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Abstract

From disciplinary, conceptual and common sense’s
knots pointed out in the literature, we have considered
some key points such as the concept of action at a
distance, the role of field lines, the trajectory of an object
moving in a field and the field concept as a physical
entity. The ideas of support and connection (medium) are
related to the concept of action at a distance; field lines
are usually identified with trajectories, while field concept
is constructed in a lot of different ways, most often
associating it to a sphere of force action.

To understand the role of the context in constructing
the connection between everyday experience and
scientific knowledge, children’s (age from 5 to 9)
spontaneous ideas have been explored as a game in an
informal context of scientific culture dissemination.
Reflections upon body falling and gravitational force
were proposed by Rogers' interviews and drawings,
investigating the role of a material model of the
gravitational field. The model helps the interpretative
prediction of resting and moving objects behavior in the
part of the field represented. We propose it as a
connection between local vision of earth gravitation and
the vision related to gravitational properties of masses
interacting with one another.

1 Introduction

It’s well known that scientific education is based on
commonsense ideas, constructed by interacting with the
world [1-4]. Spontaneous ideas are the background for
conceptual change to be considered in planning teaching
strategies in different fields like biology, chemistry and
physics [5-11].

Research in science education claims [1,12-14] that
descriptive studies are insufficient to understand learning
and construction of intuitive ideas. Therefore it’s
important to identify how these ideas are constructed [15]
and their role in the learning process [7, 16]. So we have
to study the schemes of representations of reality and to
interpret reasoning sequences during learning [17-18].

Pupils relate “gravity” to free-fall on the Earth, or to
“Earth attractive force”, and sometimes they linked it
inextricably to the presence of air or to magnetism [6, 19,
20]. Nussbaum, Novak ([21]) and Arnold [22, 23] have
investigated elementary school children’s ideas about the
Earth’s shape and its relationship with the gravitational
field; Galili end Bar [23] studied the connection between
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gravity and weight, and between gravity and the
dimension of an object; Osborne 1981, Smith 1992, Berg
end Browner [24] the one between gravity and motion.
Finally, recent studies [25] have the purpose to identify
students’ alternative conceptions and scientifically
acceptable conceptions about gravity.

The explanation of gravitational attraction has always
been problematic, either historically or in teaching
research, where it is difficult to define and relate different
concepts like “action at a distance”, “force of gravity”,
“gravity” and “weight” [6, 20, 26, 27]. Our purpose is to
explore interpretative reasoning sequences of free-fall and
to analyze the role of an analogous material model, in
order to realize resonance between the observation (of
free-fall) and a more general interaction of masses. The
goal is to overcome the local point of view that identifies
free-fall with an attractive force of the Earth.

Causality (efficient and contingent cause [28-30]) is
important to identify significant physical quantities, like
force and distance, related to the interpretation.

Features of childrens interpretative predictions,
referring to quiet and moving objects behavior in the part
of the “gravitational field” represented by the model, are
very important to explore how pupils are able to recognize
the role of boundary conditions in interacting systems.

2 Method, instruments and procedure

Informal context help to activate spontaneous thinking
[31-32], by constructing a connection between common
experience and scientific knowledge.

Childrens’ (age from 5 to 9) spontaneous ideas have been
explored: 12 primary school classes participate in an
activity in the informal context of scientific culture
dissemination, that includes the interactive exposition GEI
([33-35]), organized every year for schools of the area.
The groups of 74 children who participate in this activity
were randomly selected between all the participants (258
children). Reflections about free fall and gravitational
force are proposed by interviews with small groups of 3-7
children prepared according to the protocol, that consider
these key points: the concept of action at a distance, the
role of field lines, the trajectory of an object moving in a
field and the field concept as a physics entity.

The protocol has been prepared by considering
disciplinary, historical and cognitive conceptual knots
pointed out in the literature [2,5,6,13,16,17,19-23,25,
26,36]. It’s formed by a first part of stimulating questions
and of drawings that revealed spontaneous ideas, and a
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second part of discussion about the use of the analogical
material model.

Three inquiry instruments were used: 1) conversation
with stimulating questions about conceptual knots
considered and some parts of Rogers dialogues [37-39] in
order to explore learning sequences, 2) a written
questionaire based on graphs and icons, in order to
explore childrens’ intuitive ideas about Earth gravitational
attraction and gravitational field lines [22], 3)
gravitational field model proposed by Eddington [40],
composed of a big rectangular box covered with a tight
elastic cloth: when a heavy sphere, representing the Earth,
is put on the membrane, it deforms creating an hyperbolic
curve; resting or moving masses, with different velocities,
are put upon that surface .

3 Conclusions.

The term “gravity” both in everyday language and in
many text-books is used without specifying the physical
quantities, that give it sense; many concepts are then
associated to that term: force, field, gravitational
acceleration and gravitational potential. This creates
confusion to students who see in only one term for
physics concepts with different properties.

In the interviews children were asked to explain free
fall, but only when they mentioned explicitly “gravity” or
“gravitational force”, then they were requested to explain.
Instead of define or giving a meaning, they preferred one
of these solutions: a) explain the situation, describing
what happens in presence of “gravity”; b) give to the
Earth this particular property (uniqueness of Earth
system); ¢) (not frequent) relate it to interaction between
two masses. Mostly they associate “gravity” concept to
the force one, and force concept to the “action” one, or in
general they associate “gravity” with the effects it
produces. Sometimes gravitational force is considered as
an animate entity, which is able to attract, or it’s
considered as an intrinsic property of the objects (““ the
ball has gravitational force”).

Childrens’ interpretative vision about free fall has two
aspects: causality (contingent rather than efficient) and the
representative context (local: the Earth attracts objects,
rather than the global one of two masses’ interaction).

Free fall on the Earth is motivated by children with the
fact that objects are not held by themselves (“we let them
/ we did not held them”) or by the medium (“air doesn’t
support them”) or by “gravity” (reverse gravity concept)
[6,19]. The last case can be considered as a request of
system equilibrium conditions.

Gravitational force is also imagined like a “big magnet
that keeps our feet glued on the Earth” or like a “magnet
that attracts everything towards the center to the Earth”:
it’s interesting to observe that children remark analogical
phenomenology and connect gravitational and magnetic
phenomena before its treatement in school.
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It seems that some typical answers, interpreted in the
literature respecting disciplinary knots, have different
roles in spontaneous learning sequences. Some examples:
1) the use of air as a reference of space; 2) increase of
weight with the height above the ground like a primordial
concept of potential energy; 3) the relationship between
force and weight is not relevant in the questionary as a
cause of free fall (“the ball falls because it’s heavy”) and
doesn’t emerge weight conception as a pressing force
related to feeling of heaviness or to object form [19].

The analogical material model helps interpretative
prediction of resting and moving objects behavior in the
part of the field represented, and we propose it as a
connection between a local vision of Earth gravitational
field and the vision related to gravitational properties of
every mass interacting with another one. Children’s
intuitive models are sometimes in conflict with it, but the
informal context allows the discussion about the best
interpretation of the situations examined, and to recognize
that the proposed model give them an interpretative
representation, because it explore conditions that allow
the prediction.

References

[1] POSNER, GL, STRIKE, KA, HEWSON, PW, GERTZOG,
WA Accommodation of scientific conceptions: toward a theory
of conceptual change. Sci. Educ., 66, 1982, pp.211-227.

[2] WITHELOCK, D. (1991) “Investigating a model of
commonsense thinking about causes of motion with 7 to 16 year
old pupils. International Journal of Science Education, 13, 321-
340.

[3] PFUNDT, D. and DUIT, R. 1994, Bibliography: Students’
Alternative Framework and Science Education, 4™ edn. ( Kiel:
IPN)

[4] http://www.ipn.uni-kiel.de/aktuell/stcse/stcse.html

[5] ANDERSSON B. (1990) Pupils’ conceptions of matter and
its transformations (age 12-16), Studies in Science Education,
18, 55-85

[6] BAR V., ZINN B. e E. RUBIN Israel Science Teaching
Center, (1997) Children’s ideas about action at a distance.
Int.J.Sci.Educ. 19(10) p. 1137-1157

[7] DRIVER R. (1989) Student’s conceptions and the learning
of science. International Journal of Science Education, 11, 481-
490

[8] HEWSON, P.W. and HEWSON, M.G.A.B. (1992) “The
status of student conceptions. In R. Duit, F. Golberg and H.
Neidderer (eds)” Research on Science Teaching and Learning
(NY: Macmillan) pp. 542-557

[9] CAREY, S. And SMITH, C. (1993) “On understanding the
nature of scientific knowledge. Educational Psycologist 28, 235-
251

[10] TAO P K and GUNSTONE (1999) “The process of
conceptual change in force and motion during computer-
supported physics instruction. Journal of Research in Science
Teaching 36, 859-882

[11] DUIT, R. (1995) Constraint on knowledge acquisition and
conceptual change: the case of physics. Paper presented at the
Symposium on Constraints on Knowledge Construction and


http://www.ipn.uni-kiel.de/aktuell/stcse/stcse.html

GIREP 2004 Ostrava

Conceptual Change. Sixth European Conference for Learning
and Instruction, Nijmegen

[12] HASHWEH M. (1988) “Descriptive studies of students’
conceptions of science. Journal of Research in Science
Teaching, 25 (2), 121-34

[13] L. VIENNOT, S. RAINSON (1999) Design and evaluation
of a research-based teaching sequence: the superposition of
electric field Int.J.Sci.Educ. 21(1) p. 1-16

[14] T.M. DUFFY, D.H.JONASSEN ed., Constructivism and
the technology of instruction, Hillsdale, New Jersey, Erlbaum
(1992)

[15] M. WATTS and Z. JOFILI, Toward critical constructivistic
teaching, Int. Journ. of Science Educ., 20, 1998, pp.159-170.
Nussbaum, Novak ([20])

[16] KUIPER, J. (1994) “Student ideas of
science concepts: alternative frameworks?
International Journal of Science Education,
16 (3), 279-92

[17] L. VIENNOT, S. RAINSON (1998) Charges et champs
¢électriques: difficultés et ¢éléments de stratégie pédagogique en
Mathématiques Spéciales Tecnologiques. Didaskalia n° 12 p. 9-
37

[18] STEFANEL A., MOSCHETTA C., MICHELINI M.,
Cognitive Labs in an informal context to develop formal
thinking in children, in Developing Formal Thinking in Physics,
Girep Book of selected papers, in press

[19] BAR V., ZINN B., GOLDMUNTZ e¢ SNEIDER C. (1994)

Children’s concept about weight and free fall. Science
Education 78(2), 149-69
[20] RUGGIERO, S., CARTELLI, A. , DUPRE, F. ,

VICENTINI-MISSONI, M. (1985). Weight, gravity and air
pressure: Mental representations by Italian Middle School
pupils. European Journal of Science Education 7(2), 181-194 //
g6, P, M

[21] NUSSBAUM, J. and NOVAK, J.D. (1976) “An assessment
of children’s concepts of earth utilizing structured interviews.”
Science Education 60, 535-550

[22] ARNOLD P., A. SARGE e L. WORRALL (1995)
Children’s knowledge of the earth’s shape and its gravitational
field. Int.J.Sci.Educ. 1995 17(5) p. 635-641

[23] GALILL I. And BAR, V. (1997) “Children’s operational
knowledge about weight. International Journal of Science
Education, 19, 317-340

[24] BERG T and BROWER (1991) "Teacher awareness of
student alternative conceptions about rotational motion and
gravity. Journal of Research in Science Teaching, 28, 3-18

[25] PALMER D. “Student’s alternative conceptions and
scientifically acceptable conceptions about gravity” Int. Scie.
Educ. 2001, vol 23, No 7, 691-706

[26] BAXTER, Y. (1990) Children’s understanding of familiar
astronomical events. International Journal of Science Education
12(5), pag 502-513

[27] GALILI, I. Weight versus gravitational force : historical
and educational perspectives. Int. Sci. Educ. 2001, vol 23, n°10,
p. 1073-1093

182

[28] VIENNOT, (1993) L. Temps et causalit¢ dans les
raisonnements des étudiants Didaskalia 1, 13-27
[29]VIENNOT, L. Enseigner la phisique, De Boeck Edit., 2002
[30] BESSON, U. Some features of causal reasoning: common
sense and physics teaching, Research inScience &
Technological Education Vol 22, N°1, May 2004.

[31] BOSIO S. CAPOCCHIANI V. MICHELINI M.,
PUGLIESE JONA S., SARTORI C., SCILLIA M.L,
STEFANEL A., Playing, experimenting, thinking: exploring
informal learning within an exhibit of simple experiments, in
New Way for Teaching, Girep book, Ljubljana 1997

[32] BOSIO S., MICHELINI M., PUGLIESE JONA S,
SARTORI C, STEFANEL A, A research on conceptual change
processes in the context of an informal educational exhibit, in
Research in Science Education in Europe: the picture expands,
M Bandiera, S Caravita, E Torracca, M Vicentini eds, Roma
2001, p.279

[33] BOSATTA G, BOSIA M, BOSIO S, CANDUSSIO G,
CAPOCCHIANI V, DEOTTO S, MARCOLINI L, MAZZADI
MC, MICHELINI M, MICHELUTTI GL, PUGLIESE S,
SANTI L, SARTORI C., SCILLIA M.L., STEFANEL A,
Games, Experiments, Ideas, in Teaching the Science of
Condensed Matter and New Materials, GIREP-ICPE Book,
Forum 1996, p.445;

[34] BOSIO S, CECCOLIN D, MICHELINI M, SARTORI C,
STEFANEL A, Games Experiments Ideas from low cost
materials to the computer on-line: 120 simple experiments to do
and not only to see, Girep Book on Hands on experiments in
physics education, G. Born, H Harries, H Litschke, N Treitz
Eds. for ICPE_GIREP_Duisburg University, Duisburg, 1998;
[35] BOSATTA G, BOSIA M, BOSIO S, CANDUSSIO G,
CAPOCCHIANI V, CECCOLIN D, MARCOLINI L,
MAZZADI M C, MICHELINI M, PUGLIESE JONA S, SANTI
L, SARTORI C, SCILLIA M L, STEFANEL A, GEI in
Research in Science Education in Europe: the picture expands,
M Bandiera, S Caravita, E Torracca, M Vicentini eds, Roma
2001, p.481

[36] HESSE, M. B. Forces and Fields, the Concept of Action at
a Distance in the History of Physics, Thomas Nelson and Sons
Ltd., Edinburgh, 1961

[37] C. R. Rogers, Terapia centrata sul cliente. Trad. it. Firenze,
La Nuova Italia, 1997, introduzioni, capp 2 ¢ 8.

[38] L. Lumbelli Per un controllo consapevole della
comprensione di testi: un approccio alla diagnosi e alla
stimolazione. In O. Albanese, P.A. Doudin & D. Martin (a cura
di), Metacognizione ed educazione (pp. 159-177). Milano:
Angeli

[39] L. Lumbelli. Incoraggiare a leggere. Firenze. La Nuova
Italia 1988

[40] Arthur S. Eddington “Spazio tempo e gravitazione”
Universale Scientifica Boringhieri 1





