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Spatial Representation

LVAR

ABStraét
The qua11ty of representatlons of nine spat1a1 arrays varylng

in transparency and occlus;on were observed in order to test the

p0s1t10ned in front of 1nsade, and behind transparent strlped éﬁé

Judges 1dent1f1ed amblguous drawxngs and puzzles and 1ncorrect
constructions Youngér children produced more amblguous draw1ngs
and puzzles and more 1ncorrect constructlcns W1th1n each age
grcup, there were equal numbers of amblguous draw1ngs and puzz}es
but fewer 1ncorrect constructions- These results 1ndlcate that the
ycung child does not unambiguousiy represent conceptual 1nformat10n
in draw1ngs of a series of complex spatlal arrays and that the

prcductlon of unamblguous representatlons is not necessarily

fa0111tated by the prov1s10n of forms
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Chlldren S Spat1al Representatlons
Bevelopmental changes in and task 1nfluences on the quallty of
young chlldren s representations of 31mple spatlal arrays have been

interpreied as reflectlng tle young child’s concern for the
amblgulty of these repr seritations. The ﬁurﬁosés of the present
study were to consider developmental differences in the amblgulty of
representations of a sé'fés of complex two- obJect spatlal arrays and
to observe the 1nfluence of a change in the med1um used to créaté
the representation'i

In spontaneous and structured draw1ng tasks young ch11dren are
11kely to 1nclude nonv1s1ble but defxnlng ieatures of an object in
llkely to 1nclude v1sually accurate perceptual 1nformatlon and
exclude nonv1s1ble conceptual informatlon (Clark , ié@?’ fréémén &
Janlkoun, 1972 Kellogg, 197@); For example; Clark (1897) observed
a developmental change in children’s draw1ngs of a pin stuck through

an apple. Slx year old children drew the p1n as a cont1nuous line

through the appl : older children excluded the occlided sectlon of

the pin.
arrays is an age related 1ncrease in the use of the v1sually
reallstic dev1ce of partial occlus1on to represent one ob3ect behind

or in front of another (Freeman Elser, & Sayer, 1977 nght &
Humphreys, 1981). Dafiﬁg early childhood; children use alternative
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(cox; 1978; Freeman, st al., 197;? Lewis, 196%; Lindstrom, 1957;
Light & Humphreys, 1981' Willats; 1977). For example, when asked to

draw a small toy behind a glass, young children frequentiy draw the

two objects °eparately in a vertical arrangement (Light & MacInuosh

1986); this is an unrealis:ic but relat*vely Unambiguous solution to
the problem of repre centing a two obJect array.

Young children s solutions to these types of representational
problems have been interpreted as a tendency to represent
unambiguous, conceptual 1nformation about patial reiationships
between objects when drawing Arnheim (1974) related children s
drawing to perceptual development. Drawing is a transformation of
visual concepts into a two- dimensional medium. During early

childhood drawings include undifferentiated forms and s1mple

spatial organization and indicate the child s understanding of the

representation. Thus, for Arnheim, drawing is inventive. iﬁ

contrast, for Piaget, drawing is an aspect of symbolic functio *ihg
n the

whose purpose is to 1mitate reality He placed drawing wi%ﬁ

[

context of stages of cognitive development (Piaget & inheld'r;

1969) During the period of early childhood draw1ngs are
characterized as an assimilation to existing schemes which include,

therefore, conceptual rather than perceptual attributes of a

drawing devices to represent depth has also been interpreted as an

indication of a sensitivity to problems of spatial represenuation
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(Cox, 1978)' and a tendency to represent conceptual, array-specific

(rather than view-specific) information about a spatial array (Light

& Humphreys, 1981° Light & MacIntosh 1980’ Taylor & Bacharach;

1982)

dimens*ons on the quality of representations (Barrett 1983); In a
study of the influence of medium on the réprégéﬁtatiaﬁ of simple

spatlal arrays, Cox (1981) compared drawings to representations
produced when the child arranged experimenter providéd forms. ln
both tasks, younger children used an unrealistic but unambiguous
cevice to represent depth whereas lder children occluded one form
with another with the experimenter provided forms. Model features
can influence the quality of children S draw1ngs ra; éiample,
v1s1ble and nonvisible components ~f a two- obJect array, in a study
of the transparency/opa01ty dimension; Light and MacIntosh (iééé)
asgéévé& that young children différéntiated "inside" from "behind"

when a small object was paired with a transparent container.

(/)\

Five, seven and nine year old children completed three task
each involving the representati>n of nine arrays produced by a ball
positioned in front of inside, and benind a transparent glass, a

striped glass, and an opaque glass. The children were shown the
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arrays and asked to draw what they saw and. to arrange puzzle forms

to represent what they saw. In the third task, a construrtion task
the ehildren arranged the ball and glasses to correspond to
eonventional visually realistic line drawings of the nine arrays.
The purpose of the puZale task was to determine if the provision of

forms in a complex problem facilitates the production of unambiguous

representations. The purpose of the construction task was to

provide a comparison betWeen the ambiguity of drawings and the

accuracy of the three dimensional eonstructlons produced in response

to conventional line draWings.

On the basis of previous research on children s drawing, it was

hypothesized that younger children are more likely to repre nt

unamblguous conceptual informatlon about spatial relationships
between two ob;ects. In the present study, drawing and puzzle
répresentatio”s were é'aluated on the basis of their effectiveness
as representati ns. This approaeh did not require that the children

se conventional, visually realistic devices in order to complete

: Gll
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drawing task. Thus, a task in WhICh drawings were evaluated on

%ﬁé basis of their effectiveness as representations provided a test

Method

LI Lo T

mhe subjects were 35 kindergarten children (15 girls and 2@

boys). 37 Second grade children (17 gIrls and 2@ boys) and 41 fourth
grade children (21 girls and 29 boys) The mean age of the
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kinéésééfééﬁ children was 5 yéars; 11 months (range. 5 yéars, 5
mcnths to 6 ;éars' 4 months), thé mean age of the second grade
children was 8 years (range 7 years, 5 months %5 8 years, & montﬁé)é
and the mean age of the fourth grade ohildren was 9 years, lé months

(range. 9 Vears, 4 months to 10 years, 4 months) Each child was at

Materials

The model materials were a pink rubber ball (circumference =

19 4 cm) and three clear plexiglas oylindrlcal glasses (8 75 X 12.5

ém); Gne glass was rendered opaque by a white paper covering, a
second glass had a 1.5 cm wide black strlpe around 1ts circumference

positioned 3 cm from the base, the third glass remained transparent.

BraWIng materials were red and black fine tip markers and newsprint
afawiﬁg paper (3@ cm x 30 cm). The puzzle materials, illustrated in
Figure 1; were tw0’dimensional forms aééignéd to represent the

three élasses and the three ball positicns, two bisected ball forms

were 1ncluded o) that the ball’s p051tions ins1de the striped glass
could be represented in an unamblguous manner . Thé construction

task material were ine 30 cm x 3@ cm line drawings of the nine

spatiél arraYs, and Wwere rendered with red and black markers while

Procedure
Pretest and familiarization The WISC—R maze subscale
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(Weschler 1974) was administered according to standardi zed

instructions as a general evaluation of fine motor control. A

familiarization task was included to facilitate the production of

unambiguous representations. For the familiarizatien task the

eye lev l described the features of each one, and demonstrated

and described each of the nine spatial arrays produced by the
combination of the glass type (transparent opaque; striped) and the
ball positions (in front, inside, and behind). The experimente:

then presented the ball to the left of the first glass, described
the materiale; and asked the sub3ect to "Draw what you see." This

procedure we.s repeated for each of the two remaining gla sSes.

Experimenial tasks For the drawing task the experimenter

presented the first spatial array, described the glass and the
position of the ball and asked thé child to "Draw what you see."
This procedure was repeated for each of the e1ght remaining spatial
arrays. For the puzzle task— the experimenter introduced the puzzle

forms, saying "Here are some cutouts for you to look at, as she
arranged the forms in front of the child: She presented the first
spatial array and asked the child to "Arrange the catouts so they
look like what you sSee. Just pick the ones you need The
experimenter recorded the child s representation by sketching the
ball’'s pos1tlon relative to a predrawn sketch of the glass form the

chlld chose. The puz?le forms were then returned to the1r original
arrangemeht; This procedure was repeated for each of the eight

remainlng spatial arrays. For the construction task; the
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experimenter told the child that it was his or her turn to arrange

the ball and the glasses and placed the ball and the 3 glasses in

front of the child; The experimenter then presented the flrst

conventional line drawing, told the child that it was a drawing of

the ball and one of the glasses, and asked the child to "Show me

what this is a picture of:" The experimentsr recorded the subject’s

arrangement of the model materials as correct or 1ncorrect. This

procedure was repeated for each of ths eight remaining spatial
arrays.
The order of the drawing and puzzle tasks was counterbalanced

between subjects. All subjects completed the construction task last
so th t they would not see conventional drawlngs p ior to the

repre entational tasks: The presentation order of the glasses was

randomly determined for each subaect' ll three ball positions for a

specific glass were presented in sequence and in a randomly

determined order for each subject. This order was ihe same for the

familiarization %ééi and for all three experimental tasks.

Scoring The scoring syste assessed the effectiveness of the

drawings and puzzles as representations; an effective representation
was conceptualized as one that unambiguously represented specific
model materials. The familiarization drawings Were random .y

p'es nted to two independent adult judges who were familiar with the
materials' the judges decided which glass was représented in each

drawing A familiari ation drawing was classifled as ambiguous if

the judge's decision differed from the actual glass conditlon Two

independent adul j”dges who were familiar with the arrays followed
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a similar procedure for the experlmental drawings and reproductions
of the child’s puzzle representations. A represe ntation was

class1f1ed as ambiguous if the Judge s decision differed from the

Judges were 92% 88% and él% for

('D\‘

h

rH:

Exact agreeménts between

the familiarization drawings, %ﬁé experimental drawings; and the
puzzles, respectively The reliability of the ambi guous
classification was established by summing the number of exact
agreements with the number that neither 3udge correctly 3dent1f1ed
The reliabilities of the ambiguous classification were 94% 92% and
88% for the familiarization drawings; the éxperimental draWinés; and

the puzzles, respectively.

Results

Age and Eask Ef%ééfé

tasks as a function of age. The aVerage number of ambiguous

with 1ncreasing age. Within each age group, the mean number of

ambiguous drawings and puzzles were equivalent to each other and

—— e e . = e . —— . - ———— — . —

The scores were analyzed by way of an analysis of variance with
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age, sex, and task order (drawing task first Vs puzzle task first)
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as the within group factor: There were significant main effects for

age, E(Z 2@2) = 49, 43 E <:001; sex, F(1 101) = 5.08, E ¢ 03, and

task; F(2 202) = 49 21, E ¢ :001; there was no significant effect of
task order' and there was a s1gnificant interaction between age and
task E(¢ 101) = 2 97 p < :6?; Girls produced more amblguous

3:08; SD = 1.47)

representations and incorrect constructions (M

than boys did (M = 2.73, SD = 1.53) As thé'é wéfé 1o éigﬁificant

conducted using Dunn’ s multiple comparisons procedure (Kirk; 1982);

each of the nine comparisons was tested at the ;665 level; These

group on the draw1ng and the puz7le tasks and between the youngest
and oldest children on ihe construction task
The number of 11ne and corner crossings made by each subaect

during successful WESC—R maze completions was tabulated A

was no significant correlation bstween the two scores (r = .23, p ¢

11, p < .25; and r = .02, B < :45 for the 5-, 7-. and 9-

.10; r

year oids,fééﬁéétiaéi§); Ambiguous drawings, then, were not

correlated with this index of pool hand control ;

A correlational analysis of the experimental task Scores

|
HM
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draw1ng and puzzle scores for the 5- -year olds (n = 35), r = :45; é
¢ .04, the T-year olds (n = 37), r = .48, p < .001, and the nine
gear olds (n = 41), £ = .41, p ¢ .004. There were no  signiticant

Modol Effects

The proportions of ambiguous familiarization draw1ngs of the

glééé than of either the opaque gla s, x2(2 N = 135 = 44.17, p

<.004; or the striped gl ss, X2(2 N = 113) = 59.14, é <.004. Age

effects on the proportons of ambiguous familiarization drawings were

analyzed by way of a Chi square test. There was a significant age
effect, x2(2,N = 113) = 27.78, P < :004; on the proportions of
amglgu01s familiarization draw1ngs of the transparent g1ass produced

by the 5

(.914), 7= (. 568), and 9-year olds (.317).
The effect of model features on the experimental

eprefentational tasks was analyzed to observe more detailed

e 1N

ifferences betwsen the drawing and puzzle tasks: Figure 2 presents

Q.

the proportions of ambiguous representations of each spatial array

for all age groups. The McNemar test for the significance of
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ambiguous representation

1)1

5 the patterns of proportions were
different. Thers were ignificantly fewer ambiguous puzzles than
ambiguous drawings of the in front opaque, iétég = ll35 = 5.63;@ <
003, in front transparent, “2(2,N = 40.50, p < .0001, and in front
striped arrays, X2(2 N = é% gé— ﬁ < *éééli there were significantly

more ambiguous puzzles than ambiguous drawings of the inside striped

array. X2(2,N = 113 = 27.84 D < :0001: The puzzle forms facilitatsd

the production of unambiguous representations of the in front arrays

Discussion

Age, sex, and the nature of the task influsnced the children’

performance on the drawxng, puzzle and construction tasks There

were significant differences Bétwééh all age groups on the &%éwiég

construction scores of the youngest and oldest children Within

each age group; the mean number of ambiguous drawings and ambiguous

puzzles were equivalent there were fewer incorrect constructions
than ambiguous draw1ngs or puzzles, and there was a s1gn1ficant

pos1t1ve correlation between the drawing and puzzle scores: The

model features influenced the proportions of ambiguous draw1ngs of

each spatial array Although the mean drawing and puzzle scores

were equivalent; there were different proportions of ambiguous

vy
Qo
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The age effect on the drawing task is not cons1stent w1th the
expectatlon created by preVious research results in whlch the young
child tends to unamblguousiy represent simple spat1al arrays (Light
& Humphreys, 1981' Light & Macintosh; 198@); Rather, this effect
demonstrates that, in a task consisting of several contrasts
betweeen spatial arrays, the young child may not unambiguously
represent spatial relationships. The ambiguity of chlldren s
draW1ngs of complex spatiai arrays decreases with 1ncreas1ng age
The drawing task in the present study was reiatively complex, there
are, then, a different pattern of developmental differences (as weii
as possible individual differences) in sensit1v1ty to the potentiai

drawlng task (Cex, 1981 DaV1s, 1984 nght & Simmons, 1983) A

more speculatiVe expianation of the strength of age differences is

children to abandon %ﬁé unreallstic, but unamblguous drawing dev1ces

in their repertoire such as vertical separation.

In the present study, girls produced more ambiguous draWings,
more ambiguous puzzles, and more incorrect constructions than boys.
The main effect of sex on performance is unexpected; but in the same
direction of findinés of sex differences in performance on other
spatial tasks (Burstéin Bank & Jarv1k 1980) The investiéation of
sex efiects on the quality of draW1ngs and solutions to reiated
spatial problems is a new direction for future research; it has been
suggested, however, that conceptual and methodoiogicai issues must

be carefuiiy considered (Caplan, MacPherson & Tobin, 1985)
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The task effect indicates that the provision of forms does not
nece ily facxlitate the production of unambiguous
representations or eliminate age differences. Although the puzzle
task eliminates many planning prob]ems, it presents a complex
representational task which is similar to the drawing task in terms

of overall difficu1t§ The significant correlations betWeen these
tasks supports this ob’ervations.

In spite of this equivalenCe, there is a different pattern 6?
ambiguous representations of each spatial array The prov1sion 6?
forms, then,; does not simply eliminate one step in the process of
producing an :nambigi ous representation: ﬁather the provision of
forms creates a different representational problem which in ééﬁé
cases; is more difficult than drawing The task effect demonstrated
by the comparison of the drawing and construction scores and model
effect differences between the two tasks are consistent with
findlngs that the perceptlon of part1al occlusion in drawing
precedes the production of this representation of depth (Hagen,
1976) and also demonstrate a trend in which production and
perception gradually converge as development proceeds (Gardner &
Wolf; 1979)

The results of the present study provide mixed support for the
findings are consistent with Arnheim’s (1974) intérprétation of
artistic growth in which amblguous solutlons to drawlng problems
are discarded as development proceeds. The Piagetian interpretation

receives support from the strong relationship between the drawing
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and puzz’ 3 tasks The persistcnce of age differences and the

child’ S performance oni both tasks reflects developing spatial and
representational abilities

Tﬁééé findings demonstrate that the five- ~year-old child may not
be more likely to unambiguously represent conceptual information

about a complex spatial array in drawing Rather a consideration
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Table 1
Mean Scores and Szandard Dev1at10ns §1n Parentheses} on Lhe DpaWJQg,

Puzzle; and Construction Tésks as a Function of Aéé

Age
Task 5 years 7 years 9 years
Brawing 5.112 3.32b 2.29¢
(1.64) (1.75) (1.49)
Puzzle 5.092 3. pb 2.05C
(1.27) (1.8%) (1:69)
Construction 2.742 1.73a,b i.12b
(1.84) (1.73) (1.23)

Note: Age groups with the same superscript do not significantly

dlffer from each other, groups with different superscrlpts dlffer

at g < ;@@5.

20
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Ball Forms

Bigure 1. o dimenstonal puzzle materials used in puzzle task.
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