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PISA 2006 Scientific Literacy
Assessment

%" Framework for PISA 2006
Scientific Literacy Assessment

The PISA 2006 assessment emphasizes science competencies,
defined in terms of an individual’s:
Scientific knowledge and use of that knowledge to...
...identify scientific issues,
...explain scientific phenomena, and
...draw evidence-based conclusions about science-related
issues
Understanding of science as a form of human knowledge and
enquiry
Awareness of how science and technology shape our material,
intellectual and cultural environments
Willingness to engage with science-related issues
A large proportion of complex open-ended tasks which can be
classified in several ways.
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! ACID RAIN - Question 2 (S485Q02)

Below is a photo of statues |
called Caryatids that were :
built on the Acropolis in
Athens more than 2500
years ago. The statues are |
made of a type of rock called |-
marble. Marble is composed | #
of calcium carbonate i |
4
i

¥ A

In 1980, the original statues were transferred inside the museum of the
Acropolis and were replaced by replicas. The original statues were
being eaten away by acid rain.

Normal rain is slightly acidic because it has absorbed some carbon
dioxide from the air. Acid rain is more acidic than normal rain because
it has absorbed gases like sulphur oxides and nitrogen oxides as well.
Where do these sulphur oxides and nitrogen oxides in the air come

from?
5
‘ Students’ PISA scores in different competence
. categories and knowledge areas
Identifying scientific issues — L — Finland
—5—Sweden
—O0—Denmark
Explaining scientific phenomena - ——Norway
Drawing evidence-based conclusions | —#-Japan
about science-related issues ——New Zealand
—#-Canada
Knowledge about science —x=UK
—X-Portugal
Earth and Space T [ \A
Living systems | >
450 500 550 600
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Country percentile scores compared to the
‘ OECD average percentile scores in PISA 2006
. science scale

—i— Finland

90 —8— Canada

—o— Sweden
70 \ —O— Denmark
—C— Norwa
50 Y
J/>-VF\- —+=— Estonia
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307 AN UK

=X=Portugal
—SHA'.\—"J'* L . OECD Average

In Finland the
230 weak pupils are
\T“'T not so weak than
) | in other OECD

5%  10% 25%  75%  90%  95%  countries
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Difference.to OECD average in PISA score

‘ Variation in student performance in Science
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i! Students interest to learn about science topics.

B Finland O OECD

Human biology
Topics in astronomy
Topics in physics
Topics in chemistry
The biology of plants
Topics in geology

What is required for scientific explanations

Ways scientists design experiments

No Low Medium High
Interest Interest Interest Interest
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Finnish Education Policy

‘ International trends, OECD education policy ‘

<
‘ General National Objectives and Education policy ‘ %’
| ~ i 3
National Core Curriculum g
s 4 i —
c
Teacher trainin Study materials Local curriculum (7]
(pre -service an (publishing (municipalities, e
In-service) houses schools) 2
)
\ Science teaching \ 2
{1 I i
| Science learning |
] i) 1
Competitive/ co-operative Parental Voluntary education, like
school culture support cram schools, evening lessons

‘ Unofficial support to science learning
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Main cornerstones of the education policy
(can be found in policy documents)

1. Common, consistent and long-term policy

2. A broad commitment to a vision of a knowledge-based-
society (parents, employers' and labour organisations )

3. Educational equality (comprehensive school free of charge
to all, including books, meals, transport and health care;
well-organized and effective special education).

According to PISA School Questionnaire data

- 97.1% of the schools are public schools (OECD: 82.7%).

- More than 97.5 % of the schools reported that more
than 99% of the funding came from the government.

- 64.3% (33.3%) of the schools reported that students were
not grouped by ability into different classes in any subject12
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s Main cornerstones of the education policy

5. Devolution of decision power and responsibility at the
local level (local authority can levy taxes, plan local
curriculum; organise general assessment and use this
data for evaluating educational policy).

6. The culture of trust (no inspectors, no national exams ...)

According to PISA School Questionnaire data

- in 65.3% of the schools a principal teacher formulates
the school budget (53.2%)

- in 96.0% of the school, principal teacher and teachers
are responsible for disciplinary policy (80.5%)

- in 97.0% of the school, principal teacher and teachers
are responsible for assessment policy (76.9%)

13
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Comprehensive school in Finland
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The Finnish education system

The Finnish education system consists of

comprehensive school (grade 1 - 9),

upper secondary school or vocational school
(grade 10 - 12),
higher education (3 + 2 years) and
adult education.

In 2006, there were 3393 comprehensive schools and
578 918 students in those schools (Tilastokeskus, 2007).

53.3% of the students continued their studies in upper
secondary school and 41.8% in vocational schools
According to PISA 2006 School Questionnaire data, there
were in 49.9% of the classes less than 20 students and in

47.4% of the classes there were 21 — 25 students.

15
‘ Allocation of science subjects to grades in
. comprehensive school
Grade 1 2 3 4 5 6 7 8 9 10 11 12
Students” |7 8 9 10 11 12 13 14 15 16 17 18
age
Level primary school lower secondary upper secondary
: : school school, high school
Comprehensive school, Basic education
Science Integrated environmental | Integrated Separate: Separate:
subjects and natural studies Biology and Biology 1.2 hours Biology 2+3 courses
geography Geography 1.2 hours | Geography 2+2
)1/‘e5a:1 oursiveed Physics 1.2 hours ICZ‘%L;:?Z 1+7 courses
Integrated Chemistry 1.2 hours Chemistryl+4 courses
Altogether 9 hoursiweek/4year | Physics and Iweeklyear Health education
= 2.25 hours/week/year chemistry Health education
1 hours/week/ | 1 hours/week/year
year
Compulsory/| C C+0 |0
Optional

16
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‘ Nature of a teaching/learning process in
. Finnish national science curriculum

The starting points for science instruction are the
students' prior knowledge, skills, and experiences, and
their observations and investigations ...

... From these, the instruction progresses towards the
concepts and models (Not a discovery approach!)
The purpose of science education is to help the students
(i) to perceive the nature of science;
(ii) to learn new concepts, principles, and models;
(iii) to develop skills in experimental work and
(iv) cooperation; and
(v) to stimulate the students to study science (interest).”
the role of a teacher is emphasised in the process.

17

‘ Examples of goals for learning
scientific method:

The pupils will learn in physics and chemistry:

- scientific skills, such as the formulation of questions ...,

- to_make observations and measurements,

- to look for information on the subject of study,

- to make, compare, and classify observations, measurements,
and conclusions;

- to present and test a hypothesis,

- to process, present and interpret results,

- to formulate simple models, to use them in explaining ...,

- to make conclusions about their observations and
measurements and recognize the causal relationships
associated with the properties of natural phenomena

- to carry out simple scientific experiments clarifying the
properties of phenomena.

18
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Examples of contents of physical systems:

- producing heat, light (grades 5 — 6),

- motion and equilibrium due to forces (grades 5 — 6),

- natural structures and proportions (grades 7 — 9),

- motion and forces, models of uniform and uniformly
accelerating motion (grades 7 — 9) ,

- various basic phenomena of vibrations and wave motion;
production, detection, observation, reflection, and refraction of
wave motion (grades 7 — 9),

- interpretation of chemical reaction equations and the balancing
of simple reaction equations (grades 7 — 9),

- composition of air; the atmosphere (grades 7 —9),

- properties of water and its importance as a solvent;
investigation of natural waters; water purification (grades 7-9).

19
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PISA 2006 framework for scientific literacy

... capacity to use scientific knowledge, to identify
guestions and to draw evidence-based conclusions in
order to understand and help make decisions about the
natural world and the changes made to it through human
activity. ...

The OECD definition of scientific literacy fits well with the
goals for science education in Finland

20
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mallin avulla.

(3)=——Valo heijastuu aineiden
rajapinnassa

Valo kulkee suoraviivaisesti, mutta sen kulku-
suunta voi muuttua aineiden rajopinnassa. Osa
valosta heijastuu pinnasta, osa faittuu siing ja
0sa Tmeytyy sithen.

Suoran SUUNABN 2|

. Introduction to the
n 3 ) theme of the chapter
“_ Sdhks- w

A demonstration about
magnetic interaction
between a wire and a
magnet

magneetti

siihkbmagneetin taimintaan.

Emphasis of important
natural law

Virtajohtimen

magneettikenttd
Kun 4,5 voltin paristo ofkesuljelaan johtimella,
Jjohtimessa kulkee suuri sdhkvirta. Jos johtimen
lhelle tuodaan kompassi, kompassin neula kiidn-
tyy koftisuorasti j aslaan. Johdin, joss:
kulkee sihkivirta,

Johdin, jossa kulkee séhkovirta, on

kestomagneetin kanssa.

s virlajohtimen ymparille
gneellikenttid kuvataan sul-

Sihkovirta sy
magneettikent:
Keutuvilla ympyrd

Magneettikentin kenttiviivat ovar johtimen

vl oledi ynpyrSic

gz s

A model for observed
phenomena
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EXTRA

Vedestd energisa ——— |

Korkealla vuoristojarvessa oleva vesi on inmiselle
hybdyllisempai kuin sama maéra vetta merenpin-
nan tasolla. Yuoristossa sijaitsevan jérven vedelld
on runsaasti potentiaalienergiaa, jos vertailutaso-
na on merenpinta. Potentiaalienergia muuttuu
veden liike-energiaksi, kun vesi virtaa alas vuoris-
tasta. Veden like-energialla voidaan pyorittas tur-
bilnia ja siihen yhdistettyd generaattoria. Gene-
raattori synnyttas sihkos.

sehkdgenzrearrori

A Virtoavan veden like-energioa kéytetdiin
hyddyksi stihken tuctannossa: virtaava vesi pyéirittad
turbiinio, joka puolestoun pyorittad gensraattoria.

o
e

Kemiallinen energia ja ihminen — ——

Elintoiminnot perustuvat soluissa tapahtuviin energi-
aa vapauttaviin prosesseihin. Kasvit sitovat Auringon
energiaa yhteyttimisessd valmistamaansa sokeriin
Elaimet eivét sen sijaan pysty sitomaan suorazan Au-
ringon energiaa, joten niiden on hankittava raken-
nusaineensa ja energiansa joko syémilli kasveja tai
toisia eldimid,

Lahes kaikkien solujen energiahuollon perustana on

Urheilijat hyodyntéva
Kerkeusnyppadjat ottavat pi

Role of science-based
technology: How

wisi kuvitella, etts vauhi o| -~ @lectricity is produced

seen. Syy vauhdinottoon on

voi muuttaa sk vauhdinord  IN @ water power

energian ettd ponnistuksessa

gian potentiaalienergiaksi. Pj Statlon

Vil samoin, ja moni pikajuok
lajinaan pituushyppya.

A wiita suurempi nopeus, sitd|
energia ja pitempi hyopy.
o~ e

.

LAY

Living systems and
energy: How kinetic
energy is transferred.

sokeri, glukoosi, josta energia siil
aa sitoviin molekyyleihin. Naiss3
neena kemiallisiin sidoksiin ja hel
tarpeen tullen vapautettavissa.

Chemical energy and
human being

Ihminen tarvitsee energiaa aineenvaihduntaan,

n, uusieny

vanhenevien ja tuhoutuneiden solujen korvaamisecn
uusilla. Osa energiasta vapautuu lampdenrergiana.

P et

n sekd

23
3. Liukukitkatutkimuksia
Vilineet
® jousivaaka
® kitkakappale
® punnuksia s
* hiekkapaperia ‘
® pyyhe tai talous- -
paperia
® Laadi lista seikoistn, jotka voisivat vamkygtaa k leen in ndvdin vilisen
kitkan suuruuteen. Some ideas how the
d Ked t phenomena will be
St_u ents are as le 0 - investigated
think about possible
reasons for friction. s==bSosss
Suunnittele, miten tutkisit n&itd seikkoja, ja toteuta tutkimukset.
e Tutkimusten perusteella kitkaan voikuttavat seuraavat asiat:
Students are asked to / Students are asked to
make conclusions | compare their
based on their conclusions and
investigations. hypothesis.
o Vertaa cnnusteitasi ja tutkimustuloksiusi. Pitiké ennusteesi paikkansa?
24
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A subject teacher

I typically teaches at grades 7 to 12 (ages 13 to 19)

" is qualified for teaching positions in all kinds of schools in
his or her major or minor subject

I teaches typically one major and one minor subjects (e.g.
math and physics)

A primary school teacher

" teaches at grades 1 to 6 (ages 7 to 13)
I” teaches typically all 13 subjects

26
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Structure of the master degree
of a primary teacher: 3 + 2 years

‘- Bachelor’s level (180 p.) O Master's level (120 p.) ‘

180
160
140 T— Master-
thesis
120 T—
o)
£ 100 {—
2
> 80 7
e
=]
& 60 7
40
20
o
Major subsidiary Minor Communication
Subject subject Subject and language
Education studies studies
27
! Subject teacher’s Master’s degree
Master's degree: 3 + 2 years (180 + 120 credits)
Major subject (e.g. physics) 120 credits
1. minor subject (e.g. chemistry) 60 credits
2. minor subject (pedagogical studies) 60 credits
Language and communication studies
Competent to continue postgraduate studies
28
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-

Study points

Structure of the master degree
of a subject teacher: 3 + 2 years

‘l Bachelor's level (180 p.) @ Master's level (120 p.) ‘

180

160

140 1+ Master-

120 1
100 T

80 7
60
40 T
20

0

thesis

Major Minor Pedagogical Communication
Subject Subject studies and language
studies

29

»

Basic strategies guiding planning of the
teacher education

Research-based teacher education
(University’s strategy)

Wide pedagogical competence through teacher
education: from primary schools to polytechnics
(Ministry of Education)

Based on national and local strategies science teacher
education have been developed in Finnish universities
locally

30
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Teacher Education Development Programme
‘ (2002): The teacher education programmes
. should help students to acquire:

high-level subject knowledge and pedagogical content
knowledge, and knowledge about nature of knowledge,
academic skills, like research skills; skills to use
pedagogically Information and Communication Technology,
skills needed in processes of developing a curricula,

social skills, like communication skills; skill to cooperate with
other teachers,

knowledge about school as an institute and its connections to
the society (school community and partners, local contexts
and stakeholders),

moral knowledge and skills, like social and moral code of the
teaching profession,

skills needed in developing one’s own teaching and the
teaching profession.

31

‘ Subject teacher education at the
. University of Helsinki

University of Helsinki (11 faculties, 38 000 students, 7 400 staff members)

Faculty
of
Theology

Faculty Faculty
of of
Science Biosciences

Faculty
of
Social
Scienc

Faculty of
Behavioural
Sciences

Teacher | Dept. of
Training || Applied Sci
Schools || Egacation

Faculty
of

LUrricurdm [

experts from va

ject teacher edugation section, .pedagogical studi
g‘kiﬁ rious organisations
—

Music
Art Academy
Academy (Sibelius Theatre
(Ateneum) Academy) Academy

32
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Expertise needed in the profession of a science teacher

‘ Agreed together with university teachers working in science

& teacher education in the University of Helsinki

1. Subject knowledge and skills:
= well organised knowledge structure (expert)
= understanding nature of knowledge and how knowledge is
acquired in the subject (e.g. nature of experiments),

2. Pedagogical knowledge and skills:
= an expert teacher can plan, implement and evaluate
learning activities and learning (psychological,
philosophical, historical and sociological background)
= competence to choose a variety of teaching and
motivation methods

3. Competence for continuous professional development:
= readiness to learn new subject and pedagogical knowledge
and skills (teacher as a researcher)
= skills for reflective thinking and collaborative working

33
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How science is taught in Finland
(evaluated by the students)
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Teaching method

“Teaching method” is used here as a synonym for a

- learning or instructional method/model/strategy,

- student activity or classroom practice.

Teaching methods are

- goal-oriented and

- emphasise social interaction among students and
between students and the teacher.

35
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Teaching Methods in Science Education in
Finland

There is little research which describes what really happens
in Finnish science classrooms.

Norris et al. (1996) observed science lessons and
interviewed teachers and students in 50 lower and upper
secondary schools. They conclude that teachers were
pedagogically conservative, and the teaching and learning
traditional, mainly involving frontal teaching of the whole
group of students. However, during science lessons there
were a lot of practical work.

Simola (2005) explains that this kind of behaviour of a
teacher is supported by social trust and teachers’ high
professional academic status. It is possible to teach in the
“traditional” way in Finland because teachers believe in their

“traditional” role and pupils accept their “traditional” position.q .

18
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Experiments

Students spend time in the laboratory doing experiments

Students are given the chance to choose their own

Students are allowed to design their own experiments

According to PISA 2006 Student questionnaire:
Activities dealing with practical work

B Finland [ OECD Average

Students are asked to draw conclusions
From their experiments

Students do experiments by following the
instructions of the teacher

are done by the teacher as demonstrations

Students do an investigation to test out
their own ideas

Students are required to design how
science question could be investigated

investigations

never or hardly never (1) in most lessons (3)
in some lessons (2) in all lessons (4)

37
L} . . -
‘ According to PISA 2006 Student questionnaire:
. Activities dealing with student talk
M Finland [ OECD Average
l
Students are given opportunities to explain their ideas’
The lessons involve students’ opinions about the topics'
Students have discussions about the topics
The students are asked to apply a school science
concept to everyday problems
There is a class debate or discussion
never or hardly never (1) in most lessons (3)
in some lessons (2) in all lessons (4)
38
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‘.; According to PISA 2006 Student questionnaire:
Activities dealing with teacher talk

B Finland [0 OECD Average

The teacher explains science ideas can

be applied

The teacher explains the relevance of
science concepts to our lives

The teacher help

students understand the world outside school
The teacher uses examples of technological
to show how science relevance

never or hardly never (1) in most lessons (3)
in some lessons (2) in all lessons (4)

39
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Explanations Made Based on PISA 2000 and
2003 Results by Jyvaskyla group

Finnish students’ success in PISA was explained with
comprehensive school pedagogy, students’ own interests
and leisure activities, the structure of the education
system, teacher education, school practices, and Finnish
culture — shortly pedagogical philosophy and practice
(Vvalijarvi, Linnakyla, Kupari, Reinikainen & Arffman, 2002)
On the basis of the multilevel modelling procedure
affective factors particularly students’ self-concept related
to mathematics were the strongest predictors of
performance variation in mathematical literacy. (Valijarvi,
Kupari, Linnakyld, Reinikainen, Sulkunen, Térnroos &
Arffman, 2007).

41
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Conclusions Made Based on the Book “How
Finns Learn Mathematics and Science?”

Editors (Pehkonen, Ahtee & Lavonen, 2007) suggest based
on 40 Finnish mathematics, physics and chemistry teachers’
educators and researchers several reasons for the success:
the general education policy and its implementation
strategies, especially high quality teacher education
and national core curriculum and its realisation through
science teaching in the classroom,
realisation of the core curriculum through local level
decisions making (no inspectors, no national evaluation
of learning materials, nor national assessment
Finnish teachers are educated to be autonomous and
reflective academic experts,

Finnish pupils’ good understanding in reading.
42
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‘ Aho, Pitkanen & Sahlberg: Policy Development
and Reform Principles of Basic and Secondary
Education in Finland ... (The world bank)

A stable political environment for education reforms which
have been based on long-term vision, hard work, good will
and consensus.

Political, cultural and economical success of the educational
system and its interaction with other sectors.

Education reform has been evolutionary rather than
revolutionary.

Comprehensive school that offers all children the same top
quality, publicly financed education.

Laukkanen (2008) discuss similar issues and presents
following reasons: high standards in education, support for
special education, qualified teachers, and balancing
decentralism and centralism.

43

Obvious reason for Finnish students success
‘*.. in PISA 2006 science items based on
. preliminary analysis of PISA 2006 data

Finnish culture: trust for education, high status of teachers
Education policy:
Videly accepted vision of a knowledge-based-society
Educational equality
Devolution of decision power and responsibility at
the local level
Trust
Comprehensive school:
Goals for science education and textbooks
The headmasters work as a pedagogical director
School practices: several subjects, lunches, small
groups, high quality equipments, special education
Teacher education

44
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Comparison of Finnish education policy to the
‘ global education movements
. (Hargreaves, Earl, Shawn & Manning, 2001, Sahlberg, 2004)

Global Education Reform Movement

Education development in Finland

Standardization

Standards for schools, teachers and
students to improve the quality of
outcomes

Flexibility and diversity

School-based curriculum development,
networking through steering by information
and support.

Literacy and numeracy

Basic knowledge and skills in reading,
writing, mathematics and science

(= prime targets of education reform).

Broad knowledge

Focus on broad learning; equal value to all
aspects of individual's growth in personality,
moral, creativity, knowledge and skills.

Consequential accountability

The school performance is closely tied to
the “inspection” and ultimately rewarding
or punishing schools and teachers.

Trust through professionalism

Culture of trust that values teachers’ and
headmasters’ professionalism in judging
what is best for students and in reporting on
progress of their learning.

45
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