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ABSTRACT

Two experiments were conducted to assess the nature
and extent of children's knowledge about the density of objects. In
the first experiment, 18 children 3- to 5-years-old were shown 8
objects which were placed in water 1 at a time. The children were
later asked to judge whether the objects would sink or float when
placed in water. Findings indicated subjects were sensitive to
substance, with high accuracy in their judgments for objects made of
metal; errors were not connected to size or absolute weight. However,
a large number of errors occured, particularly in regard to the
heaviest wooden object, which suggests that subjects' judgments were
linked to the weight of an object relative to its substance. Such
judgments may indicate the core of a concept of density. Experiment
2, while controlling for volume, explored whether children were
likely to judge floatability by substance, absolute weight, or
relative weight. Participants were 10 college students, five
6-year-olds, and five 4-year-olds. All showed that neithe” absolute
weight nor substance was the basis for their floatability judgments.
23ults and children made the most errors on the same small number of
objects which were near the boundary between floatability and
sinkability. Findings suggest that a rudimentary concept of density
exists which depends neither on simple, heuristic rules, nor on
?ri?r, perhaps even more simple concepts, such as that of weight.
RH

kkdhhhhhkhhkhrhbhhbhkhhhhhrhrkh kbt okrhhhhhhhhhhhkr kit ikhkhhhhhrhkhkhkekk

* Reproductions supplied by EDRS are the best that can be made *

* from the original document. *
EE XSRS RS E RS R E R R XS X R R Y I I Y Y Y R Y R Y Y L e L L]




ED285671

PS 016726

X

e
S

U.S. DEPARTMENT OF EDUCATION
Otfce of Educational Resrarch and Improvement [“
EDUCATIONAL RESOURCES INF
CENTER (ERIC) ORMATION
;l’:és t:%ct:mom P23 been raproduced as
C117 rom the per:
O person or organuzation

O Minor changes nave been made 1
0 tm J
teproduction Quaity "merove

. Pomlsolwewovop-monssmedmlmsa
ocu
ment do not necessanly represent oficial
OERI position of policy

Does the Conceot of Densitv Develoo™

Judaments of Sintina and Floati1na

"PERMISSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY

Amy S. tobhn and BRarbsra Landau _l}l!l%&ﬂfiLlibiun

Columbia Ll versity

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC) "

DPoes a child’'s knowledoe of basic phvsical orooerties arow
and chanae with develooment? Piacet suocgests children’s bnowledoe
develooment is analoaous to scientific theorv development.
characteri1zed bv distinct aualitative chanaes (Fiaaget and
Inhelder. 1948/1974). A recent studv reoresentina this view
concerns children’'s knowledoe of densitv. Followino Fiaaget and
Inhelder. Smith. Carev. and Wiser. (198%). araued that density
becomes a functionina conceot for the child onlv after
differentiation from its closelv linled conceots si1ze and

weiaht.

In a series of exberiments. Smith et al asked children to
judae which of a pair of obiects was made of a "heavier stuff'.
Critical pairs contained a small. relativelv liahtweiaht object
made of dense material. and a laroe.‘relat1velv heavy oblect made
of less dense materi1al. Youno children’'s errors showed svstematic

intrusion of weiaht into the densitv judaments. For esample. four
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vear—-olds tvpicallv ijudaed heavier obiects to be made of "heavier
stuff". while 1n fact. these were made of a less dense material.
In contrast. eiaht vear-olds iudaed objects that were lighter

but made of a denser material to be made of "heavier stuff".

indicatina that thev had seoarated weiaht from densitv.

However . Smith et al. mav have underestimated children s
lh.nowledae of densitv. In their studv. the critical oairs directly
oi1tted weioht aagainst densitv. Since accurate estimates of
densitv reauire accountinag for both an obiect’'s volume and its
weiliaht. children’'s failures could have been due to difficultv 1n
makina these estimates. (and consecguent over-reliance on weiaht).
rather than difficulties with the concent of densitv 1tself.

These oroblems mav persist i1nto adulthood. but do not necessarilv

comoromise a basic understandina of the prooertv of densitv.

Usina a somewhat different method. we explored the
passibilitv that children miaht demonstrate their knowledae o+
densitv in judaments of whether obijects will sink or float 1n
water. Historicallv. aur earliest formalired lnowledae uf densitv
appears throuah Archimedes’ discoverv of water displacement as a
function o densitv. Each substance has a soecific densitv wh1&h
determines whether 1t will sink or float: substances that are
denser than water sink. while those that are less dense than water
float. Accurate oredictions of an object’'s floatabilitv cannot

Q relv on weiaht alone:; weiaht for volume. or the densitv of a
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substance must be considered and compared to the densitv of the
floatina medium. The fact that even vouna children have ercensive
euberi1ence floatina obijects 1n water mabes plausible that thev

miaht reveal their lnowledae of densitv throuah such & procedure.

In our f1rst euperiment. si1ahteen children were shown &
serles of 8 obiecte placed one at a time 1n water. and wuere later

-

azbed to judne whether these same obiects would zinl or float.
Ei1aht subliects were I vear olds (between 36 and 41 months of =ae),
and ten were 4 1/2 to 5 vears old (between 56 and 65 months).
Children were aivei:r a pre-test to verifv that thev could use the
words sink and float correctlv.

The 8 obiect set was desianed to completelv cross - factors:
sinkabilitv of material (dense: metal and clav: not_dense :
plastic and wood). size/weioht (small and liaght: larae and
heavv) . and obiect tvpe (ball: spoon). See Fiqure 1. Children
could male iudaments based on anv of these 2 reaular bproperties.
After seeina each object placed in water. each child i1udaed for
each object. one at a time., whether 1t would float or sink. After
each judament. the object was again placed i1n water. aivina the
child feedback about her/his response. The set of eiaht DbGECtS

was udaed twice., for a total of 146 responses per subiject.

Followina their participation in the studv, each child was asted

whv thev thouaght obiects sink or float 1n water.
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Nuamber of correct predictions showed that S vear-olds

performed almost perfectlv and better tham 3 vear—-olds tmearn 1.2

errors for 3 vear-olds: 2.4 errors for 7 vear—-olds: F = 4.8%. p
2050 d.f. = 13). Eiaght 5 vear-olds and three = vear-olds
perfarmed non-randomlv, judaina at least 12 out of 16 trials
correctiv (o + .03, binomial test).

Further. performance i1mnroved relisblv durimo the second set
of trials (mean difference 0.8 errors for S vr—-olds: 0.75 errors
for I vr—-olds: combarison across trials F = 8.79. p + .01l. d.f. =

16). suonaestinag that both the 7 and S vear-olds learned somethina

about which obiects sink and float durina the first trial set.

0f course. some of the hiah level of performance could be due
to the testina orocedure : since children actuallv saw each obiect
placed into water prior to test trials, thev could have simoly
memorized which ones floated and which sank. However, memorv

effects cannot eiplain error patternms.

The children’'s errors were not linked to obiect tvobe., si:ze.
or absolute weioht. See Fiaure Z. However. there were some
indications that substance miaht have been & factor: more e}rors
were made on wood than metal obilects (t = 1.546. p © .07, d.f. =

14). with particularlv larae number of errors on the heaviest

wooden obiject.
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One oarticularly 1ntriaguina possibility 15 that the larae

nunber of errors on this obiect was due to the child talina 1nto
account the obiect’'s weiaht for 1ts substance. In fact. i1udaments
based on &oparent substance alone are i1nadeauate: ebonv woad 1s a
wood. lools lite & wood. but sints. Further. absolute weiaoht is.
of cowrse. 1rnadeguate: "heavv" large plecers o0f wood float. and so

do battleszshiios.

Recall theat the childrern’'s errors 1n this euperiment wgre not
linted to absolute weiaght. The most freauent errors were made on
the absolutelv heaviest wooden object (the larae wood ball) and
the absolutelv liahtest plastic obiect (the small foam ball). 1f
errors were linked to absolute_weight thev would have to be
clustered on ome end. or perhaos the center of. the weiaht
spectrum. If performance was lin¥ed to relative_weiaght —-- the
weiaht of an oblect relative to 1ts substance -~ this wauvld seem
to indicate the core of a conceot of density. as densitv is

speci1fied 1n terms of the weiaht of a barticular volume of a

substance relative to the weiaht of water 1n the same volume.

Therefore. 1n a second experiment. we asled whether children
were lilelv to 1udae floatabilitv bv substance. zbsolute
weirght, or bv relative _welght (weiaght for substance.perhaps).
while controllino for volume. 0Onlv relative weiaht would be

consistent with true tnowledae of densitv : judaments bv

substance alone would lead to problems with ebonv wood. ijudaments
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bv absolute weioht would lead to predictions that perni=zs should

+loat. But judaments bv relative weioht would 1ndicete that
subi1ects knew that thev must take i1nto account both substance and

weioht for & oiven volume.

In this enneriment. subiects were aslied to oredict the
floatabilitv of a set of wooden obiects and one of metallic
Oobects ailven the behavior of z wood or & metal standard. In eazh
of the two obiect sets. size and object tvoe were constant while
weioht relative to a standard varied. Two seits of objects were

constructed. See Fioure Z.

In the wgoden set. a 2" X 2" X 1 1/8" pine block of 44
orams served s the standard. The test series was then seven
wooden blocks of the same size as the standard varvino i1n weiaht
from 27 to 69 arams. (One block was i1dentical to the standard.

Two of the blocks varied both substance and weioht. with one bloct
made of balsa (27 orams) and one of oat (49 orams). Two blocts
varied substance (balsa. oal) while keepino weioht constant. bv
hollowino or weiohtinao the blocks. And the last two blocts hLept
substance constant (pine). while varvino weioht —- one blocl was

hollowed (35 0.). and one filled with lead weiahts (37 o0.).

In the metal set a 2" X 2" X Z/4" aluminum bloch of 207 agrams
was the standard. The test series was seven metallic blochts of the

same si1zZe varvino in weiaht from 121 to 328 orams. Adain. one
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bloct was 1dentical to the standard. while 2 varied both weiaht
and substance (plexialass. 121 arams: steel, 229 arams). Two
blocks varied substances. but not weiaht. and two varied weilahts
bukt not substange. bv weiaohtina or hollowina aluminum (245 and 167
arams. respectivelv). All obiects 1n the woodern set were canable
of flostinma. while those 1n the metallic set would all sinbk i+

placed in water.

Ten Columbia Universitv students were the adult subilects 1n
the second studv. Five 6 vear-olds (mean age 6:73 ). and five
4 vear-olds (mean aae 4:8 ). participated as subiects 1n
their homes. Four vear—olds were given a pre—test to verifv that

thev could use the words "sink" and "float" correctlv.

Each subilect was aiven the standard. and asked to place 1t 1n
a basin of water. The standard was then taken out of the water
and left 1n front of the subiect. and the basin of water was
removed. The subiect then saw the 7 pbbjects 1n the test series.
(6 novel and 1 standard). and was asked to bredict for each 1f 1t
would sink or float. No feedback was aiven after the oredictions.
Each subiect made oredictions for each obiect twice. for each of

the two obiect sets. for a total of 28 oredictions.

Number of correct oredictions showed that adults pertormed
better than the children. with mean error scores of 0.6 errors

for adults, 4.4 errors for &6 vear—olds. and 5.2 errors for 4
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vear~olds. out of 28 triczls. (F = 8.82. p - .01. d.f. = . The
4 and & vear olds did not differ reliablv from each other. The
subiects hioh level of performance could in orinciole. be due to
simble heuristics. such as "all wood floats" and "all metal sinks"
-— since. 1n fact. these statements were true of our test ohigcts.

However . error snalvses suaaest both the children’'s and adult s

Friowleoedae went bevond these simnle rules.

Both adults and children made the most errors on the same few
objects. As seen in Fiowe 4. 1t was the heaviest wooden obiects
and the liohtest metallic obiects that oave all subiects the most
difficultv. This result 1s particularlv 1nterestino because the
two weioht distributions do not overlao. Therefore, subiects are
not makina a i1udaoment based on absolute weioht. or on a simole

substance~based rule..

Seven of the ten adult subiects showed operfect performance.
This 1ndicates that adults acceot a ranoe of densities within
which obiects will float or sink. That 1s. not evervthino that
floats must be as liaght as a feather. Althouoh thev made more
overall errors. the children showed owilte similar responses to the
adults. In particular. cases which near the boundarv betweén
floatabi1litv and sinbability seem to create problems {for adults
and children. For examble, when an obiect made of wood 1s
excessivelv heavv for 1ts volume (combared to the standard). more

errors occur —— that 1s. the subject judaes the obiect to sint

J

CEEL LN IVYe Y]

EEEAT Y, Ot




even thouah 1t reallv floats. Similarlv, when a metal obiect 1s
evcessivelv liaht for its volume. the subiject i1udaes the obiect to

float even thouah 1t reallv sintbks.

Manv children spmontanecuslv offered rules of the sort. "all
metal thonaos sialb". but thev onlv obeved theze rules with the most
"orototvolie” obiects 1 bthe li1ahlest, wooden cobiects. and the
heaviest metallic obilects wers alwavs 1udaed correctly, while the

heavv wooden and liaht metallic obaects elicited the most errors.

This relativizinag of weiaht can be seen 1n an analvsis of
errors across obaect tvoe —— most errors occured on "abnormal
obiects : those which weiah much more than the wood standard for
the same volume (verv heavv wood). or much less than the metal
standard for the same volume (verv liaoht metal). Ferformance is
perfect for all age aroups on "super-normal"” objects : verv liaght
wooden obijects. or heavy. metal ones. (F = 32.5. p « .01, d.+.=
2,18. no errors on "super—-normal" obiects. few errors on "normal

ones. manv errors on "abnormal" obijects).

In sum. children did not perform randomlv in judaments of
whether obiects made of different materials sink or float. In the
first experiment. thev 1ndicated a sensitivitv to substance. with
hiaoh accuracy in their judaments for objects made of metal. and

errors not tied to size o+ absolute weiaht. However. a larae
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number of errors occured on especlallv heavv woodern obiects.
zsugaestinag & possible relativizinag of weiaht for substance

underlvino these 1udaments.

In the second exoeriment. all subiects showed that neirther
abzolute weiaht nor "absolute substance" waz the basis for
floatability wudoaments., Rather. thev seemed Lo be talina 10t
account an obiect’'s weiraht within a normal rance for obiscts made
of that substance. The errors on this tas)l suaagest that subiects
should be auite accurate 1n rather counter—intuitive, odd.
real-world cases: thev should correctly judae that ebonv wood
sinks. even thouah it’'s a wood. and that tin foi1l floats. even
thouah 1t’'s metal. This seems to be evidence for at least the
rudiments of an 1ndependent concept of densitv that does not
depend on simple heuristics. such as. "all wood floats". or oporior.

perhaos si1mbler concepts. such as weilaht.
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cxperiment 1 : Stimulus Set

Floating Materials Sinking Materials
(Wood, Plastic) (Metal; Clay)
Small,
Relatively Plastic Spoon (1 gram) Metal Spoon (3 grams)
Light Objects
(1" in diam,,
X < 4" long Foam Ball (1 gram) Metal Ball (15 grams)
16g9>x>0.9 g)
Large,
Relatively Wooden Spoon (13 grams) China Spoon (39 grams)
Heavy Objects
(3-4" in diam.
x > 5" long
215g>x>12g) Wooden Ball (66 grams) Clay Ball (214 grams)
Figure 1
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Experiment 1

Results :
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Experiment 2 : Stimulus Set
Wooden Objects Metallic Objects
(all float) (all sink)
Substances differ 44 g
Weights differ grm 27 69 203 121 329 03.
(2]
[+
standard balsa oak standard plexiglass steel w
pine aluminum
Substances differ
Weights equal l 47 46 196 203
| SE———
weighted hollowed weighted hollowed
balsa oak plexiglass stesl
Substances equal '
(apparently) 35 57 162 245
Weights differ hollowed weighted hollowed weighted
pine pine aluminum aluminum




Total Errors

Results : Experiment 2

16

20 -
Wooden Objects Metallic Objects
16
u—
12 1 :\?‘ 4 &
4 Year Olds
8 - 5 "By 6 YearUlds
7 P1_Adultg
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27 35 44 46 47 57 69 121 162 197 203 203 245 328
Supernormal Normal Abnormal Abnormal Normal Supernormal
Weight (in grams)
Figure 4
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