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Mental Models of the Earth
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Figure 1. Mental models of the Earth.
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CAPTURING AND MODELING CONCEPTUAL CHANGE
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Bpetifie Theory

JEHBR = A ER YA AR R SO A

v

_|
/

Solidity

Stability
organization

Epistamologecal Prasuppositions

7 TN

The ground sxtends Tha sky is located There is ground

Things are as thay appear to be

P

along the same plane sbove the ground andior wated
aver & greal distance balow the sarth
Tha sun/maon/stars
wre in the sky
; /| | hul-f- \ |
Thae aarth is The sarth s The asrh is Tha sun/moon/
flat, solid, statinnany supported by . stars and sky ane
stationary ground of water locstad above the
undernanth top of the earth
Mantal Models
Ractangular Earth Disc Earth Ring Earth

Figure 2. Hypothetical conceptual structure underlying initial mental models of the Earth.
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The sun goes down,
on the ground, behind

mountains, and the
MEON comes up.

o

«

. The earth rotates in an

up/down direction. The
moon and sun are located
at opposite sides.

2. The sun goes down, to
the other side of the
earth, and the moon
comes up.

-
[~

&

4. The earth rotates in an
east/west rotation. The
sun and moon are locabed
at opposite sides.

O]

e OO

——

70

The Sun is occluded by
clouds or darkness.

fe]

The Sun and the Moon
move up/down to the
other side of the Earth.

&>

The Earth and the
Moon revolve around

6.

the Sun every 24 hours.

Initial Mental Model

ron

The Sun moves oul into
space.

Synthetic Mental Models

“Scientific” Mental Models

c@)«

The Earth rotates
westfeast. Sun is fixed
but Moon revolves
around Eanh.

oo

The Sun and the Moon move
up/down on the ground.

¢
3

The Sun and the Moon revolve
around the Earth once every day

T(O X @V

(a) or (b)
The Earth rotates up/down or
west/east. Sun and Moon are
fixed at opposite sides.

Figure 3. Mental models of the day/night cycle.
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Table 2
Mental models of Force

Grade
Mental Models Kind 4th Gth 9th

1. There is an internal force

within heavy objects — both

stationary and moving 40% 6.7% 0% 0%
2. There is an internal force

within heavy and stationary

objects. There is both an

internal and an acquired

force within moving objects 13.3% 26.7% 13.3% 0%
3. There is an internal force

within stationary objects 13.3% 6.7% 0% 0%
4, There is only an acquired

force within moving objects 0% 10% 43.3% 20.7%
5. Force of gravity on stationary

objects and on objects on a

free fall. Force of gravity

and acquired force within

objects which have been

thrown 0% 6.7% 6.7% 46.7%
6. Mo foree eithcr within

stationary or moving

objects 0% 0% 0% 3.3%

- Force in waiting in
‘é stationary objects.

Acquired force and force
in waiting within moving
© objects 6.7% 10% 13.3% 6.7%

8. Mixed 26.7% 33.3% 23.3% 23.3%
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CAPTURING AND MODELING CONCEPTUAL CHANGE

Framework Theory

v

Fresuppositions

= Thera are physical objects. Physical

objects have properties. Forcs s &
proparty of objects.

= Inanimate objecte do not move by

themselves.

- The motion of inanimete objects

raquires an axplanation.

- Explanation should be in terme of a

causal agent.

Spéolfic Theory

y

I

Observations in Cultural Contast

/

\ |

Some objects Inanimata Inanimate
react to external objects nesd to objscts stop
actions upon be pushad to maving by
them. Others do mave. thamsalves.
naot,

| Beliets
Objects that An scquired Insnimeste
react to force causes the objects stop
external mation of maoving whan
actions upon inanimate the acquired
tham nave the objects. force dissipates.
proparty of
waight and
force.

l

Initial Mantal Models of Force

Figure 5. Hypothetical conceptual structure underlying initial mental models of force.
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CAPTURING AND MODELING CONCEPTUAL CHANGE

Mental Models of Heat

Initial Model: @ Hot —= Less Hot
1. Two Agents ee Cold —= Less Cold
Synthetic Models

2. Two agents model, but direct contact 1s not required for transfer of
coldness/hotness

9_9 Hot ——= Less Hot
Cold —= Less Cold
3. Two agents model, but amount and intensity are differentiated
Hot ——= Less Hot
9_9 Cold — Less Cold
4, Hot transfer model

@_@ Hot ——= Less Hot

5. Hot transfer model with amount and intensity differentiated

(9—{ :' Hot —= Less Hot

Figure 7. Mental models of heat.
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Framework Theory

. Dlagects have propertics

. Hotness and coldness are

properties of objscts, ste.

. Thangs are a3 they appesr
te be

. Somethng “exists™ only

If detectable through the
sanses, etc.

Specific Theory
Some obpects feel hot, You bacoms hot Bigger chjects Some objects
others feel warm, others when you touch s hot are hotter/colder are sbways hotte
cold, ste. when you touch obpect. You become than smaller than others and
tham cold when you touch objects. soma colder tha
a cold object. othert,
Behefs
Hotness and The hotness/coldness Hnanmd Transfer of
coldnms are of an object 5 coldnass can hotness/ cokdness
two distinct propaortional transfer to 1 determinad by the
properties of to its smount ather objects more axtreme sgent
obrjects by direct (more hoo/cold T less
contact hot./coid)
Initial Mental Mode|
Twa Agents Model

Figure 6. Hypothesized conceptual structure underlying initial mental models of heat.
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