


Fig.21: Examples of children’s spontancous reasoning in the Newton’s case of free fall: a)
local vision, b) prevision of circular orbita, c) the atmosphere as a limit of gravitational
attraction

Fig.22: Children’s 8 year old prevision of the temperature evolution of 3 copper cubes of
different masses on the table located in the hot water of a bacin

Fig.23: Children’s 7 year old
prevision of the temperature
exploration of different objects
on the table

Fig.24: Graphs reported by children’s: a) temperature evolution of three sensors: one of the
table, the other taken into the hand in different successive instants (7 year old children);
b & c) temperature evolution of two sensors taken into the hand from the table, being the last
one putted later in warm water (b) 7 year old children; ¢) 4 year old children)
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7.3 Treasure hunt Laboratories.

Teams of 4-5 children coming from primary school were presented with situations linked to
everyday physics, as a game and a challenge. In each of the three stages foreseen for the
discussion of the phenomenological and conceptual context, single problematic situations
concerning the conceptual knots of the subject discussed were presented: floating, flight,
phase transitions, the formation of images in a lens, the motion of bodies in the gravitational
and magnetic field (fig. 21), the interaction between magnets and bodies (figs. 25, 26). For
the children who participated the treasure hunt represented a challenge to learning that was
taken as a game and was therefore motivating and involving. For the teachers assisting it was
a moment of learning an it created the incentive to continue work in class. For researchers it
was an opportunity to collect the children’s ideas on the conceptual knots studied and
important indications on how to overcome them.
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Fig.25: a) and b): Situations described by  Fig.26: Children’s idea of field drawn in the
6 year old children as concern the cases of a magnet interacting with a steel ball

interaction between two magnet (a and b) and with little magnet floating in a
water bacin (c).

7.4 Context Analysis Laboratories.

Starting from a certain context, a semi-structured interview of operative character is carried
out on conceptual knots. The experimental researches, actions, drawings, graphs, and texts
required at every turn of the interview constitute an instrument for the clarification of ideas
and interpretations that should be shared and discussed by a small group. Primary school
children were offered a rich group of experiments on the statics of fluids, magnetic
interactions and optical phenomena. The distinctive characteristic of these laboratories is the
development of argumentative thought on the basis of collaborative activities.

The activities of the CLOE and Treasure hunt Laboratories were integrated with school
activities carried out in innovative projects for scientific learning, which foresaw the
collaboration of about 10 schools for 3 years.

8. Research methods

The methods used for the research consisted of interviews, talks, observations and
laboratories. The last two are mostly associated to the first two.
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There were different types of interviews:

1. free interviews. The topic is presented, often with a corresponding situation, but no
specific questions are asked, since the aim is only to stimulate free expression and
thought.

2. semi-structured interviews. A group is asked questions according to areas of interest
on which attention should focus.

3. structured interviews. A series of questions that follow an order previously
established on the basis of a protocol defined according to the research hypotheses
is asked.

4. strictly structured interviews. Questions and a choice of prepared answers are rarely
used during the second research phase or in situations involving many subjects to
accompany the qualitative analysis with the quantitative one.

The questions are direct or indirect, depending on the level of in-depth research.

The semi-structures interview activates a research path, which involves the interviewer and
interviewees in searching for concepts, reasoning sequences and interpretations. The
solutions are determined by each single person, since the interviewer provides only
emotional support (Bastianoni, 2001).

During the research the asymmetry of the interviews is compensated with group discussions
carried out with different modalities and group activities are often associated with Roger’s
type talks (Bradamante et al, 2004). During the first phase, observation is developed in
ethological terms: observation of recurring behaviours and building of models, followed by
quantitative observations of the expected behaviours. The micro-analytical analysis, with a
division into categories of the situations examined, is always carried out in association with
other forms of observation in order to avoid the risk of losing a global vision of the problem.
Three points of reference represent guidelines to be followed: 1) attention to detail, 2)
observation of the context, 3) study of the continuity of behaviours apparently with no
meaning, but useful to understand the process under research hypotheses.

It rarely happens that Piaget-type systematic continuative and detailed observations are made
to verify or refute precise hypotheses.

The semi-structured interviews which were present in all types of cognitive laboratories were
aimed at determining the characteristics of learning which occurs in informal contexts.
Attention was therefore focused on the following aspects of common behaviour, as well as
the elements that define the research methods:

e the contexts within which the subject is able to act and the activities carried out,

e the products of this activity,

e the instruments used to study the problems.

9. Main results and concluding remarks

The results of the work in informal context and in the cognitive laboratories is on three level:
a) the new perspectives activated in the school by the exploration of phenomena in hands —
on exhibits and cooperative discussion for interpretation, b) the role of ICT and the relative
tools for learning and c¢) our understanding of the role of operability into the identification of
the concept, the sequence of reasoning, the learning path and the strategies for overcoming
difficulties of learning and conceptual knots.

In the examples of fig. 21 the child’s reasoning in the prediction of the trajectory of the ball
emerges from drawings. The case a) is a local vision similar to those observed in the lab for a
ball rolling on the table and then falling; we see the falling down of the ball in the sheet of
paper, the Earth being the base of the sheet of paper. In the case b) we have the prevision of
circular traiectory and the child’s reasoning, that reaches and overcome Vigotsky’s zone of
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proximal development and passes from a local vision (object falling to the Earth) to a global
vision. In the case c) the global vision is limited by an idea of the atmosphere as a limit of
gravitational attraction. In this research (Bradamante et al 2005) we find an important role of
concrete-objectual models for the building of the bridge between local experience and
general concepts.

Very often are surprising the quality and the coherence of the interpretative models of the
children in the spontaneous analisys of the explored phenomena and the use of these models
for previsions.

It is wrong to limit the proposals for scientific education of the children to the field of
experience and phenomenological observation. New ways are opening in the research on
developing formal thinking of children.

The familiarity in using graphs in the presentation of previsions in fig. 23 give us confidence
with the opportunity of using this scientific expression of ideas very earlier, in parallel with
others. The precision and the process-related description of observed graphs of fig. 24
confirm that it is possible to overcome the difficulties in reading and drawing graphs reported
in literature for pupils 14 year old. In the reported graphs are evident the ideas of thermal
equilibrium and that the temperature measure is a process of thermal interaction for the
reaching of equilibrium. It is noticeable that in the pupils graphs the reported temperature are
correct, the general behaviour of temperature vs time is correctly recognized (noise is not
taken into consideration); very attention is played into temperature scale. Laura (4 years hold
— fig.24-c) recognizes that the following temperatures are constant: of the table, of the small
fish-pond, of the teacher’s hand!.

In the case of fig. 25 as concern the interaction between two magnet: attraction-repulsion and
rotation are recognized. Magnetic phenomena can allow pupils to recognize that the space on
the surroundings of a magnet has some properties that can be detected by the interactions
with field probes. In static conditions emerge an idea of magnetic field to recognize the
process of interaction. These interactions are easily recognizable with a property of space
since they are different in every point.

Pupils should be supported in developing conceptual frameworks that aren’t confined to
particular situations and that aren’t simple generalizations of specific cases. This leads to the
development of the capacity to interpret new situations and phenomena in light of the
concepts that have been acquired, just like the capacity to manipulate different
interpretations.

It is useful to look at the connections, rather than the differences, between formal, non-formal
and informal learning.

Play has a great influence on the subject’s development: it has a role of transition from the
concreteness of action to a thought that is completely disengaged and the capacity to make
abstractions. It is a process that takes place within the child, allowing the development of
logical memory and abstract thought from reality with spontaneity: perception is the trigger
that leads to this transition and play increases the level of consciousness related to one’s
actions, and rules make play more fascinating. The place of experimentation thus becomes
the place of learning

Learning through experience implies the creation of conceptual relations: the students have
to learn by operating actively and they therefore need to be able to place what they have
learnt within what Bakhurst (2001) calls the “space of reasons”, using theoretical concepts to
mediate the understanding of experience and, on the other hand, using the latter to re-think
theoretical concepts.

A decisive factor is the way in which the pupils sometimes use language to understand
concrete events, for example making a concrete event symbolic by using a metaphor, which
allows to give a more ample meaning to this event, connecting it to an abstract visual image
of the process.
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Scientific education in pre-school and primary school level (children’s age from 3 tol2) is
particularly important and problematic, since it is the prelude to the introduction of a valid
scientific education for everyone.

Physics teaching should offer at all levels interesting and useful activities. All this should be
done by means of a process of gradual educational growth, with valued competencies,
avoiding useless repetitions or huge amounts of notions.

The current scenario requires a new professionalism on the part of teachers, which consists of
a complex set of subject, technical, pedagogical, social and organizational skills (Riel 1998;
Swan 1998; Watts 1998; Michelini 2003). In the “Europe of Knowledge” (CEC 2003; 2004)
the teacher plays the role of cultural mediator, tutor and manager of autonomous cognitive
processes.

Informal contexts as those of GEI exhibit play an important role in learning process if
associated with cognitive labs involving the pupils in operative and conceptual explorations
from the playful approach to scientific game.

Te main goal for scientific education in formal and informal contexts must be to give to
everyone the opportunity to develop personal interpretation of the phenomena and to define
interpretative models of natural processes, discussing ideas and concepts. The way in which
the formal thinking grown and become a set of scientific knowledge is one of the most
important challenges of physics education research.
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