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ABSTRACT "
This paper describes two experiments in which
children in grades 1, 3, and 5 were given three kinds of spatial
perspective-taking problens to solve as quickly as they could: (1} -C
problems: solvable only by computation- (that is, noting which
features of a particulacr object array were closest to another
observer in order to estimate how the array appears from that’
observer's position); (2) R problems, solvable only by applying-a

———_rule (such as the generalization that two observers will have the
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, jane view of any obje¢t array if-inthe-sam ition and &

ifferent views of it 4f in different viewing positions)s and {(3) RC
probleas, solvable either by computation or by rule. The task
conditions were such that computation-based solutic.ns’ ordinarily
required several seconds-to execute whereas rule-based zolutions
could be achieved with zero-order latencies. 0lder children proved
likelier than younger ones to solve R probleas correctly, solve thenm
with zero-order latencies, and verbalize rule use in linquiry. latency
and inquiry data suggested that the children who used the rule to,
solve R problems alsoc chose to solve RC problems by rule rather than
by computation. It was concluded that a number of subjects possessed
the rule, consciously and dellberately used it in solving concrete
perspective-taking problems, and believed in its genexal veracity
enough to rely on it when they did not have to {(RC.problens).
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Abstract

A distincticonr was made between two aspects of spatial perspective-taking

competence: (1) rules, such as the generalization that two observers

k]

will have the same view of any object array if in the sgame v:l.e;;.::l.ng
position and different views of it ':I.f in different V':i.ewing positions;

(2) computation, such as the cognitive process of “.oting which' features
‘of this object array are closest to another cbserver for tie purpose of
estimating how the array appears from that observer pos.:l.t:l.on. Children
of grades 1, 3, and 5 were given three kinds of problems to solve as
quickly as tiley !could:h 1 c problem§, solvable only by computation; <
) R Problems,' solvable only by applying the above rule; (3) RC problems,
solvable elther b};’ computation or by rule‘. The task conditions were such .
that computation—based solut:l.ons ord:l.nar:l.ly required several seconds to
execute Qwhereas rule-based solut:l.ons could be’ achieved with zero-order
letencies. Oldek children proved likelier than younger omes to solve

R proble;ms correctly, solve the’m with zero-order iate.ncies, and verbalize
rule use :l.n':l.nq-’.::l.ry. Latency -and inquiry data sugiested that the children
'who use°d, the rule to solve R:-.»problen‘s a;lso chose to solve RC problems by
'rgle( rather thapn by coﬁtputation. It was concluded that a number-o.g
subjects poséessed the rule, consciously and deliberataly .used :l.; in
solving concrete perspective-taking problems, and believed in its general

veracity enough to rely on it when they d:l.d not have to (RC problema)
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A distinction can be made between rules and computation in the area

of spatial. pergpectj.ye-taking and its develgpment. let $ represent the
subject, X an ob‘ject: a'rray, and © another persofx who vim X from a .t

N station point different. from s' 8. . Computation refers.to the act:ual : J '

'cognil:ive processes 5 uses to estimate ("comput:e") bow X appears t:o 0.

A A e

8 sees X,,0, and, the spatial relation batween X and 0, and from this .

visual informarion somehow constructs a representation (accurate or in-

an

. accurate) of how X 100}:.:3 from 0's perspective, Several possible computa-
tion progesses have‘_rece_.nt:ly.I been ..:I.nvestzil'gat:ed G}uttzer;locher & Presson, - -
1973; Marmor, 1975; Shantgz, 19?5) S might try to rotate X ment:alli
until 0‘5 side of X 1s visualized as facing S conversely, S might t:ry '
to rotate h:lmfherself imaginally :[.nt:o 0's position. Anc:t:her process
“ would be to infer from the visual information that one object in the X =
Parray partly blocks O's view of an;);her object, "thatJtilis quect:.ag‘pe.‘hrs ,
* right-resr of that one from _(_l_"s' point or view, etc. We know very li:;:Ie
at present about the effects of developmental and individual dif_ferences
in cognitive abilities on what computation processes are spont:aneouslgr
applied with what results to what kinds of S$~0-X prollems:.
. Rules refer to general relationships amon.g observer positions and
observer visual expeziences, relationships which are essentially 1nvariant:
across Xs.” The fact: that these xiles hold true regardless of the specific

phys:l.cal properties of X is one of the thiugs ;.hat distinguishes them

from compytation. From example, 'if‘ § 15 to da(:emine how X looks to O

b ] 7




by means of mental rotation or some othdr computation procedure, s/he
<, " -_— -

. obviously neads to be able to see X or ot srwise -obt:a:[.n detailed infor-

mation about its physical characteristics hnd orientation. Contrast

this with the perspective-taking r!.lle which aseerts that X wodld .
‘appear to § as it does to 0, if § were algo to view X from 0's station
point (cf. Fishbein, Lewis, & Keiffer, 1972). 4n § who kaows this rule

obviously needs no specific informstion at éabout: a given X to be aure

5

that the ruy&e wil'l hold true for that X. " Tdke computation processes,

L]

neral rules of this sort cen play impostant roles in the solying of
anreta perspective-taking problems. It ie hard to see why an §

would spontaneously try to rotate himfharself mentally into 0's poeitionm,

for instance, unless s/he wlnev" the abovementi%ed rule in some sehsey
Conversely, like tUIes, c.omput:at::lon prcceases can become 8éfleral, across~
tagks solution st:l:at:eog'ies—-general "rules of proqedura,"i in‘effect:‘. .'.L’r.e.
growing child cou}d therefore come to belijeve that, say, rotation of
self or array':l.s a gensible Solutsyn procadure to.try f;:r any X, just

- r .
as s/he could come co lmow(olhe rule that, for any _I_[_,“ his/her view of X

would be ideatical to 0's 1if s/he were at 0'a stetion point. .~

A fajrly sizable literature on the developmental aspects of spatial

“

perspective~taking has accumulated since Piaget'and Inhelder’s (1956)

ploneering work (see Shantz, 1975). However, the distinction Hetween
. & 4
acquiring computatibtn procedures and acquifing generdl rules about |

perspectives has not been made either clearly or often, even at the ;

purely conceptual level (Fishbein ot al., 1972; Flavel__l, 1974; Piaget &

L]

Iahelder, 1956). It doea not appear to have been made at the experimental

+
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level at all, prior to a recent study by Salatas and Flavell (1976). i

They assessed 6~ and 8-year-olds' (kindergarten and gecond grade

children's) command of two.rules: (L) one position - one view--an

E

observer has one and only ane view of 5 from any single viewing

:

Posit:ion; and (2) different positions - different views~-a particulax -

\\riew cannot, normall;rl be seen from more than ome viewing position around
X, and hence differen}: observer positions ﬁormally dmply differant ‘
views, ‘l:he X ic this study cona:l.;at:ed of three girl dolla s:eat:edﬂ .
diagonally on a square board. There were four v"obaervera," one on
each side of the i;oard: S, the child subject (0°); a. small Donald Duck
doll (90° to S's right); Goofy (180°); and l&ickey Mouse (2?06). 'Ih9=ch:l.1d
vag first taken to each of these four viewing positiona 1n turn and ';skad t
. to gelect that picture (color photograph), from the set of four spread
before himftier, which s’apt;ed exactly how the dolla i.ootwd from that
position. -If the child chose the wrong picture his/her error was
co{:eeted and~s/he was asked to choose again. Almost all children at
both age levels were sclecting the correct pict:uré on the rirst try by
the éime t_hey lreachgd the third or fourth viewing poaition. ‘ - St E
-Uaderstanding of rule 1 was then t:aat:led by.ask:l_ng-the subject to
evaluate, one at 2 tin, eac;h picture from a larger set by answering
the question, “Does chia picture show how the dona look to )
(evg, H:I.ckéy)?” This aerial-cho:l.ce procedure allowed -the child to end
up having selected mré‘ i'han a aingle plcture as representing that 0O'a
view. If the child di¢ sélect more than one, a/he was first ask_ed 1f ‘
the ones gelecfld were all exacti.)'r‘ the ‘sama (all children said they were

no't:)‘, and then asked 1f g/he stiil i’.imsght: they all showed extactly how




the dolls looked to that Q. - The child was credited with rule 1 if
s/he. consistently either chose only one picture :I.n:l.:‘.:l‘.al].y," or else
spontaneously reduceci h:l.s/tbér selacted set down to one following tt;e
second question. ‘the child was next dsked 1f the selected picture(s)
could also show exactly how the dplls looked to another 0 in a different
location {e.g., Goofy), then another, ete. -The child was:credited
with rul; 2 1f s/he consistenfly Ba:l.g it or they could not.
The results suggested that rule 1 may be acquired earlier in

hildhood than rule.2. Most subjects of both aga levels seemed to

cognize that no morxe than one depicted view could be ‘seen from a8 °
single station point. " In contrast, only about one-fourth of the 6-yaar-
olds and about two-thirds of the Buyear-c;lds consigtently denied that
one 0's dep:l.cteti view could be seen by other- 08 at different station
points. In addition, command of zule 2 did not appear #0 be as general
and con'text-independent a9 we had expected, at leagt at this ag.e level
and in this task setting. A child could initially either (a) c;orrectly°
identify an Q's depicted view, (b) make a nonegocentric error (selectin-g
neither 0*s view nor the child's own), or (¢) make an eéocentr:lc ‘errdr
(select:l.ng h:l.s/‘;er otm) !Ih:l.ch of thase s/he.did seemed to have some
:I.nfluence on the child B subsequent adherence}nonadherence to rule 2. .
The child vas likeliest ‘to go on to say- that the other obaemra gould
also see that same view, contra rule 2, if that view were egocentr:l.c (),
less likely 1if it ‘were nonegocentric but incorrect (b) ,‘ and least likely
if 1t were correct (a). At the saie time, the ru]:e-computatiqn‘ distinc=

tion waa clearly evident in the data. Individual subjects could and did

mal > computation (viéw-selection) errors while still acting as if thay
# .
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* fully understood rules 1 and 2, and corr;aét: view gelections were some-~

timas followed by at:-t:ributions of those same views t:o-,obsemfers in

oi":her pqs:l.t::l.c;ns. ‘

o

p The purpose oI the present study was to follow up and extend the

research of Salatas and Flavell (19?6): T:}e knowledgg ebout perspectives
investipated was their ﬁmle 2 (different positions - different views)
plus its corollary, namely, :hat: two Qs lbok‘ing‘ from the same station }
point 'will have the same view of X (same pos:l.t:ion - game v:l.ew) . The | "
latter will be recognized as the rule mentioned at the beginning of t:hi.s
article, applied ‘to two Os }'&t:her than to S and 9_., Childzen were pre-
© sented with three types of problems: (, R, aad RC, In C gcbinputation)
o problems, the child saw Salat:aa.°a‘31d Flavell’..s three-object X, an O
located to the child's left of i, and two pictures (phot:ograpl'_ls). One
s : p:l.ct:uré showed g's view of X and the other showed the view on X from
the opposite side of X, Eo ‘the 'chil@-’s r’:l.ght:. The child's ;:as}g in thia
essentially conventionai perspective~taking problem was to compute Q's
view from the visual evidence and select the correct (Q-view) picture, .
In R (mle) problems, the child agai;x saw O and the two view plcturea,
. but X was covered with a, hox 8o the child could mot sea it., K O could
. Bae t:he array through an opening on hie side of the box, ,howevar, and
* ' there was a similar opening.on the opposite side from O, A second s
- 3 - ) .

observer was also shoun looking at X, either from 0's ét:at':l.on‘PoIné T T

(on R problems) or from the opposite aide (on Ry _perlem). .The child

was infon_neﬁ which of the two pict:u'i'as showed the sec?ond.gbaervex_-'s view,
and was told that this information was a "hint” that would help him/her

figure out which picture showed 9's .view. .It is apparent that, despite’ -

-

o - | K - -
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" the *impossib:l.lit:y of direct: comput:at::l.on in either case, Ry problems can

. be solved by using rule 2 and R problems by aDply:I.ng its corpllary.
. problems, respectively, except that g(_ was not covered by the box and
- ¢

*could thus sqlve RC problegns e}ther“]?y rule, by computation, or by some

cher.knowledge of rule 2 by the answers sfhe gave to explicit questions

RC, and RC (rule or comput:at::l.on) problems vere :I.dent:ical %o R and Ry

bence-'was visible to the child as well as to the observers, A child

conbination of the two methods. Subjects were urged on all three types

of problems to indicate their pitture choice just as soon as they were

-

sure of it, and response latencies vwere recorded., The experimental

set up and Erbcedures were gych that it normally Qt:o\uk subjects a matter
N y , .

of geconds to.solve problems by computation. In contrast, latencies

- -

for rule-based solutions could be zero-order, since the second obsexver's

_plcture was known to the child beforc{ the signal to solve the R and RC "

s o

problems was given; - .

. -

Compariso&s with the Salatas aud I‘lavell (1976) st:udy may be useful

in highlighting special fe\atures of this study. Most import:ant: that

st:udy sought primarily to asgess rule knowledge; this st:udy, both rule

@

knowledge®and rule uge. In that st:udy, the c.;:l.ld COuld only show his/

about whether ot:her 0Os 1o c;ther v:l.ew:i.ng pos:l.t::l.os.s could see X as this 0

-

doegs. 1In this st:udy we also asked the child questions, but only in.a

We uere primarily mterest:ed in vhen~-or Indeed,

T

whet her-~the developing element:ary school age child would nonverbally

post:t:est: inquiry.

testify to the pogssession of rule knowledge by actually us:lng rhat:
knowledge, "on line," to solve real if somewhat Peculiar parspect::l.va- .

taking problems, A rule user could solve R problems at least as accurately -

.
.
- 9 : -
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and much more guiecklw *ham C problems, since computation processes ob-

‘ . LI

vfou'sly take time and ave potentiany subject to Yperformance errors"

even :l.n a skilled perspectived:aker. .. : . ! ‘ A

- We Jalso have the possibility,” as Salatas and Flave.ll (1976) did
X N not, of es"imating how much the children trust t:he rules and how ; _ - :
explicitly they un%erstand them.. Suppose a child solves all three types .
. of problems quite accurately, t_hé C problems iIn a few seconds and the R
problens :ln a fraction of a‘ second. How wapidly does s)iie solve .th-e RC
problems? It migiz.é depend upon his?her developmentt;l levei. Older
v squect‘s, for whou the r::les'ha{re perhaps. become ciplicit, completely
genex:al, sem:l‘.:nécgssary trutims, ﬁight '3o.lve RC pr.pblem exactly like R”
v .problems, fecling 8;.11'8 that subsequent computation would alwdys conf‘i.i'm
, . - plcture 3é‘1éct:l.ons “lg‘a.sed solely on rule use. Younger ones, for whom the‘
rules m;ly l;dt ‘yet have- become as well articulatéd and as contextsfiee,
might elect to’s:olve them like ‘c problems, thereby showing an overall
strategy of using rules when necessary buf computing when possible. Stﬁl :
other, intermediate solution :pattems are imaqimable, such as computing S
on. initial RC tﬁria‘ls in oider to verify the tru'attht:hiqess of the mlesg -
and later sy:ltching to A mlc;only Btrategy in order to Qi:hieve the rap':I.d.‘ B
solutions the experimenter wants. These exper:lmhtal‘_'features; together ‘
with\others ‘to be described, should provide a richer Q;Lctu_r_e than the - ,_-

Salatas and Flavell (1976) procedures could of the development of tule

&
1

LT knowledge as well as rule use, ° ’ - .. Lo
. - ] .
There V}Ere also other differences betVeen the twO sfudies. - Pro~-

liminary :I.nstructions and familiarization with tﬂk requirements, pro=-

]
-

cedures, and materials vere wore.extensive in the présent study. " There e

were also more conventional (C type) Vi selection test trisls of‘x t{hi.cﬁ S

]
3
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to gain practice in computing, only one 0 to. selett a v:;.aw pictur'e for; -
.« . and only tvo view. pictures present to chooge between, neither of tohich - "
‘ tempts egocentric arespond:lng by shorr:l.'ng the child's own view These and
- ‘possibly other features seem to have resulted :ln a distinqtly higher
_ level of computation performance in the present stndy, espncially in” the

_ second of cur two experiments This s a higbly des:l.rable outeome,

- sbecause it prov:ldas added assurance that the ch:l.ldren -:eally. mderstood .
. the task demands--an e‘rerpresent :iroblem in spatial perspect:lve-taking . ]
tasks. Finally, we did not have to worry about the ch:lld's abil:ity to
v use rule 2 being depencfent on the correctness or certainty of the child's
) initial “view computation: the child did not have to computs "the‘ second : {’.‘

observer's view in R and RC problems at all, since that view das -
ident ified for him/her by the experimenter, In the !'-ilré,ﬁ .t?’pes of

» problems used in this study, then, the concnptuql distinetion between

—-—

rules and c;mputation seemns clt;.ar,‘ and thé, exp's’rimanta} uncohfounding of
the two Seems complete. ' '

.
N
-

o experiments were done. Since the two were quite similar and

their results will be‘repéatedly' compared, .they are Yreported togather

-

belovw. X ‘. .
. , . . MEmHOD ¥ L
~ _Experiment 1 ° © - oo . N ;
A . ‘ X " \ -
‘Bubjects . S .t ! - s

’/Seventy-four children randomly selected fron the ﬁrst, th’irtl. and

A,
-

L
e

fifth grades of an elementary schoo]: in a lérgeiyfﬁfddle-claaa suburb
of Minnespolis-St. Pail participared in this experiﬁenc' Tvo third grade . '

-males wers tested mitially but excluded because they ‘Were sutgicious of . R

oL being tricked.  The remaining 72 children were 12 boys and 12 girls at .
! \)‘ ? . - - L] ' T
ERIC - , 1L - LT
' . o ’ 3 -.? -
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ecach of the three grade levela. The moan age of the first graders was

’ .. T .--_-—«-Rui'ea e
- : L .10
- N " t

.

6 years B montha, with a ranie of 6 yea"a 3 months to 7 Years 0 mnths .
The meg. age of the third graders was 8 vears 7 months, with 3 range of
8 years 3.months 09 years 0 months. The mean, age» of tha fiftn 3radera
was 10 ears. ? .months with a range’ of 10 yeara 3 montha to 10 yeara 1. months

Apparatus and Materials L ' A

* B4

_ mreo c'lolls_‘,(u cm x 14 cm x.19 cm) m.d'ifférer;t_co];?refl dresses ', .
were placed dia,gon ly (ae.e ?igure‘ 1, Salataa & é"lavell, 1976) on a
49.5 cm x49 S cks.bogrd which rotated on a I.azy Suoan. Each.doll. sat - .
facing forward with 8 bottle in its vight hend. ‘rwo dolla {7 cn x . .

# .

5 S emx 14 cm) , Mickey Mouse and Denald rick ae/rved as "obssrvers.” .,
/

P \ : T ¢

Dona].d was alwaxa aituated at tae side to the chilé'a left.. On R and |

L]

RC trials only, Mickoy was seated either on the seme side as Donald

' (Ra and. RC tr;.ala) or on the oppoait‘e s:l.de (Rdaand Rccl tr:l.a.l.a) Four:

Tof the arrqy, one test pafr consisted of the, £ront and back views of, the 5

e

colonmed photographs (12 5 cm x 17.5, cm) depic.tod the four cardinal viewo

- A *

dol‘.ts, the. other of: ,the tho a:l.de vie.us of the dolla. . Eor each ‘triaJ" one °

‘test pair was ‘placed: 1n’ front o£ tﬁe child on & 35 cmx 40 cem x 5. o T

&

responsa bot. “A 60 o x 52 cn X 38 cn catdhoard box oovered tlfe .

atilmlus array at tha beginning,of every ttial - Two 20 tm x 24 cm ,
“windm:a" vere cat in the middle of oppasite sidaa of thia box, .

mitting the observer do].la, but not .the child to,"sea" the ar:l- KT N
P _

array. A 25 cm x 40 co x 2, cm nd covered the tWo ghotogmphs ‘lenvjng . O

/ 3
’ - -
exposed. two- response buttona located to the right. ot the yhotogmpha. o

“When this 11d was remove;!.~a nicro~switch activated a timer (Industt‘ﬁl -T‘f":...

¢ v #" e . -

Timer, model, C-IDO) and de“resls:].pn of e;lthgr reaponae buttpn ntoppeck 1t BETARS

- thereby_recording response 1a_toncies‘ ':_ LR e ','.«. P

-
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Procedure

<

Pretraining session. The child was seated behind Donald, both

_ facing the a%ué. For each of the four cardinal views of the dolls,

the experimenter instructed the child to- "point to the p:lc-t.'ure‘ that

shvs how the dolls look to Donald" from émoog t:he.four photographs,.®
].'incorre.ct: }'esponaos were corréct:gd by poin’ g oup the view's distinctive
features ‘in a st:anda_rd:llzezl manner and_ the chi \&.was suboequently Te-"
tested on that view. Wext the child was seated: t the side to Donald's
right, Begimning with the dolls facing the child, the expérimenter .
presooged .the child ::rit:h the photograph of Donaid's_‘v}.w anq asked,

-

"hen the dolls are turned like this, is this how-they look %o Domald?"

. This procedure was repeated ._‘.q%t:he remaining three views, An incorrest

response vas corrected in a“st‘:ondardized manner, as above, and’ the child-

vas sobaeque.nt:ly retested on that‘view in a forced choice situation

* -t
[

usiug t:heoot:her photograph of the test pair as the comparison picture.

'l‘ra:lniug session, The ch:l,idren were trained on the three types. of

problema 1 this f:!.xed“sequenoe of four trials: C, C, Ryy 808 Ry, . The
child was told to close his/her eyes while each t:ask vas be:lng set up,
The experimenter then oet: up the first C trial by‘ covering the' dolls

with the box, placiné the test pai‘r of photogg:ﬁphs which incldded Donald’s

view on the response box, md covering them with the 1id. After

_ reopen:lng his/her eyes, " the child was told that: when the fdrst experimnter

1

sa:l.d "Jo," the second amerimenter would simltaneously uncovar the

dolls and the pxct:ures, and the child should then iudicatq which picture

shows Donald's view by pushing the button next tc it. EBrrors were

corrected as in the pretraining. Md:l.t;.ional iufo'x;nat::l.on was preae:it:ed‘

- 3 -
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on the‘aecona C trial: "There 18 always a riéht answer. One picture

always ghows you how the dolls look to Donald, and one doesn't; But

sometimes. that right ansver will be éown here, and sometimes it will
b h

be up here. Ea;c.h time when Cindy sets it up, she turns the dolls

around, so hov it was befot:e won't help you. You'll have to figure'it

out a;l over again each time. OK? MNow you noti&eq that when we, un-

covered the pictures, this timer weﬁt around and when you pushed this

. - .
button, it stopped. Because the timer is going, we want you to push
® 3 -

t

the buttons as fgst as you can, but not until you have figﬁred out the

- - %
»omrr

. X 3
¢ ht answer, So firat you figure out which one Ponald sees, then you

pﬁah the butgon. Ndﬁ, if yeu push the wrong button, tell us ghﬁ we'll

A e

let you do‘it over again. (The trial was repeated later in the seésion
when this happened.) Each time before you start wefﬁant‘you to pgut your
hand up hegre (on the table) so yéd can get to ghe hutfons. OK? let's *
try it. Go."

Next, the child was presentéd with a Rg trial. While the ch%}d's
eyes were-closed, the experimenter placed Mickey next to Donald and a
tag with a picture of‘Hickey on iq wnder the cor;eapohdiné picture.
The picture of Mickey on the tag was clearly visible while the pictures-
themselves were covered. The child was il‘lﬂtfucteqi "How we have Mickey
with us. He 1? in the samz plece as Dggald., He's looking through the

same window. This tag tells you that this [;ictI:IrE is how the dolls look

" to.Mickey. Now wa're still Interested in how the ddllﬁ look to Donald.

Mickey will be here a’lot, and each time I'll tell you %lat he 'sees,‘

L

but we never want to kaow what hlckey geea=-only Donald. I'll nevér dsk, -

'How do the dolla look to Mickey?' but alwaya, 'How do the dolls look to

Donald?! - This tag is a hint. “1f you know how the dolls ‘look td"H&eﬁgzi_

14 o
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that can help you f:l.gufe out how they look ‘;:o Donald. Sometimes Donald
will see the same thing as Mickey, so when ; Jask, ‘How do the dolls = .
look to Donald?' this (shakes tag) will be the right ahswer. But
sometimes Donald won't 'see the iame thing as Mickey, so when I ask,

- 'How do the -dolls look to Donal.d?' this .will be the right answer. Each

l time you'll have to figure out if the dolls look the game or different
thehdolls.' And you'll still have to figure out, ' using the hint, how
the-dolls look to Donald.- OK? Go." Brrors were coerrected dn the
following mamner: "I liked the way you pushed the buttém, but t:his":l.s ,
the r:l.gl-lt: _m;r. Remember “wien f;e:ea:l.d that sometimes Donald gees the
same thing as Mickey? Well, this time the dolls look thé 'same to Donald

and Mickey. Donald and Mickey are in the game place. THey dre looking

tﬁrough the sane window. This time they se; the same t:‘hingl " But maybe

next time they won't: OK?"? . C
Finally an RC a7 tri;a], was, :l.qt‘x;oduced‘. ;'Iha experiuenter plaéed
Iﬁ]ckey on the gide of the bo;; opposite Donald's side; rotated the dolls,
and placed the :appropr:i.a,t:‘e phot:qérapi\s o;l the response box, with Mickey's
tag utlzder the photograph of his view. "'lh:I:s time Mickey is over ‘here.
Hefs in a different place than -Donald. .He’s 1ooking through & différent
. window.' And this piéture shows how the dolls look te H:I.ckll;y,- though
we're aqtill;‘going‘g:o, figure out;.‘ how they look t".p Ponald. This time
. Clindy is going to uncover the dolls, OK? Go." Errors w‘ér-e- .cdxreqted
in the following manner: "Good, only th;l.s is the right picture. Yt.:m .
can figure this one out a couple of ways. Remember. we said that aou;m::lﬁe.s

.

Micltey sees the same thing and Sometimes he sees something different.

-

. 15

o to Mickey and Domald. OK? HNow, this time Cindy fan't 20ing to uncover
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o]
Well, tbis time Mickey sees something different from Donsld. He's in a

different place. He's looking through a different window. So this is !

-

-

the right anawer.; Also, does Ponald ace the fronts or the backs? The
hacks? Which one of these is a picture of the backs. This one. That'g ‘
right. $So tperi; are a. couple uay; you can_ do ;hia.. OR?Y - IR
Al children rece:l.y;edl ‘thege‘ four_trgin:d:é trials in. t!;e same order.
_The nature oﬁflc Donald‘s view and the location of the éorréct-phog;c;ggaph;'°- ‘

on the response board was given in g fixed }-.Mm;order.;Oﬁrs;tridt_:.., =

All children succesgfully completed the training sessjon. . . =i it "l

[

-

" Test trials. Each child received 24.test trials, 8 each of type. -

3
and within RC, 4 trials each of RC_ and KC,. Trials were:presemted : . ...

R, C, and RC; within R, there were 4 trials..each of subtype R and R,, -

in four uninterrupted blocks of six trials.. Each.block contatned:.tworis i
C trisls, and one each of subtype R;, R, RC; and RC_. RAch sybject- . =
recelved the three types of trialg- in a fixed alternating oxder ®o

that no type of trial was experienced twice i a tow.- Thig otder" W

PP I
v

remained fized over trial blocks. A1 sik‘poséible‘orders of R, ¢, "V

and ‘BG problems were used across subjectd. "Thellocation of*th*_é_‘:'a" ’“’kd:': '

# 4]

.—8'
RC,, and’BC, ‘trials and the two C trials within a bIodk-of ix Vas sud

that each occupled a different ordinal position scrosd the si¥ Orderd. ° ™

L]

| The location of the correct photograph on the respohse’ board ‘on ‘dach
trial vas given in a fixed rendom ordér acvoas' ull'subjdcts: “Por gach " Tt
.type of R, C, and RC trial each of the four 'Cardinalj"&ﬁ% ‘ae' Tonatd's "

1
. L R R T P Y TY ni

view twice duringwthe.-aeasiou.- _
" . Before each R or RC trial lickej's ocation was fointed od€'by ' "

. “He's in the same (a different) place than Donald,™ and the’ Yocation

¢

AE

P
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of the tag by, "Thic jd how the dolls look to Mickey.” Onr C trials it

. was mentloned that Donald was all by himself, The child was also told

on each trial whet.hgr_ or not the bow was coming off.:

Inguig‘. After éompletion of the last test trial, the child was
asked how s/he aolvéd.the R und ‘C problem_. » Nuections were asked in .
a °atandardize§1 fashion é.nd prob_leaius were re‘constfucted.as memoxry aids '
vhenever necessary. Unfortunately, the inquiry wm; —ngt -added tothe
procedure un_t;:l.l 3 fixet grhders’ aad 5 f:l'f_::hL graders had been tested. .

Experiment 2 :. -

It was decided to do an "t{mproved" -rep.l;:l.catioi;-wi.th—vari_ation for-. .
several reasons. , Fdrst and forem:?:, an apparenqt, inability on_the par: -.
of gome children to assimilate quickly the.information describing the R

upcominﬂ' trial somatimes seamed to result in careless ertrors. Because

] t.he rapid,_minterrupted sequence f 24 test trials nlﬂ\t have bee.n -

responsible fo@ﬁhis inabilicy, a Snsgcond;?'j:hipk pnr.iod" was inserted-
in betwe:en the description of each trial and the "Go" compand in Experi~
ment Z. It was hoped that this modification would help subjacts perform

at the highest level of which they were capable. . Second, the experimenters

e noticed that chiidren with low latencies often inched:their fingers

toward the. co:rcct xesponse button on R and RC.trisls during the descrip--

" tion of ;t_he trial; finger movements, theréfore, wsre systematically .-

’recorded ':;n.Expeg:gqent, 2.. .Third, children who _mde--QnKQMct gho:lcea

on otriala during tl{g.!training segé{ion,rgceiv@d(f‘aedback,qbout -their

performance _thatswas not received by children who- made correct tchoices.-

This feedback comtained potentially. useful information..about selution -

strategies. Cocnsequently, in Experiment 2 the exp@rimente: gave the. -

17
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same feédback_ following correct and héon&ctz 'raspoﬁaea. Fourth, the'
training aeasiosn exposed the children only €o C, Ra'; and RCd t:rﬁls'p:.:ior
to the test trials. In Experiment 2, the'refbr;',’ théy weréd-also given
practice Ry and RC, trials after the training #essiow.” “ince no feed-~
back wag given on these two trials; they ;rere mdiaéinguis!iablg frém '
test trials from the subjéct's point of view, Finally, the inguiry was:
unsystematic in--its use of trial recomstruction to "e”licilf*reﬁoftaf of~
R sv.ving strategles. The inqulry in Experiment -2 therefore hid the ‘ehild
_complete the appropriate trial aimedi.dtel‘y’ before being asked ‘how it wes
solved. In addition,,the child was asked Wow efi BE tidal woa solved 'as
well as =an Rand a € t:rial;' on all three types, ‘the children were also

-

asked what they did during the thibk peifod, N T T o L

v

S'Ublects : N L [ .\._:. 7 - . K - . .‘

5

Fifty-two children randomly selected from the first dnd thied = -°
grades of another elemestary school in a primarfiy niddl\e"-cltiag‘
suburb of Minneapolis-St. Paul served-as subjetta; thé ‘Perfornance of
the £ifth graders in Experiment 1 was éood enéu‘gii-'to' nﬁi‘eié”%m ug~
net.eseary to 1nclude subjects of this grade in Experiment: 2. Four
children were dropped fromithe analyaia one f:lrat:-grada ‘girt because
1/5 of her latencies were over 15 seconds, and two ﬁfst:-»‘g‘l.“acfé‘:boye IR
because of inattention during the session.’ 'ihe remattiing 48 ﬁhﬂd’ren ot
were 12 boys and 12 girle at each of tlie' two gi‘bde *Ievé}ﬁ.v ‘me‘ﬂem

y ages of the experimental aamplea were '6* years ' 10-'oriths’; - with s ranga :
of & years 7 wonths td ¥ years 2 m‘dtha for thik "FEgE grade"aﬁ:d '8 yes '*‘rs‘" ’
11 méaths, with a raziga of 8 years 6 nonth*s to9 years' ‘3 hom:hs ”fo it

- ¢ the third gtade. = S . e S A LR B
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Apparatus and Meterlals : .

‘The apparatus and materials were thé same as in Experiment 1 with

3 -

the following addition.- A 5 ¢m x 8 cm %°4 cm box with a button and a

light was' connected to two timers {(Hunter, Mcdels 100-C and 11.1-0).

s - After each -tr:l:al had been described to the child, the experimenter \\
pushed the -bt;tton. After a four gacond 1htefva1'the light.came om, ‘at - \ .
whic;; time the experimenter said "Ready'-';'.-one'second latar the light - ~ °
went off, at which time the exper: senter said "Ge," Both th'e?.tiﬁQr‘ _
menter. could see them. , . ) o LS

L »

_ Procedure . .- . : v

——— = = - © - e o e .o - S

box and the timers were placed under “the. table: so th'at ovfly the experi~ ~ {g\z

Pretraining gession. The pretraining session followed the same- "'4 . <
procedure ag in Bxperiment 1. o o

Training gession. As in Experiment 1, children were trained on

two C triais fallowed by an Rs and an 1?.0'i trial, Tzaininf; on C trials .
I' v followed the aame procedure as in Experiment 1 with these additions.

The five-second think period was explained at the end of the first C

trial’s description with the .:l.ns%mcdons:' "Bach time-I'll give you a .

couple Of seconds to get ready aand think about whet you're going to do.

Think about what you're going to do. ;(Exper:l.menter pushes butrton on: ;-‘

timer box.) Ready. Go." Toward.the-end of the setond C trialls

description the experimenter said, "Each time hefore you 'start we want
5 et

-

. you to put your hgnd up here (on: table) so you can get to tha.buttons.—

1If you know which picture Denald aee_slba'fore-we take the box off you "

ey

can put your finger on the button” (experimenter demonstrates). After’

I T

the child: completed each of the C triala, the following feedback was

' :]__9 - | . ‘,_':j
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given regardlese of the correctness of the child's résponse. "That"u

right (or: I like the way yOu; Pushe:d' the button, but this 1‘! _thé
~r::l.ght: answer). Donald can see the bottles and this is the picturs
with th-e bottles, isn't it?" Training en the Rs' trial wad the sanme
a8 in Experinent 1 except for the addition of the th:l.;xk peried
Ynstructions and the following feedback given mdependently of the
correctness of the vesponse: “That's risht (or: .1 like thb vay ' you

pushed the buttons: but this is the right answer). Mickéy is here in’

" the same pléce 3 Donaid. This ‘(p()intg to Mickey's picture) is‘how:

the dolls look 'to iickey and from that you can_ figure out which oneé
Donald sees.” Training on the RC d trial had t!;e game addfrions as thg_’_ﬁ o
Rs trial. Feedl;ack on this trial consisted ‘of "That's.-right .(or:’

I like J:he ivay you pushed the buttom, but this Js the right answér). - i
"There are a couple of ways*you- could have fipgured thia ons&out ' Firet, .

Mickey :I.s over there in a differeat place than. ’Dou&lch, This- -(points
“_‘--‘-‘\‘“-\

to Mickey's-picture) is how the dolls look t6 Mi ckey “snd ‘o that yb},;& '

cs:ln figure vut which one Donald ‘aees. Also Donald ‘car’t dee thé bottles ,L

<an he? And this is the éictum without the boteles. - - **.° AT
Practice trials. After the training session the¢ children’swere Tgi;veﬁ it

an R, and-an IO, trial without feedback. ‘After "the first trfal, the u;:"'”“

child waa reminded: “Remember, push the butitons ss fast as you can and

+ 1f you know which picture Ponald sees baforé"mi’ t'ake ths' B of‘?, youd s ceh

can put your finger on .the butt:on " oith thet ‘excep't’ion of this add:l.t:l.éh
the instructions before-each’ of theab trialt ves the’ Wame &g in the = - -

-

»tra’:l.ning saession. A A L

20
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’ \
Teat trials. The number of trials and order of their presentation
vere the same as in Expe:iment,i.z Dufing the think period of each trfal -

the two exper:l.m'enters independently noted the mgitiotf:of the child's

firgers Eelative,io the response buttons. Finper movemenﬁg'aere'coaed
. +

in terme whether -the child's fingars were (1) on hia/her lap, (2) on

the table, (3) on the reaponse board ein between the buttona, (%) next’ T

- . " b

[

to a button, or (5) on a-batton.

¥

Inquiry; After completion of the test trials the chiid*was

- questioned about how &/he golved the three types of trials. Beforé_eﬁch

M

type of trial the child was instructed, “After-you'finish thia trial I'm

going to ask how you figured it out. OK?" The child was then adhiﬁis—

[ T

terad that tyﬁg_sg_;;ial and 1mmediate1y agked in a standardized fashion
vhat s/he thought about during the think pexiod and Iiow Bihe chose his/
d"and R for ali children. - , "~;
RISULTS - ' |

her answer. The order of questioning was-C, RC

e

. Response Correctness

The most important of the dependent measures examived in the two
experiments was response correctness. It was first used.to find out

vhether the subjects acemed to construe rulé 2 and its corollary aa

a i}

two distinct and different rulea or db'twb*indissociable-ﬁhtts of the

L

aame rule. The formér alternative would be supported by two possfﬁle

‘ ‘\\\\\findings. Fifét, there might be little correlationm, within auﬁjebté

at_each 2rade level, between the number of correct fesponbes on the
t;ials and the number of correct tésbonéba on the‘fdhr R; Friala.
éecondi .8ub ecta might_perfdrm_sysﬁematically better on oné t}ﬁéfof trial
than on the ot;\r\\\A result of thia aecond type would auggest that

one rule ig acquited Er\lier, or at leaat becomes available for uae !

. Loy . e
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on R problems earlier, than the other. Product-moment correlations L)
~between hﬂ and Ra scores within grades 1, 3, ‘and 5 of Experiment 1 and
grades 1 and 3 of Experiment 2 were, respectively, -,05, .60,’.69, ..
.15, and .48, T-tests shoued that the first gradera per fortned ‘
significantly {p < .gp) better on.R than on R trials in Experiment i
@ and near-aignificantly (p < .06) better in Experiment 2; Ehe:e were no .
reliable differencea in the three older groups. - In-the two
experiments, a total of 10 first graders anq 2 third graders chose the
untagged picture on efther 7 or 8 of the 8 R trials, thereby appearing
to solve,Rd problems better thaﬁ R.a problems. Inéuiry data were:availa‘bléa

on 10 of these 12 aubjecta.l Of these 10, 8 reported’some version of

the sinple, nonperspectival ruie that, on Rd and Ra trials alike, if
this (taggéd) ;iéture is Mickey's, then the other (unpagged) one is
Donald's, e.g., "Thig is for Mickey, so this is. for Donald." Four
subjects who did not meet thiéu7/8‘reapbnae criterion also verbalized
* the same rule during inquiry. (In contrast, onlé tw; subjgcts chose - .
¢ :hé tagged picture on 7 out of 8 ériala,-and neither verbalized any sort
_of always—b;ck-the-tagged-picture Tule in inquizy.)t 1f we exclude from
the analyée; only the 3 first graders in\Experimént 1 and the.& 4in
" Experiment 2 whu ghose the untaggedpict“beat leagst 7 -times and°alao
verbalized the above~mentioned nonperapectivab‘rule.in inquiry, the first .
grade torrelations become .09 and .52, respectively, and the differences
between Rd and Ra scores in theaeﬁtwo.groupa are no longer statistically-
, reliable. Tiere appears, therefore, to be no_cgggallins evidence that‘

».- - N

R.d and R.s problems were perceived by the children as being tio different

types of problems or that one rule develops eerlier than the other.

n
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“a subject could naturally be correct on 4 of the 8 tridls of each type . ..~

‘typa"of problem., In Experiment 1 performance on e‘Ja'ch ty{td of pro'blem

2 was rather similar to that of the third.and £ifeh graders. in Experfe

A variaty of anaiyses of varianc‘a wera also .carried out on the picture

choica data, but they added no new infomati.on of interest. For example,

Rules
. I : .2
Accordingly, in all subaequgntl analyses Ry and R, trials-and RC4 and RCS' .
trials have been ‘collapsed into R and RC trials, respectively, at:: * ‘
','ru?l.a 2" will henceforth refer undifferentiatedly to rule’2 and its
eorollary, . . - . R _ - N -

Since there were only. two pictures to choose from on each trial, .
! . - . . / A
b‘y chance alone. A critericn of at least 7 out of 8 tr:l.als correct L
was therefore adopted and taken to reﬂact good abi}.ity to uae rule :

2 on R problems ‘and to compute on G problems. Whieh of these two-

abilitiea criterion- perfoirmance dn RC"fﬁi‘l‘s"ié'ﬂEé_tad could, of "
course, not be determined without additional evidence. Ta\;bta‘ 1’ shows

the number -of children in each grade who met this criterion for edch

- T . Ry

T
—ar pem - - -

-

Irsert Table 1 sbout here S ;

1mpr6ved with age:s for ‘R problems, ;(2(2_5 = 14,82, p < ,001; for C

problems, X2(2) = 6.41, p < .05; and for RC problems, x%@2) = 15.73,

] L A
2 < .001, "It is apparent that vei'y few of tbe f:l.rst graders did wall
1 ' A .'!.'
on the R problems, In Expariment 2, none of the age d:l.fferancas wara R I

- J
. KTl 4
» v K OIS 1 ]

eignificant, although there was once again a tpndency for tha youngar R
children to parfom relativaly more poorly on. the R probleﬁs.. T’abla 1 _' o f..f-.'

shows that the pa:;fqmance._ of _tpqt.f'_ix;qp and third graders i_q E_xperimeq_\q .

ment 1 respect:l.vely,' bbth in absolut:e-le;ml ‘imd i'n prof.il'e acy:os'a ’

H - ! .' 'J
. .

problams. No sex uifferencea were gpperent in either exper:luent.

12\- _ i . RPN ;ir. i
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" be correlated within aubjecta of the game age.q Pourfold cantingency

a 3(Grade) X 2(Sex) X 3(Problem: R vs. C vs. .RC) analysis of variance

was computed “on the number of correct responses in Exper;ment I, .

Significant effecta were found for Grade, F (2; 66) = 18.41, p¢..0005,"

and Problem, F (2, 132) = 5,36, h < .01, and the Grade X Problem

interaction, F (4, 132) = 2,45, P $-»05.. The -comppreble..analie:ts-of'

the Experiment 2 data yielded only a _reliabla effect :foqr Problem,

F (2, 88) = 7.22, p <
The design of the R and C problems -allowed the independent .

)

assessment of the ability to use rule 2 and the.ability to infer

perapect:l.vea :I.n the normal faeh:l.ou.

o«

The two abilities ‘migl’it, however,

005, . ey ot

tables wera constructed ghowing the number offsubjeets in .each Jof -the .- -~

fiye groups who did erd did not meat the 7/8 criterion on each ‘of -the
two types of problems. None of the five x valuea vere aignificant,
suggesting that thex;e may be no age-independent association betveen

the two abilit:l.es, at least in thie task setting (these and all other
. R i
ch:l.-aquarea of df » 1 were Yates-corra_cted). -

"
-
1 . . PR

" Responae Latency - . C S -

NE r t

J DL I
A critical d:l.fference between ‘the R and C pro.blems was that. the

sy T g

information needed to aolve R problema was ava:l.lhble before the onset

10f the triaI while 'that’ needad to’ solve-C. prébfl.em Was oniy available b

h r;.\-'

at the onset of the ‘trial,when’ array ‘and ﬁ:l.ctures were equaad

P2 A

probléms typically z‘equizqed dgeversl aeconda to eo va ﬂx:l.fealfproblems, ‘

e

being "pre«aolvahle," érere often resoonde'd to i léss than one eecond

. . .- A R T So O slauttoag [
after trial omset. Solving our € probleus in ieos tlmn onle aecoqd 13

e
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. . P I
g 3 _ 23 7, . o0
- - ' - . - N ) 4 .
poagible but difficult. In.the two experiments, a total of 960 C, - » - :
_ problems were administered;"only three of theSe probleuia'were solved " t 7
in less than one second, and one of: those three ms solved :I.ncorroci:ly.
ol .
+ Consequently, reaponse 1atenc:les less than one second were cons:l.dered : .

] ‘"-l- . . . - . - E
a probahle :I.nd:lcat:lon of rule use. . N

~Table 2 shows the frequency distribution of the number of children

:I.n each graie of the two experimenta clasa:l.f:led accord:l.ng to the nmnbet

"

of reaponse latencies lesa than one ascond (zero-brder) on thc R

-~
4

problems. ﬁt:l.ldren competent in uoing rule 2 ;night be expected to have

-

s q 3
Insert Table 2-about“l:ere
— """t——-'-—-——. .,'.__,
- gzero-order response 1atenc:!.ea on :nost of the R problems, children not

- L4
competent in uvsing rule 2 wight be expected to have’ no zero-orde'r

response latencies on the R problema._ 'Aé Table Z“shows y 'the distribu-

t:lons tend* to be bimodal w:l.th more than half oﬁ the- subjects in e&

group show:l.ng e:I.ther O or 7-& zero-oi-der 1latencies. Compar:l.ng the

nunber of ch:l.ldren in Exper;l.taent 1 who had. no wero-ordérrggponBQ.- i

-

latencies with the number wﬁo had"? of 8-at edch grade level revealed )

an 1nteractionel pattern. Half otf the first and’ th:l.rd graders buﬁ

(X
‘only 5 of the f:lfth graders had no} ‘zeto-order la;enciea ; in contrast

1 first grader, 4 thiFd graders, and 107£1fth" gtade,rg had at least 7.
% ! 2 . ' L ae t, Wi ’ "‘\ P w o,
A aimilar'pattern appeared in t.‘icEB:f;ieriment 2 data:" 11 first graders

y-]u

vs. § fifth graders had no zeronordet Tiedictes” wbereaa 6 firdb, graders

vs. 14 third gradexs had‘ at least 7: Both’ of thede compariaon were -

reliable: W22 15.70, & ;001 ’for Experiment 1and )(2(1) s 3.91, e

.g —

*op< .05 for, Experiment 2. In add:lt:l.on, th,e number of f:lrst and third -

3 . A
_,__..,....H_.....-—--H-*——'——"‘_ ¢
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graders' in Exp‘erimeht 2-in :hé&é categories ie}ga'in' similar to the

number of third and -ﬁfth graders in Experi.ment 1 in these’ categoriea,

.reapective'iy. Latenciea vere also recorded on the two R a'hd two PC
e

training trials in Experiment 2 3 f:l.rst gradere and' 12 third gradera
o P

showed a zero-order latency on. at least one of theee four triala.

L
ta

e problems allowed assessment of choosing to dse ruie 2 that wag

independent of the ability- td use ru14e 2 as aasesae’d by R pnoblems.
This allowed the identification of children who ébuld use rule 2 but -

did not when given. the opportunity to uae computation 1ﬁ8t.ead. There

. kY

proved to be very few- such chi1dren, however. -0f the 12 £irat gradera

-

and 18 th‘ rd gradere in Experiment 2 who could uae rule 2 accdrding m'

our 7/8 response correctnesa cri.teri(.o on’ R trial.a }10 and 1?, reapec- -

. oively, reported solving the RC inquiry trial 'by i‘u}sa rather thah by .

N computation. Moreover, the product,-moment correlatione betweén the“’

L3
*

number of zero-crder response latencies on theR and t;he ’¢ p}'_obl_ens.‘ -ﬁ", L

were: .86 for the firat graders, ;91 for the 'third graders, a'ndj 93 «-

for the fifth graders in Experimc“&j: 1, +95 for the fj.rst gradere and

89 for the third graders in E:cperiment 2. The, two halvea of: each - . .. ..

t"'h .

block of aix teat triala each contained .one R, one C, and one RC trial.
The set of 24° test triala therefore sade up a aucceasion of 8 of«these
ha1f-block3. There, were 61 subjects in .the, two eltpériments &lo had

both one or more zero-order latency R. triala and also. ona or more zero-

.|

order latency RC trial.a. The first ahort-latenc‘y RC trial océurrqd-. v

in the same half~block as the first short-latency RC tricl for 23 .,

oy . 4

subjects, in the juat previoua half-block for. 9;subjects, 1 ~one, x )

-,

t:wo, three, four, and five haif-blocks ]aater for,, reapect;i.\ml}', 14, RS

e ?

-
H b * -
B . A - . 4 . . R ~
L] * . .
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. . * . . . .




'psttem 'menle:ionedl_ in the introduction. S e cel
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- mnecegsary to examine the fielst:l.onehip between the two. Product moment p
. h -( . [ o

Ruleé

A 3 . . 25
o.-.‘. )

' -

é, 4, 2, and I subjeéts: There was no tendency for these latter 29

aubjécl:s to be.younger than the other 31. Thus, slthough v:l.rtually

o «

all subjects who solved R problenp via rule 2 slso solved -RG prohlensa -

- the -game way, some of tham may hsve also or m&ead computed. qn one

or moge additional RC trials sfter beginning te use ru}a:,:;_ ;.og.’;a.‘_g:;i.al,s'.. ..

- That 18, some children didj appear to show the intermediate.solution

. e “,\
- -

Thus fsr we have discusased two indicators of rule 2 use: responge’_e

..‘1

[ L' .
correctneas and response latency. As the interpretstion of subjects'

behsvior on RC prohlims relies exclisively om :espoﬁee,létency, iteiai
correlations between the nuni;er-gf. correct r_%aponaeg and the puiber of
zexo-order responge lstencies op- the R.problema were .-.49_for' the firdt
gradexs, .46 for the third graders, and .33 for_ the fifth graderé,_.lin

‘B:gper:l.méht 1; .55 for the first graders and .62 for, the third graders ,f,

4

in Eprriment 2.

Toquiry L .o _ _ ‘

_ Answera g:l:ven to ques;tiogns d_urir;g the inquiry provide gurthep; "
evi Tence of sbility to ’uael rule "2. Ipl- both experiments,”the snswers ]
wére cstegoij.zed as stsi::l.ng rule 2, ststing an insppropriate rule’_.(_in a
211 but one case the nonperspectival: rule that Donald styaa sees th.e

unl:sggad p.s.cture), sta“ing no rula, snd cont.csd:l.ctory Intarrstar i:el:la-

bility for these- fom: catagor:l.eg ( i nunber of a ggeemnts . )

number of sgreementeiumber of disagreements
compt-ted on all subjeq;:s vag .91 for t:he f:l.rs; gradera, 935 for the third

graders, and 1.00 for the fifth psde:g in Expe,r:l.ment ,13 .96 for r.ha
firat gradars and 96 fox, the third gradara in Ezpqpinpgt z. .S:I.nca

feww children were categorized as stating an inanpropriste or contradii;tory

-

A
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rule, these cdtegories“were aubaequent:ly‘conbined with stating no rule.-
 In Experiment 1, thegumber of children who stated t:he‘ n:le. aigni ficently
iuc;réased with age. Of the 21 first graders, 19't§11td graders, and 24
" fifth sraders who received the inquiry in that experiment, 5 first
, gradexs, 13 third graders, and 23 fifth-gradera stated rule 2,
)(2(2) = 25;'&&, 3_1< 001, In. Experiment 2: howe;.ver, t:h-e number of \t:hildten ©
vho stated the rule did not reliably vary with age; 15 f;l.tat: graders ’
and 18 third graders did so.

M

The child‘s finger movements during the think period of each trial
were iudependent:lyrcode;i according to the five categories described in
l;h_g procedure gection. Interrater reliability coglpute;i on all trials:
fo?.' 45 children.was .99. Since the information ne;ded to solve R

problems was available before the onset of the trial, children able to
»

use rule 2 coulqd get .ready to respond rapidly by placing the{r fingers
eitﬁer next t:c: or on the appropriste button. .A ch:l.-‘s:quarg aralysis
was perform-e'd on the number‘of children in each g:?ade who did thig on
at least & of the 8 rulé problems, provided that ti:hey did not ds the.
»s.ame on computation prot;].ems; ‘% first graders and 11 third graders r;et:
t:!;is crite;.'ion, )(2(1) = 3.49, p < .10. !
Response z_at:t:gms — .
Meeting any of the gollowing three response criteria ahoula,reflecc

at least gome understanding of rule 2 in wost subjects: (1) 7 or 8

R trials correct; (2) stating rule 2 during ;.uqui.ry; (3) 2 or more R°

" trials with zero-order iatzencies, provided there was also no evidence
from inqui;'y or pattern of gidture'-‘chb;[cea- that the subj;sc’:t: wag probably

R P ]

L
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following the <onperapectival, untagged-picture strategy (this latter

restricti-n actually excluded only three subjects from meetiug criter:lon
-

3). #inger !novementa did not prove to be a sufficiently sens:ltiva,

Jmeasure of rule knowledge to be included as a fourth criterion, and -«

were in any.case only recorded in Exper‘iment 2e Table. 3 shows the

number of oubjecm in each grade and experiment who met none, any one,
_ amy two, or allﬂt:hrea) of these cr:l.t;ria; th‘e eight-subjects in Ezperiment

1 whio had no ainquiry are of course excluded. It i evident that the

.
L -

F —t.
w

Ipaert‘ Table 3 about hefo

tendency to meet all thrae criteria incresses with age and “the tendancy
to meet none dacreasea with age, espec:lally in Experiment 1: :n‘ c
Experiment 1, X (6) = 22,16, p < .005; in Experiment 2, X (3) -6, 34, '
P < .10, Table 4 shows t:hej patterns of co-occurrence among the lthrea

. § . -
eriteria. These three confingency tables indica* that the crit‘e.r{a

|

Insert Table 4 about here

are highly correolated with one another over tho total sample of 112
subjects; the correlations w:lthiu each grade also tend to be moderate
to high (recall,.for example, the .33~ 62 within—grade rs beWeeu '
correct R trials and zero-order latency R trials reported earlfer).
More interesting are the numbers of subjecta in the off-cells of

these three tablea. As the laft and center tables show, :!,f a aubject
correctly solved 7.0r 8 R problems and/or had 2ce moza ahort—latancy'
R triels, s/he was extremely l.:l.ksly to go on to verballe ruie 2 knows
ledge in the Anquiry. 1In fact, 8- few subjects apontanaously vetbalized * -

- iy LU o

) [
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this knowledge dlir:!.ng the training or test trials. These findings T

suggest that those rapid, correct responses were mediated by rule 2

knowledge rather than by something ‘else. They also suggest that rule

. 3

xfis“e*-dix:‘iag R trials was a conscious, del;berat:e effair, at ieasl: for

many sui:jecl:s; the finger movement data also supports l:?lia_ interpretation.
On the other hand, the entries in the I.‘.ower left quadrants of the

left and center tables and the upper r{ght quadrant of the righl:_ table -
indical::a that consciousness of the rule came late rather than goon

for a nugber of subjects, that is, not u!;l:il the last few trials or

ever the inquiry. Of the 13 subjects who met only one of the three

criteria (Table 3), that one criterion was Inquiry in 10 cases.

Finally, the right table in Table 4 shows that 13 subjects’responded
correctly but afowly to R problems; moreover, 12 of these child_ren-
lverbaliz‘ed the ::ule during inquiry. e can think of sg\;'eral

l‘ ossible exp:ianationa, for this curtious responae-pattem but have no

]

asis in thevavailable evidence for favoring any one or combination

r

?‘If tl,;lem ovar othera. o ‘

\ I"- ) DISCUSSION : )
1 ‘Ihese two experiments have auggest:ed some interesting conclusions '
%out Poth the psycnological nature and the ontogenetic development of
rule th‘(differenl: poait.t.ons-—different views) and i(ts coraliary (same -

p aitio]n--aame view)., WUe t;hall discuss first their nature 8nd subsequenti?
their d¢ve]opment In contract to rule 2 and rule 1 (Salél:ai & Flavell,
1476), there 13 little positive ev:ldence that rule 2 and 11:3 céroilary
ftlnction psychologically as two distinct rules, at least in this age
raLge and)u task setting. Neither seemed zccessible to children- ‘more .easily

\ % an &arlier age than the other, and their use/nonuaé in Holving R

. 30
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problems was at least moderately correlated in all but the Experiment 1
f:l.rgl: grade group. This finding ie less pred:l.cl:a'ble and self-evident than
it may seem. In the firat place, rule 2 does not logically iwply its
corollary or viece versa, Moreover, one can :i.hag:l.ne ;:ule or task
variations that might differentiate the two. For jnstance, if _§ and O played
the roles that0; and ._9_2 did in our task, young children might accept the
§-_9_ variant of the corollary (i.e.. S would con'sietei.ltls; attribute S's
view to O when both are in the saue pos:l.l::l.on)ll‘:vut not the §-_9_var:lam: of
rule 2 (i.e., § would not consistently at?rii:ﬁ;:e a different, n.on-‘g view
to O when they are in different positions, perhaps b‘ecause.of eggc‘em:ric_
lapses). In fact, it v;ould be interesting to find out if ‘ther;- is any l
systematic developmental ordering amoug thege four acquisitions, that
is, smong the 0,~ 0, and $-0 -variants of both rulé 2 a;ul ite corollary.'«
Even in the presgent, ¢ 1:0 case, children might pmve less st;eadfast in
their adherence to rule 2 in comparison to the corollary if the two Oa'
positions were less clearly different from one another than the 180°
separation used in the present experiments. It should not be difficult
to explore such poasibilities aexperimentally.

There was also a variety of ev:l.de:;ce for the psychological reality
and salience of rule 2 (heresfter l:akén to mclﬁde :!.t:a'r:t:u'oil..‘ts.lry)~ in l:he.“
l:hoﬁghlt and behavior of many of our child subjects. The*'older'ones,' egw °
pecially, appear to have (1) delibarately used 11:,' (Z)f'conscioubly repr '
resented it, and (3) strongly believed in it. : ‘

A3 to use, these;' subjetts correctly solved_percpé;;_t:lvc-uking pr;b-} t
lems which requiréd the application of the rute -(R problews). - Their \_rery.‘
Bhoril: re;ponaa latencies on these problems also. suggested the dol_ibeutcy,:'

planful use of rule 2. Similarly, vhen asked in inquiry to explain how )

31
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they solved R problems, their verbal reports suggested that tlfey had indeed
- solved them by using rule 2. In some tdses the evidence for rule use was
part:lculai:ly strong{. Examples include unbroken. strings of zero-order .
latencies and correﬁct T2sponses that began with the f:lrst R or RC training
trial, apontano:ous. rule descr.tpt_:lons given prior to inquiry, and exclusive
references on the RC inquiry trial to tag and ob:server'loc‘ations tather
than to equally v:l.s:lble observer-array relations. Salataa and Flavell
(1976) shoved t.hat many middle-childhood subjects have knowledge of rule 2,
Our study shows that they will also spontaneously use that"knw]_.gdga 1n ‘
problev-solving situations that oply tacitly call for 4¢, =
Much of the evidence for deliberate rule use is also evidence for
its conscicus representation, e.g., ghort latencies and desciiptions o'f-"
rule~based solution farocedures. » Particularly atr:lking were the Ffrequently
seen abrupt and irreversible changes from couputation—length latencies
to zero-order ones on the nth R trial. Such children. acr.ed fo: all the vorld
.as 1f they had suddenly caught on to how R probl_m could- ‘be solved . ‘
{”1 know the tr:l.;:k", exclgimed one third grader). Init;iew of the fact -
that children of this age are not generally crbdi't;d with particularly = o
good introspective skills, 1t also seen'ued noteworthy that move subjects
met the verbal Inquiry criterion than either of the two nonverbal ones
(Table 4). : - ‘ I )
Subjects! behavior ot RC problems claarly showed t.hat those who undem-
stood and l:hought of using rule 2 on R problems usually placld a great
deal of cmdence and trust in 1t. Hithin—gfa@e correlations’ between the
number of R aind RC short~latency ttjials ranged from-.86 to .'95‘;“and rule-
based B;iutﬁnil to RC problems were !mquexntt;y i‘epoi"t:ofd:~ihf‘in't|tji'ty." "lhe" f

. .'f'" e * -_:{“ 2'—3
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children obviously could‘ohm;g‘ aolved RC problems by direct.computation

rather th;n by applying the rule. We had expected that many would, but

very few in f;ct d:l;d. Moat began applying tht;.. rule to RC problems ab'out

the same time they ‘began'applying it to R problema; a few waited for one .
or more triils b;fore also .snoiying RC problems th.at way, possibly to cileck !

ru)e-based picture cho:l.ce; againgst computation-based ones. One fifth grader

a

vho solved RC problems by rule complained.in inquiry that “sometimes it .
?l “/
slowed me down when you take the box off 'cause-aometimea I'll.look at the

Fd

dolls just becaize you took the cover off". Further research would-be .. . - -]
necessary to deteruine just how much faith aubjects of different ages place
in the zule. One might teat this faith by a;e:l.ng how. they -would respond T
to false (counter~rule) empiricel feedback ab‘;'ml: vhat each obaerver seces,
similar to what has been done in the ao-called Plagetian Yextinetion”
studies (Miller, 1971). . The data from the present study suggests that
1:ule 2 may for- many children have the cognitive at‘atu‘s of a cansciously-

~ known, well-rationalized fact of life, the aort of knowledge that should

be hard to extinguish. . . ‘ .

In retrospect, our Evidence even for rule knowledge seceus umore unanb:l.g--v

¥

uous than that obtained by Salatas and Flavell (1976). The child could aée B
the array. as well as the obaervera when anewering their rule 2 quesations, - ) ]
as in our RC problems. It was therefore at least poasible for a subﬁtct in

their atudy to conclude that _Ql‘s pleture could not show _(_}_z'a view by siwply-

looking at 92 and-'the array and determining by computation that it: does L

not. In the present study, on the other hind, we koow that a subject could _

rr

not have solved R'problems by computation rather thdn by nile and also,

1f RC latencies were zerc-order, that afha__‘_i_:l;(l not- solve RBC problems that "

-

'ﬂfay either. . i e
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As to the developmental aspects of the atudy, we fﬁce t:hé usual prob-
lens of cognitive~developmental diagnoais (Flavell, 1977, ch, 7): how to
ma.l_s:e valid inferences ai:out developmental differences in the rature, extent,
stabiliy,. sccessibility, utilizebility, etc., of the cognitive entity under
atudy~~differences betweeu:; vhat younger and older ¢hildren “have," cognitively,
and/or hov they “have" 1it. We might begin by 'try:l.ng to bracket tl'me probable
range of knowledge of rule 2 present in our two child samples. 1Is it _
posaible that none of the aubjecta tested had rule 2?7 Converaely, is it
posaible-that-all -of them-possesaed 4t? -~ U
As to the .first question,. an argument might be made that. children who
appeared to be using rule Z could "actually have been tising aome type of
whoily nonperapectival rule that yields, the same Picture choicea. For ex-.
ample, they mié!xt aimply match position descri*étors with pi;ture _dgscriptora‘,
l:hat 1s, aame picture "goes with" same position, and different.pfcture

“goes with" different position. While aome children who responded as- though

- they had used rulé 2 may have actually been using some auch nonperspectival

rule, it is certain that not gll did. Yoquiry reapoﬁsea 1ike "If Mickey

gces ths back (of the dolla) then Donald will have o gee ths.front" were

-

not uncommon, and aurely atteatsto & genuinely rule 2 solution procedure.

In ahort, the answer to the firat queation is “no:"' actiiaiiy, it geems prime

facie wunlikely that many subjects' would havs uwsed t.helhomewhht ‘complex and
difficult to rationalfze nonperapectival rule just mantioned -A more. -attrac-
tive, aensible—seem:lng alternative, eapecially to a Young ch:!.ld would prob-
ably be the simple nonperapectival yule mentiomed in.the Res m Corzacggs_u_
section, which was indeed used by aowe of the younger subject;a.

The gecond question 18 more difficult to answer. It is certainly pos~

sible that some children may have known rule 2 at some leve;l‘but oot have . -

N
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shown this knowledge in.our task situation. "l.'ne :lnj:tial emphasis on v:l.ew
computation dﬁring-training, the st:r:angeness and lack of ecological v&ii\d:l.ty, ]
of R problems, or-other task factors wmay have pre{rented them frombﬂnging ‘

to consciousnesa andfor using perspectival knowledge they actually posseesed

'me greater frequency of rule use in Expgt:lment 2 than.in Experinent 1, X _-"-

especially at the first grade level, shows that task factors.can make s

difference here., We believe' that .he introduction of the-think period - ' -

in Experiment 2 say have been eapecia.u.y facilitative. :lr. neemd to . ¢

i by e e

help refocus the chﬂd'a\attenrion on thé mk at. thokonset. of each new .. ‘. }
trial, and may-also, as intended, have gotten the child to do.more ~ . ° . 2
thinki;:g about how R pmblgnp;;ﬁi@}/ée aolvecl..\ .On the other hand, one - -h_“
would think that even a child vho had only a passable command of rule 2 |
would give evidence of it somewhere in our -extended and hét&rogen“uﬂ e o]

teét:lng procedure. - In both experiments, but par't:lcularly‘ the second, - ... . -

the lengthy pretraining a'hd.t:aj.l.nit'.g, the explfl.c:l._ﬁ, almost coaching~ % )
like instructions .and post-response ehrbiamtim prov:ldeﬁ on the initial \ L :
R and RC practice trials, the numerous 'test trials, and the carefui }

) mquiry ~- gll of theae combine to- provide vhat seems to-us-to have - L ]
" been an extremely hosp:l.table setting for the express:l.on of rule 2 "3 {Hi
kaowledge., Although we obviously cannot prove it, theae cons:l.derat:l.ons ’ \ “}
lead us to beldevé thit at least the 8 fivst graders and 5 third graders By
in Experiment 2 who met none of the x:hree cr:l.teria of ru'.le 2 %wledge ;;
(Table 3) had little 1f any potentially conscious understanding of i

‘this rule.
‘The data suggest that there is some development dur:lng the m:lddle
childhood per:l.od with respect to the "having"” of rule 2, althOugh the

_ evidence for age changes 13 sl_:‘ronger in Experiment 1 t.h_an in Btpe_ri_m}:

- o

.,
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" both, and still ot.hars showed various ihtemdiet:e m»m of pcr*

2. As just indicated, nome children showed no evidence at all of
knouing the rule, even according to what should be a d:l.agnostically ‘

sensitive ‘procedure. Other’ children appeared to know 1t about aé

-clearly and complately as this assessment procedure could show ==

possibly as well and fully as an adult would." \_s:m others fell at
various hard to order 'points between these poles. Their’ .'r':ule 2, ..
?tnowledge seems to have saen less readily'acuisﬂ?fle‘. Gsable,fozr-"*'
.verba'lizable than tt;at of t.h; aecon‘fl group. !hey; did not uiu the ru_la'.
in the early trials, did not use it to mediate quick responding, or

did oot articulate it in inquiry.

L.

In summarxy, a mmber of our elementary school subjects seen to

have daliberately used the perspective-taking rule studied here in o

© " solving both R and.RC problems, .to have been tonsciously: aware of

its use, and to have bolieved it to be a wholly. trustworthy.guide to "
problem solution, There also ‘gppear to have been -'dml:op&ncii'and -t
individual differences in agareness and use of. the rule: "sou

children gave na aevidence of either, ~othars gave ahpla widence df

00
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]whﬂe rule 1 has no exceptions, Tule 2 could eepecfelly with one- =~ -
object ¥g. An em:reiue case would be X =g ephere, uniformly {lluminated

from all sides: an obgerver's visual e:cperiemce of. it s the eene from
3 : _ !
all station-points. '

2

[ . -

mrc;ugh inadvertence, the six possible orders of presenting’ t:he'
three types of ptoblems were noe equally dtst:ribu 'ed across- grcde and
aex in either _experiment. Possible ordet effecte were moat - likcly to be~
ceueed by t:he child"" Ten obtaining the cortect snswer for .the R problem -
from a. .mediately preceding RC problem, which vas possible on three

of the six orders. . However, the distribution of correct R responses
within each, grade on these three otders proved to be almost. identical. to
the dietzibution of correct responses uithi;z ‘esch grsde on the other-
three orders. In a&cition, s onelway analysis of varience cug:ns. the six
ordete"(collcpc;.ng acreoea grade and cex) d. not reec?: an scceptshle

level of significance.

w
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i ' Table i “
. 1 .
Number of .Children in Each Grade
) ’ Tho Met the 7 oit of 8 Criterion
H
> ) For Eath Problem Type
« Problem Type ;
Grade n © R c RC . °
i - ¢ Experiment 1 "
. 1 24 4 13 NS
3 24 13 - 16 T2z :
s 24 Y 21 R I g
o . Expe'riment-Z‘ o .. f’; S
1 2 12 19 20 i
. ) :g ! ( . i B 1
3 24 - 18 18 = 18 .. e 4
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- ST “ : Table 2 h -
- . r - )
‘ S Number of Children in Each Grade ° N

- - - Claasifie.d Accordin'g to the Number . ~ o \

\ b .
" of Zero~Order Response Latencies on R Problems ~
a ' . ’ Wumber of Zerc~Order Response Latencies -
¢ . - 1 - ’ ’ . s
' Experirient Grade 1o . 0 1 2. 3 4 S 6 7 . 8 ' .
. ¥ . « . - - .
l’ 24 12 . 3 - 2 2 3 . 1,4 0 1 0
1 . 3 24 12 2 1 1 0 3 1 0 & -+ .
L 5 2 -5 3.3 't 0 0 2 & 6 .
. DA S -
. 1 24 11 2 0 1 0 2 2 0. 6 ) .
- 2 - .\:‘ i . . ' . ,:‘
3 24 5 2 0 0 2 1 0o -3 11 :
£ ‘ ‘ *
r ) : )
g - . A
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\ Table 3
. Bumber of Children in Each Grade Meeting .

Various Numbers of Criteria of.Rule 2 Kgxowledge

Number of Criteria Met

Experdment Grade a ~ 0 1 2 . 3 .
B SN % . 3. 2 2
1 e 3° .1 - 6 2 4 7 T
5 26 . 1 4; 5 14
1 24 8 4 3 9
2.
3 24 5 0 4 15
) | L
\ .
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/
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. ‘:
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; L]
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Table 4
Number of Children Meeting (+) and Not Heel::i.ng (=)
Pairwise Corbinations of the Three Rule 2 Criteria
inquiry . Inquiry .Correct
+ - + - + -
o B, .
59 2 g +-52 3 g o+ 7
0 *
15 3 3 -2 35 3 - 13 4
v 4 ¢
: A
' \
, - %
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