-quarter of students in the lowest 
socioeconomic quartile were not achieving at proficiency level 2, compared with just five per 
cent of those in the highest socioeconomic quartile.  In reading literacy the difference in scores 
between students in the highest and lowest quartiles was 84 points and in mathematical literacy 
79 points.  In terms of proportion of students failing to reach the baseline proficiency levels, 23 
per cent of students in the lowest quartile compared to just 5 per cent of students in the highest 
quartile did not achieve Level 2 in reading literacy, and 22 per cent and five per cent of students 
respectively did not achieve Level 2 in mathematical literacy.

There were no significant differences in the mean scores in scientific literacy for Australian-born, 
first-generation or foreign-born students; however, a much larger proportion of students with a 
language background other than English was found to be achieving below Level 2, and a much 
smaller percentage performing at Level 5 or greater.  In reading literacy, foreign-born students and 
those with a language background other than English were found to be achieving similar scores 
to those born in Australia; however, a larger proportion of  students with a different language 
background were failing to achieve at proficiency level 2 (20% compared to 12% of English-
speaking students).  Otherwise, the proportion of students at each proficiency level in reading 
literacy was almost identical for Australian-born, foreign-born and first-generation students.  In 
mathematical literacy, Australian-born students scored at a level significantly lower than either 
foreign-born or first-generation students, and the proportion of students achieving at least Level 5 
was higher for foreign-born and first-generation students than for Australian-born students.  

Beliefs and motivation

One of the aims of schooling is to engender an underlying love of learning, so that all students 
leave school competent, confident and willing to undertake further learning.  In science in 
particular, in addition to student performance, important outcomes for students are their attitudes 
to science, their confidence in handling scientific tasks and demonstrating strong scientific 
abilities, their interest in learning science at and beyond school, and their motivation to pursue a 
science-related course or career.  Information on student attitudes and motivations was collected 
through the student questionnaire and also through embedded attitudinal items in the cognitive 
assessment.

Australian students had higher levels of self-efficacy in science than the OECD average.  There 
were significant gender differences in Australia, with males scoring significantly higher than 
females; however, both were higher than the OECD average.  

Students from New South Wales had the highest levels of self-efficacy in science.   Students in 
the Australian Capital Territory, Western Australia, South Australia and the Northern Territory had 
higher levels of self-efficacy in science that were slightly higher than the OECD average, while 
students in Victoria, Tasmania and Queensland had means that were slightly lower than the 
OECD average.  Males from all states showed higher levels on the self-efficacy in science index 
than females.  The largest gender differences were found in Western Australia and Victoria, with 
differences of approximately 0.25 points.  There was a large positive relationship between self-
efficacy in science and scientific literacy performance for Australian students.  Students in the 
highest quartile scored 130 points on average higher than students in the lowest quartile on the 
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self-efficacy in science index, which is equivalent to almost four years of schooling or almost two 
proficiency levels on the scientific literacy scale. 

The average for Australia for self-concept in science was –0.03, which was not significantly 
different to the OECD average. There was a significant gender difference in Australia, with males 
generally more confident in science than the OECD mean for males, while females were on 
average less confident than the OECD mean for females.  Western Australia had a mean score that 
was just higher than the OECD mean; all other states scored below the OECD average, indicating 
lower levels of self-concept in science than students on average in OECD countries.  The largest 
gender differences were in the Northern Territory and Western Australia.  Self-concept in science 
has a moderately strong positive relationship with scientific literacy performance. There were 113 
points on average between students in the highest quartile of the self-concept in science index and 
students in the lowest quartile.

In general for Australian students there was a positive association between scientific literacy 
performance and most of the constructs.  An exception to this was optimism regarding 
environmental issues, where students with high levels of optimism about future environmental 
issues scored lower than students with low levels of optimism.

Significant gender differences were found for all indices in Australia except in the index of 
general interest in learning science and the index of instrumental motivation in science, where no 
significant gender differences were found.  The significant gender differences were all in favour of 
males, except for the indices related to responsibility for sustainable development and concern for 
environmental issues, where they were in favour of females.

Socioeconomic background

As noted above, PISA 2006 results showed that socioeconomic background was again closely 
related to achievement in all three domains.

Socioeconomic background was also found to have a moderate to strong relationship with most 
of the attitudinal constructs defined, and most particularly with self-efficacy and environmental 
awareness.  In general, students from higher socioeconomic levels held more positive views about 
themselves as learners of science, were more interested in scientific issues, were more likely to 
pursue a career in a science-related field, and were more environmentally aware.

The preceding chapter of this report examined questions of equity and quality in the performance 
of students and schools.  In Australia there is little institutional variation: most of the variance in 
scientific literacy scores is due to differences within schools.  These results are similar to those 
found in PISA 2000 and PISA 2003 in reading and mathematical literacy respectively.

To examine equity the OECD uses the extent to which social background relates to student 
and school performance, using the measure of economic, social and cultural status (ESCS).  
Socioeconomic gradients describe graphically the relationship between ESCS and student 
performance in terms of the strength of the relationship, the slope of the gradient line (indicating 
the extent of inequality), the average level of the line (indicating how well the overall population 
has achieved), and the length of the line (indicating the range of ESCS).  

The strength of the relationship between socioeconomic background and scientific literacy was 
found to be significantly weaker for Australia than for the OECD on average, but the slope of 
the gradient is significantly higher than for the OECD.  The slope shows that the relationship 
between socioeconomic levels and scores in scientific literacy is stronger for Australia, so that each 
additional unit of socioeconomic background translates into 43 score points compared to 40 for 
the OECD.  However, the strength of the relationship is weaker than for the OECD, only explaining 
around 11 per cent of the variance compared to 14.5 per cent over the OECD.  
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The socioeconomic gradients for Australia for science, reading and mathematics were compared 
with each other.  The slopes were very similar, with just a slightly lower impact of socioeconomic 
background on mathematics achievement than either science or reading literacy.  

The socioeconomic gradient for each country can be broken down into a within-school 
gradient and a between-school gradient.  The within-school gradient describes how a student’s 
socioeconomic background is related to their performance within a common school environment.  
The between-school gradient describes how schools’ average level of performance is related to the 
average socioeconomic background of their student intake.  

This analysis found that for almost all countries, including Australia, there is a clear advantage in 
students attending a school in which the average socioeconomic background is high.  A student 
from an average socioeconomic background attending a school with a higher than average 
socioeconomic background results in an advantage of almost one full school year over a similar 
student attending a school with lower than average socioeconomic background.  The effect of the 
average ESCS of students in a school outweighs the effect of the student’s own socioeconomic 
background.

A country’s average performance in a domain can be contrasted with the strength of the 
relationship between socioeconomic background and performance, with the latter relationship 
being used as a proxy for equity in the distribution of learning opportunities.  Australia was 
characterised as high performance but low equity in PISA 2000 in reading literacy, and as high 
performance and high equity in PISA 2003 in mathematical literacy.  In 2006, scientific literacy in 
Australia is again high performance and high equity.  Among the states, New South Wales, Western 
Australia, South Australia, Queensland and Victoria also demonstrated a below-average impact 
of socioeconomic background on performance and an above average performance in science, 
placing these states in the high performance-high equity quadrant. 

Policy issues
The approach to assessing scientific literacy used in PISA differs from more traditional assessments 
in which mastery of science content is tested.  Instead, the PISA assessment focuses on students’ 
ability to extrapolate from what they have learned and to apply their knowledge and skills in 
novel situations.  This focus reflects the recognition amongst educators that globalisation and 
computerisation are changing labour markets and societies, and that a different set of skills will 
be needed by those entering such markets. The greatest decline in jobs over the past decade has 
not been in manual labour, but in tasks that are described as routine cognitive tasks – those that 
can easily be done at less cost by computer.  Students preparing for the work force of the future 
will need to be able to solve problems for which there are no clear solutions, and to be able to 
communicate their ideas effectively.

Australia is well placed to continue its tradition of producing high quality scientists.  The average 
score in scientific literacy is significantly higher than the OECD average, and either statistically 
similar to, or significantly higher than, most trading partners and other countries to which we 
would usually compare ourselves.  Fifteen per cent of our young people scored in the top two 
proficiency levels, comparing favourably internationally.  

The ‘gap’ in achievement between the best and the weakest students varies by subject domain. 
In science, there is a relatively wide gap, narrower than that of the United States and the United 
Kingdom, but wider than the OECD average and that of most other countries. In reading and 
mathematical literacy, however, it is narrower than the OECD average and also narrower than the 
spread for 60 per cent of the other countries in reading and for 70 per cent of the other countries 
in mathematics.  

Analysis of Australia’s performance in terms of equity and achievement places us in the category 
of above-average level of student performance and below-average impact of socioeconomic 
background in scientific literacy; in other words, high quality and high equity.  In terms of the 
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slope and strength of the association between socioeconomic background and achievement in 
science, both have decreased significantly since PISA 2003.  Australia’s outcomes have become 
more equitable, as shown by a flatter gradient, and less deterministic, as shown by the smaller 
proportion of variance explained by socioeconomic background. In reading literacy, the slope 
and strength have also significantly declined, while in mathematics only the strength of the 
relationship has decreased. However, the increase in equity in reading literacy may be an artefact 
of declining achievement in the higher levels rather than because achievement at the bottom end 
has improved.

Australia’s results in scientific, reading and mathematical literacy are laudable.  However, average 
scores do not paint the complete picture of a country’s performance, and that has been the primary 
aim of this report. There are a number of areas in which Australia’s performance is not as good as 
would be hoped.

Decline in reading achievement

The results from the first three cycles of PISA indicate that the performance levels of Australian 
students, while comparing reasonably well internationally, are generally not improving.  TIMSS 
2003 found that scores in science at Year 8 had improved significantly; however, this improvement 
in scores has not really translated to an improvement in scientific literacy in the manner in which it 
is presented in PISA.  There had also been no evidence previously of any decline in performance, 
but the PISA 2006 results now point to a significant decrease in performance in reading literacy 
since PISA 2000.  While some caution should be exercised in interpreting these results, as reading 
literacy was only assessed as a minor domain in PISA 2006, there is evidence of a decline in 
performance primarily at the upper end of the achievement scale without any compensatory 
improvement at the lower end. The decline was found for both male and female students.  While 
there is no evidence of any decrease in overall achievement levels in mathematical or scientific 
literacy, there was a significant decline in the mathematics achievement of Australian females.   

PISA 2009 will provide the first opportunity to measure achievement in reading literacy from major 
domain to major domain.

Gender

In terms of gender, there was no difference overall in scientific literacy; however, males performed 
significantly better than females in both Earth and space systems and physical systems, and while 
the performance of females in the first two areas was higher than the OECD average, for the 
latter females scores were not different to the OECD average.  In reading literacy the gender gap 
continued to favour females, and there is no evidence of any significant gains being made by 
males to close the gap. Around 19 per cent of males, compared to 8 per cent of females, failed to 
achieve the baseline of proficiency level 2 for reading. 

In the PISA 2003 assessment, gender differences in favour of males in mathematics were evident 
in a large number of countries; however, this was not the case in Australia, and it was noted that 
“Australia seems to have been able to contain [the] widening of gender disparity with age in 
mathematics” (Thomson et al., 2004, p. 32).  However in PISA 2006, there is evidence of a decline 
in the scores of 15-year-old females and no associated decline in the score for males, resulting in a 
significant gender difference and one that is higher than the OECD average.  The decline in scores 
for females appears to have come from the higher end of achievement; 18 per cent of females 
achieved at Level 5 or 6 in 2003, compared to 13 per cent in 2006.  For males the corresponding 
proportions were 22 per cent and 20 per cent respectively. 

The performance of males in reading literacy relative to females has not improved, and there is 
now a gender difference in mathematics in favour of males that has not existed for many years.  
Perhaps gender needs to be reconsidered as an issue for Australian education.
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Indigenous students

The achievement of Australia’s Indigenous students continues to be a concern.  Average scores 
for Indigenous students place them on a par with students in a country such as Chile, one of the 
lower performing countries, and two and a half years behind the average for their non-Indigenous 
contemporaries.  While some individual Indigenous students performed very well on the PISA 
assessment, with 15 per cent achieving at least proficiency level 4 in science, less than four 
per cent, compared with 15 per cent of non-Indigenous students, achieved at Level 5 or 6.  At 
the other end of the achievement spectrum, 40 per cent of Indigenous students (compared to 
12% of non-Indigenous) in science, 45 per cent of Indigenous students (compared to 7% of 
non-Indigenous) in reading, and 33 per cent of Indigenous students (compared to 12% of non-
Indigenous) in mathematics are failing to achieve the baseline proficiency set by the OECD.   There 
is no doubt that many Indigenous students will continue to need extra support.  

Students attending schools in remote locations

The relatively poor performance of students attending schools in remote areas is also evident 
from these analyses, and requires further investigation.  Students attending schools in remote 
areas were found to be achieving at a level about a year and a half lower than their counterparts 
in metropolitan schools in all of the assessment areas.  It is recognised that schools in remote 
areas face problems such as attracting and retaining qualified teachers, maintaining services and 
providing resources, and in their capacity to send staff to participate in professional development, 
which may impinge on the quality of student outcomes.

Students and schools with low socioeconomic levels

This report also examined differences in achievement by quartiles of socioeconomic background.  
Students in the lowest socioeconomic quartile scored, on average, two and a half years lower than 
students in the highest socioeconomic quartile, across all three domains.  Of the students in the 
lowest socioeconomic quartile around one-quarter failed to achieve the baseline proficiency levels 
in scientific, reading or mathematical literacy.  Few achieved the highest levels in any domain.

Achievement differences in Australia are much larger within schools than they are between 
schools.  However, the discussion of the PISA findings in scientific literacy in Chapter 7 indicates 
that the average socioeconomic background of a school outweighs a student’s own socioeconomic 
background, and that the impact of schooling is greatest for students from disadvantaged 
backgrounds or those attending schools with a low average socioeconomic background.  

Nevertheless, students from low SES backgrounds are a diverse group encompassing the full range 
of learning abilities. They can and do achieve high standards.

In conclusion
Students who are confident in their own abilities and well motivated tend to do better at 
school.  Positive approaches not only help to explain student performance but also are themselves 
important outcomes of education.  Students who have become effective learners by the time they 
leave school, and particularly those who have learned to regulate their own learning, are often 
considered more likely to learn throughout life.

Australia remains committed to the principle of equity and social justice in education, to the goal 
of allowing and encouraging all children to fulfil their full educational potential.  This is articulated 
in detail in the National Goals for Schooling in the 21st Century (MCEETYA, 1999) to which all 
governments are committed. 

To a large extent, these goals are realised; evidenced by the high average achievement levels in all 
three assessment domains in PISA.  However, there is some evidence from this cycle that Australia 
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appears to be standing still while other countries improve their levels of performance.  This report 
has also shown that behind the higher than average scores, significant levels of educational 
disadvantage exist in Australia, and that the gap between students of the same age can be 
equivalent to several years of schooling.  This gap places an unacceptable proportion of 15-year-
old students at serious risk of not achieving levels sufficient to allow them to adequately participate 
in the 21st century work force and contribute as a productive citizen.  

Looking back, such disadvantage at school can be seen to be strongly linked to 
disadvantage at home. Looking forward, it may be predicted that the disadvantage 
is likely to perpetuate itself through educational under-achievement and a greater 
likelihood of economic marginalisation and social exclusion.

(UNICEF, 2002, p. 3)

Educational inequality is not a given.  Some schools, some school systems, and some countries do 
more to mitigate inequality than others.  Using PISA to monitor national outcomes on a regular 
basis provides Australian educators at all levels with the opportunity to step back and see where 
we stand in terms of educational outcomes.



Exploring Scientific Literacy: How Australia measures up 247

References

Australian Science Teachers Association & Monash University (2002). National professional 
standards for highly accomplished teachers of science. Canberra: Australian Science Teachers 
Association.

Beaton, A. E., Martin, M. O., Mullis, I. V. S., Gonzalez, E. J., Smith, T. A. & Kelly, D. L. (1996).  
Science achievement in the middle school years: IEA’s Third International Mathematics and 
Science Study.  Boston College: Chestnut Hill, MA.

Bosker, R. J. & Dekkers, H. P. J. M. (1994).  School differences in producing gender-related subject 
choices.  School Effectiveness and School Improvement, 5(2), 178 – 195.

Comber, L.C and Keeves, J.P (1973). Science education in nineteen countries: An empirical study. 
Amquist and Wiksell: Stockholm.

Dekkers, J., & De Laeter, J.R.(1997). The changing nature of upper secondary school science 
subject enrolments. Australian Science Teachers’ Journal, 43(4), 35-41.

DeLaeter, J.R., Malone, J., & Dekkers, J. (1989). Female science enrolment trends in Australian 
senior secondary schools. The Australian Science Teachers Journal, 35(3), 23-33. 

Dobson, I. R., & Calderon, A. J. (1999). Trends in science education: Learning, teaching and 
outcomes 1989-1997.  Australian Council of Deans of Science. Canberra  
(available  www.acd.edu.au).

Duby, J-J. (2005). Study on declining interest in science studies: Preliminary report on the 
quantitative analysis.  Presentation at 10th OECD/Japan Seminar, Tokyo, June 23-24 2005.

Federation of Australian Scientific and Technological Societies (FASTS). (2002). Australian Science: 
Investing in the Future. Canberra: FASTS

Fullarton, S. (2002). Student engagement with school: Individual and school-level influences  
(LSAY Research Report No.27). Melbourne: Australian Council for Educational Research.

Fullarton, S., Walker, M., Ainley, J., & Hillman, K. (2003).  Patterns of participation in Year 12.  
LSAY Research Report No. 15).  Melbourne: Australian Council for Educational Research.

Gallagher, T., McEwen, A. & Knipe, D. (1997).  Science education policy: A survey of the 
participation of sixth-form pupils in science and other subjects over a 10-year period, 1985 – 
1995.  Research Papers in Education: Policy and Practice, 12(2), 121- 141.

Goodrum, D., Hackling, M. & Rennie, L. (2001). The status and quality of teaching and learning of 
science in Australian schools. Canberra: Commonwealth of Australia.  

Hillman, K. & Thomson. S. (2006).  Pathways from PISA: The 2003 Australian PISA sample two 
years on.  Paper presented at the ECER 2006 Annual Conference: Transforming knowledge. 
Geneva, 11-16 September.

Levy, F. & Murnane, R. J. (2006). How computerized work and globalization shape human skill 
demands. available at: web.mit.edu/flevy/www/computers_offshoring_and_skills.pdf.

Lokan, J., Greenwood, L., & Creswell, J. (2001). 15-up and counting, reading, writing, reasoning….
How literate are Australian students? The PISA 2000 survey of students’ reading, mathematical 
and scientific literacy skilled. Melbourne: Australian Council for Educational Research. 

Lokan, J., Hollingsworth, H.,  & Hackling, M. (2006). Teaching science in Australia: Results from 
the TIMSS 1999 video study. TIMSS Australia Monograph No.8. Melbourne: Australian Council 
for Educational Research. 



248 References

Lyons. T, Cooksey, R., Panizzon, D., Parnell, A. & Pegg, J. (2006).  Science, ICT and mathematics 
education in rural and regional Australia: The SiMERR national survey. Available simerr.une.
edu.au/national_survey/Report/FullReport_Full.pdf

Marks, G.N., Fleming, N., Long, M. & McMillan, J. (2000). Patterns of participation in year 12 and 
higher education in Australia: Trends and issues. (LSAY Research Report No. 17). Melbourne: 
Australian Council for Educational Research.

MCEETA (1999). The Adelaide declaration on national goals for schooling in the twenty-first 
century. Available at www.mceetya.edu.au/mceetya/nationalgoals/natgoals.htm

MCEETYA (2006).  Statements of learning for science. Available at: www.mceetya.edu.au/verve/_
resources/Science_SOL06.pdf

McKinnon, K.R. (1975). Girls, school and society. Report by a Study Group to the Schools 
Commission, Canberra.

Miland, M. (1984). Girls and tomorrow: The challenge for schools. The Report of the 
Commonwealth Schools Commission’s Working Party on the Education of Girls. Canberra.

OECD. (2000). Measuring student knowledge and skills: The PISA 2000 assessment of reading, 
mathematical and scientific literacy. Paris: OECD.

OECD. (2006). Assessing scientific, reading and mathematical literacy. Paris: OECD.

OECD (2007).  PISA 2006: Science competencies for tomorrow’s world, Volume 1.  Paris: OECD.

Osborne, J. (2006).  Towards a science education for all: The role of ideas, evidence and argument.  
Keynote presentation at 2006 ACER Annual Conference, Boosting science learning: What will 
it take? Canberra, 13-15 August.

Rennie, L.J, Fraser, B.J and Treagust, D.F. (1999). Research into science education. In Keeves J.P 
and Marjoribanks, K (Eds.) Australian Education: Review of Research 1965-1998. (pp. 171-
203). Melbourne: ACER.

Sellinger, P. G. (2002). Why more women aren’t becoming engineers.  Education Week, 21(29), 42.

Squires, D. (2003). Responding to isolation and educational disadvantage. Education in Rural 
Australia, 13(1), 24–40.

Stables, A. & Stables, S. (1995).  Gender differences in students’ approaches to A-level subject 
choices and perceptions of A-level subjects: A study of first year A-level students in a tertiary 
college.  Educational Research, 37(1), 39-51.

Thomson, S., and Fleming, N. (2002).  Examining the evidence: Science achievement in Australian 
schools in TIMSS 2002 (TIMSS Australia Monograph No. 7).  Melbourne: Australian Council for 
Educational Research.

Thomson, S., Cresswell, J. & De Bortoli, L. (2004). Facing the future: A focus on mathematical 
literacy among Australian 15-year-old students in PISA 2003. Melbourne: Australian Council for 
Educational Research.

Tytler, R. (2002). School innovation in science (SiS): Focussing on teaching. Investigating, 18(3), 8-11.

Tytler, R. (2007). Re-Imagining science education: Engaging students in science for Australia’s 
future. (Australian Education Review No. 51). Melbourne: Australian Council for Educational 
Research.

UNICEF (2002). A league table of educational disadvantage in rich nations.   
available  www.unicef-irc.org/publications/pdf/repcard4e.pdf. 



Exploring Scientific Literacy: How Australia measures up 249

To assist readers to understand the scope and operations of PISA, a brief account of some of its 
procedures is provided in this Appendix. A thorough account will be available in 2008 in the 
Technical Report of the project.  Most of the operational procedures have both international and 
national components.

Information on how PISA operated internationally and implementing the assessment in 2006 is 
given first, followed by details of its implementation in Australia.

PISA internationally

International consortium

PISA 2006 was implemented through an international consortium managed by the Australian 
Council for Educational Research (ACER). Other members are the Netherlands National Institute 
for Educational Measurement (CITO), Westat Inc. in the United States, and the National Institute 
for Educational Policy Research (NIER) in Japan. 

Collaborative development

PISA is an international assessment that has been jointly developed by the OECD’s participating 
countries. Through their National Project Managers (NPM) and National Advisory Committees 
(NAC), countries have been able to contribute to the survey by providing sample assessment 
material to the consortium and offering comment on many aspects of the project to the 
international bodies described below – Network A, the PISA Governing Board and Functional 
Expert Groups.

The OECD set up several networks to undertake specific tasks relating to PISA. Network A focuses 
on educational outcomes and is responsible for the Education at a Glance project. Network A’s 
work during the mid-1990s led to the development of the initial specifications for PISA. 

Each OECD country taking part in PISA has one member, usually from an education ministry, as 
a representative on the PISA Governing Board (PGB). This group sets the policy objectives of the 
assessment and the policy priorities for the implementation of the survey. This includes endorsing 
the assessment frameworks, approving the bank of items developed for the assessment, and 
agreeing to the plans for international reporting of results. The PGB also considers advice from the 
PISA Technical Advisory Group (TAG) on technical aspects of design; for example, concerning the 
balance of multiple choice and open-ended items, the number of assessment booklets, and the 
design for rotation of material in the assessment booklets. Aspects such as these require the PGB’s 
endorsement.
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The three Subject Matter Expert Groups (SMEGs) for PISA 2006 consisted of subject matter 
and technical experts from participating countries. Each assessment domain – that is, each of 
mathematical, scientific and reading literacy – had its own SMEG.  These groups, together with the 
TAG, linked the policy objectives specified by the PGB with expertise in the field of international 
comparative assessment, to provide input into the frameworks for the assessment and to monitor 
the quality of assessment items prepared. The expert groups typically contain between eight and 
ten members each. The members are not intended to represent countries as such, but rather to 
provide a cross-section of the world’s most renowned experts in each area.  A smaller group of 
consultants assisted with the PISA 2006 questionnaire development. All of these groups provide 
advice and recommendations to the consortium, and, through the consortium, to the PGB. 

Operational stages

Very high standards are set for sampling, assessment materials and operational procedures in PISA 
to ensure that the data will be comparable across countries. Many of the operational steps are 
briefly referred to here. More detail is provided later on how the various procedures worked in 
Australia.

Framework and item review

The development of the assessment frameworks has been a continuous effort since the inception 
of PISA.  In PISA 2006, an expanded framework for the assessment of scientific literacy as a 
major domain was undertaken.  The assessment framework was circulated for comment, with 
the aim of reaching consensus on the nature and detail of the assessment domains. Similarly, 
drafts of assessment items were sent to each country, for review by local experts. Countries had 
the opportunity to provide feedback and suggestions on the items, which were then revised and 
subjected to a Field Trial.  The reading and mathematical literacy frameworks remained essentially 
the same for PISA 2006.

Field Trial

The Field Trial was an instrumental part of the study, not only to refine the assessment materials 
but also to try out the operational procedures. Internationally, many thousands of students took 
part, including approximately 1,200 from Australia. Twelve assessment booklets were used, as 
practice for the Main Study, and there were four questionnaire forms in order to achieve a greater 
coverage of material than would be possible in one form. The Field Trial took place from March to 
June 2002.

Main Study

For most countries, the PISA Main Study was administered between March and August 2006.  For 
many northern hemisphere countries, where the academic year begins in September and ends 
in June, the assessment was conducted between March and the end of the academic year.  For 
countries in the southern hemisphere, that typically have an academic year extending from early 
February until December, the assessment was conducted between mid-May and the end of August.

Within the majority of countries, between 4,000 and 9,000 students were tested.  In a few small 
countries, such as Iceland, Liechtenstein, and Luxembourg, the whole cohort of age-eligible 
schools and students was assessed.  In some countries, the sample size was increased so that 
regions could be adequately represented (e.g. Italy, Spain and the United Kingdom), sub-national 
comparisons made (e.g. Mexico, Indonesia and Belgium), or to combine PISA with another 
national study (e.g. Australia and Canada).  Details of the Field Trial and Main Study in Australia 
are provided later in the Appendix. The remainder of this section describes some of the more 
technical features of PISA’s assessment design.
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Design aspects

Assessment booklets

In PISA 2006, a pen-and-paper-based assessment was prepared in booklet style. Both ‘closed’ and 
‘open-ended’ assessment items were used. Closed items have only one correct answer and open-
ended items require students to construct their own response. Open-ended items allow a wider 
range of skills to be assessed.

Each PISA assessment task takes the form of some stimulus material followed by a series of 
questions (items) relating to the material. The stimulus material and its associated items are called a 
‘unit’. For both the Field Trial and the Main Study, each unit in the pool is allocated to a test cluster. 
The clusters typically contain about four units and are designed to take 30 minutes to complete. In 
PISA 2006 there were seven scientific literacy clusters, four mathematical literacy clusters and two 
reading literacy clusters.

Use of such a design allows a large amount of material to be covered, with different students 
completing different combinations of the items. The booklets were allocated to students in turn, 
from a random starting point in each school.

Questionnaires

As well as the assessment booklets, there were two context questionnaires.  Principals each 
completed a School Questionnaire and students each completed a Student Questionnaire. These 
were designed to enable analysis of achievement data in relation to different backgrounds, living 
conditions, educational programs and other factors that might have an impact on performance.

As well as gathering information about students and their family background, academic 
environments and self-regulated learning, the Student Questionnaire also included optional 
sections to assess Educational Career Paths and Familiarity with Information Technology.  These 
optional components were placed at the end of the Student Questionnaire. There was also an 
opportunity for countries to include additional items of national interest.  In Australia, questions for 
LSAY were included as a national option. 

Ensuring a high quality assessment

Quality monitoring is an integral part of PISA, and the implementation of checking procedures 
within all components and stages of the survey have ensured that PISA has produced data of a very 
high standard. The quality monitoring procedures have been reviewed and endorsed by the PGB. 

The International Project Centre (IPC), set up by the lead member of the consortium, ACER, was 
designed to manage the implementation of PISA internationally.  Staff of the IPC were always 
available to give advice to countries as requested. They continuously monitored countries’ progress 
and were proactive in offering assistance with procedures if this seemed to be warranted.

Translation procedures

Experts in translation procedures ensured that translated materials were as equivalent in meaning 
and level of complexity as possible. Translation of the assessment booklets, questionnaires and 
manuals involved extensive and thorough processes. Materials from the IPC were provided to 
countries in both English and French. In countries where the language is neither English nor 
French, the countries were required to translate the assessment materials separately from both 
versions. A reconciliation of these independent translations then took place at country level and 
the resulting translation was then reviewed by the team of tri-lingual verifiers working for the IPC.
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Sampling procedures

Ensuring the quality of sampling in PISA was the responsibility of Westat.  A senior staff member 
was appointed to be the International Sampling Referee for the project. A team of sampling 
experts at Westat and ACER employed rigorous procedures for the random selection of schools 
and students to represent their country. Countries were assisted in the preparation of a series of 
sampling forms, including the school sampling frame ‘i.e. the list of all schools containing students 
in the PISA target population’.  Countries were required to use the KeyQuest software developed 
by the consortium for the selection of the student sample within schools. Stringent criteria for 
adequate response rates were specified at the school and student level. Participating countries 
agreed to meet the international criteria for response rates; otherwise their data could not be 
included fully in reports. The sampling procedures helped to ensure that the data would be of a 
high standard, so that valid comparisons of results between countries could be made.

Test administration procedures

Criteria for Test Administrators were set internationally. It was required that the Test Administrator 
not be the reading, mathematics, or science instructor of any students in the sessions he or she 
would be administering. It was further recommended that the Test Administrator not be a member 
of the staff of any school where he or she would be administering PISA, nor of any school in 
the PISA sample. These criteria were set partly to minimise the burden on schools, but mostly to 
establish PISA as a valid and unbiased assessment with uniformly administered test sessions.

Standardised administration procedures were developed by the consortium and were brought 
together in a Test Administrator’s Manual. Comprehensive training sessions were held covering 
administration procedures, both for the Field Trial and again for the Main Study. Training sessions 
were held firstly for National Project Managers (NPMs) or their designated staff, who were then 
responsible for training the Test Administrators in their country. In that way it was hoped that 
standardised administration of the PISA tests could be achieved.

Monitoring of procedures

The IPC set up a two-stage process of monitoring the implementation of PISA in each country. 
Prior to the Main Study, National Centre Quality Monitors (NCQMs), one per country, visited 
the national centres responsible for implementing PISA.  The NCQMs were drawn from staff 
of the various consortium members. They travelled to each of the PISA countries to ensure that 
procedures were being followed correctly in national centres and to offer assistance if this seemed 
needed.  This process was also carried out during the Main Study.

A second kind of monitor was used during the Main Study. These monitors, known as PISA Quality 
Monitors (PQMs), were nominated by national project teams, but were employed by and worked 
on behalf of the consortium. They were not allowed to be connected in any way to a National 
Centre.  PQMs were used to observe testing sessions to ensure that testing procedures were being 
implemented according to the specifications in the Test Administrator’s Manual. They were trained 
nationally in PISA’s procedures by the visiting NCQM (see above) and then went to a subset of 
schools, unannounced, during the assessment sessions.

Coding of responses to open-ended items

Approximately 40% of items from each of the three domains (scientific, reading and mathematical 
items) were open-ended, necessitating coding. Standardised Coding Guides were developed by 
consortium staff and reviewed by PISA national project staff before being finalised. In countries 
where languages other than English or French were used, these Guides had to be translated and 
the translations verified by the consortium (double translations were not required, however). 
The same approach to training coders was used as for Test Administrators, in that NPMs or their 
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designated staff first attended international training sessions and then trained the coders in their 
country. 

Reliability studies were carried out to ensure that coders were applying the criteria consistently, 
and to quantify any variation between coders. Monitoring of consistency in applying the coding 
criteria was required to be done on a daily basis so that systematic errors could be corrected. In 
the Main Study, four coders in each country were required to code all of the items in their subject 
area from 100 each of four assessment booklets.  A cross-national study of coder reliability was 
also undertaken. Within a country, 180 booklets (60 of each of three booklet types) that had 
already been coded four times were sent to be coded a fifth time by an experienced coder in 
another same-language country. These data were collected to ensure the reliability of coding 
across PISA.

Data entry procedures

Another step in ensuring the high quality of PISA data was the provision to countries of specially 
developed software for entering and validating data. It was important that data were submitted to 
the IPC in a standard format so that they could readily be combined into a single international data 
set. Many data cleaning procedures were carried out before data were considered to be ready for 
analysis.

PISA nationally

Project management

A National Project Manager (NPM) is appointed by each participating country to ensure that 
the survey is implemented according to the international timeline and that all duties are carried 
out according to the specified procedures and standards. NPMs play a role in evaluating survey 
results in a national context and a large role in ensuring the operational success of the survey 
in their country. Countries are encouraged by the OECD to set up one or more committees, to 
monitor the progress of the project, to assist with reviewing materials, and to provide a forum 
for discussion of issues of implementation at the national level. In Australia, a National Advisory 
Committee (NAC) guides all aspects of the project. The Committee’s members are from many areas 
of Australian education and include subject matter experts to advise the NPM and the national 
PGB representative on the content and methods of the assessment. Each of the state and territory 
Education Departments has a representative on the NAC. 

The Committee’s involvement in policy decisions relating to international and national options, 
commenting on frameworks, and providing input into assessment materials and dissemination 
of results, ensures that any issues of concern in Australia are not overlooked by the consortium. 
Members are listed at the front of this book, immediately prior to the first chapter.

Item review

Members of the NAC reviewed items for their relevance and appropriateness for Australian 
15-year-old students. 

Field Trial

In Australia, the Field Trial took place during early-May to mid-June 2005. A summary of its scope 
is presented here.

In addition to PISA, Australia participated in the international option of the Computer Based 
Assessment of Science (CBAS) to assess students’ scientific literacy skills and knowledge using a 
computer-based assessment.  The computer assessment was undertaken on lap top computers, 
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which were brought in by Test Adminstrators.  An additional 20 students were randomly selected 
to take part in CBAS.  The format of the assessment was similar to the PISA assessment, except 
the assessment session involved students participating in both a paper-based assessment and a 
computer-based assessment, which took one hour each to complete.  All CBAS students completed 
the Student Questionnaire. 

Schools

The selection of schools for the Field Trial was much less rigorous than school sampling for the 
Main Study.  Schools were chosen by convenience, and were representative of schools from a 
range of communities and socioeconomic areas.  In all, 40 Australian schools from four states – 
New South Wales, Victoria, Queensland and South Australia – took part in the Field Trial.

Students

The target population for the Field Trial was ‘students born between 1 February 1989 and 31 
January 1990’. The School Contact was asked to provide a list of all age-eligible students, 
regardless of year level.  In accordance with the international sampling manual, ACER staff 
randomly selected 50 students from each school.  For the PISA assessment, of the approximately 
1,900 age-eligible students selected, 1,400 students participated in the PISA Field Trial.  For the 
CBAS assessment, about 500 students participated in the computer-based assessment out of 
approximately 750 students. 

Adaptations to manuals, assessment booklets and questionnaires

Minimal adaptations for Australia were required to the administrative manuals, Coding Guides, 
assessment booklets and questionnaires. Amendments to assessment booklets, such as vocabulary, 
were submitted to and approved for use by the IPC. 

Test administration

Each student was asked to complete an assessment booklet (consisting of multiple choice and 
open-ended items) and a questionnaire. Two hours plus administration time were required for 
the assessment booklet and about 30 minutes required for the questionnaire. There was provision 
for a short break to be taken after students had worked on their assessment booklet for an hour, 
and a break of five to 10 minutes to be taken before starting the questionnaire.  A total of 15 
experienced teachers were employed by ACER to conduct the Field Trial sessions.  Half of the test 
administrators were involved with the PISA assessment, while the other half was involved with the 
CBAS assessment. Training of test administrators took place at the ACER offices in Melbourne and 
Sydney in mid-April 2005.

Coding

Almost half of the field trial items were open-ended and required coders to code the students’ 
responses to the scientific literacy items. Training of the coding procedures using internationally 
prepared Coding Guides was conducted during mid-June and involved eight experienced coders.  
The coding process also included multiple coding from three assessment booklets, as specified 
internationally.

Data entry

All data were entered using KeyQuest, the specially developed software provided to national 
centres by the IPC.
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Main Study

Assessment dates in Australia

In Australia, the Main Study assessment took place from late July to early September, 2006.  

Schools and students

Full details of the Australian school and student samples are presented in Appendix 2, and hence 
are not included here. Australia satisfied the international response rate criteria fully, with 98.9 per 
cent of the selected schools and 86.3 per cent of the selected students taking part.

Obtaining the school sample

PISA was included as part of the National Assessment Program in 2006.  Liaison officers were 
appointed from state and territory Education Departments, Catholic Education Offices and 
Associations of Independent Schools to inform schools that they had been randomly selected 
to participate in PISA.  Schools were approached in late November 2005 and were sent an 
information package about PISA.   

Response rates and the sampling of students are discussed in Appendix 2.

Contact persons in schools

Participating schools were asked to nominate an experienced staff member to take on the role of 
PISA School Contact.  School Contacts assisted by making administrative arrangements for the 
assessment session in their school – for example, setting the date for the session, finding a room in 
which the session could be conducted, arranging for lists of age-eligible students to be sent to the 
national centre, and so on.

National options

Countries were permitted to introduce additional aspects of national relevance into PISA, 
subject to approval from the IPC. Australia chose to include optional material to the Student 
Questionnaire, as described in the following paragraphs.

Additional questionnaire items

Information was sought on Indigenous origin and time spent in a range of out-of-school activities.  
The questions on language spoken at home and on parents’ and respondent’s countries of birth 
were adapted in the Australian questionnaire. It was felt, for example, that responses to the 
international format question of ‘Were you born in Australia?’ (Yes/No) would not be accurate as 
an indication of ethnic background.

One quarter of the Student Questionnaire was devoted to questions related to LSAY.  Students were 
asked about courses at school, plans after secondary school, and work experience.  Students were 
also asked to complete their contact details so they could be contacted to follow their career and 
educational pathways.  

Test Administrators

Forty-three Test Administrators external to the schools administered all test sessions. All were 
employed by ACER on a casual basis and most had also been involved in previous PISA cycles. All 
were highly experienced, trained teachers, many of whom were also experienced in conducting 
test sessions according to standardised procedures. 
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All Test Administrators attended full-day training sessions, which were held in Melbourne, Sydney, 
Perth, Adelaide and Brisbane during June 2006.  The sessions were highly useful – to establish a 
sense of common purpose among the diverse group of Test Administrators, especially for those 
who had not met each other before; to ensure that they were appropriately briefed for conducting 
the sessions; and to apportion the test sessions and establish travelling schedules in what was a 
complex logistical operation. 

Scheduling of sessions: logistics

The assessment booklets and questionnaires were mostly administered in a single morning session, 
except in a handful of schools where the test took place in the morning and the questionnaire 
session took place in the afternoon.  The amount of time required was about three hours, arranged 
the same way as in the Field Trial.

A muesli bar snack was provided for each student during the break between the assessment 
booklet and the questionnaire. Students were allowed to talk to each other during the breaks, 
though they were asked not to talk about the assessments. 

Altogether, 356 regular and 120 follow-up testing sessions took place.  Assessment sessions were 
mostly carried out in classrooms, although the school library, the school hall, or areas such as 
common or meeting rooms or the computer room were also used as an assessment venue.

Coding processes

Eighteen mathematical/scientific literacy coders and five reading literacy coders were used for 
the whole duration of the coding. All coders were experienced secondary teachers, not currently 
teaching. The coders were trained in the use of the Coding Guide, with the initial training session 
beginning in late August, two weeks before the end of the testing. The coding rotation developed 
by the IPC enabled all three literacy domains to be coded simultaneously using different 
assessment booklets.

Following the procedures specified by the IPC, coding was done by clusters rather than by booklet. 
Before a new cluster was started, further training and practice on the new clusters was carried 
out. Within clusters, coding was done by item. The specified procedures for randomly allocating 
booklets to coders were followed.

Two mathematical and scientific literacy table leaders33 and one reading literacy table leader 
were used to field queries from individual coders, to review with individual coders any issues that 
needed to be drawn to their attention, to document difficulties that needed resolution from the 
NPM or the IPC, and to monitor the coding process generally. 

The coding across all domains was completed in approximately six weeks. In addition to improved 
Coding Guides, revised after the Field Trial, the expertise and experience of the table leaders 
ensured that the work progressed well.

Data entry

Up to eleven operators were used to enter the assessment data from the booklets and the multiple 
coding sheets, and the questionnaire data. All data were entered in approximately seven weeks, 
using KeyQuest. Checking and cleaning steps, which took a further two to three weeks, were then 
undertaken prior to the Australian data being sent to the IPC.

33 Very experienced coders.
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Ensuring quality in national operations

Monitoring of operations and procedures was built into every stage of PISA in Australia, from 
the selection of the school and student samples, initiating and maintaining contact with schools, 
through to the preparation of materials, printing, packing, mailing, receiving and tallying returns. 
Other aspects of quality assurance included the detailed training of Test Administrators in the 
internationally laid-down procedures, and the training and monitoring of coders and the entry of 
data.

PISA Quality Monitors, on behalf of the IPC, visited a sample of 15 Australian schools when the 
testing was taking place to ensure that procedures were followed accurately and instructions were 
adhered to.
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Australian sampling results
Sampling in PISA was carried out in two stages in most countries, including Australia. First, schools 
were selected with a probability proportional to enrolment size of 15-year-olds. Thus, large schools 
had a greater chance than small schools of being selected.  

Internationally, the minimum required sample for each country was 150 schools and 4,500 
students. In Australia, a larger sample was drawn to enable results to be reported by State and 
Territory and for Indigenous students, and for PISA 2006 to become a cohort of the Longitudinal 
Surveys of Australian Youth (LSAY) 2006.  Table A2.1 gives the details of the Australian sample 
design.

Table A2.1  Designed PISA school sample by state and sector

State
Sector

Catholic Government Independent Total

NSW 8 15 3 26

VIC 20 50 13 83

QLD 12 35 11 58

SA 11 38 10 59

WA 8 27 9 44

TAS 8 24 9 41

NT 5 25 5 35

ACT 4 16 7 27

TOTAL 76 230 67 373

Stratification variables used in Australia when selecting the sample were state and sector 
(government, Catholic and independent).34  School geographic location (as described in the 
Reader’s Guide) was also taken into account in the sampling. 

Following PISA procedures, schools were randomly selected with probability proportional to 
estimated enrolment size of PISA age-related students within strata, using the latest available data 
in ACER’s sampling frame. To define the PISA population, estimates of the numbers of 15-year-
olds were made by sector within each state, from information obtained from each State and 
Territory Education Department and previous PISA data on the proportion of 15-year-old students.  
Permission was granted from the International Sampling Referee to exclude a number of categories 
of schools from the sample.  These included hospital and correctional schools, distance education 

34 The stratum codes for sector were necessary for accuracy of sampling. They are not used for reporting 
purposes in PISA 2006 and are not included in the PISA databases.
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schools, remote off-shore and very remote mainland schools, and schools instructing in a language 
other than English.  In addition, institutions in the Technical and Further Education (TAFE) sector 
were also excluded, because there was a very small percentage of 15-year-olds enrolled.  

Achieved Sample

Main Sample

Of the 373 schools sampled for PISA 2006, 16 schools were not eligible and therefore not 
included in the school sample (on the basis there were two or fewer age-eligible students35, or 
the school had closed).  An additional two schools chose not to participate.  One of the schools 
was undergoing extensive construction work (making it difficult to hold an assessment that would 
involve 50 students) and the replacement school participated in PISA.  

PISA was included as part of the National Assessment Program in 2006 and the support provided 
by schools produced the highest school response rate in any PISA cycle.  In all, 356 schools 
participated in the study (including one replacement school).  The achieved Australian PISA school 
sample is included as Table 1.1 in Chapter 1. 

The 356 schools represented a weighted response rate of 98.9 per cent and the weighted student 
participation rate after replacement was 86.3 per cent.  Both these figures met the international 
standards on response rates as specified by the Technical Advisory Group.      

Special Indigenous sample

The National Advisory Committee again recommended a process of oversampling Indigenous 
students to reliably report results for this minority group in PISA 2006. To achieve this, all age-
eligible Indigenous students in the sampled PISA schools were invited to participate in the survey.   

All age-eligible Indigenous students were sampled by inviting any additional Indigenous students if 
they had not been sampled within the initial sampling of 50 students per school, resulting in 1,080 
Indigenous students participating in PISA 2006.  

Absentees

Of the eligible students participating in PISA, 2,307 students were absent on the day of the 
assessment session.  Overall, the absentee rate was 12.9 per cent. Of the sampled students, the 
Northern Territory had the highest absentee rate of 20.6 per cent while Victoria and New South 
Wales had the lowest, at 11.4 and 11.3 per cent respectively.  The number of students who were 
absent on the day of the assessment are shown by state in Table A2.2.

Table A2.2  Non-participation in Australia by state

Absentees Refusals Exclusions Other

NSW 462 80 44 109

VIC 315 66 28 71

QLD 424 50 37 156

SA 283 51 53 112

WA 236 14 21 175

TAS 192 34 20 86

NT 237 20 6 119

ACT 158 37 26 42

TOTAL 2307 352 235 870

35 Schools with two or fewer students are considered ineligible and do not participate in PISA. 
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Refusals

In addition to the students who were absent from school, there were 352 whose parents refused 
permission for them to participate, or they chose themselves to refuse. The Student Tracking Form 
did not distinguish between parent and student refusal. These students constituted two per cent 
of the sampled students, considerably lower than the six per cent from the PISA 2003 study.  This 
lower rate could partially be explained by PISA becoming part of the national testing program from 
the 2006 study.  The lowest refusal rate was less than one per cent in Western Australia, with the 
highest rate of three per cent in the Australian Capital Territory.  The details are listed in Table A2.2.

Exclusions

In all, there were 235 students excluded by the School Contact from the PISA assessment.  In PISA 
2003, 25 students were excluded on the basis of a functional disability (exclusion 1); 168 students 
were excluded because of an intellectual disability (exclusion 2), and 42 students were excluded 
because of language (exclusion 3).  Exclusions at student level accounted for fewer than two 
per cent of the designed sample.  Students with exclusions were spread throughout the country 
(Table A2.2).

Exclusion categories used were equivalent to those in the international PISA manual, though with 
wording changed to reflect current terminology in Australia.  

The three types of exclusion were:

1 = Functional disability – student has a moderate to severe permanent physical disability

2 = Intellectual disability – student has a mental or emotional disability and has either been tested 
as cognitively delayed or is considered in the professional opinion of qualified staff to be 
cognitively delayed

3 = Limited assessment language experience – student is not a native speaker of any of the 
languages of the assessment in the country and has limited proficiency in these languages

Other non-participants

Table A2.2 shows there was also a group of 870 students who were eligible and selected to 
participate in the survey, but who had left school before the testing, had transferred to another 
school, were temporarily suspended from the school, or were age ineligible. (The number of not 
applicable students may have been fewer had some schools provided current school lists of their 
eligible students).
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International 
sampling results 
Internationally, the desired 
minimum number of students 
to be assessed per country 
was specified as 4,500. Some 
countries, including Australia, 
sampled more students so that 
language groups or regions 
within the country could be 
adequately represented. In 
small countries, such as Iceland, 
Liechtenstein and Luxembourg, 
the whole cohort of age-eligible 
students was assessed.

 Table A2.3  PISA 2006 target populations and samples

Population and Sample Information Population and Sample Information Coverage Indices

Total 
population of 
15-year-olds

Total enrolled 
population of 
15-year-olds 
at grade 7 or 

above

Total in 
national 

desired target 
population

Total 
school-level 
exclusions

Total in 
national 

desired target 
population 

after all 
school 

exclusions 
and before 

within-school 
exclusions

Percentage 
of all 

school-level 
exclusions

Number of 
participating 

students

Weighted 
number of 

participating 
students

Number of 
excluded 
students

Weighted 
number of 
excluded 
students

Within-school 
exclusion rate 

(%) 

Overall 
exclusion rate 

(%)

Coverage 
Index 1: 

Coverage 
of national 

desired 
population

Coverage 
Index 2: 

Coverage 
of national 

enrolled 
population

Coverage 
Index 3: 

Coverage of 
15-year-old 
population

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
Argentina 662 686 579 222 579 222 2 393 576 829 0.41 4 339 523 048 4 636 0.12 0.53 0.99 0.99 0.79
Australia 270 115 256 754 255 554 1 371 254 183 0.54 14 170 234 940 234 2 935 1.23 1.76 0.98 0.98 0.87

Austria 97 337 92 149 92 149 401 91 748 0.43 4 927 89 925 94 1 586 1.73 2.16 0.98 0.98 0.92
Azerbaijan 139 119 139 119 131 235 780 130 455 0.59 5 184 122 208 0 0 0.00 0.59 0.99 0.94 0.88

Belgium 124 943 124 557 124 216 2 957 121 259 2.38 8 857 123 161 28 401 0.32 2.70 0.97 0.97 0.99
Brazil 3 390 471 2 374 044 2 357 355 0 2 357 355 0.00 9 295 1 875 461 19 6 438 0.34 0.34 1.00 0.99 0.55

Bulgaria 89 751 88 071 88 071 1 733 86 338 1.97 4 498 74 326 0 0 0.00 1.97 0.98 0.98 0.83
Canada 426 967 428 876 424 238 5 141 419 097 1.21 22 646 370 879 1 681 20 339 5.20 6.35 0.94 0.93 0.87

Chile 299 426 255 459 255 393 2 284 253 109 0.89 5 235 233 526 28 1 259 0.54 1.43 0.99 0.99 0.78
Chinese Taipei 334 391 318 691 318 691 2 972 315 719 0.93 8 815 293 513 21 922 0.31 1.24 0.99 0.99 0.88

Colombia 897 477 543 630 543 630 2 814 540 816 0.52 4 478 537 262 2 541 743 0.03 0.55 0.99 0.99 0.60
Croatia 54 500 51 318 51 318 548 50 770 1.07 5 213 46 523 38 382 0.81 1.87 0.98 0.98 0.85

Czech Republic 127 748 124 764 124 764 1 124 123 640 0.90 5 932 128 827 8 203 0.16 1.06 0.99 0.99 1.01
Denmark 66 989 65 984 65 984 1 871 64 113 2.84 4 532 57 013 170 1 960 3.32 6.07 0.94 0.94 0.85

Estonia 19 871 19 623 19 623 569 19 054 2.90 4 865 18 662 50 23 580 1.10 3.97 0.96 0.96 0.94
Finland 66 232 66 232 66 232 1 257 64 975 1.90 4 714 61 387 135 1 650 2.62 4.47 0.96 0.96 0.93
France 809 375 809 375 777 194 19 397 757 797 2.50 4 716 739 428 28 3 876 0.52 3.00 0.97 0.93 0.91

Germany 951 535 1 062 920 1 062 920 6 009 1 056 911 0.57 4 891 903 512 37 6 017 0.66 1.22 0.99 0.99 0.95
Greece 107 505 110 663 110 663 640 110 023 0.58 4 873 96 412 65 1 397 1.43 2.00 0.98 0.98 0.90

Hong Kong-China 77 398 75 542 75 542 678 74 864 0.90 4 645 75 145 1 21 0.03 0.93 0.99 0.99 0.97
Hungary 124 444 120 061 120 061 3 230 116 831 2.69 4 490 106 010 31 1 103 1.03 3.69 0.96 0.96 0.85
Iceland 4 820 4 777 4 777 16 4 761 0.33 3 789 4 624 95 96 2.04 2.37 0.98 0.98 0.96

Indonesia 4 238 600 3 119 393 2 983 254 9 388 2 973 866 0.31 10 647 2 248 313 0 0 0.00 0.31 1.00 0.95 0.53
Ireland 58 667 57 648 57 510 50 57 460 0.09 4 585 55 114 93 59 792 1.67 1.76 0.98 0.98 0.94

Israel 122 626 109 370 109 370 1 770 107 600 1.62 4 584 93 347 72 1 339 1.41 3.01 0.97 0.97 0.76
Italy 578 131 639 971 639 971 16 639 555 0.00 21 773 520 055 363 8 984 1.70 1.70 0.98 0.98 0.90

Japan 1 246 207 1 222 171 1 222 171 16 604 1 205 567 1.36 5 952 1 113 701 0 0 0.00 1.36 0.99 0.99 0.89
Jordan 138 026 126 708 126 708 0 126 708 0.00 6 509 90 267 73 1 042 1.14 1.14 0.99 0.99 0.65
Korea 660 812 627 868 627 868 3 461 624 407 0.55 5 176 576 669 4 625 0.11 0.66 0.99 0.99 0.87

Kyrgyzstan 128 810 94 922 92 109 1 617 90 492 1.76 5 904 80 674 42 521 0.64 2.39 0.98 0.95 0.63
Latvia 34 277 33 659 33 534 932 32 602 2.78 4 719 29 232 26 33 980 0.44 3.21 0.97 0.96 0.85

Liechtenstein 422 362 362.00 0 362 0.00 339 353 3 3 0.84 0.84 0.99 0.99 0.84
Lithuania 53 931 51 808 51 761 613 51 148 1.18 4 744 50 329 28 264 0.52 1.70 0.98 0.98 0.93

Luxembourg 4 595 4 595 4 595 0 4 595 0.00 4 567 4 733 193 9 493 3.92 3.92 0.96 0.96 1.03
Macao-China 8 835 6 648 6 648 6 6 642 0.09 4 760 6 417 0 0 0.00 0.09 1.00 1.00 0.73

Mexico 2 200 916 1 383 364 1 383 364 0 1 383 364 0.00 30 971 1 190 420 49 1 221 440 0.27 0.27 1.00 1.00 0.54
Montenegro 9 190 8 973 8 973 155 8 818 1.72 4 455 7 734 0 0 0.00 1.72 0.98 0.98 0.84
Netherlands 197 046 193 769 193 769 57 193 712 0.03 4 871 189 576 7 227 0.12 0.15 1.00 1.00 0.96

New Zealand 63 800 59 341 59 341 451 58 890 0.76 4 823 53 398 222 58 443 3.84 4.58 0.95 0.95 0.84
Norway 61 708 61 449 61 373 412 60 961 0.67 4 692 59 884 156 1 764 2.86 3.51 0.96 0.96 0.97
Poland 549 000 546 000 546 000 10 400 535 600 1.90 5 547 515 993 18 1 685 0.33 2.22 0.98 0.98 0.94

Portugal 115 426 100 816 100 816 0 100 816 0.00 5 109 90 079 112 95 300 2.05 2.05 0.98 0.98 0.78
Qatar 8 053 7 865 7 865 0 7 865 0.00 6 265 7 271 3 3 0.04 0.04 1.00 1.00 0.90

Romania 341 181 241 890 240 661 2 943 237 718 1.22 5 118 223 887 0 0 0.00 1.22 0.99 0.98 0.66
Russian Federation 2 243 924 2 077 231 2 077 231 43 425 2 033 806 2.09 5 799 1 810 856 60 20 576 1.12 3.19 0.97 0.97 0.81

Serbia 88 584 80 692 80 692 1 811 78 881 2.24 4 798 73 907 6 78 713 0.12 2.36 0.98 0.98 0.83
Slovak Republic 79 989 78 427 78 427 1 355 77 072 1.73 4 731 76 201 11 193 0.25 1.98 0.98 0.98 0.95

Slovenia 23 431 23 018 23 018 228 22 790 0.99 6 595 20 595 45 27 236 0.48 1.46 0.99 0.99 0.88
Spain 439 415 436 885 436 885 3 930 432 955 0.90 19 604 381 686 557 401 848 2.65 3.52 0.96 0.96 0.87

Sweden 129 734 127 036 127 036 2 330 124 706 1.83 4 443 126 393 122 3 471 2.67 4.46 0.96 0.96 0.97
Switzerland 87 766 86 108 86 108 2 130 83 978 2.47 12 193 89 651 186 842 0.93 3.38 0.97 0.97 1.02

Thailand 895 924 727 860 727 860 7 234 720 626 0.99 6 192 644 125 5 353 0.05 1.05 0.99 0.99 0.72
Tunisia 153 331 153 331 153 331 0 153 331 0.00 4 640 138 491 2 52 0.04 0.04 1.00 1.00 0.90
Turkey 1 423 514 800 968 782 875 970 781 905 0.12 4 942 665 477 1 130 0.02 0.14 1.00 0.98 0.47

United Kingdom 779 076 767 248 767 248 12 879 754 369 1.68 13 152 732 004 229 12 033 1.62 3.27 0.97 0.97 0.94
United States 4 192 939 4 192 939 4 192 939 19 710 4 173 229 0.47 5 611 3 578 040 254 142 517 3.83 4.28 0.96 0.96 0.85

Uruguay 51 119 40 815 40 815 97 40 718 0.24 4 839 36 011 5 39 0.11 0.34 1.00 1.00 0.69
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 Table A2.3  PISA 2006 target populations and samples

Population and Sample Information Population and Sample Information Coverage Indices

Total 
population of 
15-year-olds

Total enrolled 
population of 
15-year-olds 
at grade 7 or 

above

Total in 
national 

desired target 
population

Total 
school-level 
exclusions

Total in 
national 

desired target 
population 

after all 
school 

exclusions 
and before 

within-school 
exclusions

Percentage 
of all 

school-level 
exclusions

Number of 
participating 

students

Weighted 
number of 

participating 
students

Number of 
excluded 
students

Weighted 
number of 
excluded 
students

Within-school 
exclusion rate 

(%) 

Overall 
exclusion rate 

(%)

Coverage 
Index 1: 

Coverage 
of national 

desired 
population

Coverage 
Index 2: 

Coverage 
of national 

enrolled 
population

Coverage 
Index 3: 

Coverage of 
15-year-old 
population

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
Argentina 662 686 579 222 579 222 2 393 576 829 0.41 4 339 523 048 4 636 0.12 0.53 0.99 0.99 0.79
Australia 270 115 256 754 255 554 1 371 254 183 0.54 14 170 234 940 234 2 935 1.23 1.76 0.98 0.98 0.87

Austria 97 337 92 149 92 149 401 91 748 0.43 4 927 89 925 94 1 586 1.73 2.16 0.98 0.98 0.92
Azerbaijan 139 119 139 119 131 235 780 130 455 0.59 5 184 122 208 0 0 0.00 0.59 0.99 0.94 0.88

Belgium 124 943 124 557 124 216 2 957 121 259 2.38 8 857 123 161 28 401 0.32 2.70 0.97 0.97 0.99
Brazil 3 390 471 2 374 044 2 357 355 0 2 357 355 0.00 9 295 1 875 461 19 6 438 0.34 0.34 1.00 0.99 0.55

Bulgaria 89 751 88 071 88 071 1 733 86 338 1.97 4 498 74 326 0 0 0.00 1.97 0.98 0.98 0.83
Canada 426 967 428 876 424 238 5 141 419 097 1.21 22 646 370 879 1 681 20 339 5.20 6.35 0.94 0.93 0.87

Chile 299 426 255 459 255 393 2 284 253 109 0.89 5 235 233 526 28 1 259 0.54 1.43 0.99 0.99 0.78
Chinese Taipei 334 391 318 691 318 691 2 972 315 719 0.93 8 815 293 513 21 922 0.31 1.24 0.99 0.99 0.88

Colombia 897 477 543 630 543 630 2 814 540 816 0.52 4 478 537 262 2 541 743 0.03 0.55 0.99 0.99 0.60
Croatia 54 500 51 318 51 318 548 50 770 1.07 5 213 46 523 38 382 0.81 1.87 0.98 0.98 0.85

Czech Republic 127 748 124 764 124 764 1 124 123 640 0.90 5 932 128 827 8 203 0.16 1.06 0.99 0.99 1.01
Denmark 66 989 65 984 65 984 1 871 64 113 2.84 4 532 57 013 170 1 960 3.32 6.07 0.94 0.94 0.85

Estonia 19 871 19 623 19 623 569 19 054 2.90 4 865 18 662 50 23 580 1.10 3.97 0.96 0.96 0.94
Finland 66 232 66 232 66 232 1 257 64 975 1.90 4 714 61 387 135 1 650 2.62 4.47 0.96 0.96 0.93
France 809 375 809 375 777 194 19 397 757 797 2.50 4 716 739 428 28 3 876 0.52 3.00 0.97 0.93 0.91

Germany 951 535 1 062 920 1 062 920 6 009 1 056 911 0.57 4 891 903 512 37 6 017 0.66 1.22 0.99 0.99 0.95
Greece 107 505 110 663 110 663 640 110 023 0.58 4 873 96 412 65 1 397 1.43 2.00 0.98 0.98 0.90

Hong Kong-China 77 398 75 542 75 542 678 74 864 0.90 4 645 75 145 1 21 0.03 0.93 0.99 0.99 0.97
Hungary 124 444 120 061 120 061 3 230 116 831 2.69 4 490 106 010 31 1 103 1.03 3.69 0.96 0.96 0.85
Iceland 4 820 4 777 4 777 16 4 761 0.33 3 789 4 624 95 96 2.04 2.37 0.98 0.98 0.96

Indonesia 4 238 600 3 119 393 2 983 254 9 388 2 973 866 0.31 10 647 2 248 313 0 0 0.00 0.31 1.00 0.95 0.53
Ireland 58 667 57 648 57 510 50 57 460 0.09 4 585 55 114 93 59 792 1.67 1.76 0.98 0.98 0.94

Israel 122 626 109 370 109 370 1 770 107 600 1.62 4 584 93 347 72 1 339 1.41 3.01 0.97 0.97 0.76
Italy 578 131 639 971 639 971 16 639 555 0.00 21 773 520 055 363 8 984 1.70 1.70 0.98 0.98 0.90

Japan 1 246 207 1 222 171 1 222 171 16 604 1 205 567 1.36 5 952 1 113 701 0 0 0.00 1.36 0.99 0.99 0.89
Jordan 138 026 126 708 126 708 0 126 708 0.00 6 509 90 267 73 1 042 1.14 1.14 0.99 0.99 0.65
Korea 660 812 627 868 627 868 3 461 624 407 0.55 5 176 576 669 4 625 0.11 0.66 0.99 0.99 0.87

Kyrgyzstan 128 810 94 922 92 109 1 617 90 492 1.76 5 904 80 674 42 521 0.64 2.39 0.98 0.95 0.63
Latvia 34 277 33 659 33 534 932 32 602 2.78 4 719 29 232 26 33 980 0.44 3.21 0.97 0.96 0.85

Liechtenstein 422 362 362.00 0 362 0.00 339 353 3 3 0.84 0.84 0.99 0.99 0.84
Lithuania 53 931 51 808 51 761 613 51 148 1.18 4 744 50 329 28 264 0.52 1.70 0.98 0.98 0.93

Luxembourg 4 595 4 595 4 595 0 4 595 0.00 4 567 4 733 193 9 493 3.92 3.92 0.96 0.96 1.03
Macao-China 8 835 6 648 6 648 6 6 642 0.09 4 760 6 417 0 0 0.00 0.09 1.00 1.00 0.73

Mexico 2 200 916 1 383 364 1 383 364 0 1 383 364 0.00 30 971 1 190 420 49 1 221 440 0.27 0.27 1.00 1.00 0.54
Montenegro 9 190 8 973 8 973 155 8 818 1.72 4 455 7 734 0 0 0.00 1.72 0.98 0.98 0.84
Netherlands 197 046 193 769 193 769 57 193 712 0.03 4 871 189 576 7 227 0.12 0.15 1.00 1.00 0.96

New Zealand 63 800 59 341 59 341 451 58 890 0.76 4 823 53 398 222 58 443 3.84 4.58 0.95 0.95 0.84
Norway 61 708 61 449 61 373 412 60 961 0.67 4 692 59 884 156 1 764 2.86 3.51 0.96 0.96 0.97
Poland 549 000 546 000 546 000 10 400 535 600 1.90 5 547 515 993 18 1 685 0.33 2.22 0.98 0.98 0.94

Portugal 115 426 100 816 100 816 0 100 816 0.00 5 109 90 079 112 95 300 2.05 2.05 0.98 0.98 0.78
Qatar 8 053 7 865 7 865 0 7 865 0.00 6 265 7 271 3 3 0.04 0.04 1.00 1.00 0.90

Romania 341 181 241 890 240 661 2 943 237 718 1.22 5 118 223 887 0 0 0.00 1.22 0.99 0.98 0.66
Russian Federation 2 243 924 2 077 231 2 077 231 43 425 2 033 806 2.09 5 799 1 810 856 60 20 576 1.12 3.19 0.97 0.97 0.81

Serbia 88 584 80 692 80 692 1 811 78 881 2.24 4 798 73 907 6 78 713 0.12 2.36 0.98 0.98 0.83
Slovak Republic 79 989 78 427 78 427 1 355 77 072 1.73 4 731 76 201 11 193 0.25 1.98 0.98 0.98 0.95

Slovenia 23 431 23 018 23 018 228 22 790 0.99 6 595 20 595 45 27 236 0.48 1.46 0.99 0.99 0.88
Spain 439 415 436 885 436 885 3 930 432 955 0.90 19 604 381 686 557 401 848 2.65 3.52 0.96 0.96 0.87

Sweden 129 734 127 036 127 036 2 330 124 706 1.83 4 443 126 393 122 3 471 2.67 4.46 0.96 0.96 0.97
Switzerland 87 766 86 108 86 108 2 130 83 978 2.47 12 193 89 651 186 842 0.93 3.38 0.97 0.97 1.02

Thailand 895 924 727 860 727 860 7 234 720 626 0.99 6 192 644 125 5 353 0.05 1.05 0.99 0.99 0.72
Tunisia 153 331 153 331 153 331 0 153 331 0.00 4 640 138 491 2 52 0.04 0.04 1.00 1.00 0.90
Turkey 1 423 514 800 968 782 875 970 781 905 0.12 4 942 665 477 1 130 0.02 0.14 1.00 0.98 0.47

United Kingdom 779 076 767 248 767 248 12 879 754 369 1.68 13 152 732 004 229 12 033 1.62 3.27 0.97 0.97 0.94
United States 4 192 939 4 192 939 4 192 939 19 710 4 173 229 0.47 5 611 3 578 040 254 142 517 3.83 4.28 0.96 0.96 0.85

Uruguay 51 119 40 815 40 815 97 40 718 0.24 4 839 36 011 5 39 0.11 0.34 1.00 1.00 0.69
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Population coverage
All countries attempt to maximise the coverage of eligible 15-year-old students in their national 
sample.  According to the PISA sampling standards, countries are permitted to exclude a total of 
five per cent of the total relevant population either by excluding schools or by excluding students 
within schools. 

Table A2.3 describes the target population of the countries participating in PISA 2006. Further 
information on the target population and the implementation of PISA sampling standards can be 
found in the PISA 2006 Technical Report (OECD, forthcoming).

Column 1 ◗  shows the total number of 15-year-olds according to the most recent available 
information, which in most countries was the year 2005 as the year before the assessment. 

Column 2 ◗  shows the number of 15-year-olds enrolled in schools in Grades 7 or above, that is 
referred to as the eligible population. 

Column 3 ◗  shows the national desired target population. As part of the school-level exclusions, 
countries were allowed to exclude up to 0.5 per cent of students a priori from the eligible 
population, essentially for practical reasons. 

Column 4 ◗  shows the number of students enrolled in schools that were excluded from the 
national desired target population, either from the sampling frame or later in the field during 
data collection. 

Column 5 ◗  shows the size of the national desired target population after subtracting the students 
enrolled in excluded schools. This is obtained by subtracting Column 4 from Column 3.

Column 6 ◗  shows the percentage of students enrolled in excluded schools. This is obtained by 
dividing Column 4 by Column 3 and multiplying by 100.

Column 7 ◗  shows the number of students participating in PISA 2006. Note that this number 
does not account for 15-year-olds assessed as part of additional national options. 

Column 8 ◗  shows the weighted number of participating students, i.e. the number of students in 
the nationally defined target population that the PISA sample represents.

Column 9 ◗  indicates the total number of excluded students.  Each country attempted to 
maximise the coverage of PISA’s target population within the sampled schools. In the case of 
each sampled school, all eligible students, namely those 15 years of age, regardless of grade, 
were first listed. Sampled students who were to be excluded had still to be included in the 
sampling documentation, and a list drawn up stating the reason for their exclusion.

Column 10 ◗  indicates the weighted number of excluded students, i.e. the overall number of 
students in the nationally defined target population represented by the number of students 
excluded from the sample.

Column 11 ◗  shows the percentage of students excluded within schools. This is calculated as 
the weighted number of excluded students (Column 10) divided by the weighted number of 
excluded and participating students (Column 8 plus Column 10) then multiplied by 100. 

Column 12 ◗  shows the overall exclusion rate, which represents the weighted percentage 
of the national desired target population excluded from PISA either through school-level 
exclusions or through the exclusion of students within schools.  It is calculated as the school-
level exclusion rate (Column 6 divided by 100) plus within-school exclusion rate (Column 
11 divided by 100) multiplied by 1 minus the school-level exclusion rate (Column 6 divided 
by 100).  

Column 13 ◗  presents an index of the extent to which the national desired target population is 
covered by the PISA sample.  

Column 14 ◗  presents an index of the extent to which 15-year-olds enrolled in schools are 
covered by the PISA sample. The index measures the overall proportion of the national 
enrolled population that is covered by the non-excluded portion of the student sample. The 
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index takes into account both school-level and student-level exclusions. Values close to 100 
indicate that the PISA sample represents the entire education system as defined for PISA 
2000. The index is the weighted number of participating students (Column 8) divided by the 
weighted number of participating and excluded students (Columns 8 plus Column 10), times 
the nationally defined target population (Column 5) divided by the eligible population (Column 
2) national desired target population (times 100). 

Column 15 ◗  presents an index of the coverage of the 15-year-old population.  This index is 
the weighted number of participating students (Column 8) divided by the total population of 
15-year-old students (Column 1). 

Sampling procedures and response rates
The accuracy of any survey results depends on the quality of the information on which national 
samples are based as well as on the sampling procedures. Quality standards, procedures, 
instruments, and verification mechanisms were developed for PISA that ensured that national 
samples yielded comparable data and that the results could be compared with confidence.  
Statistics in this report are, however, associated with standard errors that reflect the uncertainty 
associated with sample survey statistics. Where confidence intervals are provided, these indicate 
that the true value is, in 95 out of 100 replications of the study, within the interval indicated.  
Experts from the PISA International Consortium monitored the sample selection process in each 
participating country.  

Data quality standards in PISA required minimum participation rates for schools as well as for 
students. These standards were established to minimise the potential for response biases. In the 
case of countries meeting these standards, it is likely that any bias resulting from non-response will 
be negligible, i.e. typically smaller than the sampling error.

A minimum response rate of 85 per cent was required for the schools initially selected. Where 
the initial response rate of schools was between 65 and 85 per cent, however, an acceptable 
school response rate could still be achieved through the use of replacement schools. This 
procedure brought with it a risk of increased response bias. Participating countries were, therefore, 
encouraged to persuade as many of the schools in the original sample as possible to participate. 
Schools with a student participation rate between 25 and 50 per cent were not regarded as 
participating schools, but data from these schools were included in the database and contributed 
to the various estimations. Data from schools with a student participation rate of less than 25 per 
cent were excluded from the database. 

PISA 2006 also required a minimum participation rate of 80 per cent of students within 
participating schools (original sample). This minimum participation rate had to be met at the 
national level, not necessarily by each participating school. Follow-up sessions were required in 
schools in which too few students had participated in the original assessment sessions. Student 
participation rates were calculated over all original schools, and over all schools whether original 
sample or replacement schools, and from the participation of students in both the original 
assessment and any follow-up sessions. 
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This appendix provides readers with a brief background on Australia’s results from PISA 2000 and 
PISA 200336.  Australia’s results are reported for the country as a whole, along with the highest 
performing country, as well as the performance of Australian students by gender, across states and 
for selected student subgroups.37

Figures within brackets refer to the standard error for the associated mean score. Means provided 
are in score points on the relevant PISA scales.

PISA 2000: Scientific literacy 

Internationally

Australia achieved a mean performance score of 528 (3.5) for scientific literacy in PISA 2000  ◗

and was outperformed by two countries – Korea with a mean score of 552 (2.7), and Japan 
with a mean score of 550 (5.5).  (The Bonferroni correction was used in this cycle.38)

Australia’s performance was equivalent to that of six countries: Finland; the United Kingdom;  ◗

Canada; New Zealand; Austria; and Ireland.  Australia performed significantly higher than 22 
other countries.

There were no gender differences for Australian students, consistent with the international  ◗

trend with only seven countries showing significant gender differences.  The OECD average for 
females and males was the same at 501 (0.8 and 0.9 respectively). 

Nationally – performance by State and gender

Within Australia, the Australian Capital Territory had the highest mean score of 553 (5.9), while  ◗

the Northern Territory had the lowest mean score of 490 (7.6). 

None of the mean scores were significantly different by gender in any state. ◗

36 Further details on PISA 2000 and PISA 2003 can be found in the International and National reports, listed 
in the Reference section.

37 It is not possible to solely use the mean scores and standard errors in this appendix to determine if there is 
statistical difference between PISA cycles as comparisons cannot be compared without taking into account 
a linking error.

38 Throughout this appendix, results at the international level have been reported with or without the 
Bonferroni correction, and are in keeping with what the OECD has reported.  In PISA 2000, the OECD 
reported mean performance between countries with the Bonferroni correction.  In PISA 2003, the OECD 
reported mean performance between countries both with and without the Bonferroni correction.

Appendix

3
Highlights from  
PISA 2000 and  
PISA 2003
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Nationally – performance of specific groups within Australia

The performance of Indigenous students was significantly lower compared to non-Indigenous  ◗

students with mean scores of 448 (5.5) and 529 (1.9) respectively.

There was a significantly higher mean performance in science for students whose main  ◗

language was English, with a mean of 534 (1.8) compared with students whose main language 
spoken at home was not English, with a mean score of 497 (5.1). 

Results on geographic location in PISA 2000 were based on relative remoteness and on  ◗

distance and access to services and facilities.  Using the ARIA Plus classification, students who 
attended schools in major cities of Australia achieved a mean score of 532 (4.8) compared 
to students who attended schools in remote or very remote areas, with a mean score of 481 
(10.4). 

PISA 2003: Scientific literacy  

Internationally

Australia’s mean performance score for scientific literacy in PISA 2003 was 525 points (2.1).   ◗

With the Bonferroni correction used, three countries outperformed Australia (Finland, Japan  ◗

and Korea), while Australia outperformed 28 other countries including France, Ireland and 
the United States.  Eight countries: Hong Kong-China; Liechtenstein; Macao-China; the 
Netherlands; the Czech Republic; New Zealand; Canada; and Switzerland had similar 
achievements in mean scores.  Without the Bonferroni correction being applied, an additional 
country (Hong Kong-China) outperformed Australia, while Australia in turn outperformed an 
additional two countries (Canada and Switzerland).

Australia, along with 24 other countries, showed no significant gender differences in  ◗

performance in science.  The OECD average for females was 497 points (0.8) and for males the 
mean score was 503 points (0.7).  

Nationally – performance by State and gender

Within Australia, the Australian Capital Territory had the highest mean score of 553 (4.7), whilst  ◗

the Northern Territory had the lowest mean score of 495 (5.8). 

Gender differences were not statistically significant in any of the states. ◗

Indigenous students achieved a mean score of 434 (7.7), which was significantly lower than  ◗

that of non-Indigenous students who achieved a mean of 527 (2.0).

Students whose home language was English achieved a mean score of 529 (2.0), compared  ◗

to those students whose home language was not English, who achieved a mean score of 505 
(6.1).

Performance scores were significantly higher for students attending schools in metropolitan  ◗

areas than in provincial and remote schools, with mean scores of 529 (2.6), 516 (4.2) and 486 
(6.8) respectively.

PISA 2000: Reading literacy  

Internationally

Australia achieved a mean score of 528 (3.5) and was outperformed by only one country,  ◗

Finland, with a mean of 546 (2.6).

Australia’s performance was equivalent to that of eight other countries: Canada; New Zealand;  ◗

Ireland; Korea; the United Kingdom; Japan; Sweden; and the United States.  Twenty-one 
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countries performed significantly lower than Australia.  (The Bonferroni correction was used in 
this cycle.)

Twelve per cent of Australian students performed below Level 2, compared with seven per  ◗

cent in Finland and 18 per cent across all OECD countries.  Forty-three per cent of Australian 
students achieved at Level 4 or Level 5, compared with half the students from Finland and 32 
per cent across all OECD countries.   

Females from all countries performed significantly higher than males.  The mean for Australian  ◗

females was 546 points (4.7) and for Australian males the mean was 513 points (4.0), 
compared to the OECD average for females and males of 517 points (0.7) and 485 points (0.8) 
respectively.

Nationally – performance by State and gender

The Australian Capital Territory had the highest mean score of 552 (4.6), while the Northern  ◗

Territory had the lowest mean score of 489 (5.6).  

For the Australian Capital Territory, 11 per cent of students scored below Level 2 but 51 per  ◗

cent scored at Level 4 or higher, compared with 23 per cent and 30 per cent for the Northern 
Territory respectively.  

All states and territories except the Australian Capital Territory had significantly higher  ◗

performance scores for females than males.

Nationally – performance of specific groups within Australia

The mean score for Indigenous students was 448 (3.1), significantly lower than the mean  ◗

score for non-Indigenous students, whose mean score was 531 (1.8).  Thirty-five per cent of 
Indigenous students had a proficiency level below Level 2, compared with 12 per cent of non-
Indigenous students.  Fifteen per cent of Indigenous students performed at least at Level 4, 
compared to 45 per cent of non-Indigenous students.

Students for whom English was the main language spoken at home scored significantly higher  ◗

than those with a language background other than English. The mean score for the former 
group was 535 (1.8) and the mean score for the latter group was 506 (4.1).  Eleven per cent of 
students whose main language at home was English scored below Level 2, and 46 per cent of 
students scored at Level 4 and above, compared with 18 per cent of students below Level 2 
and 33 per cent of students at Level 4 and above for those who use another language.

Using the ARIA Plus classification, students in major cities achieved a mean score of 541 (4.8)  ◗

compared to a mean score of 495 (8.8) for those students located in remote or very remote 
areas of Australia.  

PISA 2003: Reading literacy  

Internationally

Australia’s mean score was 525 (2.1) in the 2003 study and with the Bonferroni correction  ◗

applied Finland was again the only country to outperform Australia, with a mean score of 543 
(1.6).  Five countries (Korea, Canada, Liechtenstein, New Zealand and Ireland) performed 
at equivalent levels to Australia.  Thirty-three countries performed significantly lower than 
Australia.

When the Bonferroni correction was not applied, Korea also outperformed Australia, with  ◗

a mean score of 534 (3.1).  Only three countries (Canada, Liechtenstein and New Zealand) 
performed at an equivalent level of performance, and 34 countries performed at a lower level.  

Females performed significantly higher than males (with an OECD average of 511 [0.7] and  ◗

477 [0.7]), a consistent finding in all countries with the exception of Liechtenstein where no 
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difference was found.  The mean score for Australian females was 545 (2.6) and for Australian 
males 506 (2.8).  

Twelve per cent of Australian students performed below Level 2 compared to the OECD  ◗

average of 19 per cent and six per cent of Finnish students, while 42 per cent of Australian 
students performed at Level 4 or Level 5 compared to the OECD average of 30 per cent and 38 
per cent of Finnish students.

Nationally – performance by State and gender

Australian Capital Territory students again showed the highest performance with a mean score  ◗

of 549 (6.0), with eight per cent of students performing below Level 2, while 52 per cent 
performed at Level 4 and above.  

Northern Territory students showed the lowest average performance with a mean score of 496  ◗

(6.1), with 20 per cent of students performing below Level 2, while 33 per cent of students 
performed at Level 4 and above. 

Females consistently performed significantly better in all states and territories. ◗

Nationally – performance of specific groups within Australia

Indigenous students had a mean score of 444 (8.6), with 38 per cent below Level 2, and 15 per  ◗

cent at Level 4 or above.  Non-Indigenous students in comparison had a mean score of 527 
(2.0), with 11 per cent below Level 2 and 42 per cent at Level 4 or above.

Australian-born students had the highest mean score of 529 (2.2), compared to first-generation  ◗

students with a mean score of 525 (4.6), and foreign-born students with a mean score of 517 
(5.0).  Twelve per cent of Australian-born students did not achieve a proficiency of Level 2 
compared to 13 per cent of first-generation students and 14 per cent of foreign-born students.  
Forty-three per cent of Australian-born students achieved at proficiency of Level 4 or Level 5 
compared to 41 per cent of first-generation students and 39 per cent of foreign-born students.

Students living in metropolitan areas had the highest mean score with a mean of 530 (2.6),  ◗

compared with a mean score of 514 (4.6) for provincial students and a mean score of 489 (7.5) 
for students in remote areas.

PISA 2000: Mathematical literacy  

Internationally

Australia achieved a mean score of 533 (3.5) and was outperformed by only one country,  ◗

Japan, with a mean of 557 (5.5).

Australia’s performance was equivalent to that of eight other countries: Korea; New Zealand;  ◗

Finland; Canada; Switzerland; the United Kingdom; Belgium; and Liechtenstein.  Australia 
significantly outperformed 21 other countries on mathematics literacy.  (The Bonferroni 
correction was used in this cycle.)

Although 16 countries had significant differences between the performance of females and  ◗

males, there were no significant differences found between Australian females and males.  The 
OECD average for females was 495 (0.9) and for males the mean score was 506 (1.0).

Nationally – performance by State and gender

Within Australia, the Australian Capital Territory students had the highest mean score of 548  ◗

(6.2) for mathematics, while the Northern Territory had the lowest mean score of 502 (6.7).

None of the mean scores were significantly different by gender in any state. ◗
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Nationally – performance of specific groups within Australia

Indigenous students achieved a mean score of 449 (5.3), which was significantly lower than  ◗

that of non-Indigenous students who achieved a mean score of 535 (1.9).

Those students who had English as the main language at home achieved a mean score of 537  ◗

(2.0), which was significantly higher than that of students whose main language at home was 
not English, who achieved a mean score of 522 (4.0).

Based on the ARIA Plus classification, students in major cities achieved a mean score of 537  ◗

points (4.4) compared to a mean score of 514 points (11.8) for those students located in remote 
or very remote areas of Australia.  

PISA 2003: Mathematical literacy

Internationally

Australia’s mean performance of 524 points (2.1) in the PISA 2003 study meant that when  ◗

the Bonferroni correction was used, four countries (Hong Kong-China, Finland, Korea and 
the Netherlands) had significantly higher mean scores.  When the Bonferroni correction was 
not applied, three additional countries (Lichtenstein, Japan and Canada) also outperformed 
Australia.  There were 26 countries (27 without Bonferroni correction) that were outperformed 
by Australia, while countries such as New Zealand, Switzerland and Belgium showed 
equivalent scores.

Twenty-one per cent of students across all OECD countries did not achieve Level 2, while 15  ◗

per cent of students achieved at Level 5 or Level 6.

There was no difference in performance between males and females in Australia, defying the  ◗

trend of 27 countries where scores for females were lower than for males.  The OECD average 
for females was 488 (0.8) and 505 (0.8) for males.

Nationally – performance by State and gender

Students in the Australian Capital Territory had the highest mean score of 548 (3.5), while those  ◗

in the Northern Territory had the lowest mean score of 496 (4.9).

There were no significant gender differences by state. ◗

Within Australia, 14 per cent of students performed below Level 2, whilst 20 per cent  ◗

performed at Level 5 and above.  

Eleven per cent of students from the Australian Capital Territory performed below Level 2 and  ◗

27 per cent of students performed at Level 5 and above.  In the Northern Territory, 22 per cent 
of students performed below Level 2 and 15 per cent performed at Level 5 and above.

Nationally – performance of specific groups within Australia

Indigenous students had a mean score of 440 (5.4), with 43 per cent below Level 2, and five  ◗

per cent at Level 5 or above.  This compared to non-Indigenous students who had a mean 
score of 526 (2.1), with 14 per cent below Level 2 and 20 per cent at Level 5 and above.

Australian-born students had the highest mean score of 527 (2.1), followed by foreign-born  ◗

students who had a mean score of 525 (4.9), and then first-generation students who had a 
mean score of 522 (4.7).

Students who spoke English at home achieved a mean score of 529 (2.0) compared to students  ◗

who spoke a language other than English at home with a mean score of 505 (6.1).

Students attending schools in metropolitan areas achieved a mean score of 528 (2.5), which  ◗

was significantly higher than the mean for students attending schools in provincial or remote 
areas whose mean scores were 515 (4.4) and 493 (9.6) respectively.
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The data referred to in this report and presented in Figures and Tables are available as online 
documents from the ACER PISA National website (http://www.acer.edu.au/ozpisa/reports.html).

The international multiple comparison tables are included in this appendix.

Appendix

4 Statistical Tables
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