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This study examines the effects of using histonnalroworlds on conceptual change

in mechanics. Historicamicroworlds combine history of sciencend microworld
through a computer based interactive learning environment that respects and represents
historic conceptions or theories. Six grade 5 elementary students participated indiv
dually to five semdirected inteviews of fortyfive minutes each here they interacted

with an Aristotelianmicroworld, a Buridanianmicroworld and a Newtoniammicro-

world. di Speim then§ s uspd to analyze thenceptual dynamics that occurs
when students use historigalcroworlds. Results show positive effsaf using histo

ical microworld on conceptual change such as (1) questioning the idea that any object
in motion will eventually stop and (2) increasing the importance of contextual elements
in the elaboration of explanatory ateds.

Key Words: historical nicroworlds, conceptual change, histafysciencemicroworlds,
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Introduction

One of the most spectacular aspects of scientific theories is that, not only can they explain

most of the natural phenomena, but they can also make precise andajwanpitedictions.

In science education, teachers ask their students to predict when solving quantitdtive pro

lems so that they may acquire an understanding of scientific concepts (Nakhleh, 1993).
However, the relation b e tuweialnor gudntitadivee probdetns s ki | | s
and their real conceptual understanding is not a straightforward one, sideatstcan solve

quantitative problems by using mathematical equations and memorized algorithms without

really understanding the meaning of tbe@entific conceptsnvolved in the problem to be

solved (Gabel, Sherwood & Enochs 1984; Lin, Hung & Hung, 2002; Nakhleh & Mitchell,

1993). The consida b| e amount of research studies on st
students have only a limited qualiive understanding also supports the view that quantit

tive exercises or problems alone are not sufficient to help students understand sciemtific co

cepts (Confrey, 1990; Driver & Easley, 1978; Ladee, 1997; Liu, 2001; Sequeira & Leite,

1991; Viennot,1979; Wandersee, Mintzes & Novak, 1994). To help promote conceptual

change (Posner, Strike, Hewson & @exg, 1982), teachers cannot simply ask their students
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to solve quantitative problems; they have to insist on the qualitative understanding of the
conceg t s, because phytsicasmbddacdassotcaseemstta #dAaff
gualitative structuretsemsoth®&cheaklemt sdBIedgniti

Before and since Matthews (1994), many researchers have studied the crucial role of the
use d the history of science in science education to promote conceptual change and to teach
more qualitatively. This is because sdaudent so
phersd conceptions are often quit &Tspanid, | ar ( De
2005; Sequeira & Leite, 1991; Serouglou, Kouramas & Tselfes, 1998; \WsaejeMintzes
& Novak, 1994)i and this is particularly true for the conceptions in the field of mechanics
(Matthews, 1990; Sequeira & Leite, 1991). Discussing aboudriistonceptions might help
students to make explicit their own conceptions (Lin et al., 2002; Monksi8ofbe, 1997).
Moreover, being in catact with historic conceptions can help students realize that their own
conceptions have weaknesses ifftey, 1990; Wandersee et al., 1994). To teach historic
conceptions is of special interest to promote conceptual change, since students arp-often o
posed to scientific conceptions for the same reasons as scientists in the past were (Monk &
Osborne, 1997). Because thame significant similarities between the development ofdehil
rends understanding and the evolution of scien
& Osborne, 1997; Nerssian, 1991; Sequeira & Leite, 1991), many researchers think that
teaching thehistoric sequence of a certain field (such as mechanical physics) can belp pr
mote conceptual change. Confrey (199@)idves that integrating the history of science in
science education has the advantage of demonstratieguarece of evolution from studet s 6
conceptions to actual conceptions. In the same way, Monk and Osborne (1997) think that this
integration allows a comparison between both t
tions and an understanding of their advantages and disadvantagesifit spmtexts More-
over, a historic sequence often evolves frompsgnto more complex situations and from
more intuitive to more abstract conceptions and this might certainly help promote conceptual
change. Finally, when the history of science iggrated in a science class, it is possible to
focus less on quantitative problesolving skills and more on meaningful qualitative unde
standing of scientific concepts.

Another interesting way to teach more qualitatively and to promote conceptual change is
to use amicroworld First introduced by Papert (1980), the notiomu€ro worldsrefers to
an interactive learning environment (typically compthased) that allows students tm-i
mediately test hypotheses about how this environment works. One of theinterssting
aspects about anicroworldis that it represents a simplified version of the real world (White,
1992):

The great advantage of usingrécroworldis that it can comprise a particular range of

phenomena not always possible or convenienttoesolat n t he fAreal 06 worl d. It
croworld, much smaller than the real world, with substantial constraints by virtue of its

programming and interface on the number of causal factors and on the possible actions

students might take (Metz & Hammer, 1993).

Withcomputer s, fiit is easy to compare through

real cealacqua et @IB 2006). In mechanical physioscroworlds have often been

used to promote or study comteal change (diSessa, 1982, 1986; Legendre, 19957;199

Papert, 1980; Potvin, 2002; Potvingdendre, & Thouin, 2003; Roth, 1996; White, 1992;

White & Horwitz, 1988). Like computer simulationsicroworlds provide students with the
opportunity fAto ask probi ngowy ¥4, bd, asRidharg,u e st i on
Barowy and Levin (1992) point out , to confroni
exper i ences that [ student s] themselves come to s
condition deemed atessary for conceptual change. InspiredSmr, Smith and Grosslight
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(1993) and by Richard, Bar owy elevesithat@mmputar (199 2)
simul ation programs can be i a-scieatificicontepts, uppor t
acquire and under st aageresthatthe use oficevoridsencourgHe al s o
es a more interactive (or interrogative: McKinney, 1997) and more qualitgbiweach to
science teaching.

Because the evidence from science education research indicates that both the history of
science and theise of microworlds mi g h't contribute positively

change, we tried to get a synergy of both appr
microworldd ( Ma s s on -Abad\V2906) A digtoricalmicroworldi s a fAeomputer
based ir active | earning environment respecting h
quezAbad, 2006). The learning compuiera s ed envi ronment is said Ai

like standardmicroworlds, it allows students to act upon the virtual world by changingesom
paraneters to test hypotheses and see what ensuenicloworldi s sai d fAhistorica
respects historic conpe i on s . By Arespecting historical con
the world has been programmed to respect the conceptions of a past@is o p hem-6s or s«
tistbdébs theory. Accor di migrdwprldwilvdhavtwbat would lspt udent s
pen if the theory of the previous soiest was good.

We developed three historicalicroworlds, which were extensively described in @&{pr
viousart cl e published in the Journal of Szience ECd
quezAbad, 2006). The first, an Aristotelianicroworld, respect snceptionsof ot | e b s
movement (objects in motion naturally slow down and stop; speed is proportiona to t
force being applied; heavier objects fall faster; etc.) and is subdivided in two situatioas: (1)
box sliding on the floor (Figure la) whereudénts can modify the initial speed, the force
that acts upon the box and the mass of the box and (2) tM® feHing (Figure 1b) where
students can change the mass and, consequently, the volume, because the density of the balls
has been mgrammed to be constant. The second, a Buridamamoworld, respects the
theory of imgetus (objects propelled in the dly because we give them an impetus; when all
of the impetus is consumed, the objects fall) and is composed of one situation: an arow pr
pelled in the air (Fjure 1c) where the user can change the initial speed of the arrow and its
mass. Finally, the thir is a Newtonianmicroworldr e specting Gal il eods col
Newtonds | aws of movement (i . e. the principle
the force being applied; all falling objects have the same constant acceleration; ete). It co
tains two situations: a ball rolling on three different inclineghaped planes (Figure 1d
shows one of the three inclined planes) where students can change the initial position of the
ball, and a ball released from the top of a natiigaship (Figure leWwhere students can
modi fy the shipds speed and the power f-of the Kk
ferent initial velodgties.

This paper analyzes the effects of the use of these three histmitmaworlds on cm-
ceptual change in mechanics.rifier to the presentation of the theoretical framework based
on di S esnsmodd of ponceptual change (diSessa, 1993), more precise ara oper
tional research questions will be presented. Iynaesults will be discussed after having
described the nmbodology of the research.

P-Prim model of conceptual change

To know the effects of using historicalicroworlds on conceptual change, a definition of the

latter is needed to analyze the data. Among all the models of conceptual change (for example

Chi, 1992; Poser et al ., 1982; Vosni adpmimopne (dbé&sda) , we c |
1993), because it is a wdlticulated model and appropriate to describe the dynamics of
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conceptual change (Potvin, 2002; Southerland, Abrams, Cummins, & Anzelmo, 2001) a
therefore, to describe what is happening during the use of histaricabworlds.

Thus, in this research, we are not only interested in the difference between conceptual
comprehension of the students before and after having used the histoigralvorlds. We
are, in fact, more interested to see what happens during the exploratiomuttbesorlds.

[ (i)

(DEmarrer)
[Relmitialiser)

d. e.

Figure 1. Aristotelian (a and Wuridanian (c) and Newtonian (d and e) roigorlds used in this study.
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