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" Phe Hental Manigulation of Cognitive HMaps

in Children and Adults

!

?6day»I want to talk to you about thé developmegx of
'cognitive(ﬁaps. For those of you unfamlllar withéthe
~ cognitive map construct' 1et me begln there. ’

The relevant literature tells us that- '3 cognltlve nap
* igea mental rep}esenxatlon of the spatial environment. It“

specifies the location of objects and places outside our
/ .

\imhediate field of vieﬁ. Like the more -familiar cartogranhlc

)

" map, a cognitive map functlons prlmarllv to facllltate our
orientation and movement w1th1n the ex ended env1ronment.
Ag yet, 11ttle is known about how chlldren acquf%% cognitive.

maps or how s such maps chunge'wlth\age and intellectual
development. B N
. !

When we first began our study of this problem it

seemed that at least two important aspects of a cognitive

“

map ghould show ‘significant developmental changes. The
.2

._firszWe termed content. This refers simply to the informa-—

A Y
tion contained in a cognitive map.. The second we termed '

[

maninulation. This refers to the mental processes vhlch

are 1nvolved 1n the utlllzatlon of a cognltlve map's informa-
tion. Both of these aspects of cognitive man development
will be® touched upon in the research presented;tqday.
However, before I give you the details of our‘research, I

®

want to tell you abaut the basic methodolovy vie developed

in our vtudy of c6gn1t1ve maps.

N 3
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. tube (which is mounted on a compass marked in one degree

‘ plorbed locatlons is ‘used %o generate a sketch of the ”"

r'd 3 )
The classié methodological problem associated with

e

.

the study of cognitive maps always has centered around the v
question® of* how one externallzes the map so thax 1t can be

evdluated obaectlvely. Wlth an adult this problem is easily

L

qgsolved. All you have to do is ask the adult to draw a

map of sbme env1ronmenta1 unit or ‘simply ask him to describe
verbally that environmentél unit. However, these techniques
‘cannét be used with-young children. Of%enotimes, & young

child (e. g., 2 first grader)possessesg nelther ,the motor

skills nor the verbal fa0111tJ to convey adequaiely his

: knowledge of how a familiar unit of the env1ronment 1s -

N

layed out spatially.

»

To overcome this difficulty, triaﬁculation task,

-

similar to that used in naV1cat10n to locnte a ship's position
with respect to mapped\landmarks, was developed. Our:

trlanvulatLon ‘bask requires subjects to align a sighting °

units) in the direction of four locations within a familiar‘
room, ‘When t;ansﬁgred to a.scale map .ofsthe room, the
intersection of the direction lines obtained from three
separate locations within the room are used to‘define the

locatieh of the fourth, vhile the comblnatlon of’ all four

!

.- " -

subject's cognitive. map. .
A series of slides illustrates what I have been talking

about, - - Fy

o
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The, flrst slide is simply a schematic of the elementany
|

school 11brary in which we carried out our research. ‘

A . Sllde Two

-

e i

* The second slide is a further 31mp11f1ed draw1ng of
. Ao )
) the room shown in slide one. Notlce that we selected four
callent obgects and then 1ocated in front of each a 31ght1ng

tube statlonp01nt From eaéh gtatlonp01nt the subaectc

.~ aligned the sighting tube in the direction of three target

objects. \ 3
L o
Slide Three
"y t B t . oo ‘ , )
The third slide illustrates the nature of the maps

, ;
produced by the trianguié%i?n technique. ..Notice that four

=

intersectioh’ tridugles dre Tormed from the twelve lines of
di{ection read from the sighting tube's compass. Each
triangle corresponds+to the subject's localization of a-

"given target object-. :

-

Gt e G Gus et oW

\

}
The' fourth slide in this series shows how a map can be

!

analyzed. As 'slide fouf shows, ., the abéolute accuracy of

[ —

JAndividual ulgntlng tube resnonges ¢an be measured by the
error pexr angle MQ&fi:i. The consistency with which an

object 1¢ lecalized In a given position in space can be
N

~

4
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by the deV1atron between the plotted mldp01nts of the target

The rest of the subjects performed the same task while

- LY
" for locational accuracy and ‘consistency, as'well as, error

‘]

| ' .. . . I

|

i

.

3 > :
l

sy e L - :
measured by the area of its corresponding intersection . 1
. . o L . -

. Y
triangle. Finally, the accuracy with which an object is

1oca1ized from three different stationpoints can be measured

obgect and the correspondlng 1ntersect10n trlangle.~
v The_ trlangulatlon procedure was used in the present
study to compare the cognitive maps of first graders, flfth B
graders and college students, and to 1nvest1gate deVelopmental %,;
chooges it the ablllty to manlpulate cognltlve maps- mentally.¢ "
Our first experiment was very simple, It was designed -
prlmarlly to assess the accuracy of subaects' cognitive
maps whlle demoéstratlng the developmental utility’ of the
trlangulation procedure.
In this experlment our subjects were asked to move from

%

stationpoint.to stationpoint and at each sta+1onp01nt

ae

to align the sighting tube in the direction of three target
pbjocts. Half the subjects in each age group pérformed‘
this task wh1Le in direct v1sua1 contact with the room,

i.é., they could see the obgects they were .asked to locate.

enclosed by an opague screen at each stationpoint. *

\

The maps generated in this experiment were analyzed

per angle setting. In each case the pattern of results
was the same. All of our subjects posséssed relatively

accurate, coherent «cognitive maps and were able to maintain

9
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” obaects. In addltlon, there clearly was an effect for age. -

Secdnd, the spatial memory which underlies cognltlve maps

Lirst and fifth graaes. Finélly, the fact that thene were

~the ages tested. ’ C, .

' - 1 13
. . — .- . . - [t .
their spatial orientation within th.. room even when "their

o

view of the room was obstructed.
N
Of course, the subjects who .could see the objects

were more accurate than the subaects vho could_not see the

’ k3

However, this effect was not 1ndeoendent of the 31gn1?10ant -

g p— e pdurrtm

effect of v1ewing condltlons. The three age groups dlffered
only in the. obstructed viewing condltlon. --In the

obgtructed viewing cond}tion the first graders(were _
significantly less accurate than- eithexr the fifoh graders -
or the college-students in locating the target obgects. o '

The ' results of this experiment indicate that cognltlve
e :
maps, though not plcture~perfect representations of spatlal

o "k

layout, can exist at a. relablveiy high level of accuracy.
does not reach its adult-like status un%i; SOmetiﬁe oetween,'-

no age dlfferences within the undbstructed v1ew1ng condltlon

suggests that the trlangulatlon task.was equivalent across

\ . : ‘, T

o~

In our second experiment we were interested in the .f -
pgocesses in;oiVag in the mental manipulation of a co%nitive
uap. The assumptiou"was that if a subsect could‘manipulate \
his cognltlve map of the llbrary mentally, he woula beaable .
to 1mag1ne hlo movements w1th1n the room instead of actually

carrying them out at a physlcal 1level. 'In terms of the

- _*7.




" Moreover, the 12 responses produced in thls manner should .

’on that 1mag1ned 1ocation. This procedure was continued >

" his slghtlng tube rgsponses in terms of the mentally-—

technlque introduced ear11er, the subgect would be able to
make all 12 of hlSlSlghtan tube responses from any one
of our four stationpoints by 1mag1n1ng successlve transforma—

tlons of the relatlonshlp between self and Spatlal 1ayout

be of sufficiént accuracy o allow._the. construction of a
coordinateé phys 1ca1 map of the library.

Dach|sub3ect performed two tasks whlch tested mentsﬁf | A
manipulations perspective taking and mental rotation.
In the perspective tamlng task the subject was told flrst
to 1mag1ne that he had walked to a, hew statlonpolnt He
then was told to°’ make three slghtlnb tube responses based

‘ . .

until the subject had~1mag1ned occupying three different \
1ocatlons within the room. In the mental rotatlon task the l
subjech was told to 1mag1ne that the entlr? room had
rotated Qbout his 1ocat10n within the room. As in the

R . t

perspective taking task, the sub ject than was told“to make

transforned spatlal array. Agaln,‘half the subjects in each

age group were as 51gned t0 an .obstructed viewing condition

Ll

L ey
and the rest to an unobstructed viewing condition.

The results of this experiment were complex. \Therefore,
't
I will presont only the hlohllght !

1Y

’ \,
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\ ‘ First, of all, thelaccuracy and completeness with

A

o

1
|
|
which the subjects were able to trqnsform'their relation-—- %
" ship to the room's spatial 1ayout increased dramatically i
« with age. Ay 1nspect10n of the physlcal maps generated in ¢ |
‘ thls experlment revealed that onlJ the college students
were able to approximate "in their heads" that'which they
; ﬁed accomplished in our first experlment In other words,,
' only the college students produced coherent, coordlnated
physical maps of the type shown in slide three. The maps
of the younger subaects were fragmented. They did not
show the four 1ntersect10n triangles that would be expected
-1f they could transform mentally the relatlonshrp between '
self and spatlal Jlayout . "The children, however, did periorm
bettex under the rotation 1nstruct10ns than under the

4

perspective 1nstruct1ons.. Indeed,‘under the rotation - )
instructions thé,perforqanoe of the fifth graders approximatEd
that of the college stildents.
.~ Because the‘daps of the children were so fragmented,
" careful attention was given %o the types of errors mdde. -
Several systematic error Patterns were identified which‘ ‘
- reflected developmental changes in mental manipulation

stategles. ) '

One type of error,'predominately observed in the first

L

graders, wvas the classic egocentric response. The next slide

-

illustrates egocentric responding in this experiment. "




A »

z

In slide flye, “the subgect is standing at s%atlonp01nt

A and is told to 1mag1ne that he is standing at stat10np01nt

.

C. The dotted llnes show how'the subaect should have -

responded given an 1mag1ned location at stahmonpof%t C.

-

The solld lines ShOW‘hGW the subject actually respondedo
“I¥ is obvious that “the subgect failed to transform his

relationship to the room's spatial layout. Instead, he

L4

respondéd solely in terms' of his physically occupied station-
point. [We should note’ that egocentric reqponses viere
much less prevelent in the mental rotation tagk than in the

. ‘. perspecblve taking task Horeover, vhen the mental

)

rotation 1nst ctions were given to subjects in the obstructed

viewing cond1 1on, egocentric respondlnw was wiped out as

£
a source of E?TOTQ . 1 -

A second type of error, predominately Qbsepved ip.the

fifth graders, is illustrated in the next ‘slide.¢

- e e me e e *

Again, the dotted lines show how the.subject should

Jave responded, while the sdlid lines shoﬁ how the subject, .,
;, ©actually fespondad. In thls cave the subject's re ponses ’
) refleft a strafegy of 1ocaf10n.oubst1tutlon. The subgect

obviously transforms accurately the . ordlnal relatlonshlps

which hold among the obaeq}s in the room. Howevexr, he * .-

fails to complete mental manipulation by taking into account
1)

the asymetrical layout of the target objects.
g o - 3

-
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[

.generally 1ucqes€ful 1n applylng an approprlame transforma-

, : 4

The abovc error types, and others, led to the conclu31on

-

1

that complete mental manlpulatlon is a two stage process.

- P

Ih the first stage a strategy of manlpulatlon, oT transforma-

ffmon rule, is applied %o the general spatial relatlonghlns

Y

,contalned in the cognltlveimap. eIn the second stage more

specific relationships bétween ;elk and spatial Iéy;ut.are . :
récénstructed
;n a mentai manipulation tasks appears to be .in the first o
stace of -the process,”l e., they are‘;nable to apply an
approprlaé é;ans%ormatlon to the general relatlonshlps

The dlfflculty experlenced by flrSu graders

contalned 1n their cogn*tlve maps. Elfth graders are

-

L1y

tlon but often fall t0 reconstruct the more specific relation-
Shlpu necessary ror complete manlpulatlon. In‘contrast,
college students are able to complete both stages of the

* * .
process. . . -

%
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