


figure 11

modelling is supported with the help of a modelling software dynasys
(Hupfeld 2003).

Metareflections about modelling are used to support the model thinking of
students.

Dynamic modelling means an iterative process of model development (figure
10). A scientific model is constructed in the first step of this process. The
applicability of this model is tested with the help of a comparison with empirical
data. If necessary the model is revised.

Dynamic modelling of mechanical oscillations. In the first project, physics
instruction for teaching mechanical oscillations is developed for students of
grade 11 (Wiinscher et al., 2004, Wiinscher et al., 2005). The emphasis of this
teaching unit is that students investigate different mechanical oscillation
phenomena. For this purpose the students use the computer as measuring
instrument. The left side of figure 11 present an example of an experimental
setup. Students are also introduced to dynamic modelling with the software
dynasys. An example of a dynasys model is presented on the right side in figure
11.

Dynamic modelling: Thermohaline Circulation. In a second project the
development of models is the focus of physics instruction (Thiele et al., 2004,
Thiele et al., 2005). Marco Thiele developed a teaching unit about dynamic
modelling of phenomena in the field of climate change. Starting point of the
discussion is reconstruction of paleotemperatures from ice cores that reveals a
dramatically behaviour. The thermohaline circulation can be used as one
possible explanation. The teaching unit begins with the question: Could the
thermohaline circulation break down as shown in the movie “The day after
tomorrow”?
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Then students develop step by step a minimalist model for the thermohaline
circulation presented on the left side in figure 12.

1. Introduction: Climate and Thermohaline Circulation

Guiding question: Could the THC break down as
shown in the movie ,The Day after Tomorrow"?

2. lterative development of a minimal model for
the THC

3. Discussion about scope and limitations in
every cycle

——— e

BO)( 1 Box 2 THE DAY AFTER TOMORROW
S s2()
T 1T 4. Conclusion discussion Jia
m(t] +F ‘-]"-'
Thesis of Marco Thiele o
figure 12

In this unit, students assume the ocean as two boxes. Currents between these
boxes can be observed. Reasons of the currents between the boxes are a
different salt content, a mostly constant temperature difference and a fresh water
stream. The students investigate these variables to explain the thermohaline
circulation. Furthermore, they get to know that such minimalist model can
explain a dramatically behaviour.

3. Scientific modelling as a key concept of the project “Physics in Context”

3.1 Some basic facts of “Physics in Context”

“Physics in Context”, called piko, is designed to improve students’ scientific
literacy in physics. The project is based on the idea that physics instruction can
be improved by the development of teachers’ pedagogical content knowledge.
We think that instruction that is based on a more constructivist view of teaching
and learning can provide better learning opportunities for students.
The program is founded by the German ministry for education and research (see
Miiller, Mikelskis-Seifert & Duit, 2005). It is organised by several people at the
IPN in Kiel. Researchers of science education at the IPN in Kiel work together
with about 160 teachers from 11 federal states and colleagues from four other
German universities (in Paderborn, in Kassel, in Berlin and in Ludwigsburg).
The general aims of the program are:

1. Development, implementation and evaluation of new materials, ideas and

instructional environments for physics instruction.

2. Development of teachers’ content-specific pedagogical knowledge.

Teachers are informed about ideas and findings from educational research to
guide them to a more constructivist view of teaching and learning.

Learning is embedded in contexts. In our project, we take three types of contexts
into account: first, contexts from every day life, technology and society, second,
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the learning environment as the context in which learning takes place for
students, and third, learning outside school.

3.2 Guidelines of piko

The program is based on three fundamental guidelines.

First - a new culture of teaching and learning is to be developed. That means,
very briefly, a way of teaching oriented at constructivist ideas including a wide
variety of instructional methods that deliberately support students’ learning and
give the chance for self-guided and self-regulated work.

Second — physics instruction in Germany — and elsewhere — usually i1s restricted
to teaching physics concepts and principles. Science processes and views of the
nature of science are usually not extensive discussed in physics instruction.
Therefore, improve students’ competencies of thinking and working like
scientists is a compulsory issues in all schoolsets. Modelling plays a significant
role.

Third we want to integrate topics of modern physics and technology in physics
instruction. Physics instruction usually provides a view of physics that mirrors at
best the state at the end of the 19" century. For students, this perspective often is
not very interesting.

In a Ph.D. project, a teaching unit about modelling in nanoscience is developed
(Hackl et al., 2005, Hackl et al., 2006)).

We also integrate modern technologies in physics instruction. The aim is for
instance that students can experience physics concepts like acceleration. An
example is a sensor which measures the change of acceleration when jumping
up (Mikelskis-Seifert & Roesler, 2006).

3.3 How can students’ competencies of thinking and working like scientists be
fostered in grade 6?2

Learning about scientific processes. It is essential to explicitly deal with
scientific processes from the start of science instruction (Mikelskis-Seifert,
Miiller & Duit, 2005). The basic idea of distinction between the world of
experiences and the world of models already mentioned plays an essential role.
In the world of experiences the main activities are: observing processes guided
by particular questions; developing and testing hypotheses concerning
phenomena by simple and self-designed experiments; realizing simple
experiments and drawing conclusions; discussing and reflecting empirical
methods. The main activities in the world of models can be illustrated by three
activities: reflected construction of models in order to explain phenomena;
discussing and reflecting the nature of models and the process of modelling;
testing the applicability and showing the limitations of models.
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figure 13

How can learning about scientific processes be set into practice? Instruction
is organised as a kind of inquiry learning. For instance, students classify, do
simple experiments and build models. An important objective for students is to
learn about scientific processes, particularly to learn about scientific modelling.
Teaching about scientific processes is structured in six phases. In the first and
second phase, students get to know the
following activities in the world of experiences:
observing, describing, classifying and
measuring (figure 13).

The transition into the world of models takes
place in the third phase, when the activities
“selecting” and “simplifying” are introduced.
At this stage, students are introduced into the
aspects of models. In this phase they build
functional models, for instance a model eye, figure 14

model of a lifting platform or model of a

volcano. The thorough discussion about differences between models and
originals is very important for developing an adequate understanding of models.
Black boxes play a significant role (figure 14). They are in focus during the
fourth phase.

In the fifth phase, students observe and explain various phenomena. For
instance, they investigate the solving of sugar in water.

In the last phase, the students are asked to think about scientific processes that
they have carried out. The students are also asked to reflect on the ideas that
they developed. The poster presented in figure 13 is displayed in the classroom.
This poster illustrates the distinction between the world of experiences and the
world of models.
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What is the outcome of learning about scientific processes? Teaching about
scientific processes was tested in the German federal state Brandenburg
(Mikelskis-Seifert, Miiller, Duit, 2005). About 200 students participated in the
piko-project in Brandenburg. About 100 students were also asked as a control

group.
Study in grades 5 and 6:

population with intervention: piko-group (N=200)
population without intervention: control group (N=100)

teaching unit about teaching about scientific processes

scientific processes in the areas of optics, mechanics 4

pretest: intermediate test: posttest:
questionnaire questionnaire questionnaire

3 months _|
g

9 months

»
»

figure 15

At the beginning of the year, a pre-test was carried out (figure 15). A
questionnaire with different scales of affective variables and students’
estimations of teaching process was used. An intermediate test, which was
conducted directly following teaching unit about scientific processes, used the
same instrument.

Following this teaching unit students learn more about scientific processes in the
areas of optics and mechanics. At the end of the year, a post-test with the same
instrument was carried out. In this paper, the results of the analysis of the pre-
and post-test will be discussed. Furthermore, the effects in the piko-group and
results in the control group will be compared.

The results displayed in figure 16 show a relatively high interest in physics, high
self-assessed pleasure and high self-assessed competence at the beginning of the
elementary instruction in physics in the piko-group. In the post-test, significant
changes in all affective variables can not be found. This can be interpreted as a
pleasing development of these variables for students in the first year of physics
instruction. From empirical studies we know that German students lose their
interest in physics or their self-assessed competence during school and also
during the first year of physics instruction. Thus one can assume that the
development of affective variables is positive in the piko-group.
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Selected results of the evaluation:
Development of affective variables

—o—interest in physics —— leisure interest in physics
o— self-assessed pleasure -+ self-assessed competence in physics
3,00
2,50 - . ¢
P ¢ <
2,00 i — Cr—
o . - iy
g 1,50 — ’ — d=0,8
1,00
0,50
0,00
pretest posttest pretest posttes'
piko-group control group
figure 16

In comparison to the piko-group significant declines in experienced pleasure and
self-assessed competence for students in the control group can be observed,
similar as the results in the literature. In contrast the interest in physics remains
on a relatively high level in the control group.

—o— interest in physics GIRLS —+— leisure interest in physics
200 < self-assessed pleasure —o— self-assessed competence in physics
2,50 o o
° ©
2,00 o— . _—
1,50 iﬁ N t\* -
% d=
1,00
0,50
0,00
pretest | posttest pretest posttest
piko-group control group
figure 17

For girls, the results of the data analysis show a significant loss of experienced
pleasure when doing physics in the piko-group and in the control group, but the
loss of pleasure is remarkably higher in the control group (figure 17).
Remarkable differences one find for the development of self-assessed
competence: While the experienced competence remains on a high level from
pre- to posttest for girls in the piko-group, the experienced competence
decreases significantly for girls in the control group.
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For boys, the affective variables remain on a high level in the piko-group (figure
18). Boys in the control group, on the other hand, show significant decreases of
experienced competence and experienced pleasure when doing physics.

—o— interest in physics BOYS = leisure interest in physics
o— self-assessed pleasure —o— self-assessed competence in physics
3,00
&

2,50 - .

o— e ’\_ﬁ
2’00 | \
150 - — — _ 0=0,6
1,00
0,50 A
0,00

pretest | posttest pretest posttest
piko-group control group
figure 18

Conclusions. The following first conclusions may be drawn. The results show a
more pleasing development of affective variables for students in the piko-group.
In comparison to the piko-group significant declines in pleasure and self-
assessed competence for students occur in the control group. It appears that
piko-instruction supports the experience of a positive self-assessed competence
for boys as well as for girls. In comparison to common instruction the piko-
instruction is characterized by significantly more inquiry activities.

3.4 How can scientific modelling be promoted?

In summary, scientific modelling has proven a key science process.
Understanding physics is not possible without an adequate understanding of the
interplay of modelling and experimenting in the development of physics
knowledge as well as in school. That also means that an appropriate thinking in
terms of models is necessary. From the results of the empirical studies
conditions for a successful learning about modelling can be drawn:

1. making the teachers aware of the aims and the conception of learning

about modelling,

2. providing various possibilities, in which students learn scientific
modelling,

3. providing continuous and deliberate discussion and reflection about
scientific modelling over the school years.
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