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Importance of the order of demonstrations in
changing pupils’ conceptions

Abstract

Conceptual change is concerned with the question of how a teacher can connect pupils’ prior know-
ledge with the new content to be learned. Fifth and ninth graders were asked to compare the weights
of two objects suspended in a pulley in balance in three different positions. Pupils’ conclusions and ar-
guments were classified for each demonstration. The proportion of the pupils who concluded after the
last demonstration that both objects weighed the same depended on the order of the demonstrations
and varied from 60% to 90%. Teachers may consider the demonstrations to be alike but pupils experi-
ence them as different. Pupils tend to rely on the concrete and familiar models they have used earlier.
Therefore it is important that teachers help pupils to look for more general explanations behind the
phenomenon, and that the pupils are aware of their preconceptions.

INTRODUCTION

George Atwood (1746-1807) developed an apparatus, the so-called Atwood’s machine, to demon-
strate Newton’s second law of motion to students. Atwood’s machine is in principle a pulley that
shows the effect of gravity on the accelerating motion. In this study we have used a pulley to help
pupils to become aware of their misconceptions related to the effects of gravity and thus to pro-
mote their conceptual change towards scientific thinking.

There are many studies that show the various conceptions pupils bring with them to the classroom
when they start learning science (Pfundt & Duit 2001). Teaching methods based on e.g. conceptu-
al conflict and analogies have been developed to change these pupils’ ideas (Driver, Asoko, Leach,
Mortimer & Scott 1994). Changing pupils’ preconceptions is not easy and it takes a long time.
It has also been pointed out that cognitive conflict strategies do not always lead to conceptual
change (Dekkers & Thijs 1998). Familiar and often used explanations come first to mind when
pupils are making predictions of new events or in new situations.
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REVIEW OF LITERATURE

According to the constructivist view of learning the pupil is seen as an active builder of her know-
ledge. In order for learning to take place it is necessary to connect new knowledge with the
student’s existing knowledge structure. Scientific explanations of physical phenomena often differ
from and are in conflict with intuitive ideas based on everyday experiences. Conceptual change
is related to how a teacher can help students to connect their prior knowledge with the new
content to be learned. Theoretical models to explain conceptual change have been developed
(Posner, Strike, Hewson & Gretzog 1982; diSessa 1993; Chi, Slotta & de Leeuw 1994; Vosniadou
1994; Vosniadou & Ioannides 1998). According to these models learning requires the significant
reorganization of existing knowledge structures. Cognitive conflict, i.e. the realisation of the need
to change existing ideas, is the first step toward conceptual change. In addition, students need
to be convinced that the scientific conceptions are more intelligible, plausible, and fruitful than
their own conceptions (Posner et al. 1982). Tao and Gunstone (1999) found, when studying the
process of conceptual change in force and motion using computer simulation programs, that con-
ceptual change for many students was context dependent and unstable. In addition, it has been
stressed that also motivational and affective factors as well as recognition that science is socially
constructed has to be taken into account in models of conceptual change (Pintrich, Marx & Boyle
1993; Tyson, Venville, Harrison & Treagust 1997; Lee, Kwon, Park, Kim, Kwon & Park 2003).

Vosniadou (1994, 2001) defines mental models as a form of mental representation that preserves
the structure of that which it represents. These dynamic and evolving models can be manipulated
and changed by the individual. Pupils use them particularly in situations where implicit physical
knowledge needs to be exploited for the purpose of answering questions, solving problems or in
order to understand incoming information. Vosniadou assumes that most mental models are crea-
ted on the spot to deal with the demands of specific problem-solving situations. However, some
mental models that have proven useful in the past are stored as separate structures and retrieved
from long-term memory when needed. Chinn and Brewer (1998) have pointed out that anomalous
data are a key component of many instructional methods of a constructivist nature in fostering
knowledge change in science. They have also stated that anomalous data often fail to promote
conceptual change as students may discredit or discount them.

Understanding physics demands concentration and hard work from a pupil because of the reorga-
nization of existing conceptual structures and the creation of new representations. Bao and Redish
(2003) point out that different learning contexts may lead to different mental processes, either to
activation or to creation. If the setting of a context is familiar to pupils from their experiences, this
context can activate existing knowledge that is then applied to form a response. If, however, there
are no good matches with the experiences, it is then more likely that the pupils will create a new
type of explanation on the spot. The dominant process depends on the familiarity of the content
knowledge.

Earlier fixed conceptions hinder a new way of thinking. When people meet a new phenomenon
they generally try to apply old and familiar ideas to explain it. When an idea seems to be able to
give a satisfactory explanation of at least some features attention is not paid to other possibilities
any more. It is important to test explanations in many different situations and change the variables
affecting the phenomenon. In this study we wanted to look at how existing and familiar explanati-
ons are used when pupils try to find a more proper explanation for a phenomenon.

Pupils’ conceptions of mass, weight and force

Children acquire a simple conception of weight at a very early stage of their development by pick-
ing up, holding and dropping different objects. They do not distinguish mass from weight until they
have been taught that the weight of an object means the gravitational force exerted by the earth
on the object. On the other hand, common sense conceptions of weight for example as a pressing
force on one’s palm are learned through personal experiences without any deliberate teaching.
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Gradually, with maturation, the conception of weight as quantity of matter develops (Bar, Zinn,
Goldmuntz & Sneider 1994). For many pupils in comprehensive school the more undifferentiated
concept of heaviness is closer to their understanding of weight (Hewson & Hewson 2003). Some
objects like brick have weight while others like pin or hair do not. Children have also other mis-
conceptions like if the shape of an object changes then also its weight changes, or the amount of
matter depends on the form of the container inside which the matter is (Piaget & Inhelder 1974).

According to Galili and Bar (1997) younger children emphasize the active nature of gravity, which
manifests itself as a sensation of weight (a pressing force) and as the ability of an object to perform
certain actions such as breaking other objects when placed or dropped upon them. The passive
nature of gravity, exemplified by things such as resistance to vertical or lateral movement, the con-
nection between weight and amount of substance, or the understanding of density, is recognized
later. Accordingly pupils equate the weight of an object with a sensory experience of weight (such
as a pressing force or the feeling of increased weight caused by acceleration). Pupils may also
equate the sensation of weight with the result of weighing an object on scales. In this case some
pupils consider the weight, which is sensed, to be equal to the experimentally measured weight.
Galili (2001) argues that normal instruction can not resolve the fundamental confusion between
weight, gravitational force and weighing results.

The development of pupils’ force concept has been studied by Ionniades and Vosniadou (2002).
They grouped the observed meanings into two categories: those that appear to be based on every-
day experience (initial theories) and show no influences from Newtonian theory, and those that
have been influenced by instruction or by scientific theory (synthetic theories, Vosniadou 1994).
The younger children thought that force is an internal property of big and heavy objects related to
their weight (internal force meaning), while the older children thought that force is an acquired
property of inanimate object that move, as the result of an agent pushing or pulling them (acquired
force meaning). The acquired force meaning was well established by the age of twelve. It appears
that the children who adopted this meaning of force had differentiated force from weight. There
were also some combinations of the above mentioned internal and acquired meanings that were
called hybrid meanings showing a transition from the internal force to the acquired force. The
hybrid meanings of force are created spontaneously not influenced by instruction. About at the
age of fifteen as a result of instruction, various synthetic meanings of force were created through
assimilation of the notions of gravitational force and the push/pull force.

A common misconception concerns the relationship between motion and force. It has been
shown in many studies that even university students follow the Aristotelian idea that a continuous
action of force is needed to keep an object in motion (McCloskey 1983; Clement 1982; Jimoyian-
nis & Komis 2003).

Young children when comparing two objects of equal weight but different volume will claim that
the larger (less dense) object is lighter. This everyday conception was challenged with the aid of a
pulley in balance. The subsequent demonstrations, however, contain other common preconcep-
tions for example that the lower position indicates the heavier of the two bodies suspended in
the pulley. Gunstone and White (1981) found with a bicycle wheel fastened as a pulley that 27%
of first university physics students reasoned a lower hanging block of wood to be heavier than a
higher hanging bucket of sand (of the same mass). Some of these students even draw inappropriate
analogies to seesaws or beam balances. In Mohapatra’s and Bhattacharyaa’s (1989) pencil-and
paper test about 60% of the ninth graders stated that the downward force on the lower hanging
body was more than that on the higher hanging body even though it was mentioned in the ques-
tion that the two bodies were of equal mass. The researchers concluded that the pupils applied the
image of a physical balance to the case of the pulley. Hakkarainen and Ahtee (2005) have explored
how pupils in 5th, 7th and 9th grade understand forces in equilibrium using the pulley in balance
demonstration. They found that less than 10% of the pupils understood that the hanging bodies
had the same weight.
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These pulley studies give information about pupils’ misconceptions but they do not suggest how
to change these conceptions. In this study we tried to find out how pupils’ thinking works when
they try to figure out an explanation and also to find factors that promote or hinder learning. We
wanted also to find out if it is possible to promote more versatile pupils’ thinking with a series of
demonstrations.

The research questions were:

1. How does the order of the pulley demonstrations affect the pupils’ resulting conception?

2. How do the pupils’ statements about weight change when the order of the demonstration is
changed?

3. How do the pupils’ argumentations change when the demonstration is changed?

4. What are the specific difficulties the pupils encounter with a pulley in balance?

METHOD

Altogether 558 pupils from fifth and ninth grades (average age 11 and 15 years respectively) took
part in this study. During a science lesson four demonstrations were introduced. In the first one
(D1) pupils were asked to compare with their hands the weight of a small standard mass (20 g,
about 2 cm®) and a bigger bag (20 g, about 200 cm®). In the next three demonstrations (D2 - D4)
pupils had to compare the weight of these two objects suspended in a pulley in three different
positions as seen in figure 1.

D2 The bag hangs lower than the standard mass.
D3 The standard mass hangs lower than the bag.
D4 The bag and the standard mass hang at the same level.

In each case pupils were asked to write down what they thought the weight of the standard mass
and the bag would be compared to each other, and also the reasons why they thought so. The
order of the demonstrations D2 to D4 was, however, changed in different teaching units. In group
I the order was D2, D3, and D4, in group II D3, D2, and D4, and in group III D4, D2, and D3.
The number of pupils in the different groups was: fifth grade: group I 97, group 11 91, group III 87,
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Figure 1. Demonstrations used in this study. D1: Compare with your hands the weight of a stan-
dard mass and a bag. D2 - D4: What can you say about the weight of the standard mass and the
bag compared to each other? Why do you think so?
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and ninth grade: group I 100, group II 88, group III 89. The purpose of the manual comparison in
demonstration D1 was firstly to get the pupils to start thinking about the properties of the concepts
weight and volume and to be aware of their own thinking and secondly to find whether there are
any differences between the groupings in the fifth and ninth grade. A chi-squared test was used
and it showed that all three groups in each grade were very alike (in the fifth grade: ¥*(4) = 4.61;
p > 0.1; in the ninth grade: %*(4) = 5.36; p > 0.1).

In the different groups the pupils’ responses were first classified after each demonstration to the
following categories: A. Bag weighs more; B. Standard mass weighs more; C. Standard mass and
bag weigh the same. The arguments were further divided into subcategories: 1. Motion; 2. Po-
sition; 3. Appearance; 4. Material; 5. No argument or confusing idea. Hakkarainen and Ahtee
(2005) found these categories when they analysed the 5th, 7th and 9th graders’ arguments about
two balanced bodies hanging in a pulley. The category Material containing concrete properties
of the hanging bodies was found only among the 5% graders. In the categories of Appearance,
Position and Motion the pupils paid attention correspondingly to the size, position and movement
of the bodies. In the following, short descriptions of the categories are given together with some
examples of pupils’ answers. Pupils’ reasoning in a certain subcategory differs slightly according
to the main category.

1. Motion. The scientifically nearly correct argument is based on the movement of the bag, the
standard mass or the flywheel. This idea includes some notion of the idea of effects of gravity
i.e. of the force concept.

The bag goes upwards and the standard mass downwards (A). The bag has moved down-
wards (B). The bag and the standard mass stay at their positions (C).

2. Position. The argument is based on the positions of the bag and the standard mass.

The standard mass hangs higher (A). The bag hangs lower (B). The standard mass pulls the
bag to the same level (C).

3. Appearance. Attention is paid to the concrete appearance of the bag and the standard
mass.

The standard mass looks heavy (A). The bag is large (B).

4. Material. Concrete properties are given to the bag and the standard mass.

The standard mass is of metal and the bag is of plastic (A). The bag contains something
(B).

5. No argument or confusing idea. In most cases pupils only stated their thought about the
weights of the bag and of the standard mass compared to each other.

The bag is lighter than the standard mass (A). The bag is heavier than the standard mass (B).
Because the bag is larger than the standard mass gravitation affects more on it and therefore
it is lower than the standard mass even though it weighs the same (C).

In this study the changes in the pupils’ answers were followed through the four successive demon-
strations.

According to the earlier work by Hakkarainen (2005) the arguments based on the manual com-
parison were classified into four categories: 1. Pressure, 2. Material, 3. Feeling, 4. No argument or
confusing idea as shown in table 1. The answer was classified under the category Pressure when
the pupil seemed to notice the idea that the size or the area of the object against the palm has an
effect to their estimation: Since the weight of the standard mass is distributed over a smaller area
its mass feels heavier although it probably is not heavier (9" grader). When pupils based their esti-
mation on the material or the content of the bag the answer was classified to the category Material.
The category Feeling contains two ideas, the sensation of weight: It feels heavier (standard mass),
or a result of a contemplation process: It looks heavier (the bag).
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Table 1. The distribution of the 5™ and 9" graders’ arguments for their estimation after the ma-
nual comparison, in percentages. The number of pupils in the 51 grade was 272 and in the 9"
grade 276.

Argument categories 5" graders, % 9" graders, %

Pressure 6 15
Material 43 30
Feeling 1 47
No argument 11 8
REsuLTS

Pupil responses
The changes in the fifth graders’ choices as to the weights of the hanging bodies after the demon-
strations are shown in figure 2.
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Figure 2. The distribution of the fifth graders’ answers I) in group I (97 pupils) with the order of
the demonstrations D1D2D3D4, I1) in group II (91 pupils) with the order of the demonstrations
D1D3D2D4, and I1I) in group 111 (87 pupils) with the order of the demonstrations D1D4D2D3.
Numbers represent per cents of all the pupils. Only the choices exceeding 5% are shown.

After the manual comparison altogether 85% of the fifth graders in group I qualitatively estimated
the standard mass to be heavier than the bag (figure 2). This is very natural as the pressure of the
smaller object on the palm is higher than that of the larger object. When this demonstration series
was planned it was assumed that after showing demonstration D2 many pupils may change their
mind as they may think that the bigger the object the heavier it is. And nearly 50% of the pupils
who had estimated the standard mass heavier changed their mind so that 43% of all the pupils in
group I now stated the bag to weigh more. (The distribution of their arguments is shown in figure
4.) However, also the amount of the pupils who now concluded that the bodies must be of equal
weight grew clearly. The fifth graders’ choices after demonstration D2 changed significantly (X*(2)
= 80.7; p < 0.001) from the original estimations after manual comparison. After the last demon-
stration D4 nearly all the pupils (94%) seemed to be convinced that the standard mass and the
bag weighed the same.

In group II the order of the demonstrations D2 and D3 was changed (figure 2). After demonstrati-
on D3 only some pupils realized that the bag and the standard mass were of equal weight whereas
80% of all the pupils in this group did not find any conflict between their original choice and the
demonstration in which they saw the standard mass to hang lower than the bag. The main change
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in the pupils’ choices happened after demonstration D2. 70% of the pupils in group II concluded
that the bag and the standard mass weighed the same. The pupils’ choices after demonstration D2
differed significantly from their earlier D3 choices (X*(2) = 72.00; p < 0.001). After the last demon-
stration D4 altogether 89% of the pupils made the correct choice. There was no difference between
the choices of the pupils in groups I and II after the last demonstration (X3(1) = 1.401; p > 0.1).

When demonstration D4 was shown as the first one (figure 2) almost 70% of the pupils were
convinced that the bag and the standard mass weighed the same. However, almost 40% of them
changed their mind after demonstration D2. It is interesting to notice that after demonstration
series D4D2D3 less than two-thirds of the pupils reached the correct answer while one-third still
believed that the standard mass is heavier than the bag. When the pupils’ choices are compared
after the last demonstration D4 in the series D2D3D4 and D3D2D4 with those after the last de-
monstration D3 in the series D4D2D3 the difference is significant (¥*(1) = 37.46; p < 0.001).
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Figure 3. The distribution of the ninth graders’ answers I) in group I (100 pupils) with the order of
the demonstrations D1D2D3D4, I1) in group II (88 pupils) with the order of the demonstrations
D1D3D2D4, III) in group I1I (89 pupils) with the order of the demonstrations D1D4D2D3. Num-
bers represent per cents of all the pupils. Only the choices exceeding 5% are shown.

As seen in figure 3 the changes and the final choices in grade nine were much the same as in grade
five in spite of the fact that about a quarter of the ninth graders estimated in the manual compari-
son D1 the standard mass and the bag to have the same weight. The difference between the fifth
and ninth graders’ choices after the manual comparison was significant (#*(2) = 34.11; p < 0.001).
This is understandable, because the concepts of weight and volume are more familiar to the older
ninth graders. However, after going through all the demonstrations with the pulley the ninth and
fifth graders ended up with more or less similar conclusions. Their choices after the last D4 de-
monstration in the series D2D3D4 and D3D2D4 are very alike (X*(1) = 0.404; p > 0.1). The ninth
graders’ choices after demonstration D4 in these two series and after the last demonstration D3 in
the series D4D2D3 differed significantly (¥*(1) = 91.56; p < 0.001) like the fifth graders’ choices.

Pupil arguments

In the following the models Appearance and Material are joined together as Concrete model. Next
the changes in the pupils’ arguments were followed through the demonstration series. The results
obtained about the changes in the fifth and ninth graders’ arguments are collected in table 2 in
which it is also shown the amount of the percentage of the correct choices the pupils made after
each demonstration in the different demonstration series. The same thing is also shown in figure
4 in which it is easier to follow how the fifth and ninth graders’ arguments, respectively, change
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Table 2. Comparison of the number of correct choices after each demonstration and the distribu-
tion of the explanations at which the fifth and ninth graders arrived after the last demonstration
in groups I, II and III

Amount of the correct choices, %
Group | Group I Group Il
D2 D3 D4 D3 D2 D4 D4 D2 D3

5"grade 36 83 94 19 70 89 69 45 61
9"grade 40 77 85 35 73 86 74 56 61

Distribution of explanations after the last demonstration, %
D2D3D4 D3D2D4 D4D2D3
group | group I group Il

Models 5Mgrade 9Mgrade 5" grade 9Mgrade 5" grade 9" grade
N =97 N =100 N =91 N = 88 N = 87 N =89

Motion 43 54 36 55 41 27
Position 20 15 22 1" 6 1
Concrete 17 4 24 7 6 4
None 13 10 10 17 8 29

when the order of the demonstrations is varied in groups I, II and III in the case of the conclusion
that the bag and the standard mass have the same weight. In groups I and II the biggest change
in the arguments happens after showing the demonstration D3 in group I and D2 in group II.
Then the pupils start to realize that they have to pay attention to the fact that the objects are not
moving (Motion argument, 1) and not only to their position. However, the number of no argu-
ments increases both among the fifth and ninth graders indicating that the pupils are not too sure
about their thinking. In the fifth grade there is also an increase in the number of Appearance and
Material arguments when the pupils tend to go back to the earlier concrete explanations. It is also
interesting that after seeing the last demonstration D4 in these series the proportion of the pupils
using the Position argument (2) increases both in the fifth and ninth grade whereas the proportion
of Motion argument (1) increases in the ninth grade but decreases in the fifth grade.

After the demonstration D4 in group III almost a third of the fifth graders tend to prefer either the
Appearance or Material argument whereas the ninth graders’ explanations split evenly between
the three arguments (figure 4). However, almost 15% of the ninth graders do not give any argu-
ment to support their choice, and after the next demonstration D2 (the bag hanging lower than the
standard mass) the proportion of the amount of no argument increases even though about 20% of
the pupils had changed their choice. After the last demonstration D3 (the bag hanging higher than
the standard mass) in this series two thirds of the fifth graders who had ended up with the cor-
rect conclusion also ended up with the Motion arguments compared to less than half of the ninth
graders. More than half of the ninth graders did not give any argument.

About 40% of the fifth graders perceive the idea of no movement, the Motion model indepen-
dent of the order of the demonstrations (see table 2). A third of the fifth graders who had made
the correct choice after the series D4D2D3 had not, however, understood the phenomenon pro-
perly. About half of the fifth graders who had been shown the demonstration series D2D3D4 or
D3D2D4 gave improper explanations. Nearly a fifth explained their choices using the concrete
models, Material and Appearance, and another fifth used the Position model. These fifth graders
thus paid attention to the distinct and familiar features in the demonstration.
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Figure 4. The changes in percentages in the fifth and ninth graders’ arguments for the conclusion:
The standard mass and the bag have the same weight in group I after the demonstrations D2, D3,
D4, in group II after the demonstrations D3, D2, D4, and in group 111 after the demonstrations
D4, D2, D3. The percentage underneath indicates the amount of the correct choice after each
demonstration.

The arguments: 1. Motion, 2. Position, 3. Material + Appearance, 4. None.

D2: The bag hangs lower than the standard mass, D3: The bag hangs higher than the standard
mass, D4: The bag and the standard mass hang at the same level.

After the demonstration series D2D3D4 and D3D2D4 half of the ninth graders perceived the
Motion model. This is significantly more than the third of the ninth graders after the demonstra-
tion series D2D3D4 in group III (X3(1) = 10.46; p < 0.01). However, also the Position model was
more popular among the ninth graders in groups I and II than in group III. Slightly fewer ninth
graders made the correct choice after the demonstration series D2D3D4 than the fifth graders
(table 2; %¥3(1) = 5.73; p < 0.05). Their explanations did not differ significantly from those of the
fifth graders otherwise that the ninth graders used the concrete models Material and Appearance
less than the fifth graders (4% and 8% compared to 17% and 22%, table 2; ¥%(1) = 4.96; p < 0.05).
After the demonstration series D4D2D3 less of the ninth graders compared to the number of the
fifth graders used the Motion model to support their correct choice (28% compared to 41%, table
2; %3(1) = 4.86; p < 0.05). However, almost 30% of these ninth graders did not give any reasoning
for their choice compared to less than 10% of the fifth graders (¥3(1) = 4.01; p < 0.05). Altogether
the difference between in the explanation given by the fifth and ninth graders in groups III after
the last demonstration D3 was significant (X*(2) = 17.68; p < 0.001).

The most striking difference in the ninth and fifth graders’ results is in the groups III. In the fifth
grade the use of the Motion argument increases steadily from 14% to 41% whereas it increases
only 3% in the ninth grade from 24% to 27% as seen in figure 4. However, the amount of the ninth
graders who do not give any argument is fairly high and increases from 15% to 29%. We interpret
these results as some ninth graders in group III realising after demonstration D2 that the Position
argument cannot be used and when they have no sensible explanation to offer they do not give
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any answer. The force concept is not so well formed in their minds that they could rely on it. On
the other hand, nearly 40% of the ninth graders in this group reason using the Position argument
that the standard mass weighs more than the bag. Altogether the Position argument seems to hin-
der the ninth graders to start looking for an explanation to their observations.

Summing up the main results, it can be seen from table 2 that the order of the demonstrations has
an effect on the choices pupils make. When the first demonstration (D2 or D3) coincides with
some familiar way to think and is then shown wrong with the second demonstration nearly 90%
of the pupils both the fifth and ninth graders reach the final correct conclusion. Whereas when the
pupils are first shown an obvious case (D4) and after that the seemingly contradicting cases only
60% of the pupils draw the correct conclusion. However, among the fifth graders (90%) who drew
the correct conclusion after the series D2D3D4 and D3D2D4 are respectively more pupils (30%)
who used scientifically non-acceptable explanations (Position, Concrete, None) than among those
fifth graders (60%) who followed the demonstration series D4D2D3. The ninth graders seem to
respond to some extent negatively to the demonstration series D4D2D3 as half of those who draw
the correct conclusion do not give any explanation to support their choice.

DiscussioN AND CONCLUSIONS

The results show that one successful demonstration that points out the conflict in pupils’ ideas
is not enough to cause the conceptual change. In many cases it can happen that such a demon-
stration only activates another misconception. In both 5t and 9th grades the great majority of the
pupils clearly ended up with the correct conclusion when the demonstration D4 was shown last.
However, there are many factors which pupils have to take into account when they try to make
sense from simply looking at everyday phenomena. It is well known that pupils have a variety of
beliefs which they try to apply. Teachers easily underestimate the complexity of the process to reach
the scientific explanation. For example, we thought that showing first demonstration D4 (both ob-
jects at the same level) would help pupils to see that both objects weigh the same. However, the
demonstrations with the pulley in balance brought up other kind of ideas that confused pupils’
thinking like that the weight of an object depends on its position, size and material. After manual
comparison the majority of both the fifth and ninth graders estimated that the small standard mass
of metal weighed more than the large bag of steel wool. However, the estimations based on the
manual comparison did not seem to disturb the pupils’ thinking. About 70% of the fifth graders
and 50% of the ninth graders were ready to change their conclusion and argument after they had
seen the first demonstration using the Motion model as explanation. This is in accordance with the
suggestion that pupils’ conceptions have different status according to how plausible and fruitful
the conception was to the pupils when they formed it (Hewson & Thornley 1989).

When pupils think the situation self evident they tend to use simple models more easily. This
can be seen in figure 4 for example in the case of the demonstration series D4D2D3 when both
the fifth and ninth graders offer after the first demonstration concrete Appearance and Material
models, and Position model. There is even a fair amount of pupils who seem to be fixed with the
concrete models even though the ninth graders seem to be readier to drop these models when they
have found a more plausible model.

The fifth graders are more flexible than the ninth graders in changing their thinking and looking
for other explanations as can be seen from figure 4. On the other hand, the ninth graders use less
arguments based on concrete and position model than the fifth graders. Very few of the ninth gra-
ders argued according to the concrete Material and Appearance models They were inclined to use
the Position model after the demonstration D4 but when they realized that the Position model was
no good they seemed to become frustrated and did not give any reasoning. The different behaviour
of the fifth and ninth graders is especially obvious in group III following the demonstration series
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D4D3D2. While the number of the fifth graders using the Motion arguments increases the number
of ninth graders stays more or less the same while the number of those ninth graders who refuse
to give any argument increases. This leads to the conclusion that it is harder for the ninth graders
to find a new explanation. Also Dreyfus, Jungwirth and Eliovitch (1990) have pointed out that
sometimes the contradictory information can be threatening to students who do not have enough
knowledge for solving the conflict. Vosniadou, Ioannides, Dimitrirakopoulou and Papademetriou
(2001, p. 384 stress scientific explanations of physics phenomena often violate fundamental prin-
ciples of intuitive physics and therefore learning physics requires then reorganization of existing
conceptual structures and not just the creation of new, qualitatively different representations. This
is hard work and it may lead to that pupils start to see physics difficult and incomprehensible
which is seen in the change in pupils’ attitudes towards physics (Haussler, Hoffman, Langeheine,
Rost & Sievers 1998).

When pupils try to explain a phenomenon there are many factors to be taken into account at the
same time and for a novice it is very difficult to see what factors are more important as they do
not have the knowledge of the experts who look at the situation from the theory’s point of view
(Chi, Glaser & Farr 1988). One has to learn to be sensitive to details and differences in various
phenomena to be able to find the general explanation behind what can be seen. In planning a
demonstration the teacher has to be aware of the various alternative conceptions on which pupils
are relying in their reasoning. Demonstrations should be such that they reveal to the pupils their
preconceptions for example by causing a conceptual conflict. It is important to show a surprising
demonstration first so that pupils really concentrate and start to form explanations. Also it is very
important to start in lower grades. In the ninth grade pupils have more fixed ideas and when these
do not work pupils seem not to be ready any more to look for new possibilities. When their ex-
planation does not function they start to think that physics is difficult and impossible and turn off
from it. Of course, good teachers are needed to guide pupils through the different possibilities with
discussions and other demonstrations.
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