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Abstract

This study examined how a fundamental principle of induction and scientific reasoning, in-

formation diversity, could be used to promote change in children�s mental models of the

earth�s shape. Six-year-old children (N ¼ 132) were randomly allocated to a control or to

one of two training conditions. Some training groups received instruction that simultaneously

challenged children�s beliefs concerning (a) why the earth appears flat to a surface observer

and (b) the role of gravity. Others received instruction that repeatedly challenged only one

of these beliefs. An adaptation of the Vosniadou and Brewer (1992, Cognitive Psychology

24, 535–585) protocol for identifying mental models of the earth was administered before

and after instruction. Both instruction methods produced increases in factual knowledge. Only

children receiving instruction about two core beliefs, however, showed an increased rate of ac-

ceptance of a spherical earth model at posttest. The findings show that instruction that chal-

lenges diverse aspects of children�s na€ııve scientific beliefs is more likely to produce conceptual

change.
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Introduction

A substantial body of evidence indicates that children often construct conceptual

frameworks or intuitive theories in an attempt to explain the natural phenomena that

they observe (see Wellman & Gelman, 1998, for a review). Although there is still de-
bate about how such conceptual systems are organized (cf. Carey, 1985; di Sessa,

1993; Hammer, 1996; Vosniadou & Brewer, 1992), most models of children�s na€ııve
scientific beliefs assume that they constrain the acquisition of new concepts and

are resistant to revision. Mere exposure to concrete experiences that contradict intu-

itive theories is unlikely to bring about significant conceptual change (Chinn &

Brewer, 1993; Kuhn, 1989).

These attributes are well illustrated in studies of children�s understanding of an as-

pect of elementary astronomy, the shape of the earth. Nussbaum and Novak (1976)
showed that although second-grade children claim that the earth is round, more de-

tailed questioning elicited responses that were consistent with a belief in a flat earth

or a variety of alternative nonspherical models. Vosniadou and Brewer (1992) devel-

oped a more explicit system for identifying the mental models that children use to

answer a variety of factual and inferential questions about the earth�s shape. When

this system was applied to the interview responses of school-age children, it was

found that only a small minority of 6-year-olds (15%) used a spherical model, with

the proportion increasing gradually with age to 40% of 9-year-olds and 60% of
11-year-olds. This pattern of developmental change has been widely replicated with

children in Israel (Nussbaum, 1979), Nepal (Mali & Howe, 1979), India (Samara-

pungavan, Vosniadou, & Brewer, 1996), and Greece and Samoa (Vosniadou, 1994)

and with Native American children (Diakidoy, Vosniadou, & Hawks, 1997).

Such models have been shown to be highly resistant to change by conventional

instruction methods, particularly in young children (e.g., Chinn & Brewer, 1993; Ki-

kas, 1998; but see Diakidoy & Kendeou, 2001, and Sneider & Ohadi, 1998, for more

positive training outcomes with older children). Nussbaum and Novak (1976), for
example, found that presenting pictures of the earth as seen from space and encour-

aging children to interact with globe models of the earth had little impact on 7-year-

olds� beliefs about the earth�s shape. When a revised instructional program was

administered to Israeli 7-year-olds, some improvement in children�s understanding

of the spherical nature of the earth was noted (Nussbaum & Sharoni-Dagan,

1983), but the implications of this finding are unclear because it was not based on

an explicit system for identifying children�s mental models from interview responses

and was not supported by any statistical analysis of the magnitude of model change.
In a related domain, Vosniadou (1991) found that following presentation of text ex-

plaining the day–night cycle, third-grade children were able to report additional facts

about the astronomical motions of the sun and earth but did not alter their preexist-

ing explanations of the cycle.

Carey (2000) has suggested two reasons that most previous attempts to modify

young children�s scientific concepts have failed. The first is that many researchers

have failed to take account of the structure of children�s na€ııve scientific beliefs. Vos-
niadou and Brewer (1992) have shown that children�s erroneous beliefs about the
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shape of the earth are based upon two more general misconceptions. First, young

children have difficulty resolving the apparent contradiction between the spherical

shape of the earth and its appearance as flat to an observer on the ground. Second,

children fail to appreciate the influence of gravity on objects on different parts of the

earth�s surface. The degree to which individual children endorse each of these beliefs
constrains the type of model that they construct when making inferences about the

earth�s shape. Hence, a belief that the ground extends along a flat plane will prevent

children from constructing a spherical model. When the belief that unsupported

things fall is na€ııvely applied to the earth�s surface, children are likely to construct

a disk model of the earth or endorse a ‘‘dual earth’’ model with a round earth located

in space coexisting with a flat earth where people live.

According to Vosniadou and Brewer (1992) normal developmental progression

toward a spherical earth model involves the gradual revision of these two underlying
beliefs. It follows that procedures that aim to promote conceptual change in mental

models of the earth should target these beliefs. Previous failures in promoting model

change may be due, in part, to a failure to provide information that challenges these

beliefs. One of the aims of the present study therefore was to promote change in chil-

dren�s earth concepts through the presentation of information that directly chal-

lenged the misconceptions that underlie a nonspherical conception of the earth�s
shape.

The diversity principle in scientific reasoning

A second problem with many previous attempts to modify children�s scientific be-
liefs is that they have not been guided by a coherent model of how scientific beliefs

are modified in the light of new data (Carey, 2000). Although there is still consider-

able debate about the role of new data in the construction and modification of sci-

entific theories (cf. Lakatos, 1970; Kuhn, 1970), there is broad agreement on some of

the characteristics that define salient or persuasive scientific evidence. One principle
that has long been influential in the philosophy of science is that the superior way to

test a scientific theory is by conducting diverse experiments that assess different as-

pects of the theory (e.g., Bacon, 1620/1898; Hempel, 1966; Nagel, 1939; but see

Wayne, 1995; Lo, Sides, Rozelle, & Osherson, 2002, for critiques). According to

the diversity principle, hypotheses are considered to have greater confirmation when

supported by diverse rather than by similar data sets and when confirming data are

obtained using diverse methods. When a hypothesis is being tested, additional obser-

vations are sought from a different source or by using a different methodology that
can provide converging evidence for the hypothesis.

A considerable body of evidence suggests that adults and children without formal

scientific training make use of the diversity principle in their intuitive reasoning

about observed phenomena. Osherson, Smith, Wilkie, L�oopez, and Shafir (1990),

for example, asked adults to rate the relative strength of inductive arguments with

multiple premises that varied in their diversity. Consider, for example, the following

pairs of arguments: (1) ‘‘Lions have an ulnar artery and giraffes have an ulnar artery.

Therefore rabbits have an ulnar artery.’’ (2) ‘‘Lions have an ulnar artery and tigers
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have an ulnar artery. Therefore rabbits have an ulnar artery.’’ Osherson et al.

showed that adults find arguments like (1), which contain a more diverse set of pre-

mises, to be more persuasive than (2). The same pattern is found with arguments that

have more general conclusion categories (e.g., ‘‘Lions have an ulnar artery and gi-

raffes have an ulnar artery. Therefore all mammals have an ulnar artery’’). Hence,
the use of more diverse premises seems to promote a broader range of inductive

inferences.

Lopez (1995) reports an even clearer parallel between this intuitive use of the diver-

sity principle and formal scientific reasoning. Adults were presented with a novel prop-

erty of a single premise category (e.g., ‘‘lions’’) and asked to seek further evidence to

test whether this property generalized to a conclusion category (e.g., ‘‘all mammals’’).

The adults consistently sought diverse evidence about animals that were dissimilar to

the premise animals (e.g. ‘‘rabbits’’) rather than about animals that were seen as
similar to the premise (e.g., ‘‘tigers’’) (also see Spellman, Lopez, & Smith, 1999).

Early investigations of young children�s inductive reasoning (e.g., Carey, 1985;

Gutheil & Gelman, 1997; Lopez, Gelman, Gutheil, & Smith, 1992) reported that

children younger than 9 years of age had some difficulty in applying the diversity

principle in inductive reasoning tasks (see also Heit, 2000, for a review of other ex-

ceptions to the diversity principle). There are reasons to believe, however, that these

negative developmental findings may reflect age differences in knowledge of taxo-

nomic relations and performance components that limit children�s ability to express
a preference for diverse information. One problem with these studies is that tasks in-

volving reasoning about diverse premises were presented within the same testing ses-

sion with tasks that involved different inductive principles (e.g., choosing between

arguments with single premises that varied in similarity to the conclusion). Hence,

for children to display sensitivity to the diversity principle, they would have to shift

their inductive strategies across different items.

Heit and Hahn (2001) tried to minimize the impact of such performance factors

by presenting children between 5 and 9 years of age with inductive arguments that
differed only in the diversity of their premises. The objects used in their induction

task were pictures of everyday objects likely to be familiar to young children (e.g.,

footballs, dolls, flowers). Under these conditions Heit and Hahn found robust sen-

sitivity to premise diversity in children as young as 5 years. Subsequent studies (Heit

& Hahn, 2002; Lo et al., 2002) have shown that young children are capable of using

the diversity principle as a basis for inductive inferences about both observable prop-

erties (e.g., ‘‘has a doll’’) and nonobservable properties (e.g., ‘‘have T cells’’).

The diversity principle not only is relevant to reasoning involving category hier-
archies but also has implications for causal reasoning. Kim and Keil (2003) have

shown that adults� judgments about the causes of observed medical symptoms are

influenced by the diversity of these symptoms within a causal hierarchy. Symptoms

that arise from different causal mechanisms (e.g., burning of skin, destruction of

white blood cells), which in turn share a common cause (e.g., exposure to radiation),

are seen as more diagnostic than symptoms that arise from a single mechanism.

Hence, providing information about multiple branches of a causal hierarchy leads

to stronger conclusions than providing additional information about a single branch.
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The diversity principle and conceptual change

This work shows that, like scientists, lay adults and children draw stronger induc-

tive inferences from information that impacts on diverse aspects of their underlying

beliefs. These findings have considerable implications for the understanding of con-
ceptual change. They suggest that shifts in na€ııve models of natural phenomena are

more likely to occur when people encounter new information that challenges several

features or assumptions of these models. Such diverse instruction is likely to produce

more marked change in mental models than the accumulation of new data that re-

peatedly challenges a single assumption of the model.

A major aim of this study therefore was to examine the role of diverse instruction

in conceptual change in the context of children�s understanding of the earth�s shape.
The diversity principle suggests that, in this domain, conceptual change will be more
likely if we use a few examples that challenge multiple assumptions (e.g., flatness of

the earth, the role of gravity) than if a larger number of examples challenging just

one of these assumptions are presented. Presenting the same or similar kinds of ev-

idence repeatedly should lead to progressively smaller changes in beliefs, as the evi-

dence becomes less surprising or informative each time it is presented. In contrast,

the presentation of a more varied or diverse set of evidence, relative to two different

core beliefs, should lead to greater changes in beliefs overall.

This prediction about the impact of diverse instruction on conceptions of the
earth�s shape was examined here with 6-year-old children. According to previous sur-

veys of children�s earth concepts (e.g., Nussbaum & Novak, 1976; Vosniadou &

Brewer, 1992), the majority of children of this age would not be expected to have

achieved a spherical model of the earth. This was confirmed by administering an ad-

aptation of the Vosniadou and Brewer (1992) interview protocol and assessing chil-

dren�s earth concepts both in terms of response to specific factual and inferential

questions and in terms of children�s current mental models. Children were then pro-

vided with training that challenged beliefs about the relative size of the earth or the
role of gravity (single-belief condition) or an equivalent number of training instances

that challenged both of these beliefs (dual-belief condition). At the end of training,

children�s understanding of the shape of the earth was reassessed. Both groups re-

ceiving instruction were expected to show greater change than controls who received

no instruction. However, if the diverse instruction does promote conceptual change,

then more children should show a shift from a nonspherical to a spherical model in

the dual-belief condition than in the single-belief condition.
Method

Participants

The participants were 132 first-grade children (60 boys, 72 girls) from one public

and three private schools in a middle-income metropolitan area in Southeast Austra-

lia. Children were randomly assigned to the three experimental conditions, with the
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constraint that one of the schools involved in testing inadvertently recruited more

students in the dual-belief condition. There were 40 children in each of the control

and single-belief conditions, and 52 in the dual-belief condition. Children�s ages ran-
ged from 6 years 2 months to 7 years 5 months (M ¼ 6 years, 7 months). A review of

the grade curriculum and an interview with class teachers confirmed that no formal
instruction about the earth�s shape had been provided prior to participation.

Materials

A structured interview to assess children�s current mental models of the earth was

adapted from the protocol used by Vosniadou and Brewer (1992). The interview

schedule was identical to that used by Vosniadou and Brewer (1992) except that

one item from the Vosniadou and Brewer version (‘‘Now I want you to show me
where Champaign is. Where is China?’’) was omitted. Parallel forms of Items 8

and 9 were created for use in pre- and posttraining assessments (see Appendix A).

The interview consisted of 14 items that required verbal (e.g., ‘‘What is the shape

of the earth?’’) or drawing responses (e.g., ‘‘Can you draw a picture of the earth?’’).

A combination of factual (e.g., ‘‘Show me where the moon and stars go’’) and infer-

ential questions (e.g., ‘‘If you walked for many days in a straight line, where would

you end up?’’) was used. Where necessary, protocol items were followed by prompt-

ing questions, such as ‘‘Can you tell me a little more about that?’’ Computer-gener-
ated pictures (of a house in a flat landscape or of a children�s playground in a flat

landscape) were used in conjunction with Item 9 in both interview forms.

Three instructional videos were produced for use in the respective training condi-

tions using Avid Cinema v1.1.2 on a Macintosh Power PC 6500. In the videos scien-

tifically accepted information about the earth was presented in four episodes. In

these episodes information about the earth was presented via spoken narration ac-

companied by animated cartoons, live action video clips, and still photographs

(see Appendix B for a video summary). The episodes included demonstrations of fac-
tual information (e.g., views of the earth from space), analogies (e.g., gravity acts like

a magnet), and causal explanations (e.g., the earth appears flat because we are ob-

serving only a small part of the surface). For children in the single-belief condition

all four video episodes focused on either the relative size of the earth or the effects

of gravity. For those in the dual-belief condition the video contained two episodes

focusing on the size of the earth and two focusing on gravity. The order of presen-

tation of these two sets of episodes was counterbalanced across participants in this

group. The selection of specific episodes was also counterbalanced within this group
so that each of the four possible video episodes illustrating size or gravity issues was

viewed an equal number of times. The duration of all instructional videos was ap-

proximately 6min.

Procedure

All participants were first administered an adaptation of the Vosniadou and

Brewer (1992) interview schedule before training commenced. Approximately 2 h
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after the completion of the pretest interviews, training with the instructional videos

commenced as outlined below. Seven days later the experimenter returned and ad-

ministered the alternate form of the schedule. The assignment of each interview form

to pre- and posttesting was counterbalanced across participants. All interviews were

carried out individually by the second and fourth authors and lasted approximately
15min.

Children assigned to the two training conditions viewed the relevant instructional

video in groups of 3 or 4. The only difference between the procedures for the single-

and the dual-belief conditions was the type of instructional video presented (four ep-

isodes containing information on the size of the earth or gravity or 2� 2 episodes

containing information of the size of the earth and gravity, respectively). In the sin-

gle-belief condition, 20 children were randomly assigned a video that contained in-

formation about the size of the earth, and 20 were assigned a video containing
information about gravity. The control group was not presented a video and had

no further contact with the experimenter until the posttest interview.

Scoring of interview protocols

All interviews were scored in two ways, first at the item level and then at the model

level. Interviews were scored according to the template devised by Vosniadou and

Brewer (1992), which gives a comprehensive list of possible responses to each inter-
view question. At the item level, responses to each of the 14 interview items were

scored as ‘‘correct’’ (1) or ‘‘incorrect’’ (0) on the basis of a consensual scientific un-

derstanding of the shape of the earth, and correct responses were tallied across items.

However, the number of correctly answered items does not necessarily reveal

whether a child has formed a coherent model of the shape of the earth, nor does

it reveal what the model is. Therefore it was crucial to also assess responses at the

model level. The pattern of verbal and drawing responses across items was used to

identify each child�s current mental model of the shape of the earth. A model-level
scoring key was adapted from that developed by Vosniadou and Brewer (1992).

The scoring key described the pattern of expected responses to interview items for

each mental model. Two changes were made to Vosniadou and Brewer�s (1992) scor-
ing key. In both cases the changes were motivated by our observation that some chil-

dren showed a response pattern that suggested a reasonable grasp of the spherical

shape of the earth, but because they failed or misinterpreted one item, would have

been unfairly categorized as having a more primitive model. First, in our scoring sys-

tem it was possible for a child to answer Item 11 (‘‘Is there an end or an edge to the
earth?’’) in the affirmative and still be classified as having a flattened sphere model.

Second, if a child answered ‘‘ground’’ or ‘‘water’’ to Item 12 (‘‘What is below the

earth?’’), they could still be classified as having a flattened sphere or sphere model

if their responses to all other items were consistent with the expected patterns for

these models. These scoring changes meant that 4 children at pretest and 5 at posttest

who would have been classified as having a disk earth model using the Vosniadou

and Brewer criteria were instead assigned to the flattened sphere category. In addi-

tion, 7 children at pretest and 12 at posttest who would have been classified as having
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a disk earth or mixed model by Vosniadou and Brewer�s criteria were judged to have

a sphere model.
Results

Reliability of scoring

The interrater reliability of item-level and model-level scoring was examined by

randomly selecting a sample (n ¼ 56) of pre- and posttraining assessments carried

out by the second and fourth authors and having these scored by an independent

rater. This rater was given a written copy of the scoring rules and had the opportu-

nity to question the experimenters about rule interpretation, but was blind to the
group membership of each child being assessed. For item-level scoring, exact

agreement on the total number of correct answers was obtained for both pre- and

posttraining assessments in 55 of a possible 56 cases. In one case there was a one-

point difference between the scores awarded by the raters on a pretest.

High interrater reliability was also found in assignment of interview protocols to

different categories of mental models, with the raters agreeing on the pre- and post-

test assignment of 53 of 56 assessments, Cohen�s j ¼ :94, z ¼ 18:17, p < :001. These
disagreements were resolved by discussion between the raters.

Item-level performance

Because unequal proportions of children from different schools were allocated to

the three experimental conditions, we carried out a preliminary analysis to compare

item-level performance across schools. A one-way ANOVA showed that the total

number of correct responses to interview questions across pre- and posttests did

not differ as a function of school, F ð3; 129Þ ¼ 0:88, p ¼ :45. In all subsequent anal-
yses, therefore, data were collapsed across participating schools.

The main research question was concerned with differences in the effects on chil-

dren�s mental models of training involving one or two underlying beliefs. It was im-

portant, therefore, to establish first whether the two types of single belief training

(i.e., size or gravity) had similar impacts on children�s performance. To this end a

preliminary analysis was carried out to check whether the type of belief targeted

for change affected accuracy in the single-belief training condition. A one-way AN-

OVA showed that the total number of correct responses to interview questions
across pre- and posttests for participants trained only with examples illustrating

the relative size of the earth (M ¼ 6:4, SD ¼ 1:7) did not differ significantly from

the number of correct responses given by those trained only with examples illustrat-

ing the effects of gravity (M ¼ 6:15, SD ¼ 1:8), F ð1; 38Þ ¼ :12, p ¼ :73. In subsequent

analyses of overall group performance, therefore, the results for the single-belief con-

dition were collapsed across participants exposed to the ‘‘size’’ and ‘‘gravity’’ videos.

Within the dual-belief condition we also examined whether there were differences in

performance between the various combinations of size and gravity training episodes.
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A one-way analysis of variance found no differences between these conditions in the

number of correct responses across pre- and posttests.

The total number of correct responses, out of a maximum score of 14, at each test

occasion is given in Table 1. The data were entered into a 3 (training group)� (2)

(test occasion) mixed ANOVA with repeated measures on the second factor. Two
contrasts were planned. The first contrast compared the performance of control chil-

dren with that of children in the single-belief and dual-belief conditions. The second

compared performance in the two training conditions. The respective weights as-

signed to the control, single-belief, and dual belief conditions were +2, )1, )1 for

the first contrast and 0, 1, )1 for the second contrast. The ANOVA revealed that

across groups, there was a significant increase in accuracy from pretest (M ¼ 6:51)
to posttests (M ¼ 7:42), F ð1; 129Þ ¼ 45:26, MSE ¼ 52:75, p < :001. This effect, how-
ever, was qualified by an interaction with the contrast comparing the performance of
the training and control conditions, F ð1; 129Þ ¼ 7:78, MSE ¼ 9:09, p < :01. The in-

crease in children�s correct responding from pre- to posttesting was significantly

greater for children given some form of training (MPosttest�Pretest ¼ 1:19) than for con-

trols (MPosttest�Pretest ¼ 0:35). Although the increase in accuracy from pre- to posttests

was somewhat greater for the dual-belief than for the single-belief condition, this

contrast did not reach significance.

It is also important to discover whether the size and gravity components of the

training conditions had different kinds of impact on children�s responses at the item
level, and whether these effects were additive in the dual-belief condition. To this end

we computed pre–post difference scores for all 14 items in the control and dual-belief

conditions and in the size and gravity versions of the single-belief condition (see

Table 2). Tukey�s HSD tests were then used to examine whether the change in per-

formance for each item differed in the various training conditions compared to the

control. As can be seen from Table 2, in the single-belief condition ‘‘size’’ and ‘‘grav-

ity’’ training impacted somewhat different aspects of the understanding of the earth�s
shape. Training with the size version of single belief led to significantly larger im-
provements, relative to baseline, on Item 9 (‘‘How come the earth [in the picture]

is flat, but before you made it round?’’), Item 10 (‘‘If you walked for many days

in a straight line, where would you end up?’’), and Item 14 (‘‘What is below the

earth?’’). Training with the gravity version of single belief led to larger improvements

on Item 9, Item 14, and Item 8 (‘‘Show me where the people live [on your drawing]’’).

In the dual-belief condition performance also improved on Items 9 and 14. Notably,

however, improvements were also found on some items that were unaffected by sin-

gle-belief training, including Items 11 (‘‘Would you ever reach the end/edge of the
earth?’’), 12 (‘‘Can you fall off that edge?’’), and 13 (‘‘Where would you fall?’’).
Table 1

Means (and standard deviations) for item-level accuracy at each test occasion

Training condition Pretest Posttest

Control 6.88 (2.2) 7.23 (2.21)

Single belief 6.00 (1.87) 7.12 (1.73)

Dual belief 6.66 (2.09) 7.91 (1.87)



Table 2

Means (and standard deviations) for pre–post difference scores for each interview item

No training control Single belief (size) Single belief (gravity) Dual belief

Mean SD Mean SD Mean SD Mean SD

Item 1 1.08 (0.80) 1.15 (0.53) 1.56 (0.39) 1.46 (0.48)

Item 2 0.54 (0.98) 1.15 (0.39) 1.00 (0.57) 1.04 (0.66)

Item 3 0.13 (0.80) 1.15 (0.39) 1.15 (0.39) 1.04 (0.39)

Item 4 0.51 (0.72) 0.58 (0.53) 0.75 (0.69) 0.84 (0.62)

Item 5 1.08 (0.62) 1.15 (0.69) 1.26 (0.81) 1.31 (0.72)

Item 6 0.38 (0.46) 0.58 (0.39) 0.86 (0.39) 0.38 (0.23)

Item 7 0.51 (0.80) 1.15 (0.39) 0.29 (0.57) 0.67 (0.47)

Item 8 )0.51 (0.46) 1.15 (0.39) 1.56� (0.39) 1.04 (0.39)

Item 9 )0.13 (0.46) 1.77� (0.69) 1.15� (0.69) 1.79� (0.57)

Item 10 0.76 (0.46) 2.19� (0.53) 1.05 (1.07) 1.04 (0.74)

Item 11 0.00 (0.22) 0.42 (0.53) 0.32 (0.48) 1.79� (0.50)

Item 12 )0.13 (0.80) 0.00 (0.39) 1.15 (0.77) 1.35� (0.38)

Item 13 0.76 (0.62) 0.42 (0.53) 1.15 (0.39) 1.32� (0.23)

Item 14 )0.13 (0.62) 2.61� (0.53) 2.72� (0.60) 2.44� (0.56)

* Significantly different from corresponding item in No Training Control by Tukey�s HSD test, p < :05.
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Stability and change in mental models

We now turn to the crucial analyses, those at the model level. Table 3 shows the

frequency of pre- and posttraining mental model classifications for all participants.

An inspection of Table 3 reveals some important trends. When a change in children�s
models did occur across testing occasions, it was most often a positive change from a

nonsphere to a sphere model (15% of all participants) or a change from one non-

sphere model to another nonsphere model (13% of all participants). Negative

changes from a sphere to a nonsphere model were rare (2% of all participants).
Table 3

Pre- and posttest frequencies (and within-group percentages) of each mental model in each training

condition

Model Control f
(% within group)

Single belief f
(% within group)

Dual belief f
(% within group)

Pre Post Pre Post Pre Post

Sphere 10 (0.25) 10 (0.25) 7 (0.18) 11 (0.28) 12 (0.23) 25 (0.48)

Flattened

sphere

4 (0.10) 5 (0.13) 4 (0.10) 6 (0.15) 4 (0.08) 3 (0.03)

Hollow

sphere

5 (0.13) 7 (0.18) 9 (0.23) 8 (0.20) 10 (0.19) 7 (0.13)

Disk earth 4 (0.10) 4 (0.10) 3 (0.08) 1 (0.03) 3 (0.06) 1 (0.02)

Dual earth 11 (0.28) 10 (0.25) 15 (0.38) 13 (0.33) 17 (0.33) 14 (0.27)

Rectangular 2 (0.05) 1 (0.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Mixed 4 (0.1) 3 (0.08) 2 (0.05) 1 (0.03) 6 (0.12) 2 (0.04)
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To compare patterns of stability and change in children�s mental models in the

three experimental conditions, the model category data for each testing occasion

were collapsed into the two categories of ‘‘spherical’’ or ‘‘nonspherical.’’ Each par-

ticipant was then classified in terms of the models held at the pre- and posttests,

yielding the joint frequency distribution in Table 4. The key result is that in the du-
al-belief condition, 40 children initially had nonspherical models, and 14 (35%) of

them changed to spherical models after training. In comparison, in the control con-

dition, only 2 of 30 children (6.7%) changed from nonspherical to spherical models,

and in the single-belief condition, only 4 of 33 children (12.1%) changed from non-

spherical to spherical models. Preliminary analyses showed that the proportion of

children who initially had a nonspherical model and then changed to a spherical

model was significantly higher in the dual-belief condition than in either the control

condition, v2ð1Þ ¼ 7:81, p < :01, or the single-belief condition, v2ð1Þ ¼ 5:39, p < :02.
To examine patterns of model change across the whole data set, the joint fre-

quency distribution in Table 4 was entered into a repeated-measures log-linear anal-

ysis (Von Eye & Niedermeier, 1999). This analysis examined whether the distribution

of children across the sphere and nonsphere categories varied systematically as a re-

sult of the training group and test occasion factors. It also allows the testing of spe-

cific comparisons between training groups, in a manner analogous to contrast testing

in analysis of variance. The first stage of this analysis involved the iterative fitting of

models to the observed frequency distribution to find a model that accurately de-
scribed these data. The most parsimonious model to give a good fit to the data

was one containing the test occasion factor and group contrasts comparing the con-

trol group with the single-belief and dual-belief conditions, respectively,

v2ð4Þ ¼ 3:76, p ¼ :44. In the second stage of the log-linear analysis we examined

whether individual model parameters (denoted by k) made a significant contribution

to the explanation of change in the proportion of children showing sphere and non-

sphere models. Three model parameters were found to be significant. The first two
Table 4

Joint frequency distribution of pre- and posttest sphere and nonsphere mental models

Group Pretest model Posttest model Frequency

Control Nonsphere Nonsphere 28

Nonsphere Sphere 2

Sphere Nonsphere 2

Sphere Sphere 8

Single belief Nonsphere Nonsphere 29

Nonsphere Sphere 4

Sphere Nonsphere 0

Sphere Sphere 7

Dual belief Nonsphere Nonsphere 26

Nonsphere Sphere 14

Sphere Nonsphere 1

Sphere Sphere 11
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parameters were not directly connected with the experimental hypotheses and re-

flected global trends in the frequency data. Across groups, it was found that a greater

proportion of children had nonsphere models (78.8% of participants) than sphere

models at pretest (21.2% of participants), k ¼ �1:39, z ¼ 4:03, p < :01. In addition,

more children showed model stability (82.58% of participants) than model change
(17.42%) across testing occasions, k ¼ �0:97, z ¼ �5:62, p < :001. The third signif-

icant parameter, however, was crucial to the evaluation of our hypotheses. The pro-

portion of children showing change from a nonsphere to a sphere model was greater

in the dual-belief group (26.9% of that group) than in the control group (5% of that

group), k ¼ 1:05, z ¼ 2:88, p < :01. In contrast, the parameter comparing change

from nonsphere to sphere models in the single-belief (10% that group) and control

conditions did not reach significance, k ¼ :15, z ¼ :34, p ¼ :63. Hence, children

trained in the dual-belief condition, but not those in the single-belief condition,
showed a significantly greater shift from nonsphere to sphere models than children

in the control group.

In a second log-linear analysis we used a broader definition of ‘‘positive’’ concep-

tual change that included not only shifts from nonsphere to spherical models, but

also change from less to more sophisticated nonsphere models. Vosniadou and

Brewer (1992) draw a distinction between two types of nonspherical earth models

that differ in their level of scientific sophistication. ‘‘Initial models’’ of the earth (rect-

angular earth, disk earth) are based entirely on na€ııve observations of earth�s appar-
ent flatness. ‘‘Synthetic models’’ (dual earth, hollow earth, flattened sphere) represent

an attempt by children to reconcile their na€ııve observations with information they

receive from adult culture that the earth is a sphere. A shift from an initial to a syn-

thetic model could also be seen as evidence of positive conceptual change. In this

analysis, therefore, children�s mental models before and after training were classified

as initial, synthetic, or spherical. Positive change was defined as a shift from any non-

sphere model before training to a sphere model after training or a shift from an ini-

tial to a synthetic model. These categorical data were entered into a log-linear
analysis containing parameters representing the occasions of measurement and the

same group contrasts used in the previous log-linear analysis. This model produced

a good overall fit to the data, v2ð16Þ ¼ 14:45, p ¼ :56. In terms of the specific param-

eters generated by the model that were relevant to the hypotheses, the crucial finding

was that the parameter representing the comparison of positive change in the control

(7.5% of children in that group) and dual-belief conditions (30.77% of children in

that group) was significant, k ¼ 0:51, z ¼ 3:09, p < :01, but the parameter comparing

positive change in the control and single-belief conditions (12.5% of children in that
group) was not, k ¼ �0:18, z ¼ �0:86, p ¼ :2. Again, the level of positive change rel-

ative to controls was found to be greater in the dual-belief condition than in the sin-

gle-belief condition.

Relation between item-level and model-level performance

To examine the relation between performance on individual items and children�s
mental models we calculated the difference in item-level performance across pre- and



B.K. Hayes et al. / Journal of Experimental Child Psychology 86 (2003) 253–276 265
posttests for each participant. These difference scores were then correlated whether

or not children showed a positive change in their mental models (as defined above)

following training. A modest but significant positive correlation was found,

rð130Þ ¼ 0:31, p < :001. We also examined correlations between pre–post difference

scores and positive model change for each item in the questionnaire. Across groups,
improvements on four items were found to be positively correlated with the proba-

bility of shifting to a spherical model: Item 2 (‘‘Which way we do we look to see the

earth?’’), rð130Þ ¼ 0:27; Item 9 (‘‘How come the earth [in the picture] is flat, but be-

fore you made it round?’’), rð130Þ ¼ 0:3; Item 11/11a (‘‘Would you ever reach the

end/edge of the earth?’’), rð130Þ ¼ 0:44; and Item 12 (‘‘Can you fall off the edge?’’),

rð130Þ ¼ 0:32, all p0s < :001.
Discussion

Our aim was to evaluate the effectiveness of a novel approach to promoting con-

ceptual change in young children. The training intervention targeted the two core

misconceptions thought to underlie erroneous mental models of the earth�s shape

(Vosniadou & Brewer, 1992). Following models of inductive reasoning that empha-

size the importance of information diversity (e.g., Heit, 2000; Osherson et al., 1990),

we predicted that challenging two core beliefs would produce a greater shift toward
the consensual spherical earth model than exposure to an equivalent number of

training episodes that challenged just a single core belief.

Children�s understanding of the earth�s shape was assessed before and after train-

ing in two ways. Item-level assessment involved scoring factual and inferential

responses to each interview question as correct or incorrect. Children in the single-

and dual-belief training conditions showed a greater increase in correct responses

from pre- to posttests than children in the control group.

Assessing performance only in terms of the number of correct items, however,
does not always give a clear indication of the mental models that underlie a child�s
understanding of a domain (e.g., Solomon & Cassimatis, 1999; Vosniadou, 1991;

Vosniadou & Brewer, 1992). This was true in the current study where there was only

a modest relation between increases in item-level performance and positive shifts in

children�s mental models.

Overall our brief intervention had only modest success in changing children�s
mental models. Over two-thirds of children in the training conditions maintained

nonspherical models at the posttest. Nevertheless the pattern of change was consis-
tent with our predictions, with a significant shift toward use of a spherical model

found in the dual-belief condition relative to controls, but not in the single-belief

condition. Dual-belief training was also advantaged relative to the other groups

when we examined change from less complex to more sophisticated nonsphere

models.

These results show that the diversity principle not only is important in young

children�s judgments about property generalisation (e.g., Heit & Hahn, 2001) but

also can affect more complex belief structures. The consideration of evidence that
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challenges diverse aspects of a belief system is seen as a characteristic of both norma-

tive systems of induction (e.g., Horwich, 1982) and as sound scientific practice (e.g.,

Hempel, 1966). In the current study children�s responses showed some parallels to

those of formally trained scientists in that instruction about diverse aspects of the

earth�s shape was linked to greater levels of conceptual change. These findings could
be seen as additional support for the ‘‘little scientist’’ hypothesis, which holds that

there are strong parallels between the reasoning processes of children and scientists

(e.g., Brewer, Chinn, & Samarapungavan, 2000; Carey, 1985; Gopnik & Meltzoff,

1994; Keil, 1989). In particular, our results suggest that one of the key principles

thought to guide theory development and change in science also influences concep-

tual change in children.

We also need to be clear about the limitations of this ‘‘child as scientist’’ analogy.

Our findings support the notion that, at an individual level, children and scientists
may use similar kinds of inductive principles to evaluate their beliefs about natural

phenomena. These data, however, do not address the more contentious issues of

whether children form ‘‘theories’’ that resemble the theories of science, or whether

conceptual change in children is analogous to shifts in theoretical stance that have

been found in the history of the scientific disciplines. Our minimal assumptions

about the internal structure of children�s mental models of the earth were that (a)

these models were constrained by two sets of beliefs related to children�s everyday

observations concerning the apparent flatness of the earth�s surface and the function
of gravity and (b) these constraints would produce internal consistency in the re-

sponses of individual children to the various interview items. Like Vosniadou and

Brewer (1992) we see ‘‘mental models’’ as being generated from these underlying be-

liefs when children are required to answer questions such as those in our interview or

to solve specific problems. By presenting diverse information that challenged core be-

liefs, we led some children toward a new pattern of responding, indicative of a new

synthetic mental model. This interpretation does not require the strong assumption

that the internal structure of children�s beliefs before or after training resembles that
of a formal scientific theory of the earth�s shape, nor do we assume that the process

of change involves replacing one ‘‘theory’’ with another. Indeed, we note that in

other domains, children�s beliefs about natural phenomena often lack critical fea-

tures of scientific theories such as the use of formalisms and the generation of novel

predictions (Brewer et al., 2000; Harris, 1996; Kuhn, 1989).

One way of viewing our results might be as a relatively straightforward demon-

stration that in attempting to change na€ııve beliefs that are based on two underlying

misconceptions, challenging both assumptions is more likely to succeed than chal-
lenging just one. This view implies that conceptual change may simply be a cumula-

tive function of the number of misconceptions that are challenged by novel evidence.

Our data, however, suggest a different conclusion. Simultaneously challenging chil-

dren�s assumptions about both the earth�s size and gravity led to outcomes that were

not equivalent to a simple addition of the effects of challenging assumptions about

each of the two components in isolation. Following dual-belief training children per-

formed better on inferences relating to what happens when you approach the edge of

the earth (Items 11–13). No such improvement was noted in either the ‘‘size’’ or the
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‘‘gravity’’ version of single-belief training. This result was found over and above im-

provements in item-level performance that were found following training in both sin-

gle- and dual-belief conditions (i.e., Items 9 and 14).

A further indication that it is not simply the number of assumptions that are chal-

lenged during training but also the way that this evidence is presented that is impor-
tant for conceptual change comes from a comparison of our results with those of

previous studies. Others have challenged young children�s misconceptions about

both relative size and gravity (see Nussbaum & Novak, 1976; Nussbaum & Sha-

roni-Dagan, 1983; Vosniadou, 1991). A possible explanation for the failure of these

approaches in changing children�s beliefs is that they challenged misconceptions in a

serial fashion rather than presenting multiple examples that challenged a number of

different misconceptions within a single training session. Nussbaum and Sharoni-Da-

gan (1983), for example, presented several instructional sessions containing demon-
strations of the size of the earth and its effects on the perspective of a surface

observer some weeks before sessions dealing with the effects of gravity.

Another factor that may have contributed to the success of dual-belief training is

that it capitalizes on the interdependence between core beliefs (cf. Kim & Keil, 2003).

It is likely that acquiring an understanding of the size of the earth could support chil-

dren�s understanding of gravity, and vice versa. As children begin to accept that in-

dividual perspective of the earth�s shape is constrained by the fact that they are

observing only a small part of a very large sphere, their attention may be directed
to the problem of how other observers located on other parts of the sphere remain

attached to the surface. Providing demonstrations and explanations that are relevant

to each of these issues may therefore have a synergistic effect on children�s under-

standing of the general concept of the earth�s shape.
The current findings highlight the need for the careful assessment of performance

at both the item level and model level when studying conceptual change. The differ-

ent patterns of change found across these two measures reflect, in part, the mechan-

ics of the two scoring systems. In the scoring of understanding at the item level, a
child�s responses to each item were treated as independent. In contrast, in the proce-

dure used for identifying mental models, the critical consideration was the pattern or

configuration of responses across items. Hence, a child who responded correctly

when asked to draw a picture of the earth and show ‘‘where the moon and stars

go’’ would receive full credit for the response in item-level scoring. Whether or

not their underlying model was judged to be spherical, however, depended on their

responses to questions dealing with other aspects of the earth�s shape.
These different approaches to assessing children�s knowledge are based on the as-

sumption that mental models represent more than a simple collection of facts and

isolated inferences. They involve some form of coherent organization of this knowl-

edge. In support of this view it was found that, in general, only improvements in per-

formance on items that required some form of explanation of the child�s view about

the earth�s shape (Item 9) or some form of inference (Items 11 and 12) were corre-

lated with positive conceptual change. With one exception (i.e., Item 2) improve-

ments on factual questions were not associated with a change in children�s mental

models.
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Recently there has been some discussion of whether young children�s beliefs about
the earth�s shape should be characterized as coherent mental models (cf. Nobes et al.,

2003; Siegal, Butterworth, & Newcombe, 2003). Arguing against this view, Nobes

et al. (2003) found relatively little correspondence between children�s responses to

forced choice questions concerning issues such as whether you can ‘‘fall off’’ the
earth and whether people live all over the earth�s surface.

A number of aspects of our data, however, support the view that there is some

degree of coherent structure within children�s beliefs about the earth�s shape and that

such beliefs represent more than collections of fragmented facts. First, the majority

of children (93% of the total sample) were classified at pre- or posttest as using a sin-

gle mental model rather than giving a mixed pattern of responses, albeit with a scor-

ing system that allowed for more ‘‘acceptable deviations’’ from the expected response

pattern than the system used by Vosniadou and Brewer (1992). Second, when we ex-
amined correlations between children�s correct or incorrect responses across the 14

items (see Appendix C) we found a modest degree of coherence. At both pre- and

posttests, for example, the accuracy of children�s drawings of the earth (Item 6)

was moderately correlated with an understanding of ‘‘what is above the earth’’ (Item

3), where people live on the surface (Item 8) with answers to inferential questions

about whether the earth has an edge (Item 10). This result is discrepant with the

low levels of correspondence between item responses reported by Nobes et al.

(2003). This discrepancy may be due to differences in the size of the samples used
to examine coherence in the respective studies (132 children in this study compared

with 24 to 28 children per sample in Nobes et al.). Most notably, the patterns of

model change that we obtained suggest a systematic reorganization of children�s be-
liefs about the earth rather than the simple accrual of new factual information. Po-

sitive model change typically involved a shift from a more primitive nonsphere model

to a more sophisticated ‘‘synthetic’’ nonsphere model (16.7% of children who showed

positive change) or from a synthetic model to a spherical model (79% of children

who showed positive change). Shifts from primitive models to a sphere model follow-
ing training were very rare.

In considering the wider implications of our results, a number of issues still need

to be clarified. One question relates to the nature of the information that was pre-

sented during training. The training episodes contained new scientific facts, analogies

illustrating the size of the earth and the action of gravity, and explicit causal expla-

nations. An important goal issue for the future, therefore, is to assess the relative im-

portance of these different types of information in promoting conceptual change and

determine whether the diversity principle applies equally to each.
Three other questions regarding the generalizability of the current results also de-

serve some attention. The first is whether our findings concerning change in the earth

concepts of Australian children would be equally applicable to children in other cul-

tures. Siegal et al., (2003) found that Australian preschool and elementary school

children showed a better understanding of the shape of the earth than age peers from

a Northern Hemisphere country (England). This difference was attributed to unique

aspects of Australian culture, including the fact that from a young age children are

made aware of their relatively isolated geographic position below the equator, as well
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as their close cultural links with the distant countries of the Northern Hemisphere.

By extension it might be argued that Australian children are more likely than North-

ern Hemisphere children to respond in a positive way to the kinds of instruction that

we provided.

We acknowledge that such cultural differences in children�s initial state under-
standing of domains like the shape of the earth may have some influence on how

quickly children shift their na€ııve beliefs in response to novel information. However,

we would also argue that the promotion of belief change via challenging multiple as-

pects of the belief is a general feature of human induction that is likely to apply

across many cultural contexts. In support we note that the influences of diversity

on inductive reasoning have been demonstrated across a range of cultural groups in-

cluding North American (Osherson et al., 1990) and Korean students (Choi, Nisbett,

& Smith, 1998) and, in some domains, the Itzaj Mayans of Central America (Lopez,
Atran, Coley, Medin, & Smith, 1997).

A related issue concerns recent criticisms of the interview methods developed by

Vosniadou and Brewer (1992) to assess children�s understanding of the earth�s shape
(e.g., Nobes et al., 2003; Siegal et al., 2003; Schoultz, S€aalj€oo, & Wyndhamn, 2001).

Subsequent studies have introduced a number of modifications to the Vosniadou

and Brewer interview, including the use of less ambiguous questions, a forced choice

rather than open-ended response format, and the provision of realistic 3D models of

the earth. Under such conditions children aged 6 to 7 years appear to show a con-
siderably better understanding of the shape of the earth than was reported by Vos-

niadou and Brewer (1992). The implications of these findings deserve close attention

because our methods of assessing na€ııve astronomical beliefs were based on those of

Vosniadou and Brewer (1992). In response we would make two points. First, it

should be noted that the results suggesting that young children have a good grasp

of the earth�s shape have been largely based on assessments of children�s responses
at the item level rather than on an analysis of their underlying mental models. Sec-

ond, as argued earlier, even if our methods did underestimate the initial state of chil-
dren�s earth concepts, this does not invalidate our findings concerning the conditions

that promote conceptual change. As long as children�s understanding of the earth is

below ceiling we would expect our pattern of results regarding the relative efficacy of

dual- and single-belief training to be replicated across alternative methods of assess-

ing earth concepts.

Finally, there is a need both to clarify the kind of conceptual change that was

found in this study and to examine whether the training methods used are likely

to be effective in promoting change in domains outside na€ııve astronomy. Thagard
(1992) identifies at least seven different types of conceptual change. Our data on cor-

relations between item responses and shifts from a nonsphere to sphere model sug-

gest that this involved a number of the different kinds of epistemic change identified

by Thagard. Conceptual change was associated with the addition (e.g., you look

down to see the earth) and deletion (you can�t fall off the edge of the earth) of specific

beliefs. It also involved some degree of reorganization such that change was associ-

ated with an ability to resolve the contradiction between the apparent flatness shown

in children�s drawings and knowledge about sphericity.
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In considering the generality of our findings to other conceptual domains, we

need to be mindful that conceptual change may take very different forms across

domains (Siegal et al., 2003; Thagard, 1992). It would therefore be premature to

expect that the kinds of interventions used in the current study will always produce

the same kinds of changes in domains as different as children�s na€ııve physics, biol-
ogy, or understanding of emotions and beliefs. Nevertheless, we see the principle

that challenging diverse aspects of beliefs rather than repeatedly challenging the

same belief as one that is a general feature of induction, and therefore one that

seems likely to promote relatively greater levels of change across a range of belief

systems or domains.

In summary, we have shown that the diversity principle derived from general

models of scientific reasoning and induction is likely to have an important role in

promoting change in children�s na€ııve mental models. Our results show that children
are more likely to revise their beliefs in the face of challenges to multiple assumptions

that underlie these beliefs. It is important to remember, however, that our brief in-

tervention achieved only a modest level of conceptual change overall. This is, per-

haps, not surprising given the relatively low proportion of children showing a

spherical model at pre-test and the brevity of the intervention. To produce more sub-

stantial shifts in children�s understanding of basic science phenomena, it may be nec-

essary to consider other factors such as children�s beliefs about the relations between
different kinds of evidence or data (Kim & Keil, 2003; Medin, Coley, Storms, &
Hayes, in press).
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Appendix A. Adaptation of the Vosniadou and Brewer (1992) interview protocol

The protocol used to assess children�s mental models of the earth followed closely

the protocol described by Vosniadou and Brewer (1992, p. 551). Items 1 to 7 and 10

to 14 were identical to the corresponding items used by Vosniadou and Brewer

(1992), with the same items presented in both pre- and posttests. The alternate forms

of Items 8 and 9 are given in italics.
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1. What is the shape of the earth?
2. Which way do we look to see the earth?

3. What is above the earth?

4. What is below the earth?

5. What is to the sides of the earth?

6. Can you draw a picture of the earth?

7. Now on this drawing, show me where the moon and stars go. Now draw the sky.

8. Show me where the people live.

8. Suppose you and I were in this picture. Draw two people in the place where we

would be.

9. Here is a picture of a house. This house is on the earth, isn�t it? How come the

earth here is flat, but before you made it round?

9. Here is a picture of a playground. Does the earth seem flat or round? Why does the

earth seem flat here but you drew the earth round there?

10. If you walked for many days in a straight line, where would you end up?

11. Would you ever reach the end or edge of the earth?

11a. Is there an end or an edge to the earth?
12. Can you fall off that end or edge?

13. Where would you fall?

14. Now tell me what is down here below the earth (with reference to the child�s
drawing)?
Appendix B. Summary of the content of the training videos

Size of the earth video (4 training episodes)
SPOKEN CONTENT
 VISUAL CONTENT
Training episode 1
It is hard to imagine that the earth is shaped like a ball

when it seems flat if we look around, but it is a matter of

the size of the earth and where we are looking. The

problem is that the earth is so big that we have trouble

picturing it. Let�s first have a look at what earth looks like

from space. Now we can see that the earth looks like a
round ball that shines bright and blue. So why does it look

flat from where we are?
Shots of the earth

from space.
Training episode 2
The earth is very large. We can only see a very small part
of the earth at a time. The earth is so big that it looks flat

but really it isn�t. The earth seems flat to us because we are

so tiny in comparison to the size of the earth. Let me show

you what I mean.
Tiny human figures
placed next to globe.
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Appendix B. (continued)
SPOKEN CONTENT
 VISUAL CONTENT
Training episode 3
Imagine that this rockmelon (cantaloupe) is the earth. It is
shaped like a ball. But if we just look at one small piece of

the skin, it looks flat. This little piece of skin is like what

we can see of the earth. It is like where we live and it looks

flat, just like where we live looks flat. But it is part of a

round ball. If we put this part back into the rockmelon we

can see how something that looks flat can be part of

something round. What we see of the earth is flat but it is

part of something round like a ball.
Demonstration
with a rockmelon

(cantaloupe).
Training episode 4
The earth is so big that we can�t see it all at once.

That makes it hard to imagine. From space, it is
easy to see the earth as a round ball.
Animated characters

and rocket taking off.
Narrator: Why don�t we go for a trip into space to

see for ourselves? Let�s climb into this rocket.

Get ready for take-off! 5-4-3-2-1!
Characters in a space

ship, traveling

through space,

looking back at the

earth to see its shape.
Narrator: Now we are in space, let�s have a look at

what the earth really looks like.

Animated child: Wow! It really is round! Can we

travel through space and see what the earth looks like

from different places?
Narrator: Definitely, let�s go!

Animated child: Look! It does look like a ball! So no

matter where we look at the earth from, it�s round.

Narrator: Yes, it is!
Animated child: Because the earth is so big when we
look at it, it looks flat.
Narrator: That�s right, but now you know that it is

really like a big round ball. So what we have learnt is

that the earth looks flat because it is so big. But it is

actually shaped like a huge round ball.
Gravity video (4 training episodes)

Training episode 1
The earth is shaped like a ball. Let�s pretend that

this toy person is a real person living on the earth.

How can this person live here on the bottom of

the earth without falling off? The answer is gravity.
Shot of a yellow

ball. Shot of a toy

figure. Shot of a toy

falling
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Appendix B. (continued)
SPOKEN CONTENT
 VISUAL CONTENT
Gravity is the force that pulls everything down

onto the earth. It is an important force that
affects everything on the earth. We can�t see
gravity, but we can feel it. Let�s have a look at

some examples of what gravity does.
from the base of a

ball. Shot of toy stuck
to a ball.
Training episode 2
The mysterious force of gravity holds us down
on the ground. No matter how hard we try to push

away from the earth, gravity pulls us back down.

When we jump up into the air on a trampoline,

gravity is the force that pulls us back down.

When we drop something, it falls down toward the

ground because of gravity. When a diver leaps

off the diving board, gravity pulls him faster and

faster towards the pool below. Gravity makes
rain fall, and basketballs drop through hoops.

Gravity pulling us down gives us our weight. It

makes us feel heavy.
Slow motion shot of
children jumping.

Shot of a child

jumping on a

trampoline. Shots

of a child dropping

a book. Shot of a

diver. Shot of rain

falling. Shot of a
basketball. Shot of

toddler on a set of

scales.
Training episode 3
Gravity works the same way as a magnet does

on your fridge at home. It holds things in place.

Gravity keeps objects from floating into

space.
Shot of a magnet

holding some paper in

place.
Training episode 4
Gravity pulls everything toward the center of the

earth. No matter where you are on the planet,

gravity pulls objects toward the center. This

brings us back to our first question. If the

earth is round like a ball, how can people

live all over it? Won�t people fall off if they

live on the sides or the bottom of the ball?
We now know that people won�t fall off the earth,

because of a force called gravity. Gravity holds

everything onto the earth no matter what part

of the earth we are on. This special force

called gravity is how people can live

on all different parts of the earth without

falling off.
A picture of the earth

with arrows pointing

and moving towards

the center of the

earth. Cartoon of

earth with figures all

over the edge again.
Shot of a slowly

spinning globe with

tiny figures of people

attached all around

the earth.
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