Preschool children’s ideas about the Earth as a cosmic body and the day/night cycle
Ideas de nifios sobre la Tierra como cuerpo césmico y el ciclo del dia y la noche
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Abstract role that the natural world’s pre-teaching recognition models play in the

In this paper we present the results of research studying preschool age childref@/ning process. Understanding the earth's properties can’t be accom-
representations of the shape of earth and the phenomenon of the day/night cycleP\igiied solely through a process of direct observation and individual con-
initially approached this problem through the relevant bibliography and we design(%rucnon' . ) .

a series of tasks in order to discuss preschool children’s understanding of the day/Farly studies (Nsseaum & Novak, 1976; Nisseaum, 1979; Ml &

night cycle and the earth as a cosmic body. Based on research planning and in'ﬂi‘/PéNE* 19.79)' attempted. to study _c_hlld_ren s ideas é.‘bOUt t_he e‘?”h 5 s_hape
framework of individual interviews we administered a semi-structured interview to #6\d_gravity concluding in a classification of these ideas into five notions
children aged 5-6, which raised questions about the shape of the earth as well assﬁ?é't'ng from a naive flat-earth .nOt'on and .going towargs the accepted
cause of the day/night cycle and the solar system. We asked the children to selectV4ly- Gradually, there were studies concerning the earth's shape, the sun
objects of different shapes and cards representing solar systems of different shaE@  the day/night cycle (Kin, 1982), the sun-earth-moon systerongs

On analyzing the children’s answers we realized that several children had difficulti ENCH & Reesink, 1987; Bwrer, 1995), all of the above plus the stars, the

in explaining the day/night cycle since the rotation of the earth on its axis was abs pses of the moon and the solar system in genemkF(Sl995!1996),

from their responses. Although the majority of our subjects are aware of the eartiit all came up with the fact that very few children could effectively model

and the planets’ shapes, the relationships between shape, rotation and the day/nigt "€lationships connecting the sun, the earth, and the moon based on
cycle are obscure. accepted scientific conceptions.

o ) ) . _ Bringing children’s mental constructs to light that differ from the scien-
Key words puplls_ representations, basic astronomy concepts, science educathmca“y accepted explanation of concepts plays an important role in educa-
preschool education. tion for all grades. The alternative frameworks that students hold interfere
with the educational process during, and often, after instruction. A series
of studies (8roon, 1992; &am, 1994; Aerson Fick, LEDERMAN, 2000;
Este articulo presenta los resultados de investigacion sobre las representacione®gdRLop, 2000; Dbve, 2002) focus on the development of teachers’ aware-
nifios en edad preescolar de la forma de la tierra y del fenémeno del ciclo del dia yWé&s of alternative frameworks as they provide a basis for organizing of
la noche. Se aborda este problema a través de la bibliografia pertinente y se orgamfzair teaching, helping the students identify their own explanations and
una serie de tareas con el fin de discutir la comprensién que tienen los nifios acercafiglllenging them in the light of new evidence.
ciclo del diay lanochey de la tierra como cuerpo césmico. Basados en una investigaciofosniadou and collaborators ¢¥niaDou & BREwWER, 1992; 1994;
planificada y en el marco de entrevistas individuales, se hizo una entrevisf@sniapou, SkopeLiTl, IkospPenTaki, 2005) further refined the models iden-
semiestructurada a 76 nifios de edades entre 5y 6 afios, que planteaba preguntas sifierd by previous research and concluded that young children’s mental
la forma de la tierra, asi como la causa del ciclo del diay de la noche y sobre el sista@presentations show variations which change with age and educational
solar. Con este fin los nifios eligieron objetos tridimensionales de diferentes formaggining. Their attempt was to show how the alternative explanations pro-
tarjetas que representaban sistemas solares de variadas formas. El andlisis deviged by the children were directly related to their model of the earth.
respuestas de los nifios mostrd que varios de ellos tenian dificultades para explicar eDiffering from the above studies, some researchers claim that young
ciclo del diay la noche puesto que, la rotacion de la tierra sobre su eje estaba auseifgdren’s concepts lack theoretical structure or coherence and the develop-
en sus respuestas. Aunque la mayoria de los sujetos de esta investigacion es conspigiie of understanding of the earth involves a gradual accumulation of
de la forma de la tierra y de los planetas, la relacion entre la forma, la rotacion y flagments of cultural information that may be wholly inconsistent with one

Resumen

ciclo del dia y la noche no esta clara. another (Mees et al, 2003; $caL, BurterwortH, Newcowmeg, 2004). In
Palabras claverepresentaciones de los alumnos, conceptos astronémicos basicdyer words, children can’t form mental models before they gain an under-
educacion cientifica. standing of the prevailing cultural theory because some scientific informa-
tion e.g. about the earth’s shape, may only be available by cultural trans-
INTRODUCTION mission. They suggest that cultural transmission of some or all of the

fragments is primarily by means of language, perhaps through conversa-
s, schools and the media.
There are also a few studies that test the effectiveness of a teaching

There has been intensive research concerning the study of con
formation and representations of phenomena in the physical world for

children of different ages. Recently, the focus of this research has shiftecg teqy i R : ; ;

; = ) - . egy in an effort to transform intuitive representations into others, which
preschool children, since learning theories now accept the importance;pl -omnarinle with the characteristics of scientific models. Sneider and
Iea&nlng ptrr(])ctesses at.”:'s tagehand, morhec;ver, resr?arfhhh%s prowdedt %@H}ﬂjl (SiEDER & OHaDI, 1998) suggest a constructivist-historical teach-
evidence that appropriate teaching can help preschool children accept bCoyateqy in changing the student's misconceptions about the earth’s
scientific |deasl about common phenomena of the natural vyoplnln(l& ?r?ape anoglnéravity. Vaglar%det al (Vauanioes et al, 2%00)’ Diakidou and
De VRies, 1978; RisseLL, HARLEN & WarT, 1989; Rvanis, 1994, RvaNiS,  iandeoy (Daipou, Kenbeou, 2001) took students’ preconceptions into

Bacakis, 1998; Rvanis, 1999; $iarp, 1995). : P ; ; oo .
1 - ' y AR . . waccount in designing an instructional approach for the acquisition of basic
We find a series of obstacles in the reasoning of preschool age childrg ronomy concepts, placing emphasis on explanations and demonstra-

which are also reported in research with older students. These ObStad.el%o that would maximize the plausibility of scientific models in compari-

children’s thinking can be exploited educationally under certain teachn%gn to initial conceptions

conditions, that is, when placed as target concepts in activities that '®rhe results of these studies, which mostly concern older children, and

%i\:]etil()pgﬂcﬁnoéﬁagfgslsin0f gsggt:]c;%elit‘zagrr]]illrc]jgr]elr]n’tsemﬁ]rlzlr?nséb(gﬂtr t?]'éne'strﬁg fact that these children face difficulties in constructing a scientific
fy p 9 9 alﬁlﬂﬂerstanding of basic astronomy concepts enhances our belief that these

as a cosmic body and about the day/night cycle. Young children h &cepts should be part of preschool education. We propose that the intro-
already received many stimuli from their social environment about plan tion of basic astronomy concepts in nursery school can be effective

and space and are able to observe changes in the phenomena of everyday : YA , :
. ; after identifying intuitive concepts of the earth’s shape and motion
life (day/night cycle, seasonal changes, apparent movement of the sun @i ¢onstitute basic cognitive obstacles to the acquisition of scientific

molggr)t'hr?sistit?g tﬂlijrgsgfophsear]ri]gef%rl?ri\g?s rggzghornssolt;ert\gyesetgrrﬁh?/vrﬂich revongOW|edge' The objective of our study presented in this paper is to design

. / / ' series of tasks, based on some of the techniques of earlier studies, whose
alrIQU”thhedS‘.Jt” anc: spin abqutt th$|r axesdThedE_?{]thsltshapci IS afzphegl‘;.gqis to identify preschool children’s intuitive concepts of the earth’s
elipsoid and Its surface consists of séa and land. The afternation of day gh pe and the alternation of day/night, so that the teaching-learning interac-

night depends on the earth’s spinning around its axis. The earth’s sh o 2 : ; - P
and its day/night cycle seem to be an attractive and rich area for the stE chtvl?rﬂg facilitate a reorganization of the children’s existing cognitive

of children’s intuitive concepts, since research has revealed the decisive
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METHOD like: “Do you know what those are? Each has a name. Do you know any?
) Is the sun there? Show me. Some children told me that they believed that all

Subjects of them move in space, some children told me they don’t move. What do

The study sample consisted of 76 preschool children (39 boys 37 giou believe? In what way do they move? Show me”. There were solids for
aged 5-6 years old. The subjects were selected at random among the toeakarth and sun (yellow for the sun, blue for the earth) made of polysty-
number of children from 5 nursery schools. Some children, who werene foam with the respective shape of the objects presented in the card that
unwilling to participate, were excluded. None of the children had yet réhe child had selected, which the child could place on the card and move as
ceived any formal or informal instruction concerning the respective topidse/she wished. During the discussion the researcher tried to clarify as
The nursery schools were in urban areas with a population from variougny terms and expressions as possible.
socio-economic levels. The numbers 1-76 in the analysis of the reSLﬂgESULTS

stand for the children in the sample.
Design In the analysis of the results, which is presented below, the children’s
reasoning was recorded, organized and classified into categories. Table 1

During the experimental process that was carried out during Janugésents the children’s conceptions on the shape of the earth.
and May 2005, the researcher held individual interviews, whose duration
was 10-15 minutes, in a special and isolated place within the nursery Table 1
school. The interview included a number of questions concerning two
drifts: the shape of the earth and the day/night cycle on the one hand and the
earth’s and sun’s movements and the solar system on the other. All inter

=T Solid t

views were video-recorded for later analysis (see below). Cube LEI0.IS7.20.9.35.935869.75 i3
Disk 9,16,18,30,31,36,42,51,56,67,68,72,73,74 14

. Pyramid 2,5,24,48,50,54 6
Materials i 6537176 4
Sphere 3,4,7,11,12,13,14,21,22,23,25,26,27,28,32,33,34,37,38,40,41,44,45,46,47,49,52,55,57,59,60,61,62,63,64,65,66,70 38

At the beginning of the interview, the researcher used five woode&tbject 19 did not select a solid.
solids of different shapes: a cube, a pyramid, a disk, a hemisphere, and a
sphere (for educational reasons in relation to preschool education, we mayt seems that the majority of the children (38) selected the sphere from
consider the earth as a sphere that revolves around the sun in a sphetinaing the wooden solids in order to represent the earth. Among the re-
orbit). The selection of these shapes was intentional and took into consithining children who did not select the sphere, the alternative choices
eration children’s repre- were spread among the cube (13), disk (14), pyramid (6) or hemisphere
sentations of the earth as (4). The second most numerous category chosen was the disk, a solid that
identified in the literature. combines the spherical shape with a flat surface. There was only one child
Each child could use the (subject 19) that did not want to select a solid during the first task.
same objects in order to  Table 2 shows the children’s explanations concerning the cause of the
represent his/her expla- day/night cycle.
nation of the day/night
cycle. In addition, six Table 2

cards representing the Children’s responses for the alternation of day/night
planets of our solar sys- . .

Children’s selection of the earth’s shape

tem Were Used, in which iption of a situation 34, 6,11,14.24,31,32.37,46,59.62,65.74.75 15‘
th e fl r St fo ur p resen ted :;J;:Ie;siun (morning, evening, 20,28,48,56,61,69 6
the sun and the planets [anu i o 9.10.17.68.70 s
. Religious or other explanations | 22,64,67.71 4
in sh apes of cubes y PYra- [Neanswer 125 3,15,16,18,19,21,23,25,26,27,29,30,33,34,35,36,38,39,40,41 42,43 44,45,47,49, 6
mids. disks and hemi- 50, 4,55,57,58,60,63,66,72.73.76

spheres respectively, and . . .
tf?e last twoppresen);ed a In this table, the majority of the children (46) was reluctant to express

geocentric and heliocen- @ny ideas about the day/night cycle and was classified in the “no answer”
tric solar system with category. The category “description of a situation” includes children who
spheres (figure 1). attributed the alternation of day/night to strictly observable situations from
everyday experience, e.g. “the moon goes off and hides in the mountains
and the sun comes”(subject 46), “the sun falls into the sea and then it
Figure 1. Cards of the solar system. becomes night and the moon and the stars come” (subject 62) and an
unexplained succession of sun and moon e.g. “at night the moon comes
out, then comes the sun”(subject 6), “the sun goes down and the moon
Process and tasks comes up” (subject 32Alternatively, children offered anthropocentric
The interview process required each child to respond to a number&planations referring to the role played by the sun and moon to the perfor-
questions relating to two different tasks. mance of various human activities e.g. “we sleep and then it becomes day
again” (subject 9), “we go to sleep, it rains sometimes and then becomes

Task A The researcher presented each child with the five wooden solf#@"ing” (subject 68). The category “succession of a day” comprised the
asking @) which most resembles the shape of the earth “the place wher&egPOnses that mention certain phases of the day as “in order to be night,
people live” in order to adopt a common code and avoid any confusion{f &ftérnoon must pass so that the day can go to other countries” (Subject
the meaning of earth (in everyday Greek “earth” also means “ground” ), “first |E is morning, then noon, then.aftgrnoon, and then night (shjbject
“soil") b) to explain the alternation of day and night. The child could usg): The “religious or other explanation” refers to answers like “God
the wooden solids to demonstrate his/her explanation. makes it happen like that” (subject 67), “God changes the days” (subject

Task B The child, according to the selection of the shape of the earth Hey) OF “once its getting dark, once its light” (subject 64). None of the
she had made earlier, was presented with four of the six cards. The c&fidren attempted to explain the day/night cycle in terms of the earth’s
with the spheres and the disks were always presented while the fourth ¢2fgton- o .
depended on the previous selection of each child. For example, if he/shd 2Ples 3 and 4 show the children’s selections of the card that most
had selected cube as the earth’s shape, the cards presented were cliesenbles space.
disks and the two spheres. The reason why all the cards were not presented Table 3
was because in an earlier pilot study it was found that the whole group of Children’s selection of the solar system card
six cards confused preschool children making it difficult for them to focus

on the difference between the shapes and the structure (concerning-the RS .
spheres). When the researcher presented the cards she stated that theymere 569,152440556674 )
made by someone who wanted to illustrate space and that one of thémids RO !
depicted it better than the others. After selecting one of the cards, Ry oenrics | 1234701105, 1416,7.1,5202122525,26.5 85 03325 35 3637 AL BAS 6T S035, | 51
researcher and the child discussed what was represented via questiensri 535758 60.6162,63 64,67 6810712737576
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Table 4 of our solar system. Many children mention that earth and sun move but
Children’s selection of geocentric and heliocentric card with spheres ~ ONly a few (in which the majority had selected the sphere card) demon-
strated a movement around the axis. The tables presented earlier allow us
— ] — t to note that although most of our subjects are aware of the earth’s and the
et SISO ITSSSIIAR 2 planets’ shape, this information, i t s no related to the earth's rotation,
does not suffice for the children to construct an elementary astronomy
) . . . . . model that is compatible with the scientific model.

The first thing to be noticed is that the majority of the children (57) also | oyr results, we should particularly point out the fact that many of the
chose spheres during this task. However, our additional aim here isciQigren who chose spheres in the card selection task, had chosen one of
examine whether preschoolers choose heliocentric or geocentric cards v other solids in the earth’s shape selection task and vice versa (e.g.
they choose spheres. This choice gives us a hint about preschoolers’ ing bjects 1,2,10,16,17,18,20,29,30 et al). This may be explained if we
tive concepts of the structure of the solar system. It appears that most Ofn‘gﬁsider that preschool children’s thought concerning astronomy concepts
children believe that the earth is at the center. _ is not based on a theoretical structure or a model according to which they

Once each child had chosen a card the researcher asked if he /she kigi$ relations that remain stable through all the tasks of the study. It is
any of the names of the planets and if the sun is depicted on that cardpgssible that they cope with every task separately, using fragments of their

intuitive constructions in order to respond to the specific problem without

Table 5 caring about the consistency of their replies with their previous responses.

Children’s comments on the chosen card Furthermore, in the results relative to the alternation of day and night few

children attributed it to God’s interference, an explanation that seems to

@ come from the children’s cultural environment. As some researchers claim
 60.63.64.65.66.67.68.69.70. 475: (SamarAPUNGAVAN, VosNiaDoU & BREwer 1996; Dakibou, VosNiADoU &

B il spapuiipiiyrall I Py Ayl Cawks, 1997), mental representations of the earth held by children who

L live in different cultural environments share common characteristics, whereas

Most of the children (62) did not refer to any names of the plane't'%ey also contain different elements from their specific culture.

whereas recognition of the sun was accomplished by half of the subjects] "€ Present study should be considered as the first step in the process

The most common names of the planets among the preschoolers resigning the introduction of basic astronomy concepts in nursery school.
those of Earth, Saturn, Jupiter, Mars, and Venus and often they referre}§ aim is to prepare the ground for the use of these ideas by the teachers
the moon. in order to design classroom activities during which they will deal with the
After commenting on the card they had chosen, the researcher askegifficulties encountered by children by creating situations where they can
the heavenly bodies shown on the card move or not and invited the cRfpStruct knowledge together. The knowledge that children might acquire
dren to show the movements of these bodies using the respective shagé" tigh these activities and their ability to use non-obvious data to concep-

S f no
16,47,57,61,62 14 1,2,4,5,6,8,9,10,11,14,15,16,17,18,19,20,21,24,26,28,29,30,31,
,37,38,39,40,41,42,43 4: ,54,5

Mention of names 3,7,12,13,22;:

solids for the sun and earth. tualize the natural world may serve them well for the elementary predic-
tions or causal understanding that will be better understood in late child-
Table 6 hood.
Movements of the earth with solids
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