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1969; Langer, 1969a, Strauss, 1972; Turiel, 1969)., The present research

 An Experimental Test of the Effects of Intexnal and

External Disequilibrium‘on Spatial Reasoning Development1

\

- Piaget's notion «f a change mechanism, the equilibration model, has

: .| : y; . : :
recently been the object of conceptual elaboration (e.g. Flavell & Wohlwill,

attempted empirical test of a recent elaboration by Sidney Strauss (1972) in

an effort to delineate several aspects of disequilibrium states which may

o

lead to more precise specification of the mechapisms and conditions under-
- : 7
lying developmental advance. ’

Strauss and others (e.g. Langer, l969a; Turiel, l969) have argued‘

that while the course of development can be broadly characterized as move-

ment from less to more stable equilibrium states, it is the chila in ,

disequilibrium who is most likely'to‘acquire‘new information and establisﬁ

a higlter-order equilibrated state which reduces di@ quilibrium. Just as

Piaget (1960, 1967)4has emphasized both external and internal aspects of /

structural stability, so has Strauss (1972) presented an'analogous dual
L0

analysis of structural instability: (a) external disequilibrium refers to

the interplay of current structure with discrepant environmental events

and, (b) internal disequilibrium refers to contradictions within the existing

structure itself. External dlsequilibrium arises from confrontation with

: events somewhat in advance of the current cognitive state (e.g. Bruner, 1964;

Inhelder .& Sinclair, 1969; Kuhn, l972 Smedslund, 1961, 1963, Turiel 1969), ¥]

but motivates attempts at adaptation to the more advanced level only when
4

the discrepancy is recognized (Langer, l969a). Internal disequilibri::Bis

~

'opergzionalized as "level mixture" (i.e. a tendency to respond to a variety

of events at a range of-several different reasoning levels), and is therefore
thought to increase the likelihood that discrepancies from the-tiost coummlb

or modal level will be recognized (Strauss, 1972; Langer, 1969a,b). . -

aﬁdognb
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In previous research, both external and internal aspects of disequilibrium
have been shown to faci}itate developmental advance‘under certain conditions.

Numerous Piagetian training studies (see Brainerd, 1973j Flaveli,'l970'for

~

reviews) indicate that experience at a more advanced deVelopmental level
can lead, to improved performance on the trained problem. Evidence con~ .

rning the relative effects of different external'disequilibrium levels
is found in research. examining moral development (Turiel, 1966) and child-
_ren s object classification styles (Kuhn, 1972). 1In these studies, a

subject's developmental level of moral reasoning or object classifica—
tion was assessed prior to training. Moral judgments or classification

schemes were then modeled at one oflseveral external disequilibrium levels:
one level below the subject's (-1), the same level as the subject s (0)

(Kuhn's study only), and one (+l) or two (+2) levels above the subject's
L
own. The effectiveness of treatments at various levels iff facilitating o
, _

.

'advance differed s1gnificantly. +1 was superior to +2, both were superior -

L]

to -1 (and to 0 which was similar in effect to -1 in Kuhn s study), and

-1 4nduced only minimal regression. In Kuhn's research, of those subjects
+ 7 . . .

exposed to +2 and who'advanced, most did so to +1. ' '

Limited evidence concerning the effects of intermal disequilibrium'

- and the interaction of internal and external disequilibrium may be derived
. - : . :

. from post hoc_fﬁterpretation of several Piagetian training studies in-

yhich’"transitional" subjects were identified prior to treatment (see .

Strauss, l972 for a review). TheSe studies indicaté that transitional
* t
subjects tend to benefit tore from training than do nontransitional sub-
jects. To the extent that transitional reasoning, which must include <

aspects of at least two different cognitive levels, is indicative of

ES
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relatively greater level mixture, this research suggests a differentially

facilitative effect of a single external‘disequllibrium treatment across

. - o
two broadly-conceived levels of internal disequilibrium.

]

Despite their joint centrality in attempts to conceptualize mechanisms

" . of change, ver& little previous research has attempted to examine both

fnternal and external aspects.of disequilibrium, The present stud} there-
fore attempted to inVestigate several levels of external disequilibrium
and several leuels of internal disequilibrium'as well as their interaction.
Piaget's six-level seguence in the growth of children's map drawing'repre-
aentations was operationalized into a scoring‘procedure yielding a mixture
index as well as the more traditional performance level estimate (Snyder,
Feldman & iaﬁossa, 1975). Subjects were rank ordered according to the
extent of level mixture in pretest map drawings, and level mixture was
taken_as a measure of internal disequilibrium, Subjects were divided

into threevgroups differing in degree of internal disequilibrium. A
randomized within strata assignment to three treatments representing
different degrees of external disequilibrium produced a 3x3 experimental
-design. The low external disequilibrium condition (O) provided
instruction with map drawing techniques at the subject s preferred level,/
middle external disequilibrium (+1) utilized map drawing techniques’one

_ level above, and high external (+2) involved training with maps two'levels
abgég the subject's own. Results from the two-factor, three—level design
were intended to bear on three sets of . hypotheses.

(1) External diseq_ilibrium has been shown to facilitate developmental

advance. Therefore, it was predicted that the 0 condition, which presents
~.a minimum of discrepancy, would result in minimal advance. Both the+1

and +2 ‘conditions provide greater discrepancy and were hypothesiaed to

.

. 30005




’ Effects of External Disequilibrium , Q\ 4
induce greater advance, with- the +1 condition doing so more effectively -
than'+2, In addigion, it was hypothesized that most subjects exposed toF

~#2 and who changed levels would advance to +l. These predictions follow

" from previous research results (Kuhn, 1972; Turiel, 1966, 1969).
. \‘

(2) Internal disequilibrium as\reflected in level mixture is hypothesized

to be an indicator of sensitivity to discrepancy. Because of greater variation
/ . r "
ranging across several different levels in the sequence, higher mixture

subjects'should be more likely to recognize contradictions and more able.

. -
to resolve them at a more advanqej levgi. It was therefo;e predicted that
within each treatment, subjects with greater inte:nalldisequilibrium would

show greater developmentél advance than would lower internal disequilibrium

* A

subjects. This hypothesis follows conceptuallj"frgm previous studies but:

’

has little empirical precedent.

-

(3) While detailed gfedictionS'concerning the ‘interaction of internal

- with external disquilibrium could not be made, the following questions

a

i were raised: (a) Will a minimally discrepant external disequilibrium éon—
dition (i.e. 0) induce differential chinges in 1eve1.mix;ure among higher
as compared with lower internal disequilibrium subﬁects? (b) w;11 lower
interngl disequilibriuh (i.e.@hpntransitional) subjects_gend-to exhibit

increased level mixture .(i.e. become more transitional) following exposure

-

to a more discrepant external disequilibrium condition (i.e. +1 or +2)?
KE) Will higher internaligisequilibrium subjects tend to "consolidate""
at a higher developmental level.following experience +1 or +2 levels from

their own mode, thereby inducing decreased level mixture? (d) And finally,

on

what is the optimaIJ%om?ination of internal and'externak disequilibrium

R N

levels, i.e. which combination results, in the greatést deyelopmentai

advance ? , .

N> . ' ' o

n? . . 4
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Effects of Externmal Bisequilibriub- v ' . ' 5
. ‘ LA : . g
‘ Method " ‘ ‘ ' //
Subjects - . [
v S - *

Subjects were 96 fifth graders (46 gir%s and 50 boys) attending
‘ﬁistandard.classes at the public intermediate school in Branford, Connecticut.
' Sample mean age was 10.70 years with a range from 9.92 to 11.92 years. }

Pretesting |

The Verbal Meaning subtest ofsthe Primary Mental Abilitied Test for

’

grades four through six (Thurstone & Thurstone, 1963b) provided IQ estimates '

for use in matching subsamples. Parts I and II wexe group administered.
[ ] o

(n%¥25) and scored following the procedures outlined &n the Examiner' 5

’

Manual (Thurstone & Thurstone, 1963a).

‘The principal pretest measure was a Map Drawing Exercise adapted
from Piaget'anﬁ Inhelder (1948). Briefly, the Map Drawing Exercise
requires each subject to draw a map of a miniature village landscape. The
scoring system is based on Piaget s six-level sequence in the growth of

map drawing ability (see Table l). This procedure was used to evaluate

N

the subject s level of representation (from one to six) of five "feature
clusters" through the utilization of four 'spatial concepts" (see Table 2).
Thus, each map drawing yielded a total of 20 separate scores——(five feature

clusters) x (four spatial concepts)=20 "concept/feature" scores-—each of

-

©

which in turn may range from a score of one to six. Objective scoring

-

was facilitated through the use.of accurately-scaled transparent plastic

»

overlays'and'a detailed series of decision rules (see' Snyder, Feldman, &

LaRossa, 1975). - ¥

\ ) &

Insért Tables 1 and 2 about here o~

20007
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Effects of External.Disequilibrium S . T 6

The 20 scores were used to compute the following three indicies:

(a) a Map Drawing Mean, calculatedﬁby summing the'conéepg/feature scares
and dividiﬁg by thévfotal.number of scores (typically 20); (b) alﬂgggl_
nggl,-asgessed’by examining the distribution of concept/feature scores
and identifying the moSt;frequeht ievel‘ In cases where no clear mode
egisted» Level Mixturé was calculated as deécribed below for each possible
mode, and the one yielding the highest mix was chosen (after Turiel, 1969).
(c) LeQél.Mixture was calculated by multiplying the .number of écores at

.

each level by the number\of steps separating thatvlével from the Modal

Level, and then summing the‘products (Turié;, 1969). By con&ention, this

: - v .
sum is multiplied by 100 to remove the decimal point. - °

Partitioning the Saﬁple . . .

-

-+ All 96 pretest maps were scored by an agsistant, Interjudge agreement
on a randomly selected sample of 21 maps (the senior author sefvef as
second rater) was 83% across all 21x20 scores;'"Disagreementse—none was

greater than one level--were discussed and those scores were:adjusted.
~

Only subjects at Modal Level three were assigned to exﬂélimentél treat—

Z

ments since too few subjects at other modes were represeuted across the

high, medium and low Level Mixture groups. To approkimate equal nuﬁbers

-

across these condiltions, nine low mix éubjects at Modal Level three were o~

randomly excluded from the experiment. The remaining 63 subjecéé, stratified

by Level Mixture and sex, were then raqgomly assigned to the three treat~

A

~ ments: high, medium, and'low external disequilibrium.

Analysis of variance on the pretest measures indicated no significant
differencés acrdsg‘external disequilibrium conditions prior to treatment.

However, there was é significant difference in Map Drawing Mean among | -

© B —
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groups divided according to Level Mixture (22 54=3.34, p £.05) with
. ?
higher mixture associated with. higher Map Drawing Mean (Table 3); a similar

difference was reported by Turiel (1969) in his research on moral judgment.
% \ @

Independent group t-tests comparing males 4ith females on all pretest

indicies indicated no significant differences associated with sex of

a

subject,

Insert Table 3'about here ~

Instruction ' ' “ , .

-

Instruction was cqgﬂucted in two separate sessions, approximately
ten subjects at a time, under the supervision of the senior author and
a female assistant.,‘The treatments were designed to induce.low, medium, or
high external disequilibrium ihrOugh experience with "target" maps drawn
at the subject's own Modal, Level (g or level three), one level above (+1
or level four), or two levels above (+2 or level five). The general
training prOcedure as describeﬂibeKZL was followed.in all conditions.
During the first training session each subiect received, a target
map drawn.at the selected ievel of a second landscape‘and an activity
booklet, Subjects worked self—paced through the activities which were

’ L4

designed to require comparison of the model to the map with respect to .

-~

qualities of the target level (Tahle 4. After completinggthe activities,

. subjects drew their own naps>of the second landscape.

Insert Table 4 about here

On the. following day in theesécond training session, subjects received

the same target map, a photocopy of their owfi map from the previous‘day,

" and a second activity booklet. The activities again encouraged comparisons

among ‘the model and the target map, and now the subject s own map as well,

again emphasizing the target“leVelymap s characteristics.

S A0y

LY
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Posttests and Transfer Measures

Posttest. Immediately following the end of the sgcoﬁd instruction
‘gession subjects drew a posttest map of the original landscape model;

instructions were identical to those in the pretest. The assistant, without

\ L \

knqwledge offtfeatment.condition, scored all 63 pd§ft;st maps. Inter—

judge agreement on a randomly selected sample of 20 maps was 927, and again

all discrepancies (none greater than one level) were Qiscussed and adjus;éd.
Transfer. Two additional posttests examined transfer to related

. spatial reasoning tasks. “Horizontal and vertical systems of reference

were assessed with adaptations of the "objects on a glope”'and "rotated

jars" measures of Piaget and Inhelder (1948). Each of threet"horizontal"

-

items (e.g. the plane of liquid'in rotated jars) and three "vertical
items (e.g. objects on the lebe of a hill, a plumb line in fqtated jars)”

was classifiéd according to the sequéﬁce outlined by Piaget, and the mean
= % .

of the six classifications served as the subject's transfer score on this

measure, '

AW . . .
An adaptation of the "three mountains" task as described in Laurendeau
and Pinard (1970) tested subjects' ability to adopt a series of pergpectives

other than their own.° A video tape display of -a three-mountain model,

recorded from the "child's eye' view,was, the stimulus, A multiple-

.
2

choice answer booklet cdntained the/féllowing types of schematic drawings
as optioné for each of five different vantage points around the model:
(a) the cg;rec; view; (b) ffoﬁt/bgck corresﬁondeﬁée correct, but left/
-right relationships revqrsgd;.gg) left/right relationships correct, but’

] . .
front /back correspondence reversed; and (d) the "straight-on" or "egocentric"

N ,
perspective. The correct representation was scored as two points, the

B89, -




Effepts.of External Diseq;ilibiium “ ‘ .9
egocentric view was zero, and each of the "semi-correct" fepresentgtibns
received one point. A sum over the five test‘posifiAns was the su;ject's
Perspectives score.'

Delayed posttest. Approximately five weeks after the immediate posﬁ-

2]

test, subjects drew a third map of the original landscape model. Aga;n,

the assistant scored all maps; inter-judge agréemeﬁt on a randomly sé¢lected
sample of 20 maps was greater than 90%, and all discrepancies (none more
éhan one level) were digcussed and adjusted. |

) Resﬁlts and Discussion .
Pretest group differences associqped with Lével Mixture made
standard analysis of variance on posttestEZﬁd delajed posttest Map Drawing
' Mean scores inappiopriqte. Since the dgéign of the sﬁudy and the Map
Drawing Mean scores ﬁet criteria for covariance analysis (CronBach & Furby,

1970), results reported for posttest and delayed posttest Map Drawing Mean

were calcuPated by’analysis of covariance except as otherwise indicated,

-~

Hypothesis 1--Effects of Ex*ernal Disequilibrium,
The first hypothesis preiicted that (a) the O treatment would not

induce significant change; (L) the +1 and +2 treatments would facilitate

-

greater advance, +1 more effectively than +2 and (c) of those subjects

in the +2 condition who advanced in Modal Level, most would advance to +1.

Results bearing on Hypothesis 1 are presentéd below for posttest and , .
‘ 1 .

'delayed posttest maps, then for the transfer measures.

”

[

Posttést. Analysis of covarlance adjusted scores on the posttest

Map Drawing Mean showed a significant main effect in the predicted direction
associated with treatment differences (EZ 53=11.87, p £.001), As Table 3
. ]

‘indicates, the rank ordering of raw posttest score means was +2, +1, O.

| _ CL L et
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Internal analysis of pre4 to posttest change in the 0 treatment revealed

»

~ a mean difference of ~.008 which did not approach. significanCe by dependént

groups t-test (t 20° .l77, 2;7.50). Thus the 0 treatment, “as predicted,

did fail to produce significant advance. Two orthogonal 1 df contrasts om

- Y
adjusted posttest Map Drawing Mean scores indicated that while +1 and +2

together were significantly higher than 0 (Fl 5323+ 60, p <.002), the

~
.+1 versus +2 comparison revealed an insignificant difference between thesé

~

two treatments (Pl 53° .16, 2.> 50). In sum, while the data supported pre-

dictions that 0 would not induce significant advance and that +1 and +2 would
b 1

facilitate greater advance than the 0 condition, ‘the prediction that +1

would be more effective than +2 was not supported.

’

An analysis of variance on mean posttest Modal Level (Table 5) failed to .
.indicate a significant main effect of treatment (F2 54=1.32, 11;>.20) but the

pattern of'advance as shown in Table 6 was in the predicted direction. In 0, .

.

three of 21 advanced while in¥+l and in +2, seven of 21 advanced in each case.

.All subjects advancing in.Modal Level after treatment did so0 to level four, '
i.e. to +l. Assuming the null hypothesis--that among +2_ subjects who advanced
(n=7), movements to +1 ‘or to +2. were equally probable—-it is rejected at
‘the .007 level by binomial ‘theorem. Thus, while the analysis of variance
on mean posttest Modal Level did not reveal a sigpificant effect of treati
ment, the pattern of advances was in the predicted direction. " The prediction
that most of those subjects ‘eXposed to the +2. treatment who advanced in

Modal Level would move to +1 was supported.

Vd

Insert Tables 5 and 6 about here

Delayed posttest, Analysis of adjusted, delayed posttest Map Drawing

Mean showed a significant main effect related to treatment differences
J //.

(_2 51° =8,85, 2;( OOl); the rank order of unadjusted posttest scores was p

20049
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“The Effects of llxternal Disequilibrium _ : S 11

Iy o +2, +l, 0 (Table 3) In the 0 conditiom,- the pre— to delayed posttest : (
mean difference of OOl was not ,significant (t18 .019, P 7 50). Internal

comparisons 'by 1 df contrasts on adjusted scores showed that the +l and

,+2 treatments together were again aSSociated with significantly more

“

,ddvance ‘than 9 (Fy 5=17. 49, p<. 002), but did not differ from each other

’

&, 51—'\326, p>.50). o o . ®
v In contrast to the posttest results, analysis of unadjusted delayed

posttest Modal Level (Table 5) revealed a signifieant treatment main effect
. AN

(F 2, 5,2—3 62, p_( 04) The distributi of advances is shown in Table 6~--

* B o

. two of 19 in 0, nine of 21 in +1 and. nine of "21 in +2—-departed signif.icantly

. S

; S ' .from chance"ln ‘the’ predicted direction (_2 6.205, p_( 05)." A dependent
' ‘ ‘groups t—test demonstrated nonsignificant change in the _/condition o .
D=.10M1'8—1 Two orthogonal 1 df contrasts on raw scores
. ) 2
'indicated that while the comb ned +1 and +2 treatments faci1itated greater
/ .3

N advance in Modal Level than/ did 0 (F1 52—6 .95, 2_4 Oll), +l and +2. we{re '

- again similar in effect (] 52=.Ol4, 2).50) Since all subJects advancing

did so to +1,-the null hyp thes‘is that movements to - or to +2 were

v v -

: equally probable following the +2 treatment was a\htgn rejocted by binomJ.al ‘ - .j

B theorem, thJ.s time at .the .002 leve1 o r’n : \\\ . s
Transfer. The patterns of scores on the ferspectivesﬂland S)fstems

of Reference transfer measurres were in the predicted direction (Table 7),

1
Do

\

- %, Y4
 but the analysis revealed only nonsignificant contrasts aséociated with

treatment. As prior analyses had suggested that the +1 and +Z treatments

o '_ DU were simila‘ in- their effects, the sample was cpllapsed across these two .
o cOnditions and an analysis of variance was cof uted on t'he resulting 3x2
. R >

table. While the main effect ‘due to treatmen mained nonsignificant on

J\

— the Perspectives measure (X0=3 53, X+1 +2=4 92; Fl 57-—2 48, p_< 12), it-

'




°

/ p
'

Effects of External DiSequilibrium . . .' — 12
approached significance %n ghe Systems of Reference scores (Xo=3 47,

+1 +2 =3, 78, 5, 57-3 .77, p<.06). Both distributions were then standardized
and a second 3x2 ana ysis of variance was computed. with mean z-scores. )

This analysis revealed a significant treatment effect in the predicted

'diréction on the average of Perspectives‘and Systems -of Reference z—scores

“‘.‘!s

>

(X —-.314, .158, Fl 57—4\66 p<.04), thus providing limited evidence

1 +2"

'of greater transfer from the +1 and 42 treatments than from the 0 condition.

‘\*\\~Insert Table 7 about here
"} ‘, ‘ g A : ) ‘
Hypothesis 2--Effects of Internal Disequilibrium

e

L

.

The second hypothesis predicted that #ithin each treatment, subjects

3

with higher internal disequilibrium (fte. higher Level Mixture) would

show greater devﬁlopmental advance than would‘subjects withllower internal

disequilibrium. Results bearing on Hypothesis 2 are discussed below'with

-
‘1

respec sttest and dé€tayed posttest\maps, then in terms of the transfer

measures. ‘ A//" ’ \\\
) |

Posttest. Adxhough the pattern of raw posttest.Map Drawing Mean

- .

,scores (Table 3) sho<edca rank order of high mix, mid mix, low mix as

'predicted, this same pattern, as noted earlier, was also present-on the

.y
pretest. "Analysis of covariance adjusted posttest Map Drawing MEan scores

failed to demonstrate a significant main effect associated with Level
Mixture differences (FZ 53 .374, 257 45). Thus, .the predicted differential

effect was not found with respect to mean performance on the posttest map
¢ e ’ S . 4

"o ’ ~

~drawings.. . - \ f' . -

’ The analysis of variance on posttest Mbdal'Levél (Table 5), however,
revealed a significant main effect in the predicted direction (F2 54" 3 09,

p_( 053) The distribution g advances in Modal Level (Table 6)~-10 of 22

~

9@014 f:!, ‘—,.’
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- in high mix, four of 19 in mid mix, three of 22 in low mix--was in the t\
[ .
ptedicted direction and significantly different from chance (__2-6 14, 204\. 05).

Internal comparisons of unadjusted scores by 1 df contrasts »indicate’d that

«

while the mid mix-and low mix groups difd not differ significantly (F1 54 .51,

P> .45), high mix subjects advanced in Modal Level significantly more )

often than did mid mix *and low mix subjects,'combined (;1’54=5.§8, p.<.02).

.+ .Thus the ?ﬂW Modal Level, as contrasted with Map Drawing '

»

) Mean,' yielded results in support of Hypothesis 2.

Delayed posttest. As with the posttest Map l)rawing Mean, examination

e

/;: . of unadjusted delayed posttest Map Drawing Mean scores shorwed a high, mid,
low mi;s rank order as -predicted (Table 3). Again, however, ‘analysis of

:%.‘ﬁ/‘adjusted scores failed to indicate a significant main effect related to

* differences in Level Mixture (F2'51-2.08, 2(.14) Analys1s of raw
A

( TTT— '
[

i \W“layed posttest Modal Level (Table 5), however, did demonstrate-a signi-

-
’/f

ficagt main effect of Level Mixture (Fz 52=3 <26, p<. 05) as was/the case

with he posttest.‘ As presented in Table 6, the distribut'ion of advances
>
P in Modal Level—-ll of 21 in high mix, five g 19 in mid m:ix, four of 21

5

[ %\wiwslow mix-—wasJ.n- the.pJ:edicted direction. _When the sample was . collapsed

to compare high mix (ll of 21 advanced) with mid and low mix - combined

:'- | (nine of 40 advanced), the distribution departed significantly from chance -

e

contrast showed no siépificant differer low mix subjects !

A 2=.6 5, P7. .40) whereas high m1x subjects advanced in Modal Level
=

those reported y’for the posttest. . Effects of internal disequrium
ey . _,.,/ "" —«T . R .
condistent wifh Hypgthesis 2 were demonstrated for Medal Level adyances but

¢

. not for Map Drawing Nean performance.

e pr————e——

T | | 2w0is




/// as follows.. ‘Higher mixture was agsociated with more raw change, i.e.

" Effectsd of -Extema Disequilibrium B | ; 14

Transfer, - While the patterns of performance on the transfer measures

’

-

were in the pﬁ%d@oﬁed direction (Table 7),'analysis of scores ‘on the.'
“Perspe »s and Systems of 3eference tasks failed’to indicate significant
main effects associated with Level Mixture differences (FZ 547 =,703 and

‘l 000 respectively, Bﬂ7-35 in both instances) - ,.ﬁﬁ

Negative or regressive changes._ In the above results, analysis of

.posttest and delayed posttest map drawings reveale a significant main
o effect of internal disequilibrium on Modal Level,‘ ith higher mixture

associated with moré frequent advance/as predicte o However, no signifiQ ;f
cant internal disequilibrium effects were demonstrated with respect to
mean map drawing performance. In an effort to resolve these apparently‘ ‘
contradictory findings, a‘E___ hoc analysis examined th numbex and’ directioni
of changes in scores from pretest to posttest and from p}&test to delayed
posttest. This itemrby—item examination compared pretest scores. for each

concept/feature with respective scores on the post and delayed posttests.

>

<s/-a ,

Items, on which the subject itproved were designated as "plus, " items which
remained at the pretest leve1 were recorded as "same," and those items
which were classified at a lower level on the: lat%r map drawings were
scored'hﬂnus," in all cases without regard to the size “of the change.
".Analysis of variance on the ratio -of total changes (plus and minus)
5 B

" to total numbef ‘of responses (plus and minus and same) on the posttest

ndicated a significant main effect of Level Mixture (FZ 54 =5,17, p_( 01)

fewer responses remained unchanged from pretest to posttest (Table 8)

/ A .
~ Two internal comparisons‘by orthogonal 1 df contrasts indicated thatfwhile. .

~




'Effects of External Disequilibrium ' : : ,. 15
¥

the mid mix ‘versus: low mix difference was suggestive (F1 54=3 34,.22f.07),

high mix subjects made significantly more changes than did mid and low

)
mix subjects combined (El =759, 2;4.01).~L

K]

, 54

Insert Table 8 aboutrhere

Moreover, while analysis of‘fhe ratio of plu changes to total changes
(Table 9) failed to demonstrate a main effect of Level Mixture (F2 54~l 23,
p<. 30), there wag a significant effect of Level Mixture ofi the ratio of

’

minus changes to total changes as shown in Tablg 10 (Fz 54~4 98, 2.< 01),

' g;th higher inkernal disequilibriUm associated with more minus chang;s from

»

‘pre .to posttest, Internal comparisons by 1 af. contrasts shywed that mid
mix subjects were similar to low mix-subjects-(22’54=2.43, p=.10), but,
that high mix'subjects°made more minus changes as compared to mid and low
mixlsubjects combined_(gl’54=7.39, fo.Ol). vSimilar'analyses on pre to

delayed posttest changes showed identical patterds»of results but failed

57to reach statistical significance (Tables 8 9, and lO).

,.1:‘ ST

I
A3

‘Vlnsert Talles 9 and 10 about here

"The above post hoc analyses begin to clarify the paradoxical results

obtained for the effects of internal disequilibrium (i.e. for Level

Mixture). For example,.changes in concept/feature scorgs from level three
[}

to four as well as those from level five to four both facilitated advance

in Modal LeVel (i.e. movement from level three to four) While Modal Level
advances occurred significantly more often among high mix subjects, minus,
changes also occurred more ‘often in this group, and those from level five
to four in effect "cancelled out“:plus changes from level_three to - four,

thus reducing the net gain in Map Drawing Mean among these subjects.

-
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Effects of- External Disequilibrium ' 16,

Thus, the pxocesses of transition at a giVen point in development
may operate ‘from the "top downward" as well as from the "bot tom -upward"

‘(Langer, 1969a; Turiel, 1969 l974). Apparent "regressions( may actually

Q

serve a progressive function.

J
gypothesis 3-The Interaction of Internal with External Diseguilibrium

\
The third hypothesis made no detailed predictions but rather focused

\rpn several general questions regarding (a) d¥fferential effects of low

external disequilibrium (0) on higher as compared to lower internal dis-

: equilibrium, (b) differential effects‘of higher external disequilibrium .

e

(+1 and +2)on higher as compared to lower internal disequilibrium, and

. »

(_) the optimal combindtion of external and internal disequilibrium to

«

facilitate developmental.advance.

*

- ' 2

R - .. 4
Effects of external on internaf‘disequilibrium. Table 11 summarizes
changes in Level Mixture from pre to posttest and'from Ppretest to delayed

posttest for ah@ subjects. Among g internal disequilibrium (high Level

' Mixture) subJects in the 0 condition, Leyel Mixture decreased both from

pre to posttest and from pre to-'delayed pbsttest as well. This»latter
decrease was somewhat attenuated by a slight increase in Level Mixture
from post to delayed posttest among these subJects. For low internal

disequilibrium sibjects in the 0 condition, Level Mixture remained essentially

_unchanged from pre to posttest, but then decreased‘from‘posttest to delayed

posttest. Cha:;js in Bevel Mixture amongvmiddle internal disequilibrium-

same condition were intermediate between those of. high L

and Low mixture groups, showing a decrease from pre to posttest (but
Q

less extreme than that in high mix), and a further decrease from post to

delayed posttest (but less extreme than in the low mix group).

v

Insert Table 11 about here

o~
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Among middle and high internal disequilibrium subjects in the +1

- - and +2 conditions taken together, the trend was a decrease in Level . _ o iy
'Mixture, both from pre to posttest and from pretest to delayed posttest,
but the trend was less pronounced in® the mid-mix group.' For low internal (iZi
. "disequilibrium subjects in the +1 and +2 conditions, however, the trend K\i;i7
A\ E ‘was reversed; there were increases in Level Mixture from pre to posttest” <! v
and from pre to delayed posttest, as well.,‘ d
To summarize the above trends, the 0 condition did -not promote
differential changes in Level Mixture among higher as compared with
' lOWer internal disequilibrium subjects. By the delayed posttest, all -~
internal disequilibrium groups in the 0 condition 'showed similar reductions B

in Level Mixture. The +1 and +2 conditions taken together, however,

«
-

facilitated increases among low mix subjects and decreases among high mix

'and mid mix subjects, as'had been suggested in Hypothesis 3.

The concept of Bias. ‘The results to this point indicate that both
“r

external and internal aspects of’ disequilibrium contributed to change in

map drawing<leve1s and that the effects of«external on internal dis-

Pl
-

equilibrium were. relatively systematic. 'Inforder to‘beginCEkamination of
more complex interactive relationships ‘(and” more than a beginning is beyond.
the scope of this study), it was necessary to include an additional aspect

of disequilibrium, the Bias indicator. The.Bias indicator is an attempt

to add a measure of "directionality" to thé simple -index of variation
around the mode provided by Level Mixture. In the extreme case of "mirror-
image" response profiles, where identical patterns of response- frequencies
occur but on opposite'sides of the mode, Modal Level and.Level Mixture

indicies are identical (see.Figure 1). While these two profiles are

RIC - an0iY

/ .




Effecta of External Disequilibrium e ‘.‘ o : - 18 -
| therefore indistingqishable with respect to mode and mixture, we believe * .

that they are indicative ‘of quite different developmental states. These I

-
1

states are directly nelated to the issue of readiness;for advance and
are distinguishable through the indicatorvof,airectionality,called Bias.

The operational definition of Bias focusesvon the distribution of
vnonbedal Level responses for each,subject: AA greatér.number of responses :
at levels above the mode than below is designated EositiveDBiasg and con-
versely, more responses below the mode than above iS'designated.negative'

’ < - : . s R

Bias'(Figure l). To illustrate the predictive power of the Bias index,
- LN

857 of all advanceé in Modal Level on the delayed posttest occurred among

. .the positive Bias subJects,‘who themselves comprised but 62/ of the sample.v
Mbreover, while 45/ (17 of- 38) of all positive Bias subjects advanced
'(irrespective of treatment or mixﬁure), only 132 (3 of 23) of negative bias
subjects did so.. This difference‘in proportionSadvancingvis statistically .
significant (__1—6 05, 2_( 02).. - . X ° . ;

thimal conditions for advance. Specification of conditions most

v

conducive to developmental advance (with respect to Modal Level) is enhanced
by adding the Bias indicator to the other indicies. For example, 11 of 21
high'Level Mixture subjects advanced infModal Level on the delayed posttest;i
of these, nine had positive Bias indicies. Similarly, 18 of 42 subjects;
exposed to the +l or +2 conditions had advanced .in Mbdal Level by the
delayed posttest; 15 of the 18 advancing were positive Bias‘subjects.
Moreover, vhen higher internal and higher external -disequilibrium subjects’
are considered together, 10 of 15 high mix subjects in +1 and +2 advanced

in Mbdal_Level,.and eight of thosegfb'advancing were positive Bias»subjects.;
In terms'of Modal Level ddvances then, changes occurred withvgreatest frequency
among high Level Mixture, positive Bias subjects following the +1 or +2

" treatments,




"cultural variables interact/ng with formally operational cognitive structures

Effects of External Disequilibrium - T 19

Thus, Bias provides added precision to predictions concerning develOp— o

R

" mental advances of therkinds that have been investigated in this study.

/
The results therefore suggest that a more fine-grained characterization

‘

- of internal disequilibrium states;requires indicies of directionality as

well as measures of dispersion. While-the present studv was naof designed Jff

- K

to include analyses based ‘on differential strengths of Bias, and while
the number of positive and negative Bias subjects ‘was uneven across mixture
and treatment groups,*our predictionsuof shifts in Modal Level are nonetheless

enhanced by including the Bias indicator.. _ - S e

Relative Effects of the +1 and 42 Conditions , - 'A, T

Results showing that,advances of more than one- Mbdal Level or step in

the sequence were extremelx rare are consistent with our_ predictions and

with prior research on both moral reasoning and- object classification.

. Failure to obtain the\predicted differential effect when the +1 treat-

ment was compared with the +2 condition, however, is apparently inconsistent

-

with the same prior research and with Piaget' s formulation as well.

The meaning of this mixed patternof treatment effects may be informed
by consideration of differences between moral reasoning (the subject of
most previous studies) and map drawing. ‘Evidence suggests that moral judg-

P4
ments form a sequence of qualitatively different products which through

.the first several levels, are essentially guaranteed by qualitative changes
in cognitive capabilities (Kohlberg, 19713 Piaget, 1932).‘ Advance through

~the more sophisticated moral judgment levels appears to result from socio-

(Kohlberg, 1971; Kohlberg & Gilligan, 1974, Turiel; 1 969). Differences

among judgments at all levels in the moral deVelopment sequence, however,

are thought to beﬂqualitative in nature (Rest ‘et al., 1969).

< |
10021




Effects ‘of External Disequilibrium : ' .2

In contrast, an examination of the map drawing sequence suggests that

hile advance through all six levels may be mediated- by qualitative changes
in cogniti.ve capabilities ’ changes in the map: drawings themselves are |

qualitative only for levels one through four. At level four a map- drawing

_incorporates with some" sophigtication all of the essential characteristics

N 4

of a two—~dimensional representation of three—dimensional space. Thus,’

[

improvement from a level four. to a higher level map may be accomplished .

. ;‘by applying qualitatively differentuconceptual operations to the production

of more accurate scaling of sizes and dlstances, improyements which are

.“r o R

themselves quantitative in nature, -

.

= LY
v .

L]

This view of the map drawing sequence suggests that while qualitative
advances in cognitive ability may be necessary in order to produce a 1evel
five map, the quantitati ely different maps which served as "target models

in the present study may have posed less difficulty in comprehension than

do qualitatively,different moral judgments also separated by one level.
While the available data do not permit confirmation or reiection of this

. possibility, it is consisteut with informal observationvof_the training
_sessions, with our knowledge»of subjects' prior experience with maps at

" level five (+2) or higher, and with the'pattern of results obtained. |

ﬂ Subjects ‘had no apparent diff1culty understanding the target. maps

"at level five, }hat is, they were able to complete the activities outlined
in the training booklet and were able to do so in approximately the same
AEMe as wimlevel four (+1) target maps. In addition, all subjects had

had considerable practice working with level five and level, six maps in

the context of their standard social studies curricula from first grade on.

’ ¢

Thus, our analysis of the map drawing sequence suggests that both the

>

level five and leVel four target maps could be comprehended, but that

20022
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Effects of External Disequilibrium ) ’ 21
improvements in subjects‘ production of posttest maps werélconstrained
*, ’ip by a lack of requisite changes in conceptual capabilities,capabilities

limited to a single level of advance in the sequence. Therefore, while
b

‘target maps at’ both level five and level four were similar in their effects .

on-oyerall performance, changes in:Modal Level we;ebalways to +l in both

¢ .
- Do -

treatments,

’ . . . . . ) ’ ‘ . . ’

Within»all three treatments there was a strong tendency for subjects: -
. A

to change responses in the direction of the target map, that is, in Lhe

direction from which external ﬁisequilibrium was applied In +1 and +2,

.

where the target level was hmgher than' the subject's mode, the general

G trend was progressive nd {s reflected in’ significant ‘increases in both

\

‘Map Drawing Mean and Modal Level; there was essentially no change in the

. “

meanis of these variables following the 0 treatment. For subjects in the
Y

0 condition, responses tended to further accumulate at target level three,

. and this is reflected in a precipitious drop in level Mixture on the -
: . %

delayed posttest across all three internal‘disequilibrium grolups following

N

*the treatment (Table 11).

The above trends are also evident in the post hoc analysis of number

-

and direction of changes on the concept/feature .scores. The ratio of plus }ﬂ
changes'to'total responses on the delayed posttest (Table 9), for example,
shcwea a significant main.effect of external disequilibrium,with subjectsl‘ t
in +1 and +2 making higher'proportions of plus changes than did subjects

13 : - »

in‘_Q., (Fy,52=7.64, p £.002). Similarly, there was a significant treatment

effect demonstrated on the ratio of minus changes to total responses

.(_2 594,16, 2'< 03) with subjects §§ V) making more minus changes than ’

-

did subjects in the +1 and +2 conditions (Table‘lO). Moreover, for subjects

-

i s

S 23 - A
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. says of internal disequilibrium:

Effects of External Disequilibrium . , ‘ v ' 22
in the 0 condition, while pretest Modal Level responses tended to remain -
at 1evel three (i.e. at the target lev[el) on the delayed posttest (84/@ did

so), 56% of those responses below the mode advanced to thermode, and

' SZZ.of'the reséonses above the mode on the pretest regressed to or toward

w

Y . y . : S .
the mode on the delayed posttest., . S _

- -

Instability and consolidation. The patterns of change in the present
study may be further informed through more détailed capsideration of the:

“ ! \ | » ' . . v '
concepts of "instability" and "consolidation" (cf. Flavell & Wohwill' 1969;

3

Strauss, 1972) as they relate to; the interaction of internal with external

disequilibrium. Strauss for example, in Summarizing a series of studies,

Children who displayed {Leuel] mixture were more likely than
those who displayed no measured [level] mixture to...

’
4

transform their cognitive structures. One can interpret
-this to mean that [level]_mixtpre may‘be.an inherently un-
stable state that is pavticularly susceptible to change
(1972, p.338). 4 T

While over the course of normal deVelopnent this susceptibility is

-tf;ically described as "readiness" for advance, Strauss (1972) suggests

that higher lével mixture is‘also indicative ofﬁlgger consolidation" of
the emerging abilities, meaning that they may be more likely to. regress

in favor of a lower, better consolidated level: -
, \o

\
N

20024
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. - . . ’
One would imagine that a child who recently learned rulés .

of application to weight problems [br to map grawing] is less

‘likely to reject [lower level] information than a child who \
_ has learned the same rules...and»wno has consolidated then... .
for a considerable period of time gp. 350, smphasis added).

4 Our analyses show that higher Level Mixture is associated with more- /

L3 & -

,advanses in Modal Lecel (Tableiﬁi add'with mofe total changes in concept/
'featurevse:res (?able;é);vthus reinforcing the notion that higher internal
disequilibrium is ;ndiéative of greater susceptibility to change. While
the results indicate a general tendencj to move from any‘existing cognitf%e
level toward Aany level of external disequilibrium that is encouritered,

this study made no direct attempt to induce regressive change in well—
rconsolidated structures.‘SVery little of such change in fact ocenrred.
None ‘of . the subjects showed 4 downward shift in Modal Levei fron three

to two, and of the 750 concept/feature scores at level three on the pre-
test, only 4% (31 responses) regressed to level two on thz delayed'posttest.
.The bulk of change from the best consolidated level (i.e. the Modal Level)
‘was progressive--872 of those Modal Level responses changing from pretest
tO'qelayed posttest movedlto a more advanced leve1- Most regressive

i

change then, occurred from less well consolidated (i.e. less frequently used)

cognitive levels to better consolidated levels as suggested by Strauss (1972).

Demand characteristics. The present study used explicit instrgctions
indicating that the’ target level map was a "good" model to be copied, and

is therefore open to a "demand characteristics" interpretation of its tendency

to induce changes in the_direction‘pf external disequilibrfum. While such -

a view is not inconsistent with the patterns oflchange in‘bdth the 0 condition--

for which it is the authors' preferred interpretation--and.in the +1

g
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v b/

treatment, a cqgnitive developmental view appears necessary to integrate .
\\l'ﬁ - . the results from +1 and +2 The patterns of;change following the +2
‘o condition suggest that although deVelopmental change was generally ‘toward

' any more advanced (but eomprehensible) model, more fine-grained analysis )
‘also revealed change awvay from the model‘ but toward the emergingwcognitive
v’. o ‘ .-
level, Thus, the patterns of regressive changes in +2 were similar to :

.those in +1, witqgresponses at levelsAfive and six tending to move to

level four. Thesé’movements--toward the model in +1, but aWay from the model
in +2—-are in both ‘cases toward the emerging Modal Level and contribute
to its elaboration and consolidation. Neither a demand characteristics
nor a "developmentali interpretabion is alone sufficient to accpunt for -
the pattern of results obtained, and there is evidence to suggest that
. both influences affec d performance. Aqnaturalistic, 1ongitud1nal exami~
nation of level-to;level transition'is currentlyiin preparation to provide
direct.evidenceon>the consolidation phenomenon?as itimav more typically
occur.,

Summary of findings (T

-

Our findings support the following conclusions about the role of

" developmentally dppropriate interventions:

1. Progressive developmental change is unlikely to occur under conditions
of minimal external disequilibrium, S

2. Under conditions of sufficient external disequilibrium, all subjects
-/
’ .
tend to change progressively, regardless of their initial state. Examining. 5.

PR 10d
the interactions of three variables--internal disequilibrium, external

. . disequilibrium, and Bias-—helps to give fOrm to the developmental advances

as they occur among groups of subjects exposed to prescribed environmental
) N . @
experiences:

o L - 20626
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(A) Lower internal disequilibrium (i e. lower Level Hixture) subjects

‘-‘****“‘“"‘L*""“*are unlikely to advance in Modal Level (73/ did not) but are likely

L

)

-

' "most" transitional and are very likely to advance in Modal Level

3

‘to show increased Map DrawinghMean and increased Level Mixture when

exposed to appropriate instructional experiences (807 did both) In

. » .

other words, "nontransitional" subjects tend to become more transitional
,,‘3.‘ . - 4 . ) - .\ N . = - ]

following t Aﬁlent. . ' ' o .

(B) High intefnal disequilibr1um subjects with negatiVe Bias tend
, !

to onsolidate their current Modal Level and to elaborate more ad—

vanced'levels so,as to shift from negative to’ positive Bias

(80% did S0) . While these su'"Ects thus show'increased ing

-~

Mean scores, they’typically retain the same . Mbdal Level (again,- . 80%
‘did. so¢ Moreover, although Level Mixture generally decreased amon

h1gh mix subjects following +1 and +2 (Table 11), most of the decrgase -

»

is,accounted for by positive Bias subjects (see beloWD with high mi

negative Bia? subjects show1ng an average drop of only, 2.6 points
8

ture, Thus, these already- transitional subjects (high mix,

kY

in Lev71

9
negative Bias) become more" transiti0nal following training, waintaining.

.

a relatively high degree of Level Mixturé and’ shifting from negative -

to positive Bias, but usually retaining the same Modal Level

~

(C) High internal disequllibrium, pds1tive Bias subjects are the

concomitaﬁtly to shift from positive to negative Bias (807 did both)

As indicated, mogt: qf the decrease in Level Mixture for all high mix -

L

subjects in +1 and +2~occurs among the high mix, positive Bias sub7

jects (D='—15 OO). These "most" ransitional subjects prior to training

[y

are therefore less transixional aftenward~—showing decreased Level "

s

SN L IS . . a »
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" advance ih medn performanceAbut not ianbdal Level., o .
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. Mixture and a-shift from positive to negative'Bias—-but less transi-
e .

tional at a~higher Modal Level.. Because of the contribution of
‘ L4 . R 'K . -

changes in~concept/feature'scores‘Erom»both'above and below the

X - k]

mode toward the new Modal Level subjects in this é?Bhp tend to

4

show somewhat less of an increase in Map Drawing Mean than do high ‘¢

- mix negative Bias subjects..' S

.
-

-

Conclusion. Trends in the data have suggest@d theﬁfollowing generaliza-

.
v

tions as guides to future research' , , .
J . .

(l) External disequilib;ium determines %ri ily the direction of

discrepancy between existing and preSented c tive modes and is therefore
an important factor influencing the d1rection of change.” = = S0

(2) Internal disequilibrium relates to instability and may therefore

o~

- 1

bé seen to affect primarily the amount of change.

(3) 'Under conditions conducive to progressive change, Bias distingmishes

-

between those subjects likely to advance infModal Level and those likely.to

. undergo further elaboration and eonsolidation of the current level,i;e: to

-
.

The present study was not extended sufflciently to determine if the

Y

."most" transitional subjects and the nontransitional subjects would eventually ’

. SW

exchange their positions in the course of time as they moved _through develop—
: N .

mental levels. The conceptual'framework stimulated by the results of the -

- b

present stud&, however, offers a means to begin the investigation of this

‘Jand’other aspects of developnental change\a?(a level of‘detail heretofore :

S . ’ ~ :
not possible. o - : : .

K i
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< Table 1
Levels of Spatial Reasoning Developmentias Revealed'in Map Drawing
(adapted from Piaget & Inhelder, 1948) | - . e :}
Level 1: No spatial correspondence except for a few elementary proximities.
. Characterized by child's”inability to distinguish between
gpatial proximity and.logical resemblance or betveen spatial
separationaand logical difference. Yields objects on map/which

do-not appear on model and objects on model which are not repre~

sented on map. -Arrang%?ent appears virtually arbitrary.
. ) . . ) 4

level 2: Partial coordination.  * v

Characterized by recognizable but inconsistent logical and
numerical correspondence. Spatial correspondence oftén con- |
founded with logical resemblance or limited to small groups of
proximal obJects and isolated left-right relations without an
- _ . : overall spatial plan. RepreSentation limited to one dimension:

(i.e. uses frontal view) with detail and proportion essentially

. unrelated to model.’

! ,
Level 3: Midway between partial and beginning of general'coordination.

''Characterized by inconsistent coordination, i.e. reasonable

logical and numerical correspondence but with a mixture of

o

perspective (e.g. fﬁbntal, 45°, 90°) and viewpoints, in poor. -
but‘recognizable proportion to model. Larger groups of objects
now linked together to produce primitive overall representations

",

of model, often with "photograph—like" detail.
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K Level 5:

Levei'ﬁ:

L]

Level 4:

Table 1 (continued)

Beginning-of general projective.and Euclidean coordination.

Characterized by items in good logicel and numerical cor~

respondence and arranged according to a crude two-way system of

reference (i.e. width and depth) with a consistent 450 or 900
perspective.

A legitimate two-dimensional representation of

the model often with some evidence of abstraction, but with as

yet inaccurate scaling--relative sizes of objects often pro-~

portional, but distances (especially heights in the 459 per-
spective) remain distorted.

.

*

Mastery of distances and proportions. } . :
Characterized by pomplete coordination of logical and

numerical with spatial correspondences.

Although not formally
scaled with metricsxand frectional reduction, an adequate

diagrammatic representation of the model. A consistent 90°

perspective with clear evidence of abstracticn and symbolization.
The abstract plan with metric coordinates.

Y

Characterized by complete coordination, totally accurate

caling, a consistent 90°perspecti9e, and use of abstract symboli-
zation.

~
-
)
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Tahle 2 BN
Feature Clusters and Spatial Conceptq Used in Scoring Drawings

(after Snyder, Feldman; and LaRossa, l975) -

FEATURE CLUSTERS ) |

AR
: ﬁ'

1. Buildings-—easily identifiable logical dlass, regularly shaped°
'obvious third dimension, but relatively easy to represent.

2, Hill, bridge, island other elevated land--among major features

of modél; relatively large; irregularly shaped; three dimensional;u

3

more difficult to represent.

3. Lake, river,'roads, driﬁeways,;parking.lots-—majbrvflat surfaces

3 . . | -

of model; easily representéd. - %

L 4. lrees, fehce, motor vehicles, flagpdle,'bushes—-relatively smell,

. C : ‘ .more "incidental" features of model; obvious third dimension;

relatively difficult to represent.

5. All inclusive score—all content combined, the "map as a whole."
- . ' T & o
SPATIAL CONCEPTS (adapted from Piaget & Inhelder, 1948)

I, 'Arrangemént—-emphasizes°topological’concepts'in lower levels .

and Euclideaq concepts, i;e., systems of coordinates, in advanced
R | ' -

levels, B : S o

II.- Proportion——emphééié4§“Euclidean concepts, i.e. similarity.
.@ _ Tl . . .k

I1I. Persgective-emphasiies projeetive coﬁceptsﬁ ‘

IV, Abstraction/Symbolization--emphasizes pictorial conventions.

[}

| | ‘. S 0035
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LEVEL 3—(0) Condition.

, Ao

B,

c.

D.

LEVEL 4-~(+1) Condition:

A,

B.

C.

D.
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'Arrangcment--dual emphasi on logical and mathematical correspondence

. via target map and through'numerical compariébns‘of items in

Taﬁlé 4 -

Summary, of Level~Related Characteristics Emphasized by

Each of the Instruction Conditions

[+

(i.c. same "kinds" and "number" of items) and on simple topological

relations (i.e. left—right, before-behind, etc.).

Proportion--emphasis on primitive correspondence in relative
size of items (i.e. hill = bridge,[lake > any house, etc'.):

Perspective—-no direct emphasis; indirect exposure*to mixed

o ' Lt »

perspective and viewpoints via target map. =
‘ ~

Abstraction/Symbolization-fno direct emphaeis; indirect exposure

to detailed representation via target map.

Arrangement-emphasis on construction of crude system of two-way
reference (i.e. locate items in appropriate quartile of map); .

indirect incorporation of logical and mathematical correspondence

each quartile}
Proportion—-emphasis on accurate reproduction of small differences
in relative size of items; indirect exposure to inaccurate repro—

duction of distances via target map.

Perspective--emphasis on consistent 909 perspective'(i.e. 1A map?} .,

is 1ike looking down.v).

., b

Abstraction/Symbolization—-no direct emphasis; indirect exposure

to limited abstraction associated.with a realistic 90° perspective

via target map.

© 03T .
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' v v'T;ble 4 (ccntiﬁueq) - y )
" . . LEVEL 5 (+2) Condition: - - "“'_ o .
- _ | A, .Arr?ng:;entf~emphasi$~on relarivéay sophisticated system of
o | ) tWO—Qa; refcrence ki.e. locdtgiitems'in apbrOpriate sextile of

map) 3 indirect incorporation of logical and mathematical cor-

respondence via target mdp and through numerical comparisons

’

of itemscin each sextigle, - .

B. Proportion—-emphasis on accurate reproduction of. small differences

Y

0 " in relatiVe size of items and on mgintenance of accurate inter-

. object distances. - L S

-
.

R - Co Perspective--no direct emphasis; indirect exposure to a

consistent 902 perspective via target map.

* 3

© Dl Abstraction/Symbolization-~emphasis on use of icons and lébels

- ' i . .o, to alléw the elimination of considerable detail from map and -

yet permit identification of items.

Nt - . : ’ . ~ A

30033
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Figure Captions

]

% Figure 1, 11 ustration of positive and negative Bias profilés.
"The two histogréms show two subjects with identical Modal Levei and
Level Mix scoreg,a but with}different valence Biases, oneApositive and

one negative. Positive Bias is thought to reflect the child's "readiness"
for adwance to the next level, while negative bias is believed to indicate

. ( .
the child's "readiness" for conmsolidation of the existing Modal Level.

ki

) Modal Level for both,subjects is 3
Levei mix for Subject 1, positive bias,is calculatﬂd below:
L~M= 1(2+5)+2(1+4)+3(0)+4(0)+5(0)

7+L Y
N 20 Y20

= 17 = &)
20 20

\

Level Mix for Subject 2 ﬁnegétive bias, is cal?ulated as°belqw2

1~-M = 1@+2)+2(4+1)+3(0)+4 (0)+5(0) =

20

_ll = n.85

20 -

7410 =
720

By'convention, Level Mix is multiplied by 100 to remove the decimal
point, thus yielding identical level mix indicies of 85 for these
ubjects.
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