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The contr ibutors to this volume have been invited to discuss thcir uses of thc

construct of "representation" (see Sigel, chap. l ,  this volunte). My own work has

focused on spatial representation, and hcrc I consider chi ldren's developing un-

derstarrding of a subset of cxternal spatial representations. I  f i rst consider their

de f ining feature s, and then discuss what i t  means to say that someone has "un-

derstood" them. I next propose a six- level dcvelopmental sequence that begins

with the chi ld's abi l i ry to respond to the depicted refcrential content, and ends

with rhe sophist icared abi l i ry to ref lect upon how various kinds of rePresenta-

t ions may be created and use d. In my closing comnrcnrs, I  spcculate about mech-

anisms and experiences that faci l i tatc progress through the proposed develop-

mental sequence.

W H A T  A R E  S P A T I A L  R E P R E S E N T A T I O N S ?

Space is argrirbly one of the basic categories of human thor.rght, as evidenccd by

rhe attentior.r i t  receives in rhe discipl ines of phi losophy, physics, nr:rthemlt ics,

and,  o f  course ,  psycho logy  (e .g . ,  see  E l io t ,  1987;  Jammer ,  1954;  L iben,  1981) .

Space is clearly fundamental to human l i fe at a practic:r l  lcvel as well .  We-l ike

other species-l ive in and move about space. Furthermore, we rely upon rePre-

sentattotrs of that space for a myriad of reasons. We draw skctch maps to give

direct ions to our home, use diagrams to show how to assemble a piece of fur-

niture, employ satel l i te images of Earth to study land use and plan irr igation

systems, produce architectural renderings to decide about the structure and

placement of bui ldings, create p;r irr t ings to convey a sense of the beaury of a land-
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scape or even a bowl of fruit. We rely upon cognitive maps to make decisions

about which route or which vacation to take, and mentally rotate internal spatial

images to make judgments about how to pack suitcases in the trunk of a car or

to rearrange the furniture in our living room. In short, representattons of space

are pervasive and important in human thought, action, and communication.

Within the examples just given are some that fall within the category of what

I have elsewhere referred to as spatialProducfs (Liben, 1981). These are the exter-

nal entities that represent space, and may be in any medium, including three-

dimensional, concrete objects (as in scale models), rwo-dimensional graphic

representations (as in photographs, paintings, or drawrngs), verbal language (as

in prose descriptions of a landscape), or numerical notations (as in latitude and

Iongitude ).
Although all spatial products provide information about space, my discusston

here is limited to representations in which at least some information about a

spatial referent is carried via the spatial arrangement of the elements of the rep-

resentation itself, referred to here as "external spatial representations." Proto-

rypical exemplars include maps and drawings in which there is a systematic

mapping berween the arrangement of the elements of the referent and the

arrangement of the elements of the rePresentation. These contrast to rePresen-

tations of space that are in a nonspatial format (such as language) in which the

spatial arrangement of the representational components conveys nothing about

the spatial arrangement of the referent. For example, the sentences: "The dog

is in front of the cat" and "The cat is behind the dog" convey the same informa-

tion about rhe spatial referent irrespective of where the animals' names aPpear

within the sentences (see also Liben & Downs, 1992).
With respect to content, representations may stand for spatial or nonspatiai

referents. Spatial referents are any that have spatial properties, and thus include

large geographic places (such as cities) as well as objects (such as a bowl of fruit)

that have spatial properties such as shape and size. In contrast, nonsPatial refer-

enls are referents that have neither extension nor location. The referents "lib-

erry" and "poison" are illustrations. Only absract concePts fall into the category

of nonspatiai referents because the moment that a referent has any form or lo-

cation in space, that form or location is spatial. One might, of course, sPatialize

some aspect of inherently nonspatial concePts, as, for example, creating the-

matic maps that depict the distribution of democracies or poisonous landf,lls

over the Earth. But now the sPatial form of the representation depicts a sPatial

referent of the spatial distribution of liberry and poisons. Ir is not that the refer-

ents "liberry" and "poison" have themselves become inherentiy sPatial.

Despite the seemingly simple set of defining qualities just discussed, it is not

always a simple matter to decide if a particular entiry is or is not an external spa-

tial representation of some referent. My own position is that an external sPatial

representation must not only have spatial features that carry meaning, but, in

addition, (a) must be something other than the original (referent) thing itself,

1,4. External- SpatiaL Represetations

(b) must be interpreted 4r something other than the referent itseli and (c) must

be used 4s something that stands for the referent. With these three simple rules,
I have implicitly taken the position that determining whether or not a particular
entiry is a true external spatiai representation rests on an analysis not on-ly of the
features of the concrete external entiry itsell but also on the way in which an in-
dividual sees, understands, or uses it. As such, my analysis is rooted squarely
within in a constructivist theoretical orientation.

A failure to meet the first crirerion occurs in cases of idantity (see Table 14.1).
The concept of something serving as a representation of itself is an absurdiry.
This case is illustrated by a passage from Lewis Carroll's Sylvie and Bruno Con-
cL't+ded tn which a map scale is changed gradually from 6 inches to the mile, to 6
yards to the mile, to 100 yards to the mile, to a scale of a mile to a mile. At last
the farmers complain that "it would cover the whole country and shut out the
sunlightl So now we use the country itself, as its own map, and I assure you it
does nearly as well" (Carrol l ,  1893, p.169).

The concept of using a thing to represent itself is clearly outside the realm of
*'hat anyone would accept as an external spatial representation. However, there
may be other slightly less fanciful circumstances under which a viewer might
interpret one entity as if it were the original object itself, even though to an out-

T A B L E  I 4 . I

Things Are Sometimes What They Scem:

The Case o f  Nonrepresenta t ion

Dertxlrrox: Nonrepresntattonal cases are those in which phenomenologically the object under

analysis functions as an original object itself. That is, irrespective of what the object is, it is erprn-

enced as the object itself. Nonrepresentational cases occur under conditions of:

' . I d n t l t y .  ' f h e o b j e c t u n d e r a n a l y s i s i s t h e o r i g i n a l  
o b j e c t i t s e l f ( e . g . , a c o u n t r y a s i t s o w n m a p a s

in Lewis Carroll quotation in text).

. Replication. The object under analysis is a duplicate of the original object itself, indistinguish-

able by the viewer from the original object. A failure to drstinguish may be rraced to the pre-

cision of the replication in interaction with perceptual or analytic skil ls of rhe viewer (e.g.,

chemical analysis of painr or high expertise may reveal that an artistic forgery is not an original

even though it appears so to rhe untutored or unaided eye)

. Psceptual eqtivalence. The perceptual experience mimics the perceptual experience that would

have been experienced by this particular viewer at this particular station point if the depicted

object had actually been present. Here the experience is equivalent not because the object under

analysis replicates the referent object, but rather because the perceptual information mimics

thac of the original object (e.9., trompe l 'oeil art). The phrase 
'by 

this particular viewer" ac-

knowledges that different vieu'ers (e.g., of different species, maturational Ievels, or experiential

histories) may be differentially sensitive to inlormation in the optic array.

. Cognitfue tricleery. The viewer is tricked into believing that the object in question is the origi-

nal obj ect. Here (in contras t t o replicatron and perceptual equivalnce) the viewer perceives the ob'
ject in quesdon as perceptually drfferent from the original object, but is tricked into interpreting

it as the original despite the fact that it looks different (e.g., rhe shrunken room of DeLoache de-

scribed in text).
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side observer, it is in acualiry distinct from the original (referent) objec. Ac-
cording to rhe crireria offered earlier, I would argue that if rhe viewer do., no,
interpret the entiry as separare from the original, then that entiry cannot func-
tlon as a representation for the original. Next I consider three conditions under
which a viewer might fail to distinguish a second entiry from the firsr: replca-
t ion, perceptual equivalence, and cognit ive tr ickery lsee Table t+.t; .

-The 
case of replication is that in which the original is reproduced in every de-

tail. In actualiry a perfect replication is impossibre. Even if ih. ,.-. ,yp", of -.-
terials as found in the original are used ro create a second, the particular ser of
materials is necessarily different. perhaps we might disassemble ihe original and
then reassemble the pieces elsewhere, as one might do, say, in creatingl "recon-
structed colonial village." But the reconsrructed object is still differenl from the
original insofar as its geographic location and thus also its surrounding context
are different. (This would be true for biological clones as well y what iiwe now
mgve i1 back to its original location? can we claim to have a replica if the origi-
nal no longer exists? In essence, the "replica" hasbecome the original.

Although these kinds of questions hold great phrrosophlal interest (see
Goodman, 1976), it is perhaps less fanciful and psychologically more useful to
focus on less exrreme cases in which the viewei cannot distinguish the replica
from the original, even though some other more privileged observer knows that
the  rep l i ca  i s  no t  the  or ig ina l .  cons ider ,  fo r  example , ih . . r r .  o f  an  ident ica l
rwin who might be mistaken for his or her sibling, or an artisric forgery that
might be mistaken for an original. In these cases, alihough there is a dilfferenria-
tion befween the original and the replica in the physical world, there is no psy-
chological differentiation by the viewer. Rather, the replica is interpreted as'the
original. Note that erroneously inte rpreting a replica as rhe originai stems from
characteristics of the objects (i.e., the similariry of the origina-l and replica; as
well as characteristics of the viewer (i.e., the viewer's perceprual and cbgnidve
skills and knowledge). For example, a viewer who is ignorant of a rwinship
would be more likely to think mistakenJy rhar the replici was rhe original than
would someone who knew of rhe existence of identical rwins. Similarlv. an ar-
tistic novice would be more likely to mistake a forgery for an original iaintrng
than would an experr, particulariy one with r...., ro analytic aidsihat .ug-.nt
human perceptual capacit ies (. .g.,  X rays or chemicar analyses of paint) loa a
young child who had nor yer developed an understanding of classei mrght have
difficulty in individuating members of a crass, mistakenly thinking.r.li'1i., f".,
new) instance is rhe original.  For example, piaget (t951) reporred that ar about
2.5 years, Jacqueline used rhe term the slug {or rhe slugs they saw every morning
during their walk along a particular roa d. "At z;z (2) she cried: 'There 

il is/' on se e-
ing one, and when we saw another ten yards further on she said: 'There's 

the slug
again' " (p. 225). This is a case in which the child has interpreted a replica as the
original, and thus cannot be credited with having understood the second slug as
separate from the first.
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However, it need nor be only cases in which the original and copy are physi-
cally alike in substance and srrucrure rhar one may fail to differentiate a repre-
sentation from the original. There are also perceprual conditions that lead the
viewer to perceitte a representation as if it were an original object, even though
the physical qualities of the rwo are very different (perceptual equivalence, see
Table 14.1). The besr example of perceprual equivalence is trompe l,oeil arr. As
the English translarion-"fool the eye"-implies, this art form fools the viewer
into thinking that the referential subject of the painting (such as a har hanging
on a hook) is actually physically presenr. Here the mistaken interpretation is
only momenrary however, because as soon as the viewer moves, the perceptual
information differs from what would have been available if the real objects had
been present (seeJ.J. Gibson, t979:lHagen,1986). Movement rhus enables view-
ers to realize that they have been fooled. At the moment of this realization, the
paint ing begins to funccion as a represenrarion.

Perceptual equivalence may be achieved through newer media such as holo-
grams, three-dimensional compurer displays, and virtual realities (see Liben,
1997; Wilson, lgf Z). Although with these media, viewers are undoubtedly aware
that they are looking at a represenrarion, nou'and then they respond as they
would to the object irself (e.g , by reaching out to rouch an apparenr object and
being surprised that they cannor feel it; by flinching ar a looming image). At
these moments, the "representational" enti t ies are functioning as real or origi-
nal objects rather than as representations of referents.

The cases discussed so far are roored in physical similariry or perceptual mim-
icry, but the viewer might also be fooled by some higher level cognitire tickery
(see Table 14.1). A clever demonsrrat ion of this case is found in the work of
Deloache. In her ini t ial  rvork, Deloache (1987) showed that very young pre-
schoolers (2.5 years) have difficulry finding analogous locarions across rwo
rooms that are alike except for size. In her paradigm, a big toy dog is hidden
under the big couch in rhe big room and the child is asked to then find a small
toy dog hidden in the same place in a scale model of the room. young children
were unable to do so, apparently unabie to use one room as a representation for
the other. when she later fooled preschoolers into thinking that the big room
(again containing the dog under the couch) had been reduced in size by a
"shrinking machine," children were able to find the small toy dog without diffi-
culty (Deloache, 1995). As in trompe l'oal, albeit for differenr reasons, what we
(as outside observers) know is a representation is interpreted by the viewer as
the thing i tself .

In summary, I take the position that we have not tested viewers' understand-
ing of external spatial representations under conditions in which viewers have a
phenomenological experience rhar is psychologically undifferentiated from rhat
experienced when rhey encounrer rhe referential object itself, that is, under any
of the cases summarized in Table 14.1.

It is not sufficient, however, to recognize that one object is distinct from an-
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other object to qualify as representation. In addition, the viewer must rue all or
part of the object in a "stand-for" or symbolic relation to the original object.

That is, following the third criterion offered earlier, it is necessary for the viewer

to appreciate that things are not only what they seem (that they are entities in

and of themselves), but also that they have a second existence as representations

of something else (that they are symbolic). This qualiry has been referred to as

the "dual nature of symbols" or "dualiry" by both philosophers and psycholo-

gists (e.g., Deloache, 1989; Langer, 1942; Liben & Downs, 1992; Poue\ 1979;

Sigel, 1978). Unless this "stand-for" condition is met, the viewer interprets the

second object as distinct from, but not informative about, the first.
The recognition of the efstence of a second object provides the potenti4l for

its representational use. Thus, although replicas do not necessanly serve a repre-

sentational function, they can do so once they are recognized as separate from

the original. For example, engineers and astronauts on Earth used a replica of

the space capsule during the Apollo l3 mission to devise and test solutions to

deal with damage to the spaceship. In this case, the replica served as a represen-

tation because it was used to stand for the original.

Replicas thus can serve a representational function, but these anchor one

end of an important continuum of physical similanry berween the referent and

representation, as depicted in Fig. 14.1. Representations that bear high similar-

iry to their referent primarily serve what might be called a "re-presentation"

Revelation

Referential
Denotation

Re-presentalion

High Low

Referent-ReDresentation
Physical Similarity

FIG14. l  Kindsofreferent ia l informat ionconveyedinrelat iontophysicals imi lar i ry
berween representation and referent.

14. ExternaL SpatiaLReoresatations 303

function. That is, they re-present information about the referent that is much

like the original. The extreme case, of course, is a reproduction or replica
(within the limitations discussed earlier) that can be a useful re-presentatlon

because it is convenient (as in the Apoilo 13 example). A slightly less extreme

case, still highly similar to the original, is a working scale model such as one

that might be used by engineers to test equipment more quickly or cheaply

than would be possible if they had to build a fuil-scale prototype. But represen-

tations of these kinds are useful primariJy because they enable the viewer to

construct knowledge about the referent that is iike the knowledge that could

have been gained by interacting with the referent itself, and are thus primarily

re-presenrational.
As the representation moves further away from providing an experience that

mimics what would already have been accessible from direct interaction with

the original referent, the representation provides increasing potential for achiev-
ing new insights or revelations about the referent. If the referent is large enough.
scale reduction alone may allorv revelation because the representation can per-

mit the viewer to see relationships that would be otherwise unobservable. For

example, a scale model of a ciry would allow the viewer to see spatial relation-

ships among areas of the city that might otherwise go unnoticed.
But representations may also communicate some new insight or vision by

presenting highly processed and transformed information about the referent.
This revelation function of representations is generaily recognized in painting
and draw'ing, but is often overlooked for other art forms such as sculpture and
photography. The latter are often naively assumed to show the world "as it is"
(see Goodman ,1976), a misconception also found in people's naive beliefs about
maps (e.g., see Downs, 1981; Downs & Liben, 1988; Liben & Downs, 1989,
1.992). The general point holds for any medium: Representations do not merely
reproduce the world as it is, but rather are artifacts that communicate or con-
struct new visions or insights that wouid have been di-fficult and often impossi-
ble to achieve from direct interaction with the rea1, physical world. In some
cases, the insight may precede the creation of the external representation, so

that the process is primarily one of creating an external spatial representation
to record or communicate that insight; in other cases the insight may be re-
vealed in the act of producing or viewing the external representation as when a

computer-generated map, graph, or model allows the viewer to "see" a relation
among variables that had not been previously understood. But in either case, the

external spatial representations are more than denotations of the external world

that simply re-present that world in another form. Given this interpretation of

external spatial representations, the task of understanding them is naturally

more complex than simply identifiiing their denoted referents. In the next sec-

tion, I discuss this richer view of what it means to understand external spatial

reD re se nta tio ns.
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U N D E R S T A N D I N G  W H A T  W E  M E A N  B Y  " U N D E R S T A N D I N G '

E X T E R N A L  S P A T I A L  R E P R E S E N T A T I O N S

In this section I discuss what it might mean to say that someone has used and un-
derstood externai spatial representations- One possible interpretation, that
might be called a "transparency" view of understanding (see Downs & Liben,
1988), is depicted in Figure 14.2. Here the viewer sees through an external spatial
representation directly to the referent (here necessarily depicted by yer another

external spatial representation). The disembodied eye is used to imply that infor-
mation is extracted from the representation via perceptual processes much like
those used in picking up information from the three-dimensional world itsell

Under this model, it is assumed that the translation from the three-dimensional

world to the rwo-dimensional representation is a relativeiy straightforward one,
made possible through perceptual skills already available from infancy.

Because the transparency view suggests a phenomenological experience
much like that which would be achieved by interacting with the referential
world itself, I believe that it is more re-presentational than representational. Not

surprisingly, then, I argue for a more complex view of what it means to under-

stand external spatial representations-the "embedded" view that is depicted

in Fig- 14.3. Here the understanding of external spatial representations is em-
bedded within the context of understanding the referent itself, as well as within

the context of understanding representational strategies (the means by which
representations can be created). Note that the prior rwo sentences (and the

graphlcs of Fig. 1a.3) present a strong stand that "understanding external spatial
representations" is not limited to "identilzing the referent for which the repre-

sentation stands." In the discussion that follows i highlight some of the major

'l

-1tr-'tr1--- - '  I  t l  I

L.

Viewer Representation Referent

FIC I4.2. A depiction of the "transparency" interpretation of understanding external

spatial representations.

t 4 External- Sp atial Reores entations 3 0 5

FtG I4.3. A depiction of rhe "embedded" inrerpretation of understanding external spadal rep,
resentations.

components of this model r'hich I am in the process of developing in more de-
tai l  (Liben, t998).

It is useful to begin by pointing out rwo major contrasts berween the model
shown in Fig. 1a.3 and the earl ier Fig. 14.2. Firsr, the "eye" has been replaced
by the construct "child." This substitution reflects my constructive theoretical
orientation noted earlier. We are not simply sensation-recording devices, but
instead we are active explorers and creators of our own knowledge. We pro-
actively reach out with our "perceptual/cognirive processes" to interact with
the world (ourward arrows from the child in the top half of Fig. 14.3). The prod-
ucts of these interactions in rurn lead to various kinds of knowledge (incoming
arrows to the chrld in the bottom half of Fig. la.3). The child is a biologically
prepared, self-regulating system that at any momenr is the consequence of prior
constructive history and is prepared to reach our for new and developmentally
progressive experiences.

The second major contrast berween the models shown in Figs. 14.2 and 14.3
is that rhere are now three major external constructs with which the child is con-
cerned. In addition to the consrructs of the referenr and rhe representarion (in-
stantiated in Fig. 14.2 as the depiction of the referent house and the depiction of
the representation or drawing of the house), there is also now the construct la-
beled "representational strategies." The idea is rhat strategies or techniques for
producing external spatial representarions are also a kind of content that must
be explored for a full understanding of representations. Thus, the embedded
model posits that perceptual-cognitive processes are addressed ro rhe srraregies
or techniques for producing external sparial represenrarions as well as to rhe
products that resulr from applying rhose techniques.

EXTERNAL
SPATIAL
REPRESENTATION
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The purpose of including external rePresentational strategies in the model is

to depict the role of understanding the multiple (indeed, infinite) ways that a ref-

erent can be represented. When-as here-we are concerned with sparial rep-

resentations, these strategies include the spatial or geometric systems by which

representations can be created. In cartography, for example, any given rePresen-

tation is at a specific scale, uses a Particular projection (e.g., Mercator), and has a

particuiar orientation. Likewise, representational art may use alternative geo-

metries. As Hagen (1986) reminded us, the projective geometry used in Western

art allows the artist to convey different information than that conveyed by, say,

the aff ine geometry of Asian art.

Strategies also inciude media-specific processes. Understanding at Ieast some

componenrs of these processes may be essential in understanding the referen-

tial meaning of particular representations. An extremeiy dark photographic

image might indicate something about the light in the referent room' but it

might indicate something about the size of the lens apertule oI the exPosure

lengh. Or a blurred image might indicate something about the referent (e g ,

movement of a person in the photograph), but it might instead indicate some-

thing about the photographer (e.g., camera shake). Knowing something about

the photographic process can allow one to distinguish berween which is the

case in a given photograph. Without understanding these strategies, the viewer

runs the risk of inappropriately assigning referentiaL meaning ro a rePresenta-

rionai qualiry.
Empirical i-llustrations of overextending representational qualities to referen-

tial qualities come from earlier work on children's understanding of represen-

tations of place (Liben & Downs, 1989) in which we interviewed Preschool
children to explore their understanding of road maps and aerial photographs

Although preschoolers rypically had no difficulry in understanding that the

maps and photos stood for places, they often gave responses suggesting they

somerimes misunderstood the relation berween sPecific qualities of the repre-

sentation and the referent. In some cases, they inappropriately overextended an

attribute of the representation to an attribute of the referent. For example, a red

line on the map was thought to indicate a red road in the real world, and yellow

areas (standing for burlt-up areas) were thought to indicate "eggs" and "fire-

crackers." Relatedly, they often had difficulry accepting something as a represen-

radon of a referent if its attributes did not match the attributes of a potential ref-

erent. For example, one preschooler rejected a line as showing a road because
"it's not fat enough for two cars to go on," and rejected a rectanguiar shape on

an aerial photograph as his father's offrce buildingbecause "his building ishuge!

It 's as big as this whole map!" Others said they were unable to f ind grass on a

black-and-white aerial photograph because "grass is green." These examples il-

lustrate the kinds of misconceprions thar can occur if the child does not appre-

ciate the strategies by which one creates lepresentations of referents. This point

is made in Fig. 14.3 by showing that in the absence of knowledge of represen-
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tational strategies, the knowledge derived from representations wijl be ..mis-

mediated" knowledge of the referent.
Having taken rhe position that the understanding of exrernal sparial repre-

sentations goes beyond identi$'ing the denoted referent, it is nor surprising that
I take the position that rhe mascery of rhis understanding is a proiracteJ and
multifaceted developmental process. In the next section, I suggest a sequence of
accomplishments in this process.

C H A R A C T E R I Z I N G  T H E  D E V E L O P M E N T
O F  R E P R E S E N T A T I O N A L  U N D E R S T A N D I N G

As implied by the argumenrs made in rhe prior secrions, any developmenral ac-
count of the course of understanding external spatial representations is heavily
dependent on whar is meant by understanding. If we mean simply that the
viewer can recognize qualities of rhe sparial referenr by examining rhe depic-
tion-even a depiction thar shares high physical similariry with the referenr-
then understanding may be said to occur very early. If, however, we mean that
the viewer can interpret even abstract representations and can appreciate the va-
nety and power of represenrations and use them for new insights, then under-
standing mav be said ro occur considerably later. In this section I suggest six lev-
els of understanding rhat are anchored by these rwo exrremes (see Table 14.2).
Given the argumenrs made earlier, I prefer to take a conservative position, and
credit children with true understanding only once they have acquired "represen-
tational insighr" (Deloache, 1995; see Table 1a.2). Others, however, may well
prefer to be more inclusive, and consider all six of rhese levels as demonstrations
of representational understanding. Indeed, ir is likely thar disagreemenrs abour
where to place the boundary of "undersranding" underlie pasr controversies
about when children can undersrand aerial phorographs 

".rd..r"p. 
(see Blaut,

1997a, 1997b; Downs & Liben, 1997; Liben & Downs, 1997). Irrespecrive of
where one places definirional boundaries, however, rhe levels can be used to de-
scnbe a sequence that characterizes ontogenetic development. (This sequence
may also characterrze changes that occur in the course of skrll acquisition as in-
dividuais move from novice ro experr performance within particular domains,
although I have not made any arrempr to evaluare this possibiliry here.)

Before asking whether the viewer can use information from a spatial repre-
sentation to reveal information about a spatial referent, it is relevant to ask
whether the viewer can appreciate spatiaf informarion in rhe actual physical
world itself. How early this appreciation is accomplished is itself controversial.
Piaget (195a) argued rhat the infant's understanding that objects-as well as
self-are locared in a rhree-dimensional world (or even exisr permanentiy at all)
is a very gradual accomplishment that takes place over the course of infancy as
a consequence of complex interactions with the physical environment. others
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T A B L E  I 4 . 2
Progressive Competencies in Understanding External Spatial Representarrons

l .  Referential Content. The viewer begins to identi$ the referential meaning of the represenra-
tion, with varying ease depending on the physical similarir,v of representation and referent.

Thus, the viewer "understands" the representarion in the sense of identifoing the denoted ref-

erent, but appears to confuse them (as in rrying to pick up a depicred objecr).

lL Global Differentiation. The viewer identif ies the denotative meaning of the representation,

distinguishes the representadon and referent. and responds to them differentially: The viewer

does not. however, reflect upon the correspondence berween the rwo. The "srand for" relanon
is implicit in identif ication, bur nor generally subject to intentional manipulation.

II l. Representational Insight. The viewer distinguishes berween representation and referent, and

intentionally interprets or assigns "stand for" meaning to the representation. Representational

insight occurs first for objecrs rhat are inherently represenrational (as a phorograph) and onJy

later for objects that do not normally function as representations. but rather are most sahent as

objects in their own right (as a scale model).

IV Attribute Differentiation. The viewer comes ro appreciate that some, but not all attributes

of the representation are motivated by attributes of the referent, and that some, but not all

attributes of the referent motivate graphic attributes of the representacion. Until doing so, the

viewer inappropriately er?ects that attributes of the represenrarion nec€ssanly mimic arrrib'

utes of the referent (as in inferring that a red l ine means a red road) and that attributes of the

referent wil l necessarily be mimicked by atributes of the representadon (as in expecting that

a large building wil l appear large in rhe representation).

V. Correspondence Mastery. The viewer extends the prior understanding of artribute difer-

entiation to develop understanding of the formal representational and geometric correspon-
dences berween representation and referent. The former allop's the viewer to understand the

referential content of symbols; the latter allows the viewer to understand the referential mean-
i n o  n f  o r r n h i r  r n r r e

VI. Meta-representation. The viewer is able to reflect upon the mechanisms by which, and the

purposes for which, graphic representations are created, including understanding that differ.

ent correspondence rules and conventions are used in different media (as in maps vs. graphs),

diFerent traditions (as in Western vs. Asian arr), and different rendirions (as in a world map in

a Mercator vs. a Peters projection). As a result, the viewer is able to understand representa-

tions not simply as convenient substitutions for referents, but rather as cogmtive tools that

enrich understanding of the referent, and to select among them appropnately for particular

PurPoses.

hold that human infants are prewired to pick up information about space far ear-
lier, perhaps even in the first month of life (e.g., see E.J. Gibson, 1987; Spelke,
199r).

In either case, it appears fairly clear that sensitiviry to spatial information in
the dynamic three-dimensional physical world occurs before sensitiviry to spa-
tial information in the static rwo-dimensional representational world (e.g.,
Adolph, Eppler, & E. J. Gibson , 1993). This is not to suggest that there is neces-
sarily a terribly long lag before babies appear to respond to spatial information
in static representations. For example, habituation studies have shown that by
about 5 months, inlants recognize objects pictured in photographs (e.g., De-
Loache , Srrauss, & Maynard, 1979; Dirks & E. J. Gibson , t977), and are sensir ive
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to deprh information in pictures by about 5 to 7 monrhs (e.g., see yonas, Ar_
terberry & Granrud, r9g7). Even monkeys and orher nonhurian species show
considerable abi l i ry to respond ro phorographs (e.g.. see review ln Beil in &
Pearlman, l99t) and ro picrorial depth (e.g., Gunderson, yonas, Sargenr, &
Grant-webster,1993). Thus, thefirstlevelof iompetence--extracring referential
content-appears to occur early, at least with some kinds of represeniations.

whar is less clear is whether babies who are abre ro extract meaning from
represenrations are also able to distinguish becween rhe represenrarion and rhe
referenr. some investigarors have reporred rhat differenrial iesponding ro phoro-
graphs versus objecrs occurs wirhin days of birth, whereas others ti.,r. pt"..a
this accomplishment later (e.g., DiFranco, Muir,  & Dodwell ,  1978; Rose, r977).
Even after babies seem ro be able to pick up cues that distingrrish rwo-dimen-
sional representarions lrom three-dimensional objects in the re"al world, they ap-
pear to confuse representations and referents. There are informal accounts of
young infants trying to pick up patterns drawn on fabric or paper (Liben &
Downs, 1992; Ninio & Bruner, 1978) or other kinds of flat ;mages such as light
patterns on rhe f loor (church, l96l).  More formal research h-as also revealed
rnstances in which rnfants appear to be acting upon two-dimensional represen-
tations as if rhey were rhe three-dimensional objects they depict. Deioache,
Pierroutsakos, Utral, Rosengren, and Gottlieb (1998), for erample, found that
9. month old infants grabbed at objects shown in photographs, even adjusting
their handshape appropriately to the depicted object, and persisting when they
were unable to lift the object the first rime. Of course, it is difficult (or Derhaos
impossible) to know whether rhe repeated arremprs ro grab depicted'objects
imply that the infant "believes" that the object is t.r.ly theie, or whether instead
these behaviors are efforrs ar resring qualiries of rhe represenralion itself (i.e., that
indeed it is flat and cannor be grasped in the same way rhat three-dimensional
objects can be grasped). Thus, ar rhis poinr in development, it appears thar either
there is some confusion of representition and referent, or ar rhe very least. there
is a struggle to confirm and rest the boundaries berween ,.pr"r.n,",ion and ref-
erent. Bur in either case, it seems reasonable ro conclude thit the developmental
task dunng this level of development is coming to masrer the differentiation be-
rween the represenration and referent 

"t 
tom. g..r..al level (i.e., that there are,

in fact, rwo different kinds of enriries).
Probably by toddlerhood, and certainly by preschool, children can recognize

and name represenrarions of a wide variery oi objects in a wide variery oF..p-
resentarional media (e.g., porrer, 1979), without giving signs that they are con-
fusing rhe represenrarion wirh rhe depicted obyeit 

"tlhe 
giobal levei. That rs,

young chiidren do not really rry to eat picrures of food, oi play with depicted
toys' or put on represenred pieces of clothing (although they may prerenJ to do
so in play). At this point, then, children are making a gloial difirentiationbe-
rween the representarion and the referenr (see Table t4.Z).

There are, however, still some indications that surface fearures of the reore-
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meaning about the referent and some do not, and similarly, that some of the

many attributes of the referent are reflected by attributes of the representation,
and some are not.

There is evidence that children are confused about the boundaries berween
qualities of representations and the qualities of referents in a variery of do-
mains. Piaget, for example, reported spontaneous comments by young children
that suggested conflusion in differentiating the representational world from the
referential world, as when at 2;8 (14), Laurent said spontaneously: "lt's very heary

[a picture book] because there's a little girl in it," (Piaget, 1951, p. 225). Vygotsky
(1962) noted that preschoolers appeared to believe that qualities of referents
cling to their labels as evidenced by their explaining the assignment of names by
appealing to the referents' attributes. For example, he reported that one pre-
schooler reasoned that: "an animal is cal led 

'cow'because 
i t  has horns, 

'calf 'be-

cause its horns are still small, 
'dog' 

because it is small and has no horns" (p. 129).
Preschoolers likewise rejected the possibiliry of interchanging names, refusing
to "call a cow 

'ink,' and ink 
'cow' 

. . . because ink is used for writing, and the cow
gives mrlk" (p. lzl). And, when asked ro use the word dogfor cow, the child then
insisted that the animal, so named, musthave horns: "- . . if it is a cow, if it's called
cow, i t  has horns. That kind of dog has got to have l i t t le horns" (p. tzs1.

Confusions about attribute boundaries are also evident in research on chil-
dren's understanding of external spatial representations. In research on children's
understanding of photographs, for example, Bei l in and Pearlman (1991) found
that young preschoolers showed evidence of what they termed "iconic realism"
(see also Beil in, 1991). In part icular, they found that preschoolers (especial ly

3-year-olds and less often 5-year-olds) confused physical properties of photo-
graphs and referents. For example, when asked: "lf you shook this picture
would you hear the rattle?" 3-year-oids not infrequently answered in the affir-
malive, or when asked "lf you touched this picture fof an ice cream cone] here,
how would rhe picrure feel?" they not infrequently answered "cold." Although
young preschoolers also sometimes gave iconic realism responses to questions
that asked about function (e.g., "Can you eat this picture of an ice cream
cone?"), they never maintained these iconic responses in rhe face of counter-
iconic challenges (e.g., inviting the child to actually eat the cone). In contrast,
many of the younger children did mainrain iconic responses to questions about
the physical properties, even after testing them (e.g., asserting that when they
felt the photograph, the ice cream did, indeed, feel cold). The data reported
by Beilin and Pearlman (1991) are thus consistent with the conclusion that even
after children are able to differentiate between representations and referents,
they may still confuse their attributes.

As noted earlier in this chapter (and described in more detail eisewhere, see
Liben & Downs, 1989, 1991, 1992), similar kinds of boundary confusions have

been found in research on young children's understanding of graphic represen-
tations of place. Preschool children often assume, first, that a qualiry of a refer-

3 1 0

senrarion may inadvertently intrude into the conceptualization of the depicted

object. Sigel'(1971), for example, reported that at least some groups of pre-

school children caregorized.."l ob.i..tr differently than they categorized photo-

graphs of those sarie objects. More recentlS Melendez, Bales' and Pick (1995)

i.por,"a that 4-year-olds sorted toys by function.more often when they were

sorting the real toys than when they were sorting drawings of the identical toys'

".rd 
fr.,ither, sorted line drawings by color or size more often than by function'

Simi_larly, De6k and Bauer (tll5) found that preschoolers categorized three-

dimensional objects differently than rhey categorized line drawings. These data

suggest that representations are not yet understood completely in a. stand-for re-

1"til., to the reierent such that rheir role as representations (rather than as things

in and of themselves) has not yet been fully understood'

It is not unril rhe child achieves rePresentatioflal insight (see Table l 4.z) that the

child is able ro assign referential meaning. As descrrbed earlier, DeLoache (leSl,

1995) has shown that rePresentational insight apPears at about the age of 3

y."rr, ,t.h that informati'on providedby one object (the representation) may be

Lr.d to provide specific information about the other (the referent)

Interestingly, ihe child's abiliry to employ a Particular rePresentation symbol-

ically is 
"ff".t*"'a 

Uy rhe extent to which ihe qualities of the representation make

it saiienr as a rhing in its own right. Representations that are more "thinglike"

and thus useabie in and of themielves aie less likely to supPort rePresentational

insight than are represenrations that have little nonrePresentational use (see De-

Loache,1995) .Forexample , IePresenta t iona l ins igh t tha ta loca t ionshownina
representational room a* rt".rd for a location in the referent room is more diffr-

cujt when the representation is a scale model of the room than when the repre-

senrarion is a photograph of the room. The representational role of the scale

mode l ismoreobscureb. . ' ' ' " thepr imaryuseofamin ia tu reroomtsasatoy
fordo l lhousep lay . Incont ras t , therepresenta t iona lva lueof thephotograph is
more salient because the primary use of a photograph is as a representation

Children are usually askedor told what photographs are"of" (as when looking

through the family photo album), and are discouraged from using them as non-

.ep.eint"tion"t oUi..tr. For example' children are cautioned to treat photo-

graphs carefully, not to draw on them, fold them' rip them' and so on' all of

i"tti.n ai-ini.h the salience of the photograph as a piece of paper' and increase

its salience as a represenrarion. In short, children initially show representational

ins igh tw i thob jec ts tha t theya l ready th inko fasrepresenta t ions ,andon ly la te r
exr;d rhis insight to objecis rhar are not already viewed as inherently repre-

sentational.
Even after achieving representarional insight, the child has not yet fully mas-

tered the derai-ls of thJ reiation berween the representation and referent Chil-

d renmusta lsodeve lopanapprec ia t ionof theboundar iesberweenthe twoor
what I call attnbute diferentiation(see Table 14.2). That is, children must come to

unders tandtha ton lysomeof themanyat t r ibu teso f therepresenta t ioncar ry
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ent should be seen in a qualiry of the representation (as in rejecting a smali rec-

tangle on an aerial photograph as a large building because the rectangle is too

smali, or rejecting a line as a road because it is too narrow for rwo cars), and sec-

ond, that a qualiry of the representation must be extended to a qualiry of the ref-

erent (as in reasoning that a red line indicates that the referent road is red as well).

Once having understood the general concept that there is not a perfect match

berween the attributes of the representation and the attributes of the referent,

the child must still come to understand the systematic correspondences berween

the representation and referent, or what I cal)' correspondence mdstery. That is, the

next developmental challenge is to understand the formal or informal rules by

which some attributes of referent and representation come to be shared and

others do not. Thus, for example, children must learn that on maps, color chotces

are arbitrary (as in using red lines for rwo-lane highways), whereas depiction of

size is not (once one has selected a Particular scale and projection). Or, to put it

differently, the challenge of the prior level of attribute differentiation is for the

child to recognize that there is not a one-to-one correspondence between attrib-

utes of the representation and attributes of the referent; the challenge of the

current level of correspondence mastery is for the child to come to understand

how the correspondences berween referent and representation work for various

rypes of representational media (e.g., maps, photographs) and for various in-

stances within each (e.g., this particuiar maP or this particular photographt.

More specifically, cwo kinds of correspondences berween the referent and repre-

sentation must be understood-rePresentational and geometric (see Liben &

Downs. 1989).
Representational correspondences refer to the links berween the "things" in

the actual in the referent world, and the symbolized entities included in the rep-

resentation. Even representations such as photographs that have high referent-

representation similarity (see Fig. 14.1), cannot re-Present all information about

all referents available in any particular referent world. They must, for example,

be taken from a particuiar viewing angie (thereby necessarily obscuring some

parts of the referent objects), with a particular f,lm (thereby recording some but

not all light), with a particular lens and focal length (thereby recording sharply

only objects at a particular distance), printed in a particular way (thereby affect-

ing coior and contrast), and so on. And of course graphic representations that

share even less physical similariry with the referent involve even more selectiviry

and abstraction. On a map, for example, only some information is represented

(e.g., all population regions greater than some size), at a particular level of cate-

gorization and generalization (e.g., grouping populations into, say, five groups),

using particular symbols (e.g., different-sized circles corresponding to different

populat ions).
Geometric correspondences refer to rhe links between rhe space of rhe acrual

referent world and the symbolized space in the representation (see Downs,

19g1, 1g85). The same referenr space may be represented by a virtual ly inf ini te

array of representations thar vary along geometric qualities of viewing angle
(e.g., an elevation vs. a nadir view), scale, and viewing azimuth 1e.g., l,ooking
north vs. wesr). In maps (see MacEachren, l99S; Muehrcke, 1986), is in parnt_
ings (see Hagen, 1986; Kubovy, 1986), different geometries are used ro represenr
the three-dimensional world on the rwo-dimensional surface, and these result in
strikingly different represenrarions.

The correspondences between referent and representation are differentially
systematic in different representarional genre. Some represenrational forms ai-
low the viewer to recover precise sparial information about the referent on the
basis of the representation as, for example, in an architect's blueprint or a sur-
veyor's map. others are far less precise, as in a painrer's still life that miqht pre-
serve rhe general arrangemenr. but not the sizes of dif ferent pieces of fruit .  ihe
process of mastering an understanding spatial correspondences thus includes
learning the conventions of the genre, and when appropriare, undersranding
the precise meaning of representational space (as in ,.reading,, 

distances on a
scaled map). Empir ical work suggesrs thar ihe mastery of thesi precise geomer-
ric correspondences is particularly challenging, presumably bec"use rhe specific
spatial concepts on which they draw are developing over a relarively long period
during childhood (e.g., see Liben & Downs, 1993; Liben & yekel, t'g96)."'

The accomplishments of the correspondence mastery just discussed are
medium-specific. It is not until the next levei, which we have termed meta-repre-
sentation (Liben & Downs, r99z), rhat rhe focus is on the coordination of under-
standing the variations among, as well as within, different representational
media. with meta-representation, the individual comes to appreciate how dif-
lerent correspondence rules and systems provide dif ferent means of communl-
cating different visions ro others, or of supporting differenr kinds of revelarions
or realizarions for self. It is by recognizing rhat different goals require different
kinds of representations and rhat new representations can lead,o .r.* insights
that the full power of exrernal spatial representations can be appreciated.

To summarize, understanding external spatial representations develops grad-
ually, and proceeds through the six-level sequence of comperencies aefinid in
Table 14.2. The developmental pattern of emergence is depicted in Fig. 14.4. It
should be clear from Fig. ra.4 thar although I have suggest.d rn 

"g"-."l-"ted 
pro-

gression, I am not suggesting that there are abrupt, discrete phases rhrough
which individuals pass in some chronologically precise manner. For example,
even adults may farl  to show global dif ferentiat ion under some circums,".r. . . .
and children who fail ro differentiare in one setting, may nevertheless do so in
another. Bur I would argue rhat in general the infant is not aware of the dual na-
ture of represenrations whereas in general adults are, and when cognitively nor-
mal adults are lulled or fooled into equating a representarion with its referenr (as
in trompe l'oeil), they quickly and easily recognize the foolishness of their initial
response. In general, the very young preschooler is likely to confuse represenra-
rional and referential attributes, whereas the adult does so only occasionallv (as

14. External Spatial Representations ) t J
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earlier, understanding that there are objects in a three-dimensional world occurs
sometime during infancy (earl ier or later depending on one's theoretical per-
spective). However, many other kinds of knowledge of the referential world de-
velop later and are relevant for understanding represenrations. To illustrate,
consider what happens when viewers are shown an external spatial represenra-
tron of a cat (e.9., a drawing). To interprer the cat-drawing as showing a cat, they
must have some concept of the referential cat to which the representarion may
be linked, a concept that may have been formed slowly on the basis of experr-
ence with real cats, or built by other kinds of experiences such as verbal descrip-
t ions, perhaps paired with earl ier images. (The latter route is important for rep-
resentations of imaginary referents such as unicorns, as discussed at length by
Goodman, 1976.) They must, for example, perceive cats as coherent objects
moving as a whole; come to recognrze cats as distinct from, say, dogs; recognze
cats from the side, back, and front; appreciate that cats may appear in many dif-
ferent colors and patterns; and so on. As long as the child has knowledge of the
referent cat, asking the child to interpret a cat-representation challenges the
child's representational skills. But the referential knowledge base is not necessar-
ily well developed for all referents. Consider, instead, asking the child to inter-
pret an aerial photograph of a ciry. If the child has difficu1ry inrerpreting a pat-
tern that shows a clover-leaf intersection of an interstate highway, the child's
difficulry may reflect ignorance about clover-leaf intersections or about how
they look from overhead even in the physical world (as from an airplane), rather
than necessarily reflecting inadequate understanding of how to interpret the
representation. One implication of this observation is ro acknowledge that
much prior research (including my own) has not differentiated clearly berween
the rwo sources of difficulry. A second implication is ro recognize that develop-
mental progress in understanding spatial representations may be based on an ex-
panding knowledge and understanding of the referent worid itself, quite apart
from expanding knowledge and understanding of represenrarions.

The third category concerns factors directly ried to represenrations per se. In-
terestingly, although as a discipiine we have conducted exrensive research on
everyday experiences that foster children's comprehension and production of
language (e.g., the role of motherese, the impact of hearing stories read aloud,
exposure to early reading-related curriculum such as letter-recognition drills on
"Sesame Srreet"), with few exceptions (e.g., Sigel, 1978) we have done relatively
little to study the everyday experiences that might foster children's understand-
ing of spatial or graphic representations. Most extant research has been ad-
dressed to understanding unusually skilled performance in individuals (such as
artistic prodigies; see Winner, 1996) or in cultures (as in China, where instruc-
tion in drawing begins very early; see Gardner, 1989). Given the scarcity of re-
search, there is little empirical work on which to flormulate and test hypotheses.
Thus, the suggestions that follow about what may enhance development are
necessari ly presented as "speculat ions."

FlGl4 .4 .Deve lopmenta lp rogress ion inunders tand ingex terna lspat ia l representa t ions .Shaded

cells indicate the tocal .o*p.r.i.y urder development. Cells marked with a large open circle indi-

cate that considerable development in rhat comperency is continuing or beginning Cells marked

with a small closed circle indicate that the basic comPetence has been achieved, although further mr

nor development may sti l l  be occurring. BIank cells indicate that l i tt le development is yet under way'

Definit ions of competencies are given in Table i4 2'

in the "Greenland effect" in which adults often believe that Greenland is larger

than Brazil because it appears to be so on the Mercator projecrion)'

If ir is not age, or age alone, that controls progression in understanding, what

mechanisms are responsible for progress in understanding? It is this topic that I

consider in the concluding section of this chapter'

F A C I L I T A T I N  G  R E P R E S E N T A T I O N A L  D  E V E L O  P M E N T

Facrors thar facilitate development through the sx levels summarized in Table

74.2 may be organized into three major grouPs; (a) general percePrual 
1d 

cog

niti re achievemlnts, (b) factors that enhance knowledge of referents, and (c) fac-

rors that enhance understanding of external spatiai rePresentations Per se.

The first means by which repiesentational understanding deveiops is through

the general cognitive structures or strategies that develop over the life course.

alth*ough theoiists may disagree about the specific characterization of these de-

velopmenral changes, all would agree that there are age-linked advances in the

knowledge and reasoning skills thar may be brought to bear on any particuiar

cognirive rask. clearly it is impossible to review these developmental changes

heie-they comprise the entire corpus of work on cognitive development But

by way of illustration, I note that children's developing spatial skills (e.g , see

Siiot. iqSZl should be relevant for children's understanding of geometric corre-

spondences, that children's developing analogical reasoning skills (e.g., Gentner,

iesa; should be relevant for developing representational insight, and that chil-

dren;s growing understanding of appearance_realiry distinctions (e.g., Flavell,

tsso), should be relevant to understanding attribute differentiation.

The second category concerns understanding the referent itself As discussed
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Firsr, I would speculate that competencies in understanding external spatial

representations should be enhanced by exposure to many different kinds of ex-

ternal spatial representations (e.g., drawings, paintings, photographs' models,

maps, graphs). Consistent with this conjecture is work by Sigel (197i) suggest-

ing that early limitations in preschoolers' experience with lepresentational ma-

terials are linked to difficulry in using conceptual criterla to categorize pictures

even when these criteria can be used successfully to categorize actual objecrs.

Second, and relatedly, I would speculate that competencies should be en-

hanced by exposure to many different examples within any one Particular me-

dium, particularly those providing alternative represenlations of the identical

referent. For example, as argued elsewhere (e.g, Downs & Liben, 1988), one

likely reason that many people-even adults-often seem to hold rigid, naive

(and incorrect) beliefs about the "Proper" form of maps is that they have been

repeatedly exposed ro very limited exemplars in which north is always at the top,

warer is always shown in blue, the projection is invariably Mercator, and so on.

Given these restrrcted experiences, it is perhaps not surpnsing that even adults

find it difficult to believe (for example) that red shows vegetation (as in false-

color GOES satellite images), or become confused when using maps in which

norrh is nor ar rhe top of tbe page (as in strip maps produced by the Automobile

Association of America), or have trouble interpreting a map when water is not

in blue (as when a New York ciry subway map had to be recalled because users

were confused by the use of brown to symbolize the Hudson fuver). Seeing

that the same referent can be depicted in different forms should help people de-

couple referents from particular representational instantiations.

Third, I would speculate that understanding should be enhanced by experi-

ences in which the child's attention is drawn explicitly to rePresentational strate-

gies in the conrexr of referential meaning. As an example, consider the opening

page of The Travek of Babar (De Brunhoff, 1934), in which Babar and Celeste are

first shown drifting away in a hot-air balloon. one parent might focus the child's

arrention exclusively on the story line of the departure of Babar and Celeste, but

anorher might direcr rhe child's atrention to the graphic rePresentation of dis-

tance by the tiny sDe of the balloon, perhaps also usrng this as an opportuniry to

point out that things only appear smaller from a distance. or, consider a Parent
and child examining a family photo album. one parent might comment exclu-

sively on the referential content, but another might also draw attention to the

photographic process (e.g., "Look ar how blurred rhe baseball bat looks in this

picture-you must have been swinging at the ball really quickly!"). In short, just

as we have decades of evidence showing that richer linguistic environments are

associated with children's more advanced language skills, so too' we may find

that richer "graphic representational environments" are likewise associated with

children's enhanced understanding of external spatial representations.

Fourth, I would speculate that understanding external sPatial lepresentations

should be enhanced by explicit practice in creating and interpreting alternative
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external sparial representations. Thus, for example, understanding should be
better in individuals who learn to produce represenrarions as an end in them-
selves (e.g., painters or photographers), who routinely produce representations
in the service of some other goal (e.g., engineers or architecrs), or who fre-
quently manipulate external spatial representations in their work (e.g., geolo-
gists rvho use scientific visualization tools to display seismic data in new ways).
To the extent that chiidren are taught how to produce and manipulare represen-
tations, their understanding should be facilitated as well.

Finally (and most speculatively of all), I would suggest that understanding may
be affected by familiarity with a class of representations that Ilabel ego-deictic.
The term is meant to denote representations that point to (hence "deixis".y

themselves (hence "ego"). These are representations that in some way make
their status 4r representations salient to the viewer. In other words, ego-deictic
representations are those in which surface features are intentionally brought to
center stage. There may be any one of a number of ways in which ego-dexis
may be accomplished, presumably each having somewhat different psychologi-
r r l  e n n < c n r r e n r . .

One oi the most direct means of drawing attention to the represenrational
nature of the representation is by including a representation of the creator of
the representation within the representation. Examples include Escher's Draw-
ingHands (see Escher, 1992), or rhe Purple Crayon series in which the crayon
draws objects rhat rhen become "real" (Johnson, 1956).

A second means of effecting ego-delxis is by layering representational world
rnside representalional world, or by playfully shifting the referential meaning of
the representation. The former is iilustrated when Mary Poppins enters the
Match-Man's chalk drawing to spend a day in rhe park (Travers, 1934). The larrer
is illustrated by the books Zoom and Re-Zoom (Banyai, 1995a, t995b) in which
viewers are led to interpret a pictorial representation in one way, only to turn
the page to discover that the prior interpretation was wrong (e.g., we first see a
farm yard from overhead, only to discover that it is really a toy farm set being
played with by a child, only to discover that it is really a picture on the cover of a
toy cata)ogue. and so on),

In the cases of ego-dexisjust described, the reinterpretations are sequential,
with a reevaluation of referential meaning occurring because the viewer is given
an alternative context. One can instead begin with graphics that are referentially
opaque as in droodles (e.g., see Price, 1953) and are made meaningful by provid-
ing information external to the original representation (by word or graphics). ln
still other cases, ego-deixrs may be achieved by representations that simultane-
ously support more than one referential interpretation. Well-known examples
include ambiguous figures such as the face/vase drawings (e.g., see Block &
Yucker, 1989), upside-down drawings that take on entirely different meanings
depending on which direction they are held (e.g., a drawing that shows a bird in
one direction, but an island, fish, and boat when the drawing is turned upside



3 1 8 L I B E N

down; see Ernst, 1986); and, of course, the group of spatially impossible draw-

ings in which components of the representation can support two conflicting

meanings simultaneously (e.g., the ascending and descending ramPs and stair-

cases found, respectively, in Escher's Waterfall and Ascending and Descetding, see

Escher, 1992: or in the impossible representations created by Shepard, t llo).

Another way in which representations may be made ego-deictic is by juxta-

posing the presentation of information through symbolic and nonsymbolic

means. An illustration is provided by the classic children's book, Pat the Bunny

(Kunhardt, 1 9a0). The story line is given representationally with words and pic-

tures, but interspersed throughout the book are objects that convey meaning

through their actual, rather than their representational, properties. For exam-

ple, "Daddy's beard" is described as rough. But rather than simply depicting the

roughness by graphic techniques (such as stippling), it is conveyed physically by

including a piece of sandpaper for the child to feei. Of course, the sandpaper is

still a metaphorical representation of the roughness of Daddy's face, but there is

nevertheless an interesting interplay of representational and acrual physical

qualities. In the realm of spatial relationships, a similar interplay berween repre-

sentational and actual space may be found in "Pop-Up" books, as, for example,

when a pop-up dog is physically located behind a pop-up house. In such cases, at

least some of the spatial relations defined by station point can be experienced di-

rectly, and may support the child's abiJiry to understand the spatial relations

shown representationally on another page.

To my knowledge, there has been no systematic empirical work on children's

undersranding of these kinds of representations, or on how exposure to ego-

deictic representations may affect chi-ldren's representational competencies. One

might hypothesi:ze that exposure to ego-deictic representations may Promote
children's understanding of the boundaries berween representations and reality

because these boundaries are made salient. An equally plausible possibiliry is

that exposure to ego-deict ic representations may confuse chi ldren by reinforc-

ing the notlon that representations and referents share qualities. It is also possi-

ble that either outcome may occur, depending on the contexts in which ego-

deictic representations are encounlered (e.g., whether an adult draws exPlicit at-

tention to the representational devices).
In closing, I observe that whereas earlier sections of this chapter demonstrate

that we already know a considerable amount about children's developing under-

standing of external spatial representations, the final section makes it clear that

many important questions remain virtually unexplored. This observation leads

me to end with the more general point that as a sociery (and as a discipline) we

often view instruction (and research) on external spatial representations as an

expendable luxury, aimed "merely" at developing aesthetic appreciation (or as

an interesting exrension of research on language). I hope that the arguments

presented here are convincing in demonstraling that externai sPatial rePresenta-

tions are a major part of our human symbolic lives, and as such, should take a

I 4 . External SpatiaL Representations 3t9

central place in our educational curr icula and in our scholarly pursuits on the
development of representational thought. it is not only children to whom the
ti t le of this chapter appl ies.
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