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The Swedish National Agency for Education (Skolverket) has, in a previous
summary (Internationella studier under 40 dr ['International studies over a
period of 40 years’, trans.]), described Sweden’s participation in international
comparative studies of knowledge. From this it is evident that the scope of Swe-
den’s participation has expanded significantly during the past decade. During
this time, the aim of these studies has shifted from describing and comparing
the results of different countries — and possibly also from explaining and under-
standing results in light of background factors on different levels — to focusing
increasingly on monitoring change in knowledge over time, i.e. trend measure-
ments. Interest in trend studies has also increased nationally in recent years. The
major national evaluation which was done in 2003 (NU-03) can be viewed as
an example of this.

It is costly, however, to perform assessment studies and in many cases a com-
plex methodology and plan is required in order to secure good quality. For this
reason it is advantageous to be able to share the cost of method development
and analysis with many participating countries. At the same time there is, of
course, a risk that internationally developed instruments are not applicable to
the Swedish situation.

Is it possible to use the international studies to measure trends from a nation-
al perspective? How well do the frameworks for the international studies agree?
Do we risk losing our distinctive national character? Are our pupils’ results
judged on the basis of misleading principles? Do our national objectives differ
from the discernible objectives of the international studies?

In 2003, three different assessments of Swedish compulsory school pupils’
knowledge in mathematics and science subjects were performed. In the present
study these three assessment studies have been analysed: Programme for Inter-
national Student Assessment (PISA 2003), Trends in International mathematics
and Science Study (TIMSS 2003) and the National Assessment of the Compul-
sory School (NU -03).

The purpose of this study is to illustrate the extent to which the frameworks
for the international comparative studies TIMSS and PISA and the Swedish syl-
labuses are in agreement as regards subject content and type of knowledge ex-
amined in mathematics, biology, physics and chemistry. The results reported are
intended to support the Swedish National Agency for Education’s assessment of
how the evaluation of knowledge is to be formulated.

The report, which has been developed within the framework for the project
Analys och syntes ['Analysis and synthesis’, trans.], was written by Jan-Olof Lind-
strom, former project manager of TIMSS 2003. Niklas Eriksson has been in-
volved in the data processing. Views have been expressed by Kristian Ramstedt
and members of the project Analys och Syntes under the direction of Anita Wester.

Stockholm, 18 December 2006

Ann Carlson Ericsson Anita Wester
Department Manager Project Manager
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In 2003, three different assessments of Swedish compulsory school pupils’ knowl-
edge in mathematics and science subjects were performed. The National Assess-
ment of the Compulsory School 2003 (NU-03) and the Programme for Interna-
tional Student Assessment (PISA 2003) dealt mainly with students in the ninth
year of school, while Trends in International Mathematics and Science Study
(TIMSS 2003) dealt with the eighth year. The purpose of this study is to illustrate
the extent to which the frameworks for the international comparative studies
TIMSS and PISA and the Swedish syllabuses are in agreement as regards subject
content and type of knowledge examined in mathematics, biology, physics and
chemistry. The three assessments, in addition to assessing knowledge, also includ-
ed the collection of data on general background factors and pupil attitudes. These
aspects of the assessment are not referred to in this report, nor are aspects of the
knowledge tested in respect of the other subjects included in NU-03 and PISA.

The validity concept' plays a central role when the quality of examinations
or tests in general is discussed. The dimension of the concept pertinent in this
report is the question of the conclusions that can be drawn from an individual
examinee or group of pupils achieving a certain result that is expressed, for in-
stance, in the form of a score. In a system managed by goals, it must be possible
to use an assessment test to determine the extent to which the goals have been
achieved. It can therefore seem important to examine whether the instruments
used do test knowledge in a way that corresponds with the knowledge goals
specified in the curricula and syllabuses. A discussion on validity must also refer
to how well the test questions cover the domains of knowledge described in the
governing documents, how the assessment is performed, how statistically certain
the supporting documentation is, etc.

This report gives a clear description of the preconditions for the three knowl-
edge assessments. All three studies were performed in randomly selected pupil
groups of approximately the same size. PISA was performed with the participa-
tion of 41 countries of which 30 are members of the OECD. TIMSS had 45
participant countries but, in the Swedish report, a group of 20 countries with
similar circumstances was chosen for comparison purposes. In NU, only Swedish
data were collected but, as in TIMSS, there was also the possibility of studying
the development of knowledge over the past decade. While in NU, only one set
of test questions was given to all pupils in a certain sample of the population, in
the other two assessments, question pools were used that had a lot more ques-
tions than a pupil could cope with in a reasonable time. The time allowed for
the tests in the subjects in question was the same for the individual pupil in all of
the assessments but, by using different versions of tests, data could be obtained
for more questions in PISA and TIMSS than in NU. The reporting in NU only
involved the use of simple statistical analysis, while the two international studies
used complex methods for ensuring results that could be generalised.

The curricula or frameworks behind PISA and TIMSS are initially compared
with the Swedish governing documents in mathematics and the subjects that are

1 Messick (1994)
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relevant for Sweden, i.e. biology, physics and chemistry. As regards mathemat-
ics, the compatibility is greatest between the Swedish syllabus and TIMSS, in
both cases with goal descriptions that are based on a traditional division of sub-
ject material. As regards science, it can be said that the greatest similarity can be
found between the framework in PISA and the Swedish syllabuses by emphasis-
ing processes in scientific literacy in both documents.

A system for classifying test questions has been drawn up on the basis of the
frameworks studied. To describe subject content, the TIMSS system for catego-
risation of the material in Mathematics and Science is used. The nomenclature
for the type of questions corresponds in general with that used in PISA. Oth-
erwise, categories have been constructed on the basis of expected relevancy in
the analysis of the test material, the starting point being the Swedish governing
documents. The test material in NU-03, PISA 2003 and TIMSS 2003 respec-
tively has been analysed in respect of subject content, type of question, degree
of authenticity, use of calculations, amount of text and graphics, the difficulty
of the questions, and the competencies that the question is intended to indicate.
The reliability of the classification has been checked in a meeting between a
panel of practising teachers with long experience of teaching at the school levels
in question.

The results of the classification of the test questions in the respective assess-
ment study have been contrasted with the teaching goals relevant for Sweden.
With regard to both mathematics and science, TIMSS has the broadest cover-
age of subject matter. That test material thus has the best chances of measuring
whether the knowledge in the subjects in question that is aimed at in accord-
ance with the syllabuses actually has been achieved. In a cognitive respect, PISA
and TIMSS do not differ as regards mathematics. Both leant comparatively
more towards complex forms of knowledge than the analysed short-response
test in NU. In the science syllabuses, the goals have been structured differently
than for mathematics. The goals set up with regard to knowledge of concepts
and phenomena are most comprehensively covered by TIMSS as mentioned
above, while PISA aimed more at covering the goals regarding the scientific ac-
tivities, as was the case regarding the use of scientific knowledge to some extent.

From a technical angle, the most obvious difference between the three knowl-
edge assessments was in respect of text volume. The PISA questions in both
mathematics and science are presented using relatively large volumes of text. An-
other such notable difference between the test material in science was the degree
of difficulty of the questions. In NU, the biology, physics and chemistry ques-
tions are in general significantly more difficult than in the other two assessments.

The discussion refers, for instance, to the difference, supported by data and
already made clear in the respective frameworks, in the goals for the two inter-
national, comparative assessments. TIMSS and PISA complement each other
and together provide an assessment that corresponds to the validity require-
ments. The national assessment does not convey anything decisive as regards the
assessment of knowledge in the form that NU-03 represents.

In connection with the discussion as to what the tests measure, the hypoth-
esis that the order of ranking between countries can change when a selection of
subject areas is made is also tested. Finally, reference is also made to methods for
optimising efforts regarding the assessment of knowledge and attitudes of Swed-
ish compulsory school pupils.
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In this report, by way of introduction, a comparison is made of the precondi-
tions for measuring compulsory school pupils’ knowledge in mathematics and
science in three assessments of the Swedish compulsory school. The National
Assessment of the Compulsory School 2003 (NU-03), the Programme for
International Student Assessment (PISA 2003) and Trends in International
Mathematics and Science Study (TIMSS 2003) have, in part, different purposes
as well as different conditions as regards carrying out the mesurement of knowl-
edge and analysis of results.

The requirement of having to be able to say what a certain test measures
can appear natural, since this would result in being able to state what conclu-
sions could be drawn from a group of pupils having performed the test in a
certain way. A certain average score achieved, for instance, apart from placing
the group in a ranked list also ought to form the basis for an interpretation that
certain competencies® described in a governing document have been achieved
by the members of the group. In practice, however, this is a requirement that
can never be completely fulfilled in an unambiguous way. The test questions
used cannot cover anything other than a selection of the varied aspects of the
knowledge goals aimed at and that can be expressed with different degrees of
detail and concretion. The Swedish national governing documents, Lpo 94 with
its accompanying syllabuses, are characterised by general wordings that has to
be interpreted and objectified in the schools themselves by the school heads and
teachers responsible. Even with national tests, problems thus arise in the inter-
pretation of results due to the local variations in choice of material and methods
referred to in the Swedish curricular system. The difficulty in designing test
instruments that meet strict validity requirements is accentuated in broadly
drawn up international comparative studies in which the test material has been
constructed in a mainly consensus-focused process with representatives from
many countries participating. The discussions on validity in such assessments is
particularly important when the results, with accompanying comparisons with
other countries, may often form the basis for comprehensive policy decisions on
the national education systems.

In this study, the purpose has been to analyse the different assessments with
regard to coverage of subject content, competencies tested etc, against a back-
ground of such goals as apply under the compulsory school curriculum and in
the syllabuses for the subjects in question. Together with the presented com-
parison of the methods used in the three assessments, the result could possibly
constitute a base on which to plan school assessments in the future.

After descriptions of background and performance for each one of the three
assessments comes a short account of the Swedish syllabuses as well as expla-
nations of the frameworks of the international comparative studies PISA and
TIMSS. Thereafter, the method used for the study is presented. This includes
a presentation of the taxonomy used for classification of the test instruments in

NU, PISA and TIMSS. The result of the analysis of the questions is presented

2 Niss, M. (1999)
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and summarised. The report ends with a discussion and conclusions in accord-
ance with the purpose of the study.
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The Swedish National Agency for Education is commissioned by the govern-
ment to follow up and assess the quality and equity in the school system. The
Agency is also commissioned to present proposals for measures to maintain
and reinforce the fulfilment of the national goals. It is therefore important to
obtain reference points with regard to the school’s goal fulfilment, partly from
an internationally comparative perspective and partly from a time-related trend
perspective. Examples of measures for this purpose are the Agency’s execution
of the national assessment of 1992, which was followed up by NU-03. These
national surveys were designed internally within the Agency with the participa-
tion of research groups from different universities. In the international assess-
ments PISA and TIMSS, the Agency has joined external projects that have been
carryed out by research centres on behalf of the Organisation for Economic
Cooperation and Development (OECD) and the International Association for
the Evaluation of Educational Achievement (IEA) respectively. These organisa-
tions are responsible for the development of the comparative assessments, which
can be repeated at certain intervals. In these studies the Agency has the overall
national responsibility for planning and analysis but has commissioned different
university institutions in the country to assist with the preparations, field work
and reporting.

It is natural in the context that regulations regarding the carrying out of the
studies, with instructions, controls and documentation of different procedures,
must be better prepared in a study that is to function for the different players
when different countries’ school systems are to be assessed. As regards PISA
and TIMSS, there are comprehensive descriptions® of the frameworks that have
formed the basis for both the preparation of test material and questionnaires
and for the administration while, in respect of NU-03, there are no corre-
sponding, special documents with specifications that have governed the survey.
One must assume here that the test material is constructed on the basis of the
curriculum and the related syllabuses, with thorough, practical knowledge of
the frameworks within which these documents are interpreted in the Swedish
school.

The three assessments were performed in randomly selected schools in the
spring term of 2003, with the participation of pupils in year 8 of compulsory
school for TIMSS and year 9 for NU as also, in the main, for PISA. The basic
principle for the random selection was that the probability of a pupil being se-
lected to participate in a certain assessment should be equal for all pupils in the

* See e.g. OECD (2003) and Mullis et al. (2003)
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age groups in question. For practical reasons, whole schools were selected in a
first step in which the probability of a school being selected should be in pro-
portion to the number of pupils in the classes in question at the school. So that
no school would be unnecessarily burdened, the Agency decided to carry out
the selection of schools in such a way as to avoid the assignment of more than
one assessment to the same school. In TIMSS, as in NU, whole teaching groups
(classes) were chosen at random, while in PISA, the selection unit was com-
prised of individual pupils. In the two international studies, the national centres
leading the surveys checked that the statistical selection of schools, teachers and
pupils was carried out in accordance with established norms.

In all three studies, mainly written tests were used for the knowledge as-
sessment. In the two international studies, there were rigorous descriptions of
the procedure to be used when carrying out the tests. In PISA, the tests were
conducted by test administrators who were centrally employed in the project,
while the test administrators in TIMSS were trained by the national centre but
appointed by the respective school administration. In NU, the class teachers
acted as administrators of the test. Marking of the pupils’ responses was done by
groups of specially trained assessors at the different university institutions that
were responsible for the performance of the three projects.

The reporting of results in both PISA and TIMSS is based on statistical
methods whereby each pupil’s expected test result for every question is decided
and whereby each pupil’s data are weighted in relation to the proportion of
the total population that the pupil represents when, for instance, an average
achievement is decided for the pupils in a country. The method means, in spite
of only a minor proportion of the questions being the same as in a previous
assessment, that the scale for the reporting is the same. This allows analyses of
trends in the pupils’ performance.

The data analysis for NU can seem simpler as everyone who sits the test in a
certain subject gets the same test and as it is more or less the same test as in the
previous assessment. The final chapter in the report discusses the problem of
using a joint test on repeated occasions.

The purpose of the National Assessment of the Compulsory School 2003 was

to give a broad view of the work and, in particular, of the pupils’ knowledge

in fifteen subjects. A corresponding survey was carried out in 1992. The main

purpose of NU-03, as a basis for national decisions relating to the compulsory

school, was to:

* give a comprehensive picture of goal achievement in the compulsory school,
per subject as well as from an overall perspective

* demonstrate changes since the national assessment of 1992

* point out the need for efforts to be put in.

Mathematics

When performing NU-03, the intention was to use the result from the national
subject test for school year 9, spring 2003, partly to assess goal achievement and
partly to assess the pupils’ knowledge development in mathematics since 1992.

WITH A FOCUS ON MATHEMATICS AND SCIENCE
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This test, to a certain extent, was given content that was comparable with the
test used in 1992. As the national test, due to an irregularity, was exposed prior
to the official test occasion, data from this test could not be used in the assess-
ment, and the test has not been accounted for in detail in the reporting from
NU-03. The test that could be used instead for the analysis of the knowledge
development was one with 21 short-response questions and that was completely
comparable with the test used in 1992. For this reason, only that test is ac-
counted for in this report. Each question was assessed with one point for an ac-
ceptable response and zero points for an incorrect or omitted response.

When the test was analysed by a group of practising teachers, they laid down
a limit of at least eight points for the pupils to be deemed to have attained the
“necessary” level of knowledge according to the 2000 syllabus. The terminology
is taken from Lgr 80 and can be presumed to correspond to the requirements
for the Pass grade in accordance with the goals that the pupil should have at-
tained at the end of year 9. It is, however, pointed out in the report® that the
test was drawn up on the basis of Lgr 80 and that it only tests a limited part of
the present syllabus.

Table 3.1 Result of the 21-point test in mathematics used in 1992 and 2003

0-7 points %* 13.2 16.7
8-14 points %* 38.2 47.2
15-21 points %* 48.7 35.7
Average points 13.6 12.4
Number of pupils in the sample 9873 4420
Drop-out % 5 37

* Proportion of the pupils who were awarded results in the specified points interval

The average achievement in the 1992 survey was 13.6 points, and 13.2% did
not reach the relevant limit for necessary knowledge. In NU-03 the average
achievement is reported® as being 12.4 points, with 16.7% of the pupils achiev-
ing under the determined limit. See table 3.1. Via data from the national tests
in mathematics in year 9 from 2001-2003, it is estimated that between 80 and
90 per cent of the pupils achieve each of the syllabus’s ‘goals to attain’. The ap-
proximate agreement between the two different assessments of goal achievement
in the pupil group could be taken as an indication that the point limit used for
a Pass grade or higher in the 21-point test was reasonable.

Science studies

In NU-03, for the science subjects, a test was used in each of the content do-
mains, biology, physics and chemistry, in order to assess goal achievement and
also to assess the pupils’ knowledge development in science studies since 1992.
The tests were, for the most part, the same as those used in 1992. The tests con-
sisted of 12—13 questions. The results of the tests in each of the science subjects
were reported by stating the proportion of the responses given to the individual
questions that was deemed by the examiner to indicate the pupil’s level of

4 The previous National Curriculum for the Compulsary School 1984
> Kjellstrsm (2003)
¢ Skolverket (2004a)
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knowledge to be a Pass (G) and, in appropriate cases Pass with distinction (VG),
in respect of a certain specified goal in the syllabus.

Approximately two thousand pupil responses were collected for each of the
questions in the three tests. More than half of the pupils had answered the ques-
tions electronically. The absence drop-out in biology was 11 per cent, in physics
14 per cent and in chemistry 18 per cent. Only about 30 per cent of the ‘open’
pupil responses were assessed and categorised.

Table 3.2 Result of the NU-tests that were used in 1992 and 2003 in science

Biology %* 28 25
Physics %* 36 29
Chemistry %* 46 36

* Average proportion of pupil responses to individual questions that were awarded Pass or Pass with distinction.

The results are presented in summarised form in table 3.2. Apart from averages,
no further statistical measures are given in the report for the science subjects in
NU-03.” The results in biology demonstrate a certain deterioration from 28 to
25 percentage points, i.e. a relative decline of approximately 10 per cent. The
table also indicates that the deterioration in results between the two occasions of
assessment is 19 per cent in physics while it is 21 per cent in chemistry, meas-
ured as an average of the proportion of pupil responses that were deemed to
correspond to a Pass grade or higher. A reasonable interpretation of data in sta-
tistical terms is that the decline in test results ought to be deemed significant in
the three subjects and be least in biology, while it can be twice as large in both
physics and chemistry.

The Programme for International Student Assessment (PISA) is an internation-
ally standardised assessment of the compulsory school that has been developed
through cooperation between the member countries of the Organisation for
Economic Cooperation and Development (OECD). The tests included are
intended to assess 15-year olds’ reading, mathematical and scientific literacy. In
the 2003 assessment, problem solving was also included as a separate subject.
The choice of the concept of literacy that is used here can be understood on

the basis of an interpretation of what is said initially in the appurtenent frame-
work.? It is emphasised there that the assessment should be directed at the abil-
ity to use knowledge and skill in reading, mathematics and science in a way that
corresponds to needs and requirements of today’s society rather than the ability
to demonstrate knowledge of specific facts or procedures. This means that the
participating countries’ learning objectives in the form of specifications of sub-
ject content do not necessarily have to be covered in the framework for the tests
used. Instead, the starting point will be the general competencies of applying
the subject’s specific concepts, procedures etc. (in order to analyse, discuss, com-
municate etc.) that are deemed by the participating OECD countries’ experts to

7 Andersson et al. (2005)
8 OECD (1999) p. 9.
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be important for the young people about to leave compulsory school and who
will make up the base from which the workforce of the future will be recruited.

Results from 40° countries were reported' of which 29 were OECD mem-
bers that had performed the study acceptably. In Sweden, 186 out of 188 se-
lected schools took part, with 4970 randomly selected pupils. The drop-out rate
was 7.0 per cent.

Mathematics

The test material in this subject consisted of 86 questions. Of these, 20 were
the same as in the PISA 2000 assessment, which was not as comprehensive with
regard to mathematics. Changes in the level of knowledge in mathematics will
be possible to study more definitely after PISA 2012, when focus will again be
on this subject.

PISA 2003 focused, in the first hand, on mathematics. The average achieve-
ment for the Swedish pupils was, in mathematics, 509 points, which was signifi-
cantly better than the total average of 500 points for the OECD countries. The
Czech Republic, Iceland, Denmark, France, Austria, Germany, Ireland and the
Slovak Republic achieved results that had no statistically secured deviation from
the Swedish results. Finland, the Netherlands, Belgium and Switzerland were
some of the countries that had better results, while Norway, Hungary and the
USA were examples of countries that had significantly poorer results.

The content in mathematics is divided into four themes of which two were
included in the first PISA assessment. Sweden’s averages within these two
themes in 2003 did not differ significantly from the results in 2000.

Science studies

In PISA 2006, a broader assessment of science studies, as per the framework for
PISA, will be made. The number of test questions in science was 35 in total, of
which 25, as in mathematics, could be used to link the science result in PISA
2000 with the result in 2003.

Sweden’s total result in PISA 2003 was 506 scale points, which did not show
any statistically secured deviation from the results for Switzerland, France, Bel-
gium, Ireland, Hungary, Germany, Poland and the Slovak Republic. Finland,
the Netherlands and the Czech Republic belonged to the group of countries
with markedly better results while, for instance, Iceland, the USA, Norway and
Denmark had significantly poorer results than Sweden. In 2000, Sweden’s re-
sult was 512 points, which was not significantly better than the result in 2003.
However, it could be noted that the standard deviation increased significantly,
from 93 in the earlier assessment to 107 scale points in the later one.

According to the plans for PISA, the assessment should be performed every
third year, with focus on one of the knowledge domains — reading, mathematics
and science. This means that more general statements regarding knowledge de-
velopment within a certain subject area can be made every ninth year.

? The United Kingdom was excluded from the reported results due to too great a drop-out.

19 The National Agency for Education (2005a)
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Trends in International Mathematics and Science Study is an international as-
sessment study with a history going back to the end of the 1950s. The Inter-
national Association for the Evaluation of Educational Achievement (IEA) is
responsible for the study, which is the fourth in which Swedish pupils’ knowl-
edge and attitudes in mathematics and science are compared with an equivalent
picture in other countries and with what has come out in previous assessments.
The IEA describes itself as an independent cooperative of national pedagogical
research institutions and nationally responsible education agencies. The initia-
tive for the organisation has been taken by researchers, and the starting point
for the knowledge assessment is the governing documents of the participating
countries. On the basis of a jointly agreed compilation of these, instruments
should be developed to provide data regarding the degree to which the national
goals are being achieved. Further, the results will provide a basis for analysis of
possible trends and comparisons with other countries which, in turn, can affect
the development of the national school systems.

In TIMSS 2003, 50 countries or regions participated in that survey, which
mainly applied to pupils in their eighth year of compulsory school.!" In the re-
ports'? that describe the results in Sweden, a group of 20 countries was selected
to constitute the basis for international comparisons. The results from TIMSS
1995 were used to make comparisons regarding knowledge development in
Sweden from the national and international perspective.

In Sweden, 159 of the total of 164 invited schools participated in a way that
fulfilled the requirements of access to pupils in the correct school year, drop-
out etc. The absence drop-out was a total of 11 per cent of the total number of

4790 selected pupils.

Mathematics
The test material in TIMSS 2003 covered 194 questions' in mathematics of
which 20 were also used in TIMSS 1995.

For a comparable group of nations or regions (16 in all) that participated in
both TIMSS 1995 and 2003, the average in mathematics in each respective as-
sessment was 528 and 517 scale points, a decrease of 11 points in eight years.
Sweden, which in the earlier assessment had significantly better results than the
average of the group in question, dropped from 540 to 499 points in the later
assessment. The decrease was, in other words, 41 scale points, and the result for
Sweden was now markedly poorer than that of the reference group.

Science studies
The number of test questions' in science totalled 194, of which 25 were anchor
questions for linking the science results in TIMSS 1995 with the results from
2003.

Sweden’s total result in TIMSS 2003 was 524 scale points, which did not
show any statistically secured deviation from the results for the USA, Australia,

! Sweden did not participate in a corresponding survey of pupils in year 4 that was carried out in 26

countries.

2 The Swedish National Agency for Education (2004b, 2005b, ¢)
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Calculated from the number of answers to be assessed.

4 Calculated from the number of responses to be assessed.
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Slovenia, New Zealand, Lithuania and the Slovak Republic. Estonia, England,
Hungary and the Netherlands belonged to the group of countries with marked-
ly better results while, for instance, Belgium, Russia, Latvia, Scotland, Norway
and Italy had significantly poorer results than Sweden. In 1995, Sweden’s result
was 553 points, which was markedly better than the result for 2003.

Lpo 94 and the Syllabuses 2000

The pupils who participated in NU-03 and the majority of the pupils in PISA
started school in 1994 and are thus the first age group who, during their en-

tire schooling, have had the curriculum called Lpo 94." Pupils in year 8 who
participated in TIMSS have all attended school during the period when Lpo94
applied. The document states overall goals and guidelines for compulsory school
education. Syllabuses'® (and time plans) can be found, in contrast to the cur-
riculum that applied previously, Lgr 80 in separate ordinances. The syllabuses
were revised in 2000.

The subject matter in the syllabuses is not specified over and above general list-
ing of the subject areas and broad descriptions of basic competencies. In the “goals
to aim for” in the curriculum and syllabuses, the orientation of the teaching is
indicated by expressing the knowledge qualities that should be aimed for within
selected subject areas and, in “goals to attain”, the minimum level of knowledge
in the subject that all pupils should attain in year 5 and in year 9 is specified. It is
presumed that an interpretation and concretisation of the goals takes place at every
school, where more detailed, local work plans should be drawn up. This applies
both to the selection of subject matter such as in which school year a certain sub-
ject area is taken up and to the importance it is awarded in the teaching.

The management by objectives model that has been chosen in Sweden can,
even in a nationally limited study, seem to restrict the chances for centrally
developing a high-validity knowledge assessment for evaluation of the school
system. This is particularly the case in subjects such as mathematics and science,
where factual knowledge of specific concepts and procedures is usually a precon-
dition for being able to demonstrate more general competencies in conventional
tests. The question is, in other words, what material can be said to be included
in a normal course and that can thereby be presumed to be familiar in a test
that examines factual knowledge and also the ability to understand concepts,
use logical arguments etc. The way out of this dilemma is to trust that, in a
small country like Sweden, there is consensus as to how the material should be
limited. The author’s interpretation of the syllabuses, as reflected in the gener-
ally used teaching materials, gives a probable standard value as regards what can
be deemed to be included in the subject, the weight given to a subject area and
at what point during the teaching it is taken up.

The most important perspective for the comparison that follows here is
how NU, PISA and TIMSS, as regards subject content and competencies, cor-
respond to what is described in the national goals for the teaching. As a basis

!> The National Agnecy for Education (2000). Curriculum for the compulsory school, the pre-school class

and the after school centre, Lpo94
1

>

Skolverket (2000): Syllabuses for the Compulsory School http://www3.skolverket.se/ki03/front.aspx?sprak
=EN&ar=0809&infotyp=158skolform=11&id=2087&extrald=
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for the analysis to be presented here, the content of the syllabuses in question
has been organised in such a way that goals to aim for and goals to attain have
been matched. The order of the syllabus’s listing of the goals to attain has been
retained and has governed the order in which the goals to aim for have been in-
serted in a table for each of the subjects.

Mathematics

The mathematics syllabus'” begins with wordings that emphasize the impor-
tant role of mathematics for pupils in future being able to find use for the flow
of information and being able to follow and participate in society’s decision-
making processes. The two first goals to aim for that are listed are of an affective
character and refer to one’s attitude to the subject. The immediately following
cognitive goals, which can be examined with the help of conventional knowl-
edge tests, say that the pupil should develop different competencies. These goal
formulations contain the signal words reasoning, problem solving, and model-
ling, but also wordings regarding the skills of communicating mathematics and
using technical aids. These are followed by goals that refer to specific, main
areas within the subject matter. It starts with the words “The aim should also

be that the pupil develops their number sense and spatial sense and their ability
to understand and use ...”. Each one of these goals to aim for corresponds to a
goal to attain within different subject areas for which conventional names have
been introduced here: Number sense, Arithmetic, Measurements, Geometry,
Statistics, Probability, Algebra and Functions. The designations M1, M2 etc. are
introduced and will be used here from now on.

Science studies

The presentation of the goals in the syllabuses for the science subjects'® takes on
a different pattern than was the case for mathematics. To begin with, the picture
is complicated by the three subjects biology (B), physics (P) and chemistry (C),
each with its own syllabus, being included in the block subject Science Studies
(S), which also has its own syllabus. As is apparent from the tables, this means
in a few cases that, included among goal formulations for a specific subject,
there are also goals to attain that have been taken from the syllabus for the inte-
grated subject of science studies.

Another peculiarity is that the goals are divided into three headed categories,
namely knowledge “concerning nature and Man”, knowledge “concerning sci-
entific activity” and knowledge “concerning use of knowledge”. In the designa-
tions that have been introduced here, the first digit 1, 2 or 3 refers to these goal
categories. Further, the division of the three science subjects into content areas
is not as clear as in mathematics, which makes the matching between goals to
aim for and goals to attain more diffuse. Every goal to aim for usually corre-
sponds to several goals to attain, but it can also be the case that there is no goal
to aim for that can be deemed to match a certain goal to attain. The reverse can
also apply. With regard to the numbering that has been used here, the second
digit refers to a goal to aim for, and the third digit refers to the goal to attain.

17 Syllabus for Compulsory School Mathematics http://www3.skolverket.se/ki03/front.aspx?sprak=EN&ar=0
809&kskolform=11&infotyp=2&id=11

18 Syllabuses for Compulsory School Science studies http://www3.skolverket.se/ki03/front.aspx?sprak=EN&a
r=0809&infotyp=23&skolform=11&id=38788extrald=2087
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The frameworks in PISA and TIMSS

An obvious problem with international comparative assessments is that the par-
ticipating countries give different priority to the general competencies aimed at,
to the fact content to be covered, and to how the planning for the school year
should look in a certain subject. It is therefore natural, as a starting point for
this comparative analysis, to discuss the guidelines that have governed the de-
sign of the instruments used for the knowledge assessment in PISA and TIMSS.

Both PISA and TIMSS are based on multidimensional, explicit frameworks
which, in the parts where the knowledge assessment is described, can be said to
correspond to curricula and syllabuses in the Swedish system. The framework in
TIMSS contains a model which, in general, can be said to be applicable to NU
as well as to PISA and TIMSS. In it, the pupil’s attitudes and knowledge are
seen as results of the interaction between players at three levels. See figure 3.1.
At the top of the model is society in general, the intentions of which as regards
school are assumed to be expressed in national goals and guidelines. Next comes
the level with the school heads and teachers who act for the implementation of
the goals in school. At the base is the pupil with the knowledge and attitudes
that have been attained. Knowledge tests and pupil questionnaires are the cen-
tral components in all three assessments, but background data (such as in ques-
tionnaires) are also gathered in at the other levels in the model. As has already
been said, this report refers in the main only to the knowledge tests in the three
assessment studies.

Questionnaire The school National rules
on governing in a national and goals
documents* context (Intended Curriculum)
Questionnaire to The school’s Actual organisation
1: school heads local environment and teaching
2: teachers? (Implemented Curriculum)
Knowledge test The pupil Knowledge and
1 Only in TIMSS Questionnaire attitudes attained
) (Attained Curriculum)
2 Only in NU & TIMSS

Figure 3.1 The TIMSS Curriculum Model.

As stated previously, the purpose of PISA is not primarily to evaluate how the
different national goals of the school have been fulfilled. That, on the other
hand, is the ambition expressed in TIMSS. It is therefore not surprising that
PISA’s framework is that which, in form, differs most from a conventional way
of expressing goals regarding pupils’ mathematical and scientific knowledge.
TIMSS, however, describes the subjects in question on the basis of the respec-
tive subject’s specific factual content and with a structure that is closely con-
nected to, for instance, the Swedish syllabus.
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Mathematics

According to the framework for PISA, the knowledge domain in mathematics,
in which the pupils are to be tested, is described with the help of three compo-
nents or dimensions:

* The situation or context in which the problem exists (daily life, education,
working life, society, intra-mathematical).

* The mathematical content that can be used for solving the problem (orga-
nised in four overall themes: Space and shape, Change and relationships,
Quantity and Uncertainty).

* The processes and competencies that have to be activated in the solution,
such as modelling (i.e. mathematisation of a true situation), argumentation,
communication, use of aids).

The framework for mathematics in TIMSS gives two dimensions for knowl-
edge to be evaluated for pupils in the eighth school year: content and cognitive.
These are further divided into domains:

* Content domains: Numbers (arithmetic), algebra, measurement,
geometry and data (statistics).

* Cognitive domains: Knowing facts and procedures, using concepts,
solving routine problems, and reasoning.

The two dimensions in TIMSS have direct equivalents in the national math-
ematics syllabus but they are also covered by PISA. An analysis of what in the
three documents corresponds to the cognitive domain under TIMSS shows that
all three contain clear wordings describing forms of knowledge that are aimed at
in terms of reasoning, modelling, problem solving, communication and use of
technical aids. It should, however, be noted in this context that Syllabus 2000
contains a comprehensive goal formulation that mentions the ability, with the
help of knowledge in mathematics, to solve problems that arise at home and
in society. It is only in the framework for PISA that the context in which a
mathematical problem is presented is defined as a dimension. This indicates a
difference between the two international studies that is possibly also evident in a
comparison of the different test materials.

Table 3.3 compares the specification of the subject content of mathemat-
ics in TIMSS and PISA with that specified in Syllabus 2000. As can be seen,
TIMSS and PISA contain information about content that corresponds to all of
the goal areas (M1-M8). The subject area Discreer mathematics in PISA’s frame-
work is the only subject area that, in an analysis of content descriptions in the
frameworks, cannot be matched with any topic in the chosen description of
subject content under TIMSS and Syllabus 2000 as it has been interpreted in
the teaching materials. In the case of TIMSS, it is doubtful whether Symmetry
and transformations is an area that is included in a normal interpretation of the
mathematics syllabus.
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Table 3.3 A summary of the specification of subject content in mathematics
according to the frameworks for TIMSS 2003 and PISA 2003 in
comparison with Syllabus 2000.

Goals to aim for and Goals Content domains Themes/Main areas
to attain by end of ninth
school year

M1. Number sense Numbers Quantity

M2. Arithmetic Whole numbers Numbers, Number sense
Fractions and decimals Estimation
Integers
Ratio, proportion, percent Discrete mathematics

M3. Measurements Measurements Measurements

Attributes and units and tools,
techniques and formulas

M4. Geometry Geometry Space & shape/
Lines and angles Geometry
Two and three-dimensional shapes
Congruence and similarity
Locations and spatial relationships
Symmetry and transformations

M5. Statistics Data Uncertainty
Data collection and organization Statistics
Data representation
Data interpretation

M®6. Probability Uncertainity and probability Probability

M7. Algebra Algebra Change & relationships
Algebraic expressions Algebra
Equations and formulas

M8. Functions Relationships Functions

Science studies

In science, as in mathematics, the syllabuses for the subjects in question and the
frameworks for PISA and TIMSS can be analysed on the basis of the three as-
pects or dimensions — subject content, thought processes or competencies, and
situation or context. Detailed specifications of the first two aspects are the basis
both for the construction of the questions and for the description of the pupils’
performance in the two international assessments. As far as the context of the
test questions is concerned, it is only in PISA that such weight is attached to
this aspect that it is specified in detail in the definition of a special dimension.
It is not surprising that this is the case considering the ambition in PISA to as-
sess scientific literacy, defined as the ability to use scientific knowledge in today’s
society.

Matter’s structure and properties, Chemical and physical changes and Hu-
man biology are examples of overall themes that define the subject content of
PISA. The skills or competencies in science that, in accordance with the frame-
work, the questions are intended to assess in PISA are:

* to be able to describe, explain and predict scientific phenomena,
* to understand scientific investigation,

* to be able to interpret scientific evidence and conclusions.

The contexts in which the questions in science are categorised are Life and
Health, the Earth and Environment, and Technology.
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The assessment of pupils” scientific knowledge in TIMSS should, in the same
way as described in the framework in mathematics, be performed in a content
dimension and in a cognitive dimension. The domains within which the tests

are to assess are:

* Content: Biology (Life Science), Physics, Chemistry,
Earth Science and Environmental Science

* Cognitive activity: Factual knowledge, Conceptual understanding,
Reasoning and analysis.

In contrast to PISA, in TIMSS it was decided not to describe the cognitive di-
mension with reference to specific activities in science studies. As was the case
for mathematics, TIMSS retains definitions of competencies expressed in more
general terms. The corresponding situation can be noted in PISA, where the
Swedish syllabuses in mathematics are compared with the science syllabuses.
The mathematics goals of the pupil being able to communicate and discuss, and
other general competencies, have their equivalent in science in goals relating to
processes, being able to perform different activities in science (such as knowl-
edge about the scientific way of working) or being able to use the knowledge in
different, everyday contexts (such as being able to use scientific arguments in
discussions).

Table 3.4 compares the specification of the dimension content and compe-
tencies in science in TIMSS and PISA with Syllabus 2000 for biology, physics
and chemistry. The table provides a basis for analysing how the frameworks in
PISA and TIMSS correspond to the three goal categories in the syllabuses for
biology, physics and chemistry in respect of knowledge concerning nature and
Man, the scientific activity and the use of science.

In biology, specifications of subject content in both PISA and TIMSS cover
all of the Swedish syllabuses’ goals to aim for with regard to nature and Man
(B1.1.1-B1.5.2"). According to Syllabus 2000, more or less all the goals in
physics and chemistry can be matched to equivalents in TIMSS, while the cov-
erage in PISA is less good. In it, there is no specific mention, for instance, of
sound, light or electricity in physics (P1.2.3-P1.2.5)

TIMSS’s content domains Earth Science and Environmental Science contain
a few topics that do not correspond to any goals in science as per Syllabus 2000.
This is also applicable to that which is included in PISA in the theme "Geologi-
cal processes” and in TIMSS’s topic area "Population changes”.

The goals “concerning scientific activity” and “concerning use of knowledge”
in biology, physics and chemistry are covered to a high degree in PISA, where
the former is included as an independent dimension and the latter is empha-
sised in the basic definition of the knowledge domain that PISA is to assess. The
framework in TIMSS does not, in these respects, contain correspondingly clear
guidelines for what the tests should assess. TIMSS’s framework, however, as a
supplement to the description of the two dimensions, content and cognitive ac-
tivity, has added a section on the scientific work procedures.

19" See table 3.4.
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Table 3.4

A summary of the specification of subject content in science studies according

to the frameworks for TIMSS 2003 and PISA 2003 in comparison with Syllabus 2000.

SYLLABUS 2000

Science studies

Timss 2003

PISA 2000

Goals to attain by end of ninth school year

Content domains

Scientific themes

Biology
.. concerning nature and Man

recognise and name common plants, animals and other
organisms in the local environment and recognise their
environmental requirements?*

B1.5.1 ... organs in own bodies

B1.1.2 ... how cells are built

B1.1.1 ... photosynthesis and combustion

be able to give examples of life cycle of some plants and
animals and their different growth processes?*
B1.3.1 ... genetic heredity

B1.3.3 ... conception

B1.3.2 ... development of life

... biological diversity

B1.2.2 ... recycling and accumulation

B1.2.1 ... the worlds’ ecosystems ...
interrelationships between organisms

B1.4.1 ... biology of sexual life,

B1.5.2 ... addictive substances

Biology (Life Science)

Living organisms: types,
characteristics and classification

Structure, function and life
processes of organisms

Cells and their functions

¢ Development and life cycles
of organisms

Reproduction and heredity

Diversity, adaptation and
natural selection

Ecosystems

¢ Human health

Human biology
Physiological processes

Form and function
Energy conversions

Genetics
Biological diversity

Ecosystems

Human biology

Physics
.. concerning nature and Man

P1.1.1 ... forms of energy and energy conversion

P1.2.2 ... pressure, heat and temperature in relation
to different forms of matter

P1.2.3 ... sound is created, dispersed and recorded
P1.2.5 ...propagation, reflection and breaking down

of light ... the eye

P1.2.4 ... electric current, voltage, electrical energy and
its effects ... generation of electricity,

P1.2.6 ... applications of physics ...

P1.2.7 ... building up of matter from elementary particles
and atoms,
P1.3 ... different kinds of radiation and its interaction

P1.4.1 ... structure of the universe
P1.4.2 ... solar system ... stars

Physics

¢ Energy types, sources and conversion
¢ Forces and motion

¢ Heat and temperature

¢ Physical states and changes in matter
¢ Sound and vibration

o Light

o Electricity and magnetism

See Chemistry

Earth Science
e Earth in the solar system and the
universe

e Earth’s structure and physical features

e Earth’s processes, cycles and history

Energy conversions

Force and motion
Atmospheric processes

Science in technology

Structure and properties
of matter

Earth and its place in
the universe
Geological processes

Chemistry
e C1.1 ...elements, chemical compounds and chemico-technical

products ...
C1.2 ... transformation in chemical reactions,

C1.3 ... structure of atoms and chemical bonding ...
C1.5.2 properties of water ... its role as a solvent ...as
means of transport

C1.4 ... thinking concerning chemistry in earlier times ...
C1.5 ...indestructibility of matter, transformation, recycling
and dispersion

Chemistry

¢ Classification and composition
of matter

¢ Chemical changes
e Acids and bases

¢ Particulate structure of matter
* Properties and uses of water

See Earth Science

Chemical and physical
changes in matter

Environmental Science

e Changes in population

¢ Use and conservation of natural
resources

¢ Changes in environments
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SYLLABUS 2000
Goals to attain by end of ninth school year

Science studies

Timss 2003
Content domains

PISA 2000
Scientific themes

Science studies
concerning scientific activity

e B2.1 ... scientific ways of working ...

e P2.2 ..interaction between investigations ... and development
of concepts, model s and theories ...

e S2.3...Man’s perceptions of the world

concerning use of knowledge

e (C3.1.1 ... use results of measurements and experiments
in discussions on environmental issues

e C3.2.3...be able to discuss use of resources in private life
and in society

Scientific method of working

Scientific method

¢ Interpretation of
arguments and
conclusions

1 Goals to attain by end of fifth year in school
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This study has been performed in three stages. A preliminary task was to go
through the documents on which the design of the three assessments of com-
pulsory school pupils” knowledge in mathematics and science was based. The
result was presented in the previous section. The tests that had been used in
NU, PISA and TIMSS in the spring of 2003 were studied and a taxonomy
was drawn up for describing the three sets of test material. The second stage
involved classification of all the questions in accordance with the chosen tax-
onomy, i.e. the system for categorising the questions’ subject content, type of
question etc. To conclude this stage, a reference group was appointed, with
four active, experienced teachers who, independently of each other, examined
randomly chosen questions. The third and last stage involved an analysis of the
results and the writing of the report.

The three assessments have, as has already been said, been drawn up on the
basis of different aspects. While the purpose of NU and TIMSS is said to be
to find how well the pupils achieve the knowledge and skills described in the
national syllabuses for the subjects in question, the purpose of PISA is to find
out whether the pupils achieve a general scientific and mathematical level of
proficiency, defined by the OECD, that is not as clearly divided into subjects
nor able to be described in terms of subject content. However, it is not clear
whether the differing intentions are reflected in the formulation of the ques-
tions or in the pupils’ reaction to the test questions in the three knowledge as-
sessments. The frameworks do differ in some cases in the way they are drawn
up, their content and terminology but, as we have already seen, they also
demonstrate many common features. The questions that were designed within
one framework’s special way of describing the domains examined can very well
also be expected to fit into a test in another of the assessments of competencies
achieved. The tests used refer to different school subjects that, apart from the
question of subject matter, method of working etc, also differ with regard to the
general competencies that are trying to be achieved. In a comparative study to
find similarities and differences between the three tests, it has been considered
necessary to examine all the questions used. It is therefore important to use one,
single system for categorising the questions, to be able to answer the question
regarding the extent to which the instruments in the three assessments
* focus on the competencies aimed at in accordance with the syllabuses,

* refer to subject matter that corresponds to the goals in the syllabuses and
* ask the same kinds of questions.

By examining features of the questions posed to the pupils, an attempt is made
to obtain a basis for use in drawing conclusions about the extent to which
the results of the knowledge tests are a measure of goal attainment in Swedish
school.

On the basis of Syllabus 2000, the following aspects have been chosen in this
study in order to categorise the test questions used:
* what type of answer is expected,
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* how much text has been used to present the task and question,
* whether there is information provided in pictures or diagrams
* in what context is the task and question presented,

* what subject content is being tested,

* to what extent calculations are required,

* what type of thinking is entailed and

* the level of difficulty of the question

Table 4.1 Types of question classified in accordance
with the format of the expected response.

Multiple choice MC selection of one from four or five response options

Complex multiple CcMC selection of indicator that a statement is true or false or identification

choice of gaps in text or figures by selection of given response options

Short response SR calculated value or a single word possibly with several possible
acceptable responses

Open constructed OCR pupil’s own account or statement, possibly motivated by several

response possible acceptable interpretations and responses

... draw d only drawing (SR_d) or by supplementing a statement by drawing
(OCR_d).

The type of response the pupil should give to the questions is classified in ac-
cordance with the categories presented in table 4.1. When looking at the ques-
tions from the different tests, it can be seen that several possible principles could
be the basis for this classification. One common breakdown is whether the
questions are answered by choosing from stated alternatives or if they are an-
swered by giving an account of something the pupil has constructed. In the tra-
dition of American testing, the most common form of multiple choice question
contains a stem followed by four or five response options, of which one should
be chosen. These are designated with the code MC (multiple choice) in this
classification. Several more complex variants of this type of response occur, such
as questions where a number of given concepts should be paired together with a
definition or phenomenon. These complex forms of response are classified with
the code CMC (complex multiple choice).

NU F1K

Which phase transition is this?

In the right-hand column, for each case, write one of the words melting, evaporation, boiling,
condensation, solidification or chemical reaction. Select the word that is most appropriate.

Water sputters in a frying pan e
Ice is forming on the lake

The charcoal is glowing

A clear liquid is forming round the burning wick of the candle
The wet asphalt is drying up after the rain

A mist is forming on the spectacles

Figure 4.1 A question in the NU-0O3 physics test that has been
classified as complex multiple choice (CMC).
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The degree of openness (Lofdahl 1987) varies from completely closed multi-
ple choice questions in which only one particular given response as per the as-
sessment instructions can be judged as correct, through to open responses where
different interpretations of the question, giving responses corresponding to cer-
tain conditions, can be tolerated. The chosen categories are designated SR and
OCR (short response and open constructed response) as indicated in table 4.1.

All subjects must contribute to the pupils’ language and communication devel-
opment, as mentioned in the curriculum. This includes the ability to obtain as
well as to produce information, expressed in different forms of text and graphic
formats. There has to be a balance between these general goals and the more
subject-specific knowledge goals, and it can be considered important to compare
the different knowledge assessments from this aspect. The categories in tables
4.2-4.3 are intended for classification of the presentation of the questions with
reference to how much text the pupils have to read and any other data they have
to obtain from tables, figures and diagrams in order to familiarise themselves
with the task at issue. In those cases where an introductory text refers to several
of the questions that follow, for each of these questions the number of lines has
been registered that is the sum of the number of lines in the question plus the
introductory text’s length divided by the number of questions relating to it.

Table 4.2 Text volume.
Text < 0.5 line 0 less than half a line of text
Text > 0.5 and < 1.5 lines 1 half to one and a half lines of text
Text > 1.5 and < 2.5 lines 2 one and a half to two and a half lines of text
Text > 2.5 and < 3.5 lines 3 two and a half to three and a half lines of text
Etc. S
Table 4.3 Occurrence of pictures, tables and diagrams.
Decoration D picture that in some way illustrates the question
but does not convey necessary information
Informative picture P with picture/s with necessary and/or explanatory
information to allow the question to be answered
Table T table with necessary information to allow the question
to be answered
Diagram D diagram/graph with necessary information to allow

the question to be answered

As has already been said, it is plain that TIMSS has the most detailed document
as regards the way in which subject content is described in the Swedish syl-
labuses and in the two international studies. We have also previously seen that
the definitions of subject content in TIMSS cover what is stated in the goals

in our Swedish syllabuses for the subjects in question. This is confirmed by the
result of a review of one of the most used textbooks in each respective subject
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area, where it is apparent that the content can acceptably be described with the
help of the subject areas defined in TIMSS. It therefore seems possible to let the
“syllabus” in TIMSS constitute the basis for a classification of the tests as far as
subject content is concerned. See tables 4.4 and 4.5, which briefly describe the
basis for the classification used in the analysis of the subject content in the dif-
ferent sets of test material. The topic areas are defined in further detail (topics)
in TIMSS Assessment Frameworks and Specifications 2003 (Mullis et al. 2003).

Table 4.4 Content domains and topic areas in mathematics according to TIMSS.
Content domaim Topic area
Number sense and Arithmetic: Whole numbers
Fractions and decimals
Integers

Ratio, proportion and per cent

Discrete mathematics!
Algebra and functions: Patterns

Algebraic expressions

Equations and formulas

Relationships

Measurement: Attributes and units
Tools, techniques and formulas

Geometry: Lines and angles
Two and three-dimensional shapes
Congruence and similarity
Locations and spatial relationships
Symmetry and transformations

Statistics: Data collection and organization
Data representation
Interpretation of data
Uncertainty and probability

Table 4.5 Content domains and topic areas in
science studies according to TIMSS.

Content domain Topic area

Biology (Life Scence):* Types, characteristics of and classification of living things
Structure, function and life processes in organisms
Cells and their functions
Development and life cycles of organisms
Reproduction and heredity
Diversity, adaptation and natural selection
Ecosystems
Human health

Chemistry: Classification and composition of matter
Particulate structure of matter
Properties and uses of water
Acids and bases
Chemical change

Physics: Physical states and changes in matter
Energy types, sources and conversions
Heat and temperature
Light
Sound and vibration
Electricity and magnetism
Force and motion

Earth Science: Earth’s structure and physical features
Earth’s processes, cycles and history
Earth in the solar system and the universe
Environmental Science: Changes in population
Use and conservation of natural resources
Changes in environments
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An implication of the link of the science study subjects to human activity and,
thus, to a reality experienced by pupils up till the present time or likely to be in
the future is implicitly given in the syllabuses but is not mentioned explicitly
in any general formulations in the curriculum or syllabuses. As a direct conse-
quence of the character of these subjects, it can therefore be considered natural
that test questions in science are most often suitably presented in a context re-
ferring to experiences in nature and human activity in general.

In mathematics, being a subject more aimed at abstractions, the situation
is somewhat different. It is declared in some contexts that mathematics has no
need for the surrounding world, but that the reverse applies. Such a notion,
however, is in contrast to the general spirit of the national governing documents.
In the curriculum’s “Goals to attain” it says that every pupil shall have “a com-
mand of basic mathematical thinking and be able to apply it in everyday life”.
The areas of application that are then mentioned in the syllabus are everyday life,
society and scientific activity. The conclusion is that the context in which tasks
and questions in NU, PISA and TIMSS are presented is a relevant aspect for the
analysis of the knowledge tests and the assessment of their validity in relation to
the school’s governing documents. In TIMSS’s framework there is no explicit
discussion of any context dimension while, in PISA, an attribute is used that is
designated ‘situation’. The categories that are used there to classify the context
in which the problem or task is presented are “Personal, Education, Professional
life, Society and Science” for the questions in mathematics as well as in science.

In accordance with the intentions of the curriculum, a first step is thus to
classify whether the task refers to a world outside the pure subject theory or
the laboratory. A task that does not fulfil this condition is given the code 0. In-
stead of then following the model in PISA and actually classifying the context
in which the task is placed, a taxonomy was selected here that is aimed more
towards the quality of the connection to reality. That the context in which a
task is presented belongs to a possible world of experience outside the school
for the pupils does not always mean that the question thus framed is authentic,
i.e. that it occurs in the real situation that the question is trying to simulate.
(Palm, 2002). Classification is therefore made here of those tasks that are placed
in a ‘real situation’ with regard to the relevance of the question that the pupil
is asked to answer. The categories selected are presented in table 4.6. If the task
refers to a real life situation, and the question to be answered also corresponds
to something that could occur in a real situation, the task then belongs to sub-
category 2. Otherwise it belongs to sub-category 1. Figure 4.2 gives an example
of a task that has been judged to belong to the latter category (1).

Table 4.6 Categories for classifying connection to reality
and the relevance of the problem presented.

None or special 0 that does not refer to a world outside the subject’s internal
reifications
Situation but not question 1 that is based on a reality outside the subject theory and refers

to practical situations but with questions that probably would
not be asked in reality

Situation and question 2 that is connected to reality (everyday life, society, professional
life, research) but problems that can be assumed to be relevant
in the given context
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PISA M124
WALKING

The picture shows the footprints of a man walking. The pacelength P is the distance between the rear of
two consecutive footprints.

For men, the formula % =14 gives an approximate relationship between n and P where

n = the number of paces per minute and P = the pacelength in metres.

Question Q1
If the formula applies to Heiko’s walking and Heiko takes 70 paces per minute, what is
Heiko’s pacelength? Show your work.

Question Q3
Bernhard knows his pacelength is 0.80 metres. The formula applies to Bernhard’s walking.

Calculate Bernhard’s walking speed in metres per minute and in kilometres per hour.
Show your working out.

Figure 4.2 Questions in the mathematics test in PISA 2003, both of which have
been coded in category 1 as regards connection to reality.

Calculations

With regard to calculation requirements, the classification is based on whether
the calculations that occur are considered to constitute a decisive difficulty in
the question. The categories selected are presented in table 4.7.

Table 4.7 Requirements for calculations to answer the question.
Requirements
for calculations Code The question is answered
None 0 without prior calculations or otherwise numerically based conclusions.
Less decisive 1 with numerically based statements where the occurrence of calcula-

tions is of the simplest type (simple mental arithmetic) and/or only
slightly affects the difficulty in solving the question acceptably.

More decisive 2 numerically based statements and occurring calculations are more
demanding and/or decisive if the question is solved correctly.

Competencies

One classification of a question in a cognitive respect, i.e. with regard to the
mental activity that is required to answer a question, is based on a number of as-
sumptions about the pupil who is to answer the question. The pupil is assumed,
for instance, to have followed a normal course in the subject, with normal ex-
periences from the teaching and from life in general. It can be realised directly
that the marking of a question, particularly in this respect, has to be subjective
and vary between different markers. The categorisation of the questions should
therefore be done by experienced teachers in a group and in a process where
consensus is reached, for instance, through discussions on a selection of typical
cases of the questions to be categorised.
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Many different taxonomies have been developed to describe the cognitive di-
mension in tests and test questions. The most established is surely Bloom’s tax-
onomy® for educational objectives. This taxonomy has often been regarded as
a one-dimensional, hierarchical division into levels that normally does not pro-
duce reliable results in a classification of test questions.”! Bloom’s taxonomy was
recently presented in a revised form.” The immediately noticeable difference is
that the latter uses two dimensions, the objects of knowledge and the cognitive
process, and claims to be adapted for use in analysis of target documents for
pupil’s learning as well as of the teaching, test and assessing activities. This situ-
ation can seem promising at the prospect of this task of finding a classification
system for the cognitive properties of test questions.

The goals in the syllabuses for science and mathematics are expressed in the
form of competencies or knowledge levels that the pupils should attain in order
to receive a Pass after the ninth year in school. As regards the higher grades,
there are grade criteria that, in combination with goals to aim for and goals to
attain, describe expected performance of pupils who have attained a higher level
of grade. All in all, these guidelines for marking can be said to correspond to
the categorisation in a cognitive respect that occurs in different forms in TIMSS
and PISA. It is desirable that a simple basis be found for classifying the ques-
tions with regard to the degree of complex thought that is required of the pupils
in order to answer the question.

The concept of reasoning stands out as a central aspect in the learning proc-
ess. In the mathematics syllabus, “the ability to follow, understand and use
mathematical reasoning” constitutes one of the three aspects to be taken into ac-
count during marking. In science studies, under “Science as a human and social
activity”, it is stated that “The pupil’s ability to argue on the basis of scientific as
well as ethical and aesthetic perspectives is taken into account during assessment
and marking.”. As a basis for the classification of competencies in mathematics
in PISA, the ability to argue is an important component while “Reasoning” is
the designation of one of the cognitive domains in both mathematics and in sci-
ence in TIMSS.

Faced with the task of classifying, with acceptable reliability, the approxi-
mately 500 test questions in the three assessments, it has been necessary to make
step-by-step simplifications. The end product, which in its essential features
corresponds to PISA’s cognitive taxonomy, is a three-step scale for making the
classification possible to perform with reasonable effort and reliability of judge-
ment. The categories selected are presented in table 4.8.

TIMSS M032233

A computer club had 40 members and 60% of the members were girls. Later, 10 boys joined the club.
What percent of the members now are girls? Show the calculations that lead to your answer.

ANSWET tteeee e ettt e e e e ettt e e e e e st e e e e e e e ae e e e e e e e e aa e et e e e e e e ane e e e e e e eaaaneeeeeeeanreeeee e e e nnrreeeeann

Figure 4.3 Question in TIMSS 2003 that was deemed to
belong to category 2 as regards cognitive level.

20 Bloom (1956)
2! Jansson (1980)
22 Anderson & Krathwohl (2001).
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Table 4.8 Categories for classifying the expected mental
activity that answering a question requires.

Reproduce 0 in mathematics and science can reproduce facts and concepts and, in
mathematics, can conduct a procedure that can be deemed normal in
the school year in question.

Apply 1 in mathematics, can routinely apply elements in the subject in question
that are needed to solve the question.

(Not applied in science studies.)

Reason 2 in mathematics, can mathematicise and, in two or more steps, interpret,
analyse and/or evaluate a new problem situation.

in science, can break down a new problem into sub-questions, the
answers to which lead to the solution of the original question.

As has previously been mentioned, the degree of correctness (designated p here)
in the interval 0.0 to 1.0 states how great a proportion of the maximum attain-
able points total for a question that has been awarded to a group of examinees
whose test included that question. The mean value of the degrees of correctness
in a test provides an overall measure that can be assumed to provide evidence of
the extent to which the complexity of the solution procedure experienced by the
examinees is high or low and the extent to which the problems in the questions
in a test are new or familiar. In norm-related tests, a mean value of close to 0.5
of the degrees of correctness is aimed at for a test, and a reasonable spread from
easier to more difficult questions, in order to be able to use the whole scale from
0.0 — 1.0 to describe the pupil groups” achievements.

The result of the assessment of the pupil answers is reported in mathemat-
ics in NU, and in both the mathematics and the science questions in PISA and
TIMSS, in a similar way, using zero for an unacceptable response and a maxi-
mum of one or two points for an acceptable response (solution). With regard to
the science subjects in NU, a quantitative scale is not used for the assessment.
To create a basis for comparing the degree of difficulty in the three sets of test
material, the data reported for NU have been processed so that “Fail” answers
have been awarded zero points, while questions with responses that could have
been marked on two levels have given one point for a "Pass” answer and two
points for an answer marked ”Pass with distinction”. If an acceptable answer to
the question has been deemed to be markable only on one level (“Pass” or “Pass
with distinction”), the question has been given the maximum point of one.
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Type of answer

The most common type of questions in TIMSS was where the pupil should
select one of four or five given response options. Two-thirds of the 194 math-
ematics questions in TIMSS were multiple choice questions (MC), while this
was the case for only 14 per cent (3 questions) of the 21 questions in NU. See
figure 5.1. In NU, the remaining 86 per cent were short-response questions (SR
and SR_d). In PISA too, short-response was the most relatively commonly oc-
curring classification, referring to 41 per cent of the 86 mathematics questions.
Complex multiple choice questions (CMC) together with multiple choice ques-
tions (MC) occurred in PISA in 35% of the questions. In PISA, 23 per cent
were of the type where the pupil should construct their own response (OCR).
In TIMSS, only 5 per cent were open constructed response questions that re-
quired the pupil’s own, constructed answer, including those where the pupil was
expected to supplement their answer with a drawing (OCR_d).

Percent
100
29 [ ]SR+SRd
80 41
4 ] OCR + OCR_d
60
86 [ cMC + MC
24
40
67
14
0
NU (21) PISA (86) TIMSS (194)

Figure.5.1 Distribution of questions in mathematics in NU,
PISA and TIMSS 2003 based on type of answer.

Text and graphics

There are considerable differences in the length of the texts used to present the
mathematics questions in the three sets of test material. The mode for both NU
and TIMSS is one line, while for PISA it is three. See figure 5.2. The corre-
sponding mean values are 1.2, 2.3 and 3.7 lines. See table 5.1. Almost one-third
of the questions in PISA (30%) are presented in five lines or more, while texts
of that length do not occur at all in NU and, in TIMSS, are so infrequent as to
occur in only eight percent of the questions.
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Figure 5.2 Distribution of questions in mathematics in NU, PISA
and TIMSS 2003 based on length of text in the question.

Table 5.1 Length of text in mathematics questions.
Number of questions Mean number of lines
NU 21 1.2
PISA 86 3.7
TIMSS 194 2.3

PISA has the greatest proportion of questions containing illustrations, tables
and diagrams. See table 5.2. About every third question in PISA contains a
table or a diagram, while this is only half as common in TIMSS. Two of five
questions in PISA contain illustrations, while the corresponding proportion in
TIMSS is one out of four questions, not counting the questions in geometry.
(This can be reasonable when comparing the test instruments, as PISA does not
have any questions in geometry, which is a subject area where the questions al-
most per definition include a figure.)

Table 5.2 Distribution of questions in mathematics in NU, PISA and TIMSS 2003
based on presence of illustrations, tables and diagrams in the question.

lllustration
Number Decoration Support Necessary Table Diagram
NU 21 0% 0% 10% 0% 0%
PISA 86 8% 13% 22% 15% 19%
TIMSS 194 (163Y) 0% 2% 34% (21%") 9% 8%

L If geometry is excluded

Subject content

Tthe questions in mathematics in the three sets of test material have been possi-
ble to be categorised in accordance with the selected taxonomy for subject con-
tent. The reliability, independently assessed by two or three examiners, has been
over 90%. On the basis of these data and in accordance with the purpose of this
study, different aspects can be placed on the three assessments, and answers to
different issues can be sought. One question can be about the degree of cover-
age of the tests, in other words, how well the tests cover the subject content
described in the syllabus. The most detailed level for description of the subject
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Figure 5.3 Relative coverage in NUO3, PISA 2003 and TIMSS 2003
of the topics in five content domains in mathematics.

content is given by the topics in the selected framework. Figure 5.3 presents the
way in which the subject content is covered in the tests in mathematics, defined
in the content domains (Arithmetic and Number Sense, Algebra etc.). This is
done by stating the proportion of the topics in a content domain represented by
at least one question.

In a comparison between the three assessments, TIMSS has easily the broad-
est coverage of subject content. All the content domains in TIMSS are covered
up to 64 per cent (Geometry) or more, counted in that proportion of the total
number of topics that are represented by questions. Measurement, which has
the highest value in TIMSS, has a coverage of seven of a total of eight topics
(88%). As regards PISA, statistics has the greatest share of coverage with 57 per
cent. In total, the description of mathematics contained 87 different topics of
which TIMSS covered 74 per cent and PISA 33 per cent. The short-response
test in mathematics in NU covered 18 per cent of the topics.

The different topic areas and topics in mathematics can be brought in under
the eight goal categories M1-M8. One important aspect that can be established
is the relationship between the weight “normally” attached to a certain content
domain during teaching and the orientation of the evaluating test. As has been
said previously, the syllabuses do not give any clear information as to what
should be regarded as normal. Partly to get a measure of the scope a certain
goal takes up in the teaching and partly to obtain a breakdown per school year
of the subject matter, a commonly used teaching aid has been used as a source
of information.? In a series of textbooks for years 7-9 in compulsory school*
the content has been categorised in a way equivalent to that applied in the tests.
The number of pages used to deal with matter that belongs to the 87 math-
ematics topics has been registered for years 7-8 and 7-9 respectively. It was then
possible to match the content to the goals in mathematics in accordance with
Syllabus 2000 and to the result of the analysis of the content in the questions in
NU, PISA and TIMSS. Table 5.3 presents the result of how the goals M1-M8
are covered by the questions in NU, PISA and TIMSS. In less than 3% of the

% The teachers follow the textbooks to a higher degree in mathematics than in science subjects. The National
Agency for Education (2003).

4 Bjork et al. (1997)
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Table 5.3 Distribution of questions in mathematics on the basis of relevant goal to aim for.

NU PISA TIMSS
develops their number and spatial sense and ability to understand and use number number number
M1. Number sense - basic number concepts 5 1 15
M2. Arithmetic and calculation with real numbers, approximate values, proportionality and per cent, 8 30 42
M3. Measurements - different methods, measuring systems and instruments in order to compare, estimate 6 4 31
and decide the size of important quantities,
M4. Geometry - basic geometrical concepts, properties, relations and theorems, 0 13 31
M5. Statistics - basic statistical concepts and methods for collecting and handling data and for descri- 0 16 20
bing and comparing important properties of statistical information,
M6. Probability - probability thought processes in particular random situations. 0 7
M7. Algebra - basic algebraic concepts, expressions, formulas, equations and inequalities, 2 8 43
M8. Functions - properties of some different functions and corresponding graphs, 0 7

questions assessed in each of the PISA and TIMSS surveys, it has been con-
sidered impossible to attribute any of the goals for the school years 7-9 to the
questions.

TIMSS has 194 questions in mathematics while PISA has a total of 86 ques-
tions. The test that was used in NU contained 21 questions. In PISA and NU,
arithmetic was the most common subject content while, in TIMSS, there were
about as many questions in algebra as in arithmetic.

Figures 5.4-5.6 present comparisons of how in the three assessments the
questions were distributed over the eight goal areas in mathematics. In each of
the diagrams, the result of the content analysis of the series of textbooks for the
school years in question are also presented.

M1. Number sense

24%
M2. Arithmetic M8. Functions
38% 24% 0%
119
209 5%
M3. Measurement 17% M7. Algebra
29% % /) 10%
° 9%
M4. Geometry M6. Probability
0% 0% I NU
M5. Statistics [ Textbook pages
0% Years 7-9

Figure 5.4 Relative distribution of the questions in mathematics in NU-O3 compared
with the distribution of the content in a typical series of textbooks for
years 7-9. The text in the outermost ring gives the goal areas and their
shares in the test material while, in the inner ring, shares in the textbooks
for years 7-9 are given.

The main subject content in the NU questions has been assessed to belong to
four of the eight goal areas. See figure 5.4. Arithmetic, measurements, number
sense and algebra are the areas that, in the analysis of the textbooks for years
7-9, received the highest entries for number of pages (24, 20, 11 and 17%),
which corresponds to those particular areas that the mathematics test in NU
contains (38, 29, 24 and 10%).

WITH A FOCUS ON MATHEMATICS AND SCIENCE

35



M2. Arithmetic

M21. Number sense
1%

M8. Functions

QW 8%
T 11%
20% \\ D

35%

M7. Algebra

M3. M t
easuremeg(y o / 17% 0%
° 11% W 2%
M4. Geometry M®6. Probability
15% 8% [ PISA
M5. Statistics [ Textbook pages
19% Years 7-9
Figure 5.5 Relative distribution of the questions in mathematics in PISA 2003 com-

pared with the distribution of the content in a typical series of textbooks
for years 7-9. The text in the outermost ring gives the goal areas and
their shares in the test material while, in the inner ring, shares in the

textbooks for years 7-9 are given.

Of the questions in PISA, 35% have been judged mainly to measure knowledge
in arithmetic. See figure 5.5. Statistics is the next most common (19%). Only
one and five per cent respectively have been categorised as questions in number
sense and measurement, both of which nevertheless constitute areas that are
dealt with on a relatively large number of pages in the textbooks (11 and 20%

respectively of the total number of pages).

M2. Arithmetic

M21. Number sense
8%

M8. Functions
22% 239% 2%

= 15%
/ 0%

M3. Measurement 18% M7. Algebra
16% W 22%
12%
M4. Geometry M6. Probability
16% 4%

Figure 5.6

M5. Statistics
10%

[ TiMss

[ Textbook pages
Years 7-8

Relative distribution of the questions in mathematics in TIMSS 2003
compared with the distribution of the content in a typical series of text-
books for years 7-8. The text in the outermost ring gives the goal areas
and their shares in the test material while, in the inner ring, shares in

the textbooks for years 7-8 are given.

Of the three sets of test material, the distribution of the questions in the eight
goal areas agrees best in TIMSS with the distribution of the number of pages
in these areas in the textbooks for years 7 and 8. See figure 5.6. It can be noted,
for instance, that algebra questions are more common in TIMSS than in PISA,

while the reverse applies for statistics.
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Competencies

In practice, all mathematics questions require some kind of reasoning in order
to arrive at an answer but, in the analysis of the questions and in the reference
group’s validation, an attempt was made to separate the questions requiring
complex thought processes of the pupil, in accordance with the chosen system
for categorisation.
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1 Apply
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Figure 5.7 Distribution of questions in mathematics in NU-03, PISA 2003
and TIMSS 2003 on the basis of assessed cognitive level.

The distribution of the number of questions in the three categories eventually
used is presented in figure 5.7. The results in PISA and TIMSS are similar, with
about twenty per cent being classified as “Reasoning”. In the analysed short re-
sponse test in NU, nine out of ten questions were such that the pupils were pre-
sumed to follow a standard procedure when solving the questions while, in one
of ten, the pupils were presumed to routinely apply mathematical knowledge
and understanding.

The assessment of calculation requirements did not produce any remarkably
differences between the three testing materials. NU had the greatest proportion
of questions (approximately every third question) where the calculations that
the pupil should make represented a decisive problem in the question. The cor-
responding proportion was just more than every fourth question in PISA and

TIMSS.

Connection to reality

It is natural that some of the attributes used for classifying the properties of the
questions become particularly dependent on varying interpretations of defini-
tions and, thus, subjectivity. The connection to reality, with the two aspects
chosen here, proves itself, as expected, not to give such high reliability coef-
ficients™ but the results are nevertheless very clear. As could be expected on

the basis of the framework’s construction, PISA has the greatest proportion of
questions with varying degrees of connection to reality. As many as 84 of the 86
mathematics questions (98%) in PISA were connected with reality. One half,

» Number of corresponding assessments divided by the total number of assessments with mode = 0.7 for
questions with codes 1 and 2.
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Figure 5.8 Distribution of questions in mathematics in NU-O3, PISA 2003 and TIMSS
2003 on the basis of assessed connection to reality and authenticity.

49%, were in the category ‘connection only of situation to reality’ (code 1) and
the other half, 49%, had connection to reality of both situation and problem
(code 2). See figure 5.8. In TIMSS, the combined proportion is 54%, with 25%
having been coded in the highest category (code 2).

Difficulty
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Degree of correctness

Figure 5.9 Difficulty of the mathematics questions in
NU-03, PISA 2003 and TIMSS 2003.

The question pools in the three assessments NU-03, PISA 2003 and TIMSS
2003 do not differ significantly as regards difficulty, neither in respect of the
distribution’s general look nor its mean value. See figure 5.9. The questions

in NU have on average a degree of correctness of 0.59, in PISA the average is
0.54, and the questions in TIMSS are insignificantly more difficult for the pupil
group, with an average degree of correctness of 0.49. The questions in all three
question pools are distributed over the whole interval of difficulty 0.05-0.95.
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Type of response

Multiple choice questions in science occur about equally frequently in the three
assessments. See figure 5.10. In PISA, 57% of the questions are either multiple
choice or complex multiple choice (MC or CMC). This should be compared
with 51 and 58% respectively in NU and TIMSS. NU has the test material in
science that has the greatest proportion of complex multiple choice questions
(32% CMC) where, for instance, it is a case of choosing which one of several
statements is right or wrong. In all three studies, questions with open responses
to be constructed by the pupil (OCR) constitute one third, or a little more, of
the questions.
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Figure 5.10 Distribution of science questions in NU-03, PISA 2003
and TIMSS 2003 based on type of response.

Connection with reality

As in mathematics, PISA has the greatest proportion of science questions that,
to different degrees, are connected with reality. None of the 35 questions is clas-
sified as completely lacking connection to a world outside the subject theory or
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Figure 5.11 Distribution of science questions in NU-03, PISA 2003 and TIMSS 2003
based on assessed connection with reality and authenticity.
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the laboratory (code 0). Just less than half of the questions have been assessed as
being in a context and also as containing a problem considered to have possible
authenticity. (See figure 5.11.) In NU, many of the questions are also connected
to reality to some extent. (67% or 25 of 37 questions in total in science.) In
TIMSS, on the other hand, 78% of the questions (152 of a total of 194) are of
a kind not connected with reality.

Text and graphics

As in mathematics, there are great differences in the length of the texts used to
present the science questions in the three sets of test material. TIMSS has the
shortest texts while PISA is once again characterised by longer descriptions of
context and problem. See figure 5.12.
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Figure 5.12 Distribution of questions in science in NU, PISA and
TIMSS 2003 based on length of text in the question.

The mean values for NU and TIMSS are 2.8 and 3.7 lines, while a question
in PISA usually has about double the length of text as in TIMSS, with a mean
value of 5.8 lines. See table 5.4.

Table 5.4 Text length in science questions.
NU 37 3.7
PISA 35 5.8
TIMSS 194 2.8

As regards illustrations in the form of direct reproductions, tables and diagrams,
the differences are not as marked between the three pools of questions. How-
ever, the variation between different graphic forms of expression is significantly

greater in PISA than in NU and TIMSS. See table 5.5.
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Table 5.5 Distribution of questions in science in NUO3, PISA 2003 and TIMSS 2003
based on occurrence of pictures, tables and diagrams in the question.

Illustration
Number Decoration Support Necessary Table Diagram
NU 37 0% 11% 14% 0% 0%
PISA 35 6% 11% 9% 26% 9%
TIMSS 194 0% 7% 21% 9% 7%

Subject content

The question of the breadth of the three sets of test material, with regard to
subject content in science, has been examined using the same method as in
mathematics. The proportion of topics in the different content domains and
topic areas that are represented in the respective test material by at least one
question has been determined. The detailed data is summarised in figure 5.13
for the topics under the science syllabuses. It is apparent that, in PISA, biology
has the broadest coverage (39%), while in NU that role is taken on by chemis-
try (50%). TIMSS has the broadest coverage of factual content in science, with
almost complete coverage of the topics in the classification system. If one only
examines the topics belonging, as per the syllabuses, to biology, physics and
chemistry, TIMSS covers 96 per cent, NU 35 per cent and PISA 23 per cent of
the number of topics.

L
TIMSS
PISA
Physics [
NU Chemistry [
Biology 1]
0 20 40 60 80 100
Percent

Figure 5.13 Relative coverage in NUO3, PISA 2003 and TIMSS 2003 of the topics in
the three science subjects.

Of the total of 68 topics, 52 correspond to the subject content that can be con-
sidered to be included in science under the Swedish syllabuses, including certain
topics that, in the classification system, are part of earth science and environ-
mental science. The remaining 16 topics that, for instance, are within the topic
areas Earth processes and Population changes, have been deemed not to belong
to the subjects biology, physics and chemistry. Certain individual questions in
such areas, however, can be devoted to indicating goal achievement in respect
of knowledge use in accordance with the third goal category in the science syl-
labuses (see below).

It has been possible to categorise the questions more or less unequivocally in
TIMSS and NU in accordance with the chosen taxonomy for subject content in
science. PISA includes science questions that could not be categorised so easily
in terms of the scientific matter to which they refer. Knowledge of the scientific
process, which in PISA has been defined as the second of the three dimensions
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introduced, can be tested without at the same time testing specific knowledge of
concepts and phenomena within a related subject. Therefore, questions that in
fact do not test factual knowledge have nevertheless been classified according to
the content domain, topic area and topic to which the content of the question
theoretically belongs. The reason is that, even if knowledge of facts is not pre-
sumed within the subject area in which the question has been placed, questions
of this kind ought to be easier to solve if, during teaching, the pupil has come
across the concepts and phenomena described in the question. A supplement

to the categorisation has been made in such cases, that school-specific factual
knowledge within the subject is not a condition for being able to answer the
question. Identification of what questions should be deemed to belong to this
special group has taken place with almost one hundred per cent agreement be-
tween the assessors, while the reliability of the following classification into topic
areas and topics has been lower than for other questions (0.75).

Table 5.6 Occurrence of science questions in NU-03, PISA 2003 and TIMSS 2003
where only general knowledge is presumed to be able to answer the

question.
NU 37 100% 0%
PISA 35 57% 43%
TIMSS 194 96% 4%

As shown in table 5.6, all of the questions in NU presume specific scientific fac-
tual knowledge while, in TIMSS, a few test questions (4 per cent) occur where
this does not apply. In PISA, on the other hand, almost half (43 per cent) of the
35 questions are such where either the required facts are provided in the text
and illustrations, or where the problem context is of a more general nature. An
example of this is given in the figure below. This situation is dealt with further
at a later stage in this section.

Since the coverage of subject content in science is most comprehensive in
TIMSS, it could be expected that the syllabus’s goals would also be covered best
there. This was the case in mathematics. As regards science, however, there is a
different situation both in relation to the design of the syllabus and the practice
in the schools. Here, goals to aim for and goals to attain, cannot be grouped
together on the basis of theoretical content as in mathematics,. Goals to aim for
in the science subjects, and goals that the pupils should have attained by the end
of the ninth school year, which have been divided here into three categories in
the three different subjects, do not define content and sequencing in teaching in
the same way as in mathematics. Throughout the material, goals to aim for are
expressed very generally, with accompanying goals to attain that, to a varying
degree, specify the topic and concretise the minimum level to be achieved dur-
ing the teaching.

From what has already been said in general about the science syllabuses, it
could be expected that selection of content to be studied and time planning
vary between different schools, and that the textbooks and teaching aids in bi-
ology, physics and chemistry, in contrast to mathematics, do not define what
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PISA S128 CLONING
Read the newspaper article and answer the questions that follow.

A copying machine for living beings? But Dolly is not just a simple sheep. She is a
clone of another sheep. A clone means: a copy.

Without any doubt, if there had been elections
Cloning means copying "from a single master

for animal of the year 1997, Dolly would have

been the winner. Dolly is a Scottish sheep, that ~ COPY”- Scientists succeeded in creating a sheep
you see in the photo.

(Dolly) that is identical to a sheep that funtioned
as a “master copy”.

It was the Scottish scientist lan Wilmut who
designed the “copying machine” for a shep. He
took a very small piece from the udder of an
adult sheep (sheep 1).

From that small piece he removed the nucleus,
then transferred the nucleus into the egg —cell
of another (female) sheep (sheep 2). But first
he removed from that egg-cell all the material
that would have determined sheep 2 characte-
ristics in a lamb produced from that egg-cell.

lan Wilmut implanted the manipulated eggcell of
sheep 2 into yet another (female) sheep (sheep
3). Sheep 3 became pregnant and gave had a
lamb: Dolly.

Some scientists that that within a few years it
will be possible to clone people as well.. But
many governments have already decided to
forbid cloning of people by law.

Question Q1
Which sheep is Dolly identical to?
A. Sheep 1 B. Sheep 2 C. Sheep 3 D. Dolly’s father

Question Q2
In lines 11-12, the part of the udder that was used is described as “a very small piece”. From the ar-
ticle tex you can work out what is meant by “a very small piece”.
That “very small piece” is
A.acell B. a gene C. a nucleus D. a chromosome

Question Q3

In the last sentence of the article it is stated that many governments have already decided to forbid
cloning of humans by law. Two possible reasons for this decision are mentioned below. Are these rea-
sons scientific reasons?

Circle either "Yes” or "No” for each.

Argument Scientific?
Cloned people could be more sensitive to certain diseases than normal people. Yes / No
People should not take over the role of a Creator. Yes / No

Figure 5.14 Question from PISA 2003. The sub-questions have been classified 1.5.1
(... sexual or asexual reproduction ... the offspring’s similarity to the pa-
rents), 1.5.2 (... hereditary characteristics ... transfer of genetic material)
and 1.5.1 with addition that Q1 and Q3 do not presuppose knowledge of
type facts within these areas.

weight the subject content is given in the science teaching.?® The analysis of
textbooks? that has been performed correspondingly to the analysis for math-

ematics thus only provides indications as to whether it is probable that different

% The National Agency for Education (2002, 2003)
¥ E g Andréasson et al (2002)
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areas are taught in normal schooling, but says nothing about the year in which
this is done or about the scope given to the concepts or phenomena in ques-
tion. A brief account of the result of this analysis of textbooks is that all topic
areas and topics that occur in the system used for categorisation are normally
dealt with in years 7-9 of compulsory school. The examination of the science
questions carried out by the teacher group shows, moreover, that only isolated
TIMSS science questions could be deemed to fall outside the subject topics of
which the pupil group in year 8 should have command. The result of the teach-
ers’ questionnaire in TIMSS,* where questions about the subject areas covered
were asked, contradicts the results of the reference group to a certain extent.
Subject matter that received low values there, expressed in the form of propor-
tion of students who have teachers who, up until the occasion in question in
year 8, had dealt with a certain area, turns out only to have a possible, weak
connection with the values of the degrees of correctness for questions within
these areas.

Competencies

Table 5.7 Distribution of questions in science in NUO3, PISA 2003 and TIMSS 2003
based on whether calculations and/or reasoning are required to answer
the question.

NU 37 0% 11%
PISA 35 0% 26%
TIMSS 194 2% 19%

Some isolated science questions did occur in TIMSS with calculations that
could be decisive for whether the pupil who was responding was awarded any
points for the question or not. There were no corresponding questions in NU
or PISA. PISA had the highest proportion of questions that were deemed to
indicate ability to reason as per the system for classification that was used. Every
fourth question in PISA was deemed to be of that type, while the corresponding
proportion in TIMSS was a fifth and, in NU, a tenth.

The three goal categories that express what the pupil should grasp concern-
ing “... nature and Man”, “... the scientific activity” and “... use of knowledge”
were used for a supplementary classification of which competencies the science
questions in the three assessments can measure. Goals under “nature and Man”
(NV1) could be applied to the majority of the questions that, in the classifica-
tion, partly could be ascribed a topic area and topic, and partly the characteristic
that factual knowledge was presumed in order to be able to solve the question.
If the question was intended to test understanding of the scientific method, it
was classified as NV2 (the scientific activity) and, finally, if a question tested
the ability to argue about scientific applications, it was classified as NV3 (use
of knowledge). The latter categories were usually applicable to those questions
that, in the general classification, were deemed to be such that specific factual
knowledge was not presumed. In some isolated cases, however, a question was
classified as belonging both to the NV1 category and to one of the other two
goal categories.

28 Mullis et al (2004)
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Figure 5.15 Proportion of science questions in NUO3, PISA 2003 and TIMSS 2003
that were classified in the three goal categories.

The result is presented in figure 5.15. In both TIMSS and PISA, approximately
one-sixth of the questions are outside the knowledge domain defined by the
science study syllabuses. If, on the other hand, one looks at the distribution of
the questions between the three goal categories, the picture is quite different.
PISA occupies a place apart here, with the most even distribution between the
three goals. One-fifth of the questions are such that are intended to indicate the
attainment of goals within NV2, and almost one-third of the questions within
the two other goal categories, NV2 and NV3. TIMSS still has a clear focus on
goals that are in the NV1 category (nature and Man), but six per cent of the
questions (11 questions) test understanding of the scientific method (one of the
goals under NV2) and four questions are classified as NV3. NU does least well
in the comparison, with no questions in category NV3, only one in category
NV2, and the remainder of the 37 questions referring to scientific concepts,
phenomena etc, that are classified as NV1.

Difficulty
Percent
40
NU . PISA
30 - -
20 .
— TIMSS

10 — *

0

5 15 25 35 45 55 65 75 85 95

Degree of correctness

Figure 5.16 Difficulty of the science questions in
NU-03, PISA 2003 and TIMSS 2003.

WITH A FOCUS ON MATHEMATICS AND SCIENCE

45



It is apparent from the reported data that the science questions in PISA had
on average the highest degree of correctness (0.56) while the average in TIMSS
was 0.52. It was slightly easier for the pupils in year 9 to get points for the ques-
tions in PISA than it was for the pupils in year 8 for the science questions in
TIMSS. In both these assessments, questions occurred that had degrees of cor-
rectness down to 0.05 (see figure 5.14), which means that very few pupils solved
these questions, but there are also questions with degrees of correctness close
t0 0.95, with almost all pupils solving them correctly. In NU, the average was
0.24, with only the odd, isolated question being solved by more than half of the

pupils.
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Comments about the purpose

By way of introduction, it can be worth pointing out that the classification
system used here was drawn up to allow comparisons between the instruments
for knowledge assessment in NU-03, PISA 2003 and TIMSS 2003, but not

to make general quality judgements of the three assessments. In mathematics
and also in the science subjects there were clear differences with regard to the
characteristics examined. Several of them can be derived from the differences
in the basic ideas and intentions as well as the general preconditions on which
the three projects are founded. It is almost certain that there are also differences
and similarities in the design of the three test instruments that are not appar-
ent from the picture that is presented of the attributes selected here. However,
the respective purposes of both of the international studies, as with the national
one, correspond to each other from a Swedish perspective. The three projects
are to form the background data for an evaluation of goal fulfilment in school
and of the knowledge development in mathematics and science as regards the
Swedish pupils. In PISA and TIMSS, the comparison with other countries is
also a central theme. The knowledge assessments should thus be able to serve as
supporting data on which to base decisions regarding the development of com-
pulsory school, with reference in particular to mathematics and science. This
means that the material presented here about how and what the tests measure
can result in completely different conclusions, depending on what idea one has
about the school of the future.

Comments about mathematics in NU and science in PISA

As mathematics is a subject involving national tests, it has a unique standing

in the school regarding the preconditions for an assessment of whether the
teaching goals have been attained. Data can be gathered in year after year, and
possibly form the basis for statements about goal attainment and trends. For
the particular reasons that have been described briefly, data from the National
Test in mathematics for year 9, spring term 2003, could not form a basis for the
assessment and, for that reason, it has not been included in this comparative
study. The extent to which a test system with the function of guidance regard-
ing grades is suitable as an assessment instrument has often been questioned.”
When designing a test system to be used for producing supporting material for
statements about knowledge development, parallelism® in the instruments used
is essential.

In NU, only the extra test that was unique to that survey has been analysed.
In the reporting, that test formed the basis for statements about trends in
knowledge development. The comparisons between the three assessments, NU,
PISA and TIMSS, thus falter in respect of mathematics — the preconditions dif-
fer too much and the discussion as regards the mathematics test will mainly fo-

¥ Wedman (1988), Popham (1999)
% Crocker & Algina (1986)
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cus on the two international assessments. In the case of science, however, there
is no equivalent restriction and, in relevant cases, all three projects have been
included in the discussion.

In respect of PISA, as already said, focus in the 2003 assessment is on math-
ematics. This means that science, in contrast to TIMSS, does not take up as
much room as mathematics in the tests. In the approaching PISA 20006, it is
science that instead receives the greatest attention. This report, however, only
discusses the version of test material used in the study that has already been per-
formed.

Comments about statistical strength

With regard to the selection of schools and disposition of pupils in respect of
time and number, the stipulations for the three surveys have been the same,

and the preconditions to that extent are the same for all three. PISA is alone in
referring to individual pupils in the second phase of the selection process. The
random selection of whole teaching groups, as in TIMSS, resulted in simpler
administration®! for implementation out in the schools. With weighting, that
method produces the same statistical material as the previously mentioned
procedure for commenting on the whole population (e.g. all pupils in a certain
age group). The fact that a randomly selected teaching group (e.g. class) does
not normally give a selection that is representative for the school means that

the method involves limitations. It is a case of making statements about entire
schools, so the possibility of making certain types of analysis is thus restricted.
In TIMSS as, to a certain extent, in NU, the simpler administrative situation
has been used in carrying out a teacher’s questionnaire, so that data for indi-
vidual pupils can be linked with data for those particular pupils’ teachers. It has
not be practicable to do this in PISA as all of the classes with 15-year olds in the
chosen school are normally involved, meaning that a large number of teachers
would need to answer the questionnaire in order to match the pupil selection. It
can be said about PISA as well as TIMSS that both the statistical strength in the
data and, thus, the ability to generalise in respect of the populations in question
(all of Sweden’s 15-year old pupils and pupils in year 8 respectively) fulfil strict
requirements,*? while a corresponding assessment cannot be presented here for
NU on the basis of the information available in the reports.

Expectations

The situation for NU-03, in contrast to the international projects, is that the
Swedish curriculum and syllabuses partly constitute the basis for this study and
are partly assumed to be the starting point for the construction of the test mate-
rial. As has already been said, TIMSS should as its starting point have the goal
descriptions that have been agreed between many nations, while PISA’s should
be based on guidelines drawn up by the OECD. It should be possible for the

@

Such as in the performance of the test session in already established groups in the school. It can, however,
be noted that the dropout in TIMSS is not, with this simpler organisation, lower than in PISA. That survey
was performed where, in one session, pupils came from different classes, thus requiring more administrative
work on the part of the school administration.

32 See, e.g. Martin et al. (2003)
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expectations, that tests should be adapted for Swedish governing documents,
to be higher for a national assessment than for the two international surveys in
which the frameworks result from compromises between the countries.

Mathematics for everyday life and for study

Mathematics can be said, in general, to be a subject with a collection of knowl-
edge about basic procedures and definitions of concepts that, in the main, are
independent of national characteristics. This situation was one of the reasons for
mathematics being the subject on which the IEA focused its first international,
comparative study.* From a cognitive point of view, there is a good level of
agreement between the three frameworks compared. The syllabus’s descriptions
of the subject matter have, in general, equivalents in the framework in PISA

as well as in TIMSS, with only a few topics that are difficult to suppose can be
included in a normal interpretation of the Swedish governing documents. On
the other hand, there is no topic in the interpretation that the chosen textbook
represents that is not included in the classification system based on TIMSS’s
framework.

Everyday mathematics is a concept that has occurred frequently in the didac-
tic interpretations and discussions that have taken place on the question of the
orientation that mathematics should have in compulsory school. This agrees
with the weight PISA attaches to the problems in the test questions occurring
in situations or contexts that can be felt to occur in the pupil’s present situation
or in the pupil’s perspective of their future life. On the other hand, the syllabus
says that the teaching should provide a good foundation for further education
and lifelong learning, which presupposes, for instance, knowledge and profi-
ciency that continued studying of mathematics requires. There, TIMSS can
be said to provide a clearer intra-mathematical orientation of what should be
assessed that also corresponds to the list of mathematical skills included in the
syllabus’s goals to aim for and goals to attain.

Subject matter in science studies

The subject matter in science in the different countries’ school systems is not

as distinctly given as in mathematics, where the demarcations and specialisa-
tion of the subject are more obviously determined by national conventions and
preferences. It can thus be expected that the science syllabuses, as compared
with mathematics, will show fewer similarities to the frameworks in science in
PISA and TIMSS. As the definition of the school subject is not obvious, it can
possibly be expected that TIMSS, with its comprehensive, detailed specifica-
tion of concepts and phenomena, will run the greatest risk of falling outside the
Swedish demarcation of the subject. However, it has been shown that science

in TIMSS agrees, in the main, with a Swedish interpretation of normal subject
content. In PISA, with its limited specification of subject topics, the structuring
of the different competencies aimed for is more in agreement with the Swedish
syllabuses in the three science subjects. It is perhaps possible to claim that the
latter is a more important aspect in an evaluation and that this is completely in
line with a basic philosophy behind the design of syllabuses in Sweden. The se-

lection of subject matter in science, according to this opinion, can be extremely

3 Husén (1967).
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free without damaging the quality of the science teaching as long as the pupils
are given the conditions for attaining the goal to aim for concerning nature and
Man, ”that they believe in and develop their ability to see patterns and struc-
tures which make the world understandable, as well as strengthen this ability
through oral, written and investigatory activities.”

More to read in PISA?

The result of the comparison of the test questions’ outer characteristics demon-
strated, in some cases, considerable differences between NU, PISA and TIMSS.
The most striking difference relates to the stated volume of text per question
where, in mathematics as well as science, the volume of text on average is clearly
greater in PISA than in NU and TIMSS.

When making the comparison, the total volume of text the pupil has to read
during the course of a test can also be taken into account. On the basis of an
estimation of the time a pupil spends on mathematics and science in PISA, a
comparative figure of two lines of text per minute is arrived at.* What is sur-
prising is that, in TIMSS, the same comparative figure is reached. Correspond-
ingly, it can be discussed whether the observation about the differing occur-
rence per question of illustrations, diagrams and tables is actually relevant. The
requirements on the pupil to gather information, provided in different forms,
within a certain time are quite similar in the two international knowledge as-
sessments. The justification in concluding that reading ability influences the
results to a greater extent in PISA than in TIMSS can, in other words, be ques-
tioned. In NU, the volume of text per minute is markedly less, meaning that
the result a pupil achieves in that study should not be as dependent as in the
other two studies on the ability to quickly assimilate the information presented
in the question in text and other forms.

Multiple choice questions

On studying the whole test that the pupil performs, TIMSS has the greatest
proportion of multiple choice questions, even if PISA and NU have equally
large shares of that type of question in science as TIMSS. The use of multiple
choice questions means advantages in the administration of tests and examina-
tions, but the issue is usually called into question of whether multiple choice
questions are suitable for testing more complex forms of knowledge other than
remembering and recognising facts, concepts and procedures. A closer study of
the mathematics questions in both PISA and TIMSS shows that approximately
20 per cent of the questions were deemed to test reasoning. Almost half of these
(nine and eight percentage points respectively) were multiple choice. In com-
parison, the number of short response questions in PISA made up 41 per cent

3 The composition of the test booklets in the two international studies differ both in respect of the projects
and also in respect of the separate test booklets within a project. An estimation with regard to PISA, sup-
ported by the mean values, is that, in addition to two-thirds mathematics and science, with an average of
160 lines of text, a booklet also included questions involving reading or problem solving. Of the whole test
period of two hours, it is estimated that two-thirds, i.e. 80 minutes, are spent on mathematics and science,
giving a comparative figure of two lines per minute. As TIMSS has approximately double the number of
questions in mathematics and science per booklet for a 90 minute test period, the same comparative figure
is arrived at.
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(35 questions) of the total number of questions (86) but, of these, only 2% (2
questions) were classified as reasoning. The conclusion is that in both PISA and
TIMSS an effort has been made to include multiple choice questions that test
complex forms of knowledge as well.

The advantages, in relation to scoring, are obvious, but the most significant
benefit is in the tests being able to contain a large number of questions if the
person taking the test only has to choose between a selection of prepared an-
swers. The short time it takes to produce the answer means that a pupil has time
to answer several questions within a limited time. This is particularly evident
in TIMSS, where the fact that multiple choice questions have been used to a
greater extent means there are more questions within each knowledge domain,
resulting in better coverage of the content and statistical reliability.

Among the disadvantages involved in multiple choice questions, the prob-
lems of guessing can be mentioned. It is always risky to claim, on the basis of
the result of a question, that specific knowledge goals have been attained, par-
ticularly if such a claim is based on the result of a single, more difficult multiple
choice question in an area with proportions of correct responses that are close
to the guessing probability. The solution is to increase the number of questions
intended to indicate the extent to which the examined goal has been attained,
which can be difficult in a study such as NU, where the number of questions
is limited to only one set of questions used for all pupils. Another aspect is that
there can be specific gender differences in respect of the tendency to guess the
answer to a multiple choice question, an issue that is discussed in penetrating
analyses of TIMSS 2003.% There, it can be seen that boys have a higher degree
of correctness in multiple choice questions than girls, if a comparison is made
of pupils who are otherwise of the same ability. This indicates the possibility of
a distortion of knowledge assessment results obtained with the help of multiple
choice questions only. Another comment is that the use of this type of question
can hardly be said to be in line with the overall goal in the curriculum, that the
pupil should be able “to express ideas and thoughts orally and in writing”. Tak-
en together, these doubts constitute factors that must be considered in a discus-
sion about the validity of the assessments examined here. A point of view that
is often put forward in a didactic context, internationally as well as in Sweden,
is that the trend in assessments should be towards using a greater proportion of
questions that require the pupil’s own constructed response.

Difficulty

There can be many different purposes for performing an assessment of pupils’
knowledge, and the assessment norms will differ too, depending on what is
being examined. If the intention is to report results on the basis of a statisti-
cal norm and based on results of the whole test, it is of course an advantage to
have several questions in each of the domains to be studied. There should be
a distribution of degree of correctness across the whole scale, but the majority
of the questions should lie in the middle of the interval zero to one. It is pos-
sible to identify that ambition in PISA and TIMSS in both subject areas, and
also in mathematics in NU. In the biology, physics and chemistry tests in the
national assessment, the measured degree of difficulty, however, is significantly

3 Eriksson (2005)

WITH A FOCUS ON MATHEMATICS AND SCIENCE

51



higher and, in the majority of questions, a comparatively small proportion have
responses that are given a pass mark in accordance with the interpretations of
the syllabus determined by researchers. A detailed analysis of pupils” answers can
certainly provide valuable didactic information, but the question is whether the
main purpose of the assessment is thus achieved. Too few pupils get the oppor-
tunity to demonstrate their knowledge in a test that is too difficult if the result
of such an assessment is to provide information about the whole pupil group’s

level of knowledge.

Solutions to the problems

As has already been touched on, it can be thought that, in the national assess-
ment, it is easier to design tests and questionnaires that conform to the national
frameworks, when it is only necessary to keep in line with the relevant Swed-
ish goal formulations. The multinationally based assessments are designed by a
body that includes only one Swedish voice among many from the other partici-
pating countries. No one country has ideal agreement between their national
syllabus and the framework for the assessment.** Most of the national requests
for the inclusion of specific topics are met, while the reverse does not always ap-
ply. Most countries find that the framework contains one or some topics within
the subject that are not included in the national syllabuses for the pupil age
groups in question.

Similar problems can also occur in a study of only national scope. If the syl-
labus changes between the assessment occasions, the same technical problems
can occur in the national assessment as in PISA and TIMSS. The instruments
should be designed so that measurement is made against relevant goals for the
two separate test occasions and using the same, absolute scale as provides the
opportunity to draw relevant conclusions about knowledge development.

In NU, the problem was solved with the scale in science® by using the same
test as in 1992. Thus the possibility of allowing the new syllabuses to influence
the content and design of the tests was rejected. This put the situation on the
same footing as the conditions in PISA and TIMSS where, in mathematics and
in science, the target area is consciously allowed to lie partly outside the national
goals but where, through the breadth of the coverage and use of many ques-
tions, there is less sensitivity regarding shifting of the weight for different target
areas.

In PISA and TIMSS, some of the questions are also the same for the different
assessment occasions; these are what are known as the anchor questions. These,
however, constitute a relatively small proportion of the total number and can
be chosen so that they lie within areas that are central to the subject. Reference
points are thus obtained that can be used to calibrate the scale for the new as-
sessment. The rest of the questions are new and this, together with the fact that
the total number of questions used is large, means that the risk of the testees
having had the questions previously is eliminated. In the national assessment,
in the 2003 evaluation there was no awareness in the participating schools that

3¢ In TIMSS, this is examined in a special study called Test Curriculum Matching Analysis. See, e.g. Mullis et
al (2004).

% In mathematics, only the “one point test” analysed here could be used for the reasons mentioned initially.
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the relatively few questions would be the same as in 1992, and the probability is
minimal that any pupil would have been prepared for them. This will, however,
not be the case in a future assessment if the same conditions are given. The risk
cannot be ignored of the result being affected by, for instance, a teacher adapt-
ing their teaching on the basis of information about what a specific test has con-
tained in the past.

Validity

The question of the validity of the international assessments has been dealt with
in a number of reports and papers. Different aspects of validity are examined
and various methodical procedures are used. In the US, several studies have
been reported that include comparisons between different issues of TIMSS,
PISA and the national assessment NAEP In certain respects, several of these
studies correspond to parts of this particular study, with comparisons of techni-
cal data such as the occurrence of different types of questions, subject content
etc.?? One essential difference is that, in the case of the USA, it has not been
possible to make a comparison with a national curriculum, as the latter does not
exist there.

In a Danish study, the correlation between school leaving certificate grades
and results in PISA 2003 was examined.”” A proven correlation was taken as
justification for both tests, to a great extent, assessing the same targeted com-
petencies despite differences in starting points and goals between the national
school-leaving test and PISA. There are also technical preconditions for similar
studies in the Swedish data, as those participating in the national tests in math-
ematics are registered with their personal identity numbers. This was also the
case in PISA 2003 for about half of the pupils taking part. The decisive part of
a discussion about the validity of the tests under comparison is, however, the
result of an accompanying survey of the link with the syllabus document.

In the international main reports in TIMSS a study*' is presented that ex-
amines whether the tests are in line with the mathematics and science courses
of the different countries. Each country has initially had to report which of the
questions in mathematics and science that can be said to relate to the course
that the country’s pupils have gone through up until the time of the test. There-
after, for every country, the mean values of the average performances in each
one of the national courses so defined are calculated. Sweden’s result as regards
questions that were deemed to be covered by the implemented syllabus were,
for example, two hundredths greater than the mean value of 0.47 that was ob-
tained for all the questions in TIMSS. The conclusion that was arrived at in the
report was that the relative order between the participating countries’ average
performances was only marginally affected when different countries” selection of
questions was used as a basis for calculating the average performance. A positive
interpretation of this claim is that TIMSS keeps itself within central parts of the
courses in question.

A difference noticed between the result of different assessments is interesting
from different points of view and could, in this context, provide a basis for test-

% National Assessment of Educational Progress

% McLaughlin et al (1997), Nohara et al (2001), Scott et al (2005), Ginsberg et al (2005)
“ Mejding et al (2006)
41 Test-Curriculum Matching Analysis (TCMA). See Appendix C in Mullis et al (2004).
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ing the relevance of the indicators of validity that are under discussion here. The
three assessments examined here, however, are reported on different scales, mak-
ing a direct comparison impossible. For PISA and TIMSS it is nevertheless pos-
sible to use the reference system that the comparison between other countries
involves. We assume that the 2003 assessments, which were performed mainly
with pupils in year 8 (TIMSS) and year 9 (15-year olds in PISA), can be placed
on an equal footing with two assessments at different times but with the same
population. In both cases we expect that the results give a general indication

of effectiveness as regards the mathematics and science teaching in compulsory
school in the participating countries.

Tabell 6.1 Average Scale scores in mathematics and science
in PISA 2003 and TIMSS 2003 (8th grade).

PISA Math. PISA Science TIMSS Math. TIMSS Science

Average score
Average score
Average score
Average score

< H < H

e & e &
Australia 524 2,1 5 525 21 4 | 505 4,6 9 | 527 3,8 6
Hong Kong, SAR 550 4,1 1 |53 43 2 586 39 2 | 556 31 2
Indonesia 360 39 16 | 395 32 16 | 411 24 16 | 420 41 16
Italy 466 3,1 14 | 486 3,1 13 | 484 32 13 | 491 31 14
Japan 534 4,1 4 | 548 4.1 1 |570 21 3 | b652 1,7 3
Latvia 483 3,7 11 | 489 39 11 | 508 3,2 6 | 512 26 12
Netherlands 538 3,1 3 524 21 5 | 536 3,8 4 | 536 31 5
Norway 495 24 9 484 29 14 461 25 15 | 494 22 13
New Zeeland 523 2,1 6 | 521 24 6 | 494 3,3 12 1 519 4,9 9
Russian federation | 468 4,2 13 | 489 4,1 11 | 508 3,7 6 | 514 37 11
Serbia 437 38 15 | 436 35 15 | 477 2,6 14 | 468 2,7 15
Slovak Republic 498 3,3 8 | 495 3,7 9 | 508 3,3 6 | 517 3,2 10
Sweden 509 2,6 7 | 506 2,7 7 1499 22 11 | 524 16 8
Korea, Rep. of 542 3,2 2 | 538 35 3 /589 22 1 | 558 16 1
Tunisa 359 2,3 17 385 2,6 17 | 410 22 17 | 404 21 17
Hungary 490 2,8 10 | 503 28 8 | 529 3.2 5 | 543 28
United States 483 2,9 11 | 491 31 10 | 504 33 10 | 527 31 6

The average performances in mathematics and science for the countries that
took part in both of the international assessments of compulsory school in
2003 are presented in table 6.1. The table also states the ranking to which the
results correspond in lists in order of size of the average scale scores for the two
subjects. As regards science, it can be seen that the difference is relatively small
between the ranking a country gets in PISA and in TIMSS (usually zero or one
step, and four steps at most). One interpretation of the relatively strong link be-
tween the two measurements of the pupils’ performances can be that the base of
good factual knowledge in science that, according to TIMSS is attained in cer-
tain countries, is a condition for the same countries’ pupils succeeding in dem-
onstrating the general competencies that are tested in the questions in PISA.

A corresponding comparison in mathematics shows a greater variation (up
to seven steps) between the countries’ placings in the two assessments. This is
not what one would expect on the basis of what has already been discussed here
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Figure 6.1 Mean values for pupils’ performances in mathematics in PISA 2003

and TIMSS 2003 for those countries that participated in both studies.

about the greater differences in focus on different knowledge dimensions in sci-
ence compared to mathematics that were noted as occurring between PISA and
TIMSS. It could thus possibly have been expected in mathematics that PISA
and TIMSS would produce more similar results so that a country with a higher
average performance than another in the one assessment would also have a
higher one in the other. The reason for this would be that the properties of the
questions in the two question pools in mathematics are more similar than they
are in science.

The apparently weaker link between ability in mathematics for a country’s
pupils as measured in PISA and in TIMSS is clarified in figure 6.1. Australia,
Norway, New Zealand and the Netherlands, together with Sweden, comprise
a group that tends to perform better in PISA than in TIMSS. Russia is one
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example of a country where the opposite applies. The pupils there, in compari-
son with Sweden, had a slightly higher average performance in mathematics in
TIMSS but had significantly poorer results in PISA. Different explanations for
these results have been put forward. PISA’s emphasis on applications in society
has an equivalent in Swedish methodical discussion while, in many countries, a
higher value seems to be placed on formal mathematics.

According to this present study, however, as far as mathematics is concerned,
there was not much support for this description of differences between the
question pools examined. The coverage of the subject content, however, was
noted to be different in PISA and TIMSS. Instead, the hypothesis can be put
forward that the weight given to different subject content plays a significant role
for the combined result and can, for instance, give different orders of ranking of
the countries’ results.

The classification of the questions that has been carried out in this study can
be used here to test the hypothesis. A new value for the countries” average per-
formance can be calculated by only using data for the questions within the top-
ics in mathematics that are represented in both PISA and TIMSS. As support-
ing data in TIMSS for such a comparison, 100 questions of a total of 194 fulfil
the condition that has been set up. In reverse, the majority remained in PISA,
i.e. 73 questions of a total of 86.

A detailed picture of the two countries’ corrected results is obtained from
profiles for a country that show the results divided up into mathematics’ main
areas M1-8 in the syllabus. See figure 6.2, where the degrees of correctness are
presented for those questions that remained in the different main areas. It can
be seen there that the statistics area has a greater significance for the end result
in TIMSS, while the effect of the results in algebra and geometry is reduced in
comparison with the result for the original composition of the tests.

If we compare the results thereafter, we find the same difference in ranking
between Sweden and Russia in TIMSS and in PISA. Sweden had a better plac-
ing than Russia in both of the assessments. The result is in agreement with the
observation that both sets of test material were similar from the cognitive angle,
and this can be taken as a pretext for the classification having served the purpose

Percent / Number of questions

80
Russia, PISA
— Sweden, PISA
60
Russia, TIMSS
= === Sweden, TIMSS
40
20
Number of questions, PISA
Number of questions, TIMSS
0
M1&2 M3 M4 M5 M6 M7 M8
Arithmetic Measurement Geometry Statistics Probability Algebra Functions

Figure 6.2 Number of questions and average performances within the main areas in mathematics for the selection of
questions related to topics that occur both in PISA 2003 and in TIMSS 2003 for Russia and Sweden.
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of providing a relevant basis for a validity assessment. Another conclusion is that
the total mean value for degrees of correctness should not be treated without
criticism. It constitutes a total measurement of the country’s pupils’ perform-
ance in a test with a certain composition. The design of the test must be prob-
lematised and data must be explained from different perspectives.

Formative evaluation in summative tests

The different roles that tests and assessment have in the teaching are summa-
rised by classifying the degree to which a summative or a formative evaluation
is involved. An external evaluation has mainly a summative function, meaning
that it is intended to be used to decide how one group performs in relation to
all others and/or the degree to which the testees have fulfilled certain established
requirements. The tests that the teacher uses locally are or should be of a more
formative character; in other words they should constitute an integral part of
the teaching, guiding the teacher and reinforcing the pupil’s learning. The sup-
porting documentation for evaluation that NU, PISA and TIMSS produce is
usually used in the first role, fully in accordance with the purpose of these tests.
As is the case for all tests, however, these tests also have the potential to work
formatively and on a national level. In that case it is a question of how the data
are used to obtain different information, and how this information is fed back
into the system.

The three natural science components in NU-03, both in the design of the
tests and in the design of the reporting, have been regarded here as demonstrat-
ing certain limitations in respect of delivering a broad evaluation of how the na-
tional goals are attained. The data that has been produced has instead provided
the basis for a didactically inspired analysis with more specific conclusions as to
how the teaching should be performed in order to achieve an understanding of
concepts etc.** There are technical preconditions both in PISA and in TIMSS
for similar analyses based on the classification of how pupils answer the open
constructed response questions and the method of using a two-digit code for
registration.” Neither in the international nor in the national reports in PISA
and TIMSS has there been any pursual of the analysis of pupil responses that,
apart from the number of points that the response is worth, have been registered
with a code showing which category of different acceptable or non-acceptable
responses the pupil has presented.

Figure 6.3 shows a coding key in its simplest form for a question in TIMSS
with a response that the pupil should construct. With that assessment instruc-
tion, possibilities are indicated for developing the analysis of data that already
exists, technically, in PISA and TIMSS 2003. The open constructed responses
with accompanying assessment instructions that are included in the interna-
tional studies have not, however, been designed with a view to the possibility
of deeper studies into, for instance, the understanding of concepts. PISA and
TIMSS, however, offer possibilities for national supplements in the assessment
instructions, completely within the normal framework, and also special ar-
rangements with a national choice of questions. With a marginal increase in the
selection of pupils, supplements in the form of a national test booklet and some

“ Andersson (2005)
# Lie et al (1996)
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extra questions in the pupil questionnaire can be permitted without affecting
the quality of the international picture of results. In that way, the comparative
international assessments could also include specific, national surveys of the
type performed in the science section of NU.

TIMSS M032233
Code Response

Correct response

20 48% with calculations presented
Part response
10 24 girls
11 Acceptable method but error in calculation
12 48% without calculations presented
Incorrect response
00 50 %
09 Other incorrect responses (including crossing out / erasures /

haphazard notes / illegible or outside the subject)

Figure 6.3 Assessment instruction for a two-point question
of the open constructed response type in TIMSS.

Robust evaluation instruments

The syllabuses for the science subjects are under discussion in most European
countries.* The debate refers to a variety of issues such as time plans, recom-
mended or imposed methodology etc. A trend can be identified, that an in-
creasing number of nations, like Sweden, have chosen or plan to choose not to
control the subject content in detail but rather to design syllabuses that define
competencies or general abilities to be aimed for in the pupils’ learning in the
science subjects. From the comparison between NU, PISA and TIMSS, it has
emerged that PISA is the science studies assessment that has been regarded as
being most clearly in line with such thinking, which seems to be characteristic
of our time. The knowledge assessment in PISA is less sensitive to differences
between choice of subject content in the courses within one country as well as
between countries. NU and TIMSS have been directed more at specific factual
knowledge, but also at the understanding of concepts in the question of sci-
entific phenomena and processes. The broader coverage of subject content in
TIMSS ought nevertheless to provide an evaluation that, for the most part, is in
line with normal practice in the teaching of science in schools. The conclusion
is that a more all-round evaluation of a teaching system should contain both of
the main components that PISA, TIMSS or NU respectively represent.

As regards mathematics, there is an ongoing international didactic debate
about school, with different answers to the questions about why, what and how.
Polarisation is much more obvious in the mathematics than the scientific com-
munity, between advocates of the reformation of syllabuses and followers of the
more traditional kind.” In the US, the concept The Math Wars has been mint-
ed for describing the conflict caused by the proposals for syllabuses that were
presented by NCTM* at the beginning of the 1990s. There, the general com-

4 Eurydice (2006)
% Schoenfeld (2004)
4 National Council of Teachers of Mathematics (2006)
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petency within the areas of understanding of concept, problem solving, model-
ling and communication was held up as being a core goal in mathematics. This
necessitated a toning down of the training of the skill of mastering mathematics’
algorithms that is linked with traditional syllabuses. The influences of NCTM’s
“standards” in the Swedish mathematics syllabuses are clear, but normal practice
in our country corresponds more to a balanced point of view, somewhere be-
tween a traditional and a reformist attitude.

The frameworks in PISA and TIMSS agree, both in their main features and in
detail, with aims stated in the Swedish governing documents. The difference,
clarified in the frameworks, between the goals for PISA and TIMSS emerges
also as a result of the analysis of the test material. The difference is most appar-
ent in science. PISA aims at the processes while TIMSS aims at facts. Accord-
ingly it can be said that PISA 2003 and TIMSS 2003 complement each other as
regards the evaluation of whether the goals of the syllabus are achieved in Swed-
ish schooling.

Future assessments

On the basis of the results and conclusions that have been presented here, the

following are proposals for approaches to future assessments.

Participate in assessments

* that give all pupils the chance to prove that they have learned something
within the subject areas studied.

* that give high validity by covering as many aspects as possible of and being in
line with the national goals for the teaching.

* that are robust in that they tolerate changes in the goals being assessed wit-
hout losing out on reliability.

* that give international reference points for school assessment.

* that guarantee statistical competence for selection, weighting and scaling and
that thus meet strict requirements for generalisability.

* that are such that the executive consortia for the assessments permit and sup-
port national choices in questionnaires and tests.

In connection with the work on the international assessments, conduct work

with

* recurrent analysis of the validity of the test instruments used.

* focused, in-depth analyses of results, against background of curricula and syl-
labuses.

* continuous discussions with those responsible for development and imple-
mentation of governing documents.

* a forward-thinking contact with the research and teacher-training communi-
ties, with discussions about didactic questions that should be answered with
the help of the evaluation instruments.
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Sweden is at present participating in a number of international studies (PISA,
PIRLS, TIMSS years 4 and 8, TIMSS advanced and ICCS). These are control-
led, to a great extent, by international organisations and consortia. The possi-
bilities for Sweden to exert any influence on the design of such studies are natu-
rally limited. It is at the same time important from a national perspective to be
able to assess pupils’ knowledge and knowledge development. An alternative to
participation in international studies is that Sweden conducts its own, national
survey and this has taken place through, for instance, the national assessment of
2003 (NU 03).

The realization of studies at a national level means that they can be adapted
to Swedish circumstances and that the results can be clearly related to the goals
for Swedish schools. This is one advantage of nationally designed studies. Dis-
advantages are that the costs for the development of instruments and the analy-
ses have to be borne by Sweden alone, and that the results cannot be compared
with those of other countries. This favours participation in the international
studies. On the other hand, there is a risk that the Swedish goals will be second-
ary to the goals and frameworks formulated for the international studies and
that the Swedish goals will be neglected.

One possible alternative could be that the result of the national test be used
to assess knowledge level and knowledge development. A closer examination
of results of different national tests shows, however, that they do not suit such
tasks particularly well. This is because, quite simply, they are not constructed
for such purposes but rather to support teachers in their interpretation of course
goals and grading criteria (if grades are to be awarded), thus promoting fair,
impartial grading. The choice is between specially developed, national instru-
ments or participation in international studies, or a well-balanced combination
of both. The international studies also provide possibilities for national supple-
ments both with regard to background information as well as cognitive aspects.

Yet another important aspect to consider when weighing participating in
international studies against the performance of national assessments is the in-
ternational studies’ higher level of statistical strength and higher degree of gen-
eralisation, due to the rotating design that is characteristic of them. Such design
can theoretically be transferred to national assessments, of course, but due to the
extremely high costs involved in such design, it would in reality not be possible
for an individual country to develop sophisticated studies of that type.

So, how well do the frameworks for the international studies agree with the
Swedish curricula and syllabuses? Do we risk losing our distinctive national
character? Or are our pupils’ results assessed on incorrect grounds, such as that
they have never been given the opportunity in school of learning what is asked
for in the different studies because Swedish goals differ from what is being
tested?

To find answers to such questions, the types of analyses presented in this
report are important in helping us to understand and interpret the results from
the national as well as the international studies. The analyses are also of decisive
significance as regards the decisions that should be made in respect of participa-
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tion in different international studies and also as regards any planning of na-
tional assessments.

The results presented here for mathematics and science are interesting in
many ways and lead to the following conclusions:

Firstly, there seems to be a fairly high degree of international consensus —
Sweden included — as to what a good level of knowledge/ability in mathematics
and science means. This implies that international studies in mathematics and
science can be said to have high relevance to the extent that their frameworks as
well as their concretisation in the form of questions give a good reflection of the
Swedish syllabuses.

In the discussion regarding international studies’ possible effect on national
governing documents, misgivings have been expressed about the risks of inter-
national organisations taking over, formulating, in the future, a kind of global
syllabus and curriculum. The results show that the concordance between Swed-
ish syllabuses and their concretisation in national tests and (modern) interna-
tional frameworks is rather good. This is not particularly surprising considering
that we live in a time of globalisation and internationalisation. Nonetheless, the
empirical evidence is important.

Secondly, the analyses show that both the TIMSS and PISA studies comple-
ment each other extremely well. The mathematics framework in TIMSS and
the Swedish governing documents in mathematics correspond well in respect of
the classical grouping of subject matter, while the science framework in PISA
corresponds well with the Swedish syllabuses through the emphasis on processes
within scientific knowledge in both documents.

The analysis on the question level shows that, with regard to content, TIMSS
has the broader coverage in relation to the factual knowledge sought in both
the mathematics and science syllabuses. From the cognitive point of view, PISA
and TIMSS do not differ with regard to mathematics, while this is not the case
in science since the goals there have been structured in a different way from the
mathematics goals. As regards knowledge of concepts and phenomena, the goals
are covered more comprehensively by TIMSS, while PISA to a greater extent
covers the goals for the scientific activity as well as, to a certain degree, the use
of scientific knowledge.

Thirdly, it can be stated that with regard to studies of mathematics and sci-
ence/scientific knowledge, the results in this report indicate that the interna-
tional studies fulfil their purpose well, of testing the level of knowledge and
knowledge development in the subjects in question, even from a Swedish na-
tional perspective.
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