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ABSTRACT
A functional (as opposed to structural) theory of

intellectual development is presented and used to generate specific
performance models for Piagetian tasks involving the control of
variables (cf. Inhelder and Piaget, 1958). On the basis of these
models, it is concluded that intelligent, field independent 7- and
8-year-olds should be able to acquire the control of variables
scheme, even though they have not yet acquired either conservation of

weight of the combinatorial system. Preliminary data (n=52) are
presented to support this conclusion. They are discussed with regard
to Piaget's formal theory of intellectual development and the
functional limitations of development of learning. (SDH)
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LFARNING AND INTELLECTUAL DEVELOPXrNT

Robbie Case
1

'

2

University of California, Berkeley

As Flavell and Wohlwill (1969) have pointed out, Piaget's theory of

intellectual development is predominantly a structural one: it airs at

a formal description of the human organism's knowledge or competence at

different points in time. What developmental psychology now needs--if

it is to achieve a greater degree of predictive power--is a parallel

theory which is predominantly functional, that is, one which describes

the devices or mechanisms by which human knowledge Is actually acquired

and utilized. The purposes of the present report
2
are as follows:

(a) to outline the general functional theory of cognition which is being

developed by Pascual-Leone and his co-workers, (b) to demonstrate that

the theory is capable of generating detailed "performance" models for a

group of Piagetian tasks, (c) to present some counter-intuitive data which

are successfully prelicted by these models, and (d) in the light of the

data, to reconsider the nature of developmental limitations on the acqui-

sition of specific lotical structures.

I A Neo-Piagetian Theory of Development

The theory to be summarized in this section was first proposed by

Pascual-Ieone, in a doctoral dissertation submitted to the University of

Geneva (Pascual-Leone, 1969). Since that time it has been modified and
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elaborated, particularly with a view to facilitating the sort of de-

tailed funct ionalmodelling which will he attempted in the second section.

The basic construct employed in the theory is the Plagotian notion

of a. sche:.:.e. Schemes are defined as the subjective units of thought,

that is, as the mental blueprints which represent experience and which

are respoasible for producing behavior. They are classified into three

main categories: figurative, operative, and executive.

Sisprative schemes are roughly equivalent to what Miller (1956) has

labelled "chunks." They are the internal representations of items of

information with which a subject is 1. ulliar, or of perceptual configura-

tions which he can recognize. Like V pattern recognition devices

described by Neisser (1967), they a:. assumed to act on a weighted set of

features or cues, rather than simply to re-act to some "stimulus" or

"input." If, for example, a subject looked at a photograph and asserted

that it was a picture of his house, one would say that he did so by

transforming the raw sensory input into a network of perceptual features

which were already associated in his mind with a conceptual response of

the order, "That is my house." More simply, one would say that he assimi-

lated the sensory input to his (figurative) "house scheme."

Operative schemes correspond to what Inhelder & Plaget (1966, p. 22)

have labelled "transformations," or to what computer simulators have

labelled "primitive information processes" (cf. Newell, Shaw, & Simon,

1958; Klahr & Wallace, 1970). They are the internal representation;: of

function!: (rules), which can be applied to one set of figurative schcws,

in order to generate a new set. If, for example, a subject were to look

at two different photographs and to judge that they were of the saw,
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(but unknown) houtw, one would say that he did so by applying an operative

scheg:e represent ing a "sar:oness" function ("it two objects are alike in

all relevant aspects, they i4ay 1w presnwd to be the :taut. ") to the

figurative schemes representing the features of each of the photographs

in question, and that he generated a new figurative scheme representing

the fact: "These two photographs are actually of the same house."

Finally, executive schemes correspond to what Miller, Galante, and

Pribram (1960) have labelled "plans," or what Newell and Simon (1972)

have labelled "executive programs." They are the internal representatlons

of procedures which can be applied in the face of particular problem

situations, in an attempt to reach particular objectives. As such, they

are to a large degree responsible for determining what figurative and

operative schemes a subject activates in any particular situation. It

would be unlikely, for example, that a subject would activate the figura-

tive and operative sc:Iemes mentioned in the previous paragraph, unless the

operation of comparing photographs was a planned part of some executive

routine by which the subject hoped to accomplish some particular goal.

The complexity of the routine could, of course, vary widely: from a

simple one-step procedure in which photograph-comparison was the only

irportant operation, to a highly sophisticated contingency plan In which

photograph-comparison played only a minor role.

Although schemes are classified into three different categories, it

ray he seen that they are all alike in the following respects:

Al. They are all his,hly "active." They are not simply triggered by

so: :e input; rather, they apply on It and trans forma It.
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A!. They are all functi,aal units, even though they may vary in

content and structural coiAplexi.ty.

A3. They all consist ef two components, an initial set of conditiols

tinder vthich they can apply (i.e., a releasing component), and a subsequent

set of conditions which they can generate (i.e., an of component).

Civen this characterization of the nature of schemes, it follows

from Like literature on early infancy that children are born with an innate

repertoire of sensory motor schemes (Piaget, 1952, 1954; Fantz, 1963;

Kagan, 19/1). New schemes are assumed to be acquired in a numberumoer of

fashions:

81. By the modification of an old scheme. This sort of acquisition

is assumed to occur in one of two ways. (a) As the result of repeated

application of an old scheme new components can become incorporated into

its releasing component. This is what is assumed to occur, for example,

in the course of "perceptual differentiation" (cf. Ciboon, 1969). (b) As

the result of repeated application of an old scheme, new components can

become incorporated into its effecting component. This is what is assumed

to occur, for example, in the course of "trial-and-error learning."

82. New schemes can also be acquired by the combination and consoli-

dation of several old schemes. This sort of acquisition is assumed to

occur in one of three ways. (a) As the result of repeated coactivation

of a number of figurative schemes, the entire group can be assembleo

into a higher- order unit. This Is what is assumed to occur, for example,

in the emergence of perceptual "chunks" (cf. Miller, 1956). (b) As the

result. of the application of an operative scheme on a set of figurative

schc:e.;, the new figurative sche.w generated by the transforrlatioa can
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hoco-c per:Anently fiNed functional unit. This is what is assura..1 to

occur, for exar.1e, then a :atbject r,enorates and retains a new item of

infori.at ion fro:.: his already existiuy, store, without ever beinr, presented

with this item directly. (c) A:, a result o, the repeated and successful

application of a series. of schemes to the solution of a particular class

of probledis, the tr1 sciaence can become incorporated into a l'igher-

order functional unit which can serve In future situations of a similar

sort as a more highly articulated executive scheme. This is whit is

prcsumed to occur, for example, when a subject gradually evolves a sophis-

ticated "strategy" to deal with a particular class of problems (cf. Bruner,

Coodnow, & Austin, 1956).

In the course of everyday interaction with the world, then, subjects

are assumed to be constantly applying, and const.tntly modifying, their

basic repertoire of schemes. The total set of schemes activated at any

one moment is held to constitute the content of their thought. The follow-

ing postulates are assumed to characterize the process of this thought

(or at least that part of it which is goal-directed).

Cl. In attempting to solve any problem, a subject's first step is

to activate some general executive schme. Which scheme he activates

can depend on a number of factors, including the nature of the problem-

constraints, the nature of the perceptual field, the nature of his past

problem-solving experience, and the nature of his emotional reaction to

the situation.

C2. Once a particular executive scheme Is activated, it directs the

activition of a sequence of figurative and operative schercs.
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Ci. ihe sequence of figurative and operative schemes 19 comprised

of discrete "mental steps." Each of these constitetes a distinct

operation (analogous to a subroutine In a coinputo pro;:sam), in which

an operative scheme applies on one or more figurative schemes, and

generates a new figurative scheme.

C4. Figurative schemes which are the product of past operations

are carried forward or "rehearsed," su that they can be utilized in

future operations.

C5. Unless its releasing component is activated directly by the

immediate perceptual input, the activation or rehearsal of any scheme

requires the application of "mental effort" (cf. Kahneinan, 1973). Since

the amount of mental effort which can be applied at any one moment is

limited, the number of schemes which can he activated in any one mental

step is also limited.

C6. WIkea a scheme (or set of schemes) which corresponds to the subject's

original objective is finally generated, the executive scheme directs an

appropriate terminal response and ceases to be active.

C7. lf, at any time in the above process, two schemes are activated

whuse content is pragmatically incompreible (e.g., scheme 1: 'x is

bigger", scheme 2: "x is smaller") cognitive conflict ensues. Other

things being equal (e.g., salience, past reinforcement, emotional in

volvement) cognitiv:, conflicts are dealt with by activating all the other

schemes which appear to be of relevance to the conflict, and by resolving

the conflict in favor of the schem.. consistent with the greatest number

of other schos. This process is assumed to be a central pats t of that Piaget

has labelled "equilibration" (Piaget, 1970) .
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ahove po,Aulates iottnded to haracteriv.e AI directed

thinLinil. Whether or not a particular individual actually solves a par.

ticular problem hold to depnd on tour additional factors.

1)1. The first of is the repertoire of scheries which the

subject bring.: to the problem. It is assuwd that this repertoire in -'

crew: ;es; in owplexity and accuracy with experience, according to the

learning processes mentioned it. 1;1 and 112. As a result, it varies both

wahin and across age groups.

D2. The second of these is the maximum number of schemes which the

subject's psychological system Is capable of activating at any one time.

This maximum mental effort or M-pouer is also assumed to vary both within

and across ago groups. Within age groups, differences are assumed to

res,Ilt largely from biological factors, and to be at least partially

responsible for producing differences in what Spearman (1927) labelled

"content -free intelligence (g)." Across age groups, differences are

assumed to result largely from maturation, and to be at least partially

responsible for producing differences in what. Piaget labelled "operativity-

level" (Plaget, 1970).
3

For children whose cognitive development is nor-

mal, M-power is assumed to increase linearly with age, according to the

fol1ovirt scale.
4

4S Develutm:rntat Substa-e M-power

3-4 Early preoperations c +1

5-6 Late preoperat ions E.-

7-8 Early concrete operations 03

9-10 Middle concrete operations pi-4

1112 Late concrete-arly for,11 operations 1-5
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o oil: Sul,:t.:Pti

1 1 It I e torr.:.tl ope rat Ion et 6

15-1.6 Lat futc,,t1 oporat iotu, et-7

8

In the above notatioa, the cout,tant e refers to the mental effort (or

energy, or capacity, or space) required to activate an overlearned vXe-

cutlye scheme: the numeral refers to the maximum additional number of

operative or figurative scheLes which can be activated under the direction

of this executive, without direct support from the irmediale perceptual

input.

b3. A third factor related to problem success is the subject's

tendency to utilize the full M-power which he has available. It is

assumed that certain subjects are habitually low Ii- processors. Civn the

chance, Lhey prefer to look at or respond to problems in the simplest

manner possible, that is, with a set of operations involving the least

possible mental effort. They are thus unlikely to do well at problems

where some perceptual gestalt is presented or some sivple solution pattern

is suggested, yet where the most adequate response demands that this

gestalt or simple pattern be broken down into a (larger and more compli-

cated) set of sub - elements.

114. The fourth factor which affects a subject's chance of solving

certain problems is the relative weight which he gives to cues from the

perceptual field, as opposed to cues from other sources och as the task

liv.truetion: in selecting an e xecutive schene. In many proble,..:, parti-

cularly those devised by p,:ychologists, there are salient perceptull cues

present which tend to activate nn wropriate executive schcile if they
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are given t,.) much attention. It is asrained [Ia subjects vary in their

tendency to give weight to such salient but misleading cues, and that

inlividnil dittereaces in this tendene) are stable across tasks and

acro:.s time.

Finally, it is important to r eut ion that the individual differences

described in D3 and are as:nixed to be highly correlated, and that

together they are believed to explain the cognitive style dimension which

Witkin has labelled "field dependence-independence" (Witkin, Dyk,

Faterson, Goodenough & Karp, 1962). Field-dependent subjects are assumed

Lo be hibitually low M-proces;ors who assign higher weight to perceptual

cues than to cues provided by the task instructions, in situations where

these two sets of cues suggest conflicting executive schemes. Field in-

dependent subjects are assuLled to be habitually high M-processors, who

assign a higher weight to the task instructions than to perceptual cues

in such conflicting situations.
5

Although this is a highly abbreviated summary of Pascual-Leone's

theory, it ray be seen that the framework is both comprehensive and in-

tegrative. Its formal aspects are congruent with several of the basic

tenets of Piaget's theory.
6

On the oilier hand, its functional aspects are

congruent with many of the basic postulates of current theories of percep-

t ion, attention, and cognition (cf. Neisser, 1967; Norman & Lindsay, 1972;

Kahnean, 1973). While It is the formal aL.pect of the theory which makes

it relevant to the sorts of competencies which have been studied by

Pia::et, it is the functional aspect (togethei with the eiThasis on indivi-

dnal dift,renceq), h;f:11 gives it its predictive p.Yer.



11 A Performance Model. for

"Control of Variables" Problem,

(enerJ I Procedure.;

Pascual-Lone has not set down an explicit set of heuristics

whereby his theory may be used to generate a detailed performance model

for a particular set of Piaget ian tasks. The following general procedures,

however, see,: both workable and consistent with the specific performance

models he has constructed to illustrate the utility of his general theory

(Pascual-Leone, 1973). They will be followed in generating a model for

tasks involving the cortrol of variables.

El. A general method will be postulated, analogous to an executive

program, whereby a subject could consistently arrive at the correct answer

to each test question. (cf. Cl)

E2. This general method will be broken down into a series of steps

such that only one mental transformation will he p.-Inlated in any one

step (cf. C2, C3).

L3. Any scheme generated in one step, and required in a subsequent

step, will be included as a rehearsed scheme II in all intervening steps

(cf. C4).

E4. The activation source for each scheme will be specified [i.e.,

activation by the application of mental effort , or activation

directly by the visual input (cf. CM.

E5. For each step, the minimum number of figurative and operative

schc.. s which could execute the transformation will be specific:. The

rccu;oa for viximizing cfficienty in this fashion is that the total number

of sci!e,: required at any p deleri int": the younrj..!:t app at th-
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probl, can he solved (cf. 1)2) , and what Is of interest is a mode! of

cl It i2::11;:1 per fon:lance.

1:6. In order to a:;surc t kit the ii :odel is realistic, independent

evidence will be sought to de:ormine whether or not young children could

actually possess the schemes whose existence has been postulated. If no

such independent evidence is discovered, the conditions under which

these schemes could be contAructed will be analyzed using the same pro-

cedural steps (El-E5).

The Control of Variables Paradigm
t

The models which will now be presented are intended to predict

childrt performance on a wide range of investigative problems requiring

the control of variables. They will be derived, however, with reference

to a specific problem culled limsana Rods: an adapted version of a task

originally designed by Inheider and Piaget (1958). The details of the

task administration will be presented later. For the moment, it is Jur-

portant only to mention that the task consists of three parts. In the

first, children arc presented with the series of rods illustrated in

Figure 1; they are encouraged to discover all five of the independent

variables which affect rod flexibility. In the second, they are asked to

test each one of these variables individually; they receive one point for

each test they conduct which is perfectly controlled. In the third,

they are presented with a series of countertests by the experimenter

(five of which are uncontrolled); for every uncontrolled test to which

they object (with an adequate explanation) they receive an additi'mal point.

rlxir,mm score on the test is therefore 10.

Insert Figure 1 about here
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Ni t.ro.f.:-)A.1 1 -- proof c!:ioy

t.hio;) i t..10.1. for tilt. vountrtit OA tah trial is as

follows: "Would thi; aaofhor fair way to provo lt? Does this prove

that (e.g. loll& b.ua roro than (c. e. !:;hor...0 rods?" If he were to

answer this question with consistent success, It SCMA clar that a

subject would nod sum general procedure for checking the explanation

aJvancea by the experinenter, and then searching the perceptual array for

any other reasonable e:Tlanation. The fol lowing executive routine conld

enable him to carry out such a procedure.

Step 1 - isolate the rod which is supposed to bend more. (e.g. the

long one).

Step 2 - Chock to sec If it really does bend more. (If so proceed,

if not, respond "No, it doesn't prove that (e.g. long)

rods bend more.")

Step 3 - Check to see if there is any other difference between the

two rods which raght be producing the greater bending.

(I f so, respond "No, it doesn't prove it," otherwise,

respond "Yes, it does.")

In order to execute such a routine, a subject would need to activate

the following figurative and operative schemes at each step.

Step 1 (Isolate t he rod which is supposed to bend more)

Ylength A length oporator corresponding to the rule: "I f two objects

diner in horizontal displacement., the one which projects the

furtlr is called the longer."

A ii;;urativ,. sehe..7:. renreentin:, the perceived difference in

proj.
horizontal projection hotwoen the two rock;.



in thil; otep, oporativ, seherp ')leogth %Amid apply en

the fi,,nrative sehe!:..

.13

prof. and generate a now sche....te representing

the tact that Rod A vl; 000 which tliould bend p,%r. 1 lie figurative

pro). would field-faellitated; the executive sho;te and

tho opera:ive scheme would not be, and would therefore require mental (M)

facilitation. A-; a ro!;c1I, the M-power required for this step would be

Sti.L'? (Check to see if Rod A really does bend more)

4sRod A = wre? A figurative scheme representing the conclusion generated

in the previous step, that Rod A (as the longer) should

bend more.

Tquant. A quantity operator representing the rule: "If a rod projects

(bend)
below another, it may he said to bend more; otherwise it ray not."

Overt . A figurative scheme representing the difference in vertical
disp.

displacement of Rod B relative to Rod A (i.e. above or below It).

In this step the operative scheme Yquant. would apply on the figura-

tive schemes to generate the conclusion that the facts either were or

were not as the experimenter had stated them. Since vert. disp. would

be facilitated directly by the field, the total M- -power required would be

ef2. Furthermore, since the executive scheme would continue to represent

the subject's general intent -- namely to check a proof of a positive re-

lationshipthe conclusion that the facts were not as described would he

sufficient to terminate the routine and generate the response "No."

A7suming that this did net occur, the subject would advance to Step 3.
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1-,t. (meek t o -.et i I t h..re h. iluy other re levant (1 i f frs.Ilet% bct 1:t.01)

the pair of rode.)

'iother A differen opet.ator corre..pondinf. to the rule: "lf any
slit.

relevant difference other than exists, label it."

(;.long- A f iguratie scheme rep -esenting the conclusion generated in
more

the sc.ond step: that the long rod dues bend more. This schetm.

would in effect constitute a parameter necessary to the comple-

tion of the blank in Yother dif.

ORod A A figurative scheme representing a relevant property (e.g. width)

of Rod A.

Otod B A figurative scheme representing the corresponding relevant

property of Rod B.

This final step would actually he accomplished by an iterative series

of substeps, in each of which a different relevant property of the rod

pair would he compared. Since the pretraining ensures that all the rele

vant properties are salient, and since the apparatus is constructed such

that differences with regard to any property (when they exist) are easily

detected, the subject could run through this series of substeps with

little mental eff,Irt, simply by scanning his eyes back and forth between

the two rods, and allowing the content of his perception to be determined

by the most salient features in his perceptual. field. The M-power required

would be e+3, since the executive schebm plus all four of the other schemes

would have to be activated in each substepl and since only one of the

schemes would be directly facilitated by the input at any particular time.

Civn the goal inkrnt in lime e:xeutive, the subject would object to

the proof whenever be dotected a relevant difference between the

rods other than the one cited by the e\perimenter,
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and lit' th, proof whnevr he killed to find suLli dillor-

enco. euly he would ra% au error would b. fait ii h failed to

spot a relevalt ditrerethe due to in-adficient

Nic ro-;;:od . I I I -- .proof coin; t ruct i un

'lie which 11!.ti for the first part of every trial is as

"Slropo::c I didn't bellevo that (e.g. :long) rods bend more

than (e.g. short) rods. Could you do a fair test to prove it to m..?

In order to anzuer t It is (plot; t. on with consistent ;:ucteoz;:: , a sub _loot would

need a gen..ral prof lure for sett:inc. up a situation where the only rele-

vant difference between the two rod:: was the one specified. The follow-

ing executive routine would enable him to do this.

Step 1 - Select a long rod (visually).

Step 2 - Select a short rod for comparison.

Step 3 - Cheek to make sure the pair arc identical in every other

respect. (if not, return to Step 1 or Step 2).

Step 4 - Select equal weights.

Step 5 - Put one weight on the short rod.

Step 6 - Put the other weight on the long rod.

Step 7 - Make sure the weights are in the same position on their

respective rods.

When each step In the above routine is analyzed in dtail, It turns

out tb.lt no step requires that a greater number or sche;%os be activated

than Step 1. Since Step 3 in this sequence is Identical to Step 3 in the

proof -chef 1: i ny. sequence , It. may he colic 1 titled that t Ito 14-po,...,vr row' rod Is

al:.o identical, tvu:oly el h According to the general functional tbory,
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101I0 COnCi(L.10.1*. 1.4.1) he v,uatd. The 1.;.ijorit 01

7- 6-ear tll.lc she(.1.: ..11,1.. hi pd.;.-: th- 1,o(1s test ea thoir

t , t h ir it Ivo develop., Ill 1:

110r: 11 (f. n2). 60 that they are high N -processors (el. D), (c) that

they arc relatively insensitive to any misloadtng cueti tlw task way pro-
()

st..nt . , and (d) that they po::ses:. the required repertoire of

shel:....:; (cf. DI). it is this latter condit ion which must neq: be considered.

I:; it at al l reasoilab 1t' to assume that children of 7 or 8 caul possuss

a repertoire of scheL:es snch as that which has bccn hypothesized?

Tire soot:Is little doubt at all with regard to the f igurat Lye schemes
which have bert described. The familiarization period contains explicit

perceptual training, and therefore serves as a check that the relevant

percoptual features will in fact be part of the subjects' figurative
repertoire (B1). There also seems little doubt that 7- and 8- year -aids

should possess the appropriate repertoire of operat Ivo SChell1V8, The ex-

i:.-:tenco of di!Jance and (plant ity operators can be inferred in this age
group ft-oil the work of Piaget (e.g. 19!i6) or from current work in develop-
1::...ntal linguistics (cf. liarasym, Booroma, and Maguire, 1971). An operator

such as other dif. can be inferred front children's success in performing

tasl:s whore they art' simply asked, "Is there any other way X and Y arc

difforeut ?" The irportant question, then, is whether children of this
ant' could he expeeted to have developed executive schemes or the sophis-

ticated sort which have been postulated. If they understand that a proof

14 it "totally unathiguous der:onstration" (i.. one where only on'' indepen-

(!ent v.iriabl is v.anipnlated and all others are controlled), 'wn it

!,t';; re.c-ouaMo to that they could have constructed suit executive
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Ssh . t h tt t hov 1.1 a t .h.t,1 t la

ws : 1 tr ion period would ital.t. It C Car t h it tilt' 1j:10.:t 1(1:1

f.,,! bond 11._sto, add tho wordinA ("SuppeN0

I didn't bolievo you. Could you do a fair ttst to prove ... t.")

would b :ntftleient addit tonal input to permit the su'ojeet to generate

the yrepriate routine. However, in it re:v.:unable

chi n know (or

to assnuw that your

could come to know) what it moans "to prove sor:othing

to a dkbelie." Is it rvasonablo to the existence of what is,

iu etlect, a "control of variables" scheme?

Witbin the traditional Piagetian framework the answer to this question

Night appear obvious simply from a formal analysis of the structural pro-

pertie,:. of the schen.. Itself. Within the functional_ framework which has

been advanced by Pascual-Leone, however, the' question cannot he answered

until one has also analyzed the nature of the experiences which might

lead to the acquisition of such a schowe (according to the learning pro-

r.entioned in IQ) , and the demands which would be placed on a sub-

ject's function41 system as a result.

III An Acquisition Model for the

"Control of Variables" Scheme

Consider the following imaginary situation.

Gerry and Judy are' both In the same f fifth grade

class. The boys in the class do: i do to have a relay

race against th.. girls in OR Thoy win the

rbto, but not by t ('o t o Judy, Gerry

say. :, "See, 1 t old you t bop; wore beLt or runners

th-a th- not, wo've provd it." Judy replies,
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"oh co.,- off it. Yon boN:4 are not better runners.

The aly roa;:on you von was because your team was

Yon didn't pov,. a thing:"

"Didn't prove .t thing", terry replies. "We won,

didn't we?" "Yeah, but you can't be sure it was

because you were better runners."

38

Suppose that a young child overheard this argument. It seers likely

that he would conclude one of two things (a) Gerry is right: the boys

r.nst be faster runners (b) Judy is right: you can't be sure. He would

not be able to sustain both conclusions since--In this case at least- -

the two are pragmatically incompatible.

The conditions that would determine which conclusion a young child

formed will be discussed shortly. First, however, it is worthwhile to

point out that a child who came to the second conclusion, and who had

never been exposed to such a sittticm before, would, in effect, have

actually constructed a preliminary form of the adult conception of proof.

If he were to come to similar conclusions in other situations, one would

expect his entire chain of reasoning to become consolidated (cf. 12(c)),

and a "control of variables" or "proof" scheme to result. A child who

arrived at the first conclusion repeatedly would also consolidate a notion

of what it meant to "prove" something; however, the "control of variables"

concept would nut be an implicit part of this notion. On the contrary,

the statement: "This proves that A causes 11" would probably come to mean

f.oPiothing of thin order: "It is true tha A causes D and you can plainly

;:e A and varying together in this instance."
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A le, of vit. i.ddt could h. t llr ;:wa) ing a youn,1 ch i Id

t :"1,1 t iL iticollk . 1 , I at I* 1 it Lit t CO r reel Celle 1 IV; i The boy. mir,nt

1J! ta-ter, facilitate the conclm-ion

th.:1 t:wv r:. 1::t he fo:oer runners. The child might have been taught that

boy::: in ft,ener.cl are 1 :1S1 this learning; factor might also

Lac i lit a: t tweon,.1 cone ioa. Fina Ily, the child mie,ht want to be-

lieve tivit boys v.vre better runners, and this affective factor might

facilitate the second conclusion. It salience, learning, and affective

factor:: did not facilitate one conclusion or the other, however, one

e:.pet that equilibration would ensue, and that the child would

evkntually favour the solution which was consistent with the greatest num-

ber of other !..chot.:e:; whi..-h he activated in thinking about the problem

(cf. C7). Put differently, one would expect that the child would consider

both the alternatives, and that he would eventually choose the one which

was con.,1stent with the greatest amount of relevant information. Hy this

(IiLvtioli, the coaclusion which would he chosen would clearly be the

second one, since it is consistent both with the facts pointed out by

Judy, and with the facts pointed out by Cerry. However, before one can

predict with certainty that a young child could actually arrive at this

conelcii01, one must consider the sia:plest chain of reasoning which could

lead hits: to it, and the del:ands which this chain of reasoning would place

on his M-power.

acvisition of hn adult "proof conckyt
.

Iii order to concludo that the footrace didn't prove anything with

rt a int y, the :.ihject mid need an ext. vut t;cher. to di rect hi:: atten-

ti : f i .-t t ;:t .-.1 1 tip. a to t other 1:..
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of uatal I:tep:: to whic:1 such executivo could Oyu rise

would ns tit`

Stop 1 - Co.lcInde that Cerry':-. tom could have` won, even though

they wore worse' runners, slcIply because they were wearing

runninwshoes.

Step 2 - Conclude that Gerry's teaU could have won because they

were hotter runners.

Step 3 Conclude that, since there are two possibilities

you can't be sure which one is true.

The following figurative and operative schemes would be required at

each step.

Step 1 (Conclude that Cerry's team could have won, even though they were

worse runners)

,ferry's= A figurative scheme representing the possibility suggested byvorse

Judy, that Gerry's team were actually somewhat worse runners.

A figurative scheme representing another possibility suggested
better

by Judy: that running. shoes are a big help in a foot race.

Ycomp. A compensation operator representing the rule: "If two

opposing effects oppose each other, the stronger will win."

At this !JA) the operative scheme Ycomp. would apply on the other two

schc:::.s and generate the conclusion that - -even though they were vorse

runaerb--Gcrry's team could have won because of their special shoe.:.

Sttlp 2 (Conclulo that Cerry's team could also have won because boys are

better ruaaers)



4 ('..1 t y in.: A t tt Ivo stilt . r. prc-,0nt I us I on r,cn ti

VOI.`
i11 t;t 1.

c:0 YYy A t tt ilt. :+4.1t,.. Ut111.0:W.at h 1 itt't that COrry ti
tva-
boys cocprisgl entirely cI boya.

Tea 1. A cam,ality operator representing the rule, one event or

f:ei zmot !Ica , it be labelled the catt;:t.."

coaclus 1.1)n 1,t`n` rat ed at tills step would be that Gerry's team could

s 1 mil 1 y beenu:n, they were boys. Since 4.Corry's team-boys would

be field-facilitated, the required M-ower would 1w ell. Note that

(:Crry wins bys-v..or::e would sill 1 1w cent rat ed.

Stt:p...? (Conclude that since there are two opposite possibilities, you

can't be sure)

<Xerry wins A figurative scheme representing the conclusion generated in
boy:: .worse

step J.

4.Cro, wins A fignrati scheme roreLilting the opposing conclusion
boys-,better

generated in step 2.

Ycertainty A cert.:Ay operator representing the rule: "If there is

only one possibility, you can be sure; if there are two

opposing possibilities, you can't be sure".

At this final step, the operative scheme would apply on the two

figurative schemes (neither of which would be fteld-facilitated) and

generate the conclusion that you couldn't be sure whether or not the boys

were Iwtter runners. 10
Again, the required (ar-fly would remain at 03.

Fro: Piagt's work on causality and conservation (cf. 1930, 195?),

tht pre.:yu,. of vperatr.: :dich a; ':comp and Yeaus vay be inferred in the
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repertoire of nor _al I- and 8-year-old children. The tally other operator

reqn t: r , 7111 110:11h1i; rtrt' thall an opera? it)11:11 Illider-

st.indil!i; of tho moaaing of "certain" or "sure." Given children's adequate

use of this term in norcal discourse, It also seems reasonable to assumo

its presence by the age of 1 or S.

At to the general functional theory, therefore, the following

three conditions should determine whether or not children could have

actually followed the above thought sequence repeatedly.

1. Whether or not they had been exposed to indeterminate proof

situations such as that illustrated above (cf. DI).

2. Whether or not they were cognitively normal, and old enough to

have developed an M-power large enough to execute each step (cf. D2).

3. Whether or not they were field-independent: that is, whether or

not they were habitually high M-processors (cf. 1)3), capable of resisting

misleading cues (cf. 11 4).

if it were known that one of these conditions had not been met, then

the prediction could be generated that the children in question should

not have acquired the control of variables scheme. If it were known that

all three of these conditions had been met , and, in addition, that children

had actually gone (or been led) through a sequence of mental steps such as

that itemized above, then It could be predicted that they should have ac-

quired the control of variables ';thee:.', that they should be able to generate

the ex-cutive routines described in the first two micro-models, and that

they should be able to apply these routines to problems such as Bending

,qt Lu first exe!.ure to the.:: (thus passing the teats with pos0,
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Inc lel lo.,iag sect ion cic.;eril,, zt prtliminary st of these pretli et ions.

Se. Pzel 1.xprii-tal 1'indinp.

The experiLent to be seported 1:as conducted in three phass: pre-

testing, training, and posttsting. To eliminate the possibility of

expectation effects,
11

each of th:,e phases was kept completely distinct.

During each pha:.e, children vere interviewed by experir:cuters whop.' they

had never soon before; the experimenters, in turn, were !Jven no prior

Lnowledge about: any child.

Pretest in- Phase

The 11:ain object of the pretesting phase was to select a group of 7-

and 8-year-olds who were undeniably "normal" according to Plaget's scale

of cognitive developidnt, who could clearly be regarded as "high M-processors,"

and who would not be taken in by the misleading factor which appears to be

present in the control-of-variables tasks (see footnote 9 ). In short,

the r:.ain object was to obtain an experimental group which clearly satisfied

conditions 2 and 3 above. A secondary object was to select two control

groups: Pao which met condition 2 but not. 3, and one which met condition

3 but. not 2.

Criterion measures. The measures used to assess cognitive development

were conservation of substance and conservation of weight. The particular

procedure employed was as follows. Each subject was shown two balls of

clay, and asEed to make them equal in amount (or weight, depending on the

proh1 e0. After he had done this, one ball was rolled into a sausage, and

the subjet W0t, asLd whether or not he thought the two still contained the

saow ar.ouot (or weighed the same). An explanation Was requested, and
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Z1.1:101.1: :lI a :':CIites t iit ht.'r I) t. I , ptTI ti I 0:1 t he i r adequacy. The p ro-

c,t1 ti re tea.: ripcatva 0 t:cohl tihe with otle ball being deoe:sd into a

Agaitt, sul,je.ts ::orod cithr 0 or 1 6...ptqle. illy. e1I1 t ht. r

ails :wee and explan.ltioa. rinlily, subjcts wore preseilted with a couater

sut;gostion, that is, they were given the opposite argument from the oat.

they had vdvaaced and were asked to react to it. Once again, their answers

were scored otther 0 or 1, depending on their adequacy. The exact. criteria

11.4tt1 for scoring, and a more detailed description of the standardized pro-

eedure, are available in Pascual-Leone (1969). Subjects who received 3/3

or 2/3 were classified as conservers, subjects who received 0/3 or 1/3

were classified as non-conservers.

The measure used to assess Held independence was the WISC blocks.

The theoretical reason for this choice was that each item demands both that

a salient feature of the display (the overall pattern) be temporarily

ignored, and that a series of mental transformations with a high :i-demand

be executed (cf. D3, 1)4). There were also empirical and practical reasons

for the choice of the measure. In factor an7 -ses, the WISC blocks has

been shown to exhibit minimal loadings on factors defined by verbal I.Q.

Itemi or by Ptagetian it.ems without misleading cues, and to show a high

loading on factors defined by the Rod and Frame Test (cf. Goodenough & Karp,

1961; Pascual-Leone, 1969; Case & GIoberson, 1974). Finally, the WISC

blocks has the advantage of being easy to administer and score. Subjects

who scored one standard deviation above the mean on national norms were

classified aft field independent; subjects who scored one standard deviation

Itlow th wore classified fiid dvundeht.



Sul) I. .1 s. Subjects were obt.tio..d t hrough t he coop. rat ion of three

::hools iu th.. San rr::ncisco riay area, LW%) of which !lerved a

high SS wild out' of w:Iich t:erved a mi%vd'SES arca. All students

in the 1 iryt three grades were tested, providing they were between the

ages of !1.6 and 6.7, or 7.6 and 8.7. Three groups of subjects were then

.4elocted, according to the tolloving criteria.

Group I (11.-:.20) 8 years old, field independent, and cognitively

normal by Plaget' i standards (i.e. conservers

on substance, non-conservers on weight).

Group 2 (n..16) 6 years old, field indewndent, and cognitively

normal by Plagetian standards (i.e. 'con-

conservers on both weight and substance).

Group 3 (n-16) 8 years old, field dependent, and cognitively

normal by PIagettan standards (i.e. conservers

on substance, non-conservers on weight). 12

Desire. Within each group, subjects were randomly assigned to one of

t wt) conditions: instrqction or no Instruction. The descriptive data for

each group arc presented in Table 1.

Insert Table 1 about here

'Pitt' o'ojeot of the teaching ph:y:e was to provide half Lilo subjects with

t op.)ri to dt-,t t tit a:id cole....) 1 id.it t t selwr!) were
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described in the second !;,.ction. This was done by exposing the..: to a

situation allal00t13 to the footrace xa,...Q1, and leading them through the

set of operatioas necessztry for uoderstaoding the irpossibility of being

"sure" about what haa produced tho resul t ; then by presenting them with a

variety of similar situations In hichwith the aid of the experinkenter's

probing questionsthey could convert this newly acquired insight into a

well practiced routine for setting up a fair proof or for checking the

adeciLlacy of someone else's proof.

Procedure. Teachers were provided with a set procedure, and were in-

structed to adnere to it rigorously.
13

The only modifications permitted

were the rephrasing of any sentence which a child did not appear to have

understood, and the repetition of any question which a child did not

attempt to answeL. The total training period was divided into four

separate sessions, each of which was conducted on a different day. The

activities for each day were as follows.

On the first day, each child was presented with the set of rods and

blocks illustrated in Figure 2a. After some practice in weighing rode on

a balance, he was asked to see if he could figure out which of the two kinds

of rods weighed more, without taking the rods and blocks apart. Due to the

misleading nature of the display, all children chose an uncontrolled pair

for comparison. Since the dark blocks had been weighted with concealed

metal inserts, every child concluded that the aluminum rods must weigh more

than the brass ones. The experimenter then removed the rods, showed the

child his error, and demonstrated that if he had picked a pair where the

block, were identical, he would not have been fooled. Six more trials

followed using different kinds of rod :; but the saw! blocks. Any title the

Insert Figures 2 & 3 about here
. - - ^ _ __
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thild coaduqtd au ua.ontrolled te:.t, the vxptri:....ntvr asked, "flow do you

know thi:: pair is. heavier b,cause of the rod. Couldn't it just be hcause

ut the block?" The duralioa of the first se.:sion was apprexiilately

18 minute,.

Un the second day, the first detIonstration was repeated, using the

altered array illu.:trated in Figure 2b. Then the child was shown two

halls or similar appearance (a squash ball and a handball) and asked which

lit: thought was the "bounciest." The experimenter did several tests,

leaving a diTferent factor uncontrolled each time (height of dropping,

!-orc of dropping, material of floor). Each time he asked the child if

the test had been a fair one, and, it so, what it proved. The standard

question (How do you know it didn't bounce hi tier) because it was

(e.r. thrown harder)?) was asked after any error. The child was also

asked to do a few tests himself, and the standard question was repeated if

any test was uncontrolled. The approximate average duration of this session

was 14 minutes.

On the third day, each subject was presented with a factorial set of

eight small rollers varying in material, external diameter, and internal.

diameter. He was given five minutes to determine which of the eight rollers

would roll down an inciined plane the fastest. Then lie was asked if he

thoullht each factor "made a difference," and, if so, to do a fair test to

prove it. Again, the standard question was asked after any uncontrolled

test. The experimenter then did several negative countertests of his own,

again at!Ang the standard question if the subject agreed that the test was

a wed a. The experimenter also provided a verbal definition: you

tan't :04r. it hippened, tho if a fair proo1." The appro ir:ate
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avrap.. duration of this ss.ion was 11 tainut .

03 the fourth dty, the rod and block deron:ttratiQa WaS revivWcd,

11,111,; th vismal array indientd in Fi:;ure :N.:. Then snl,ieets were shown

an array of chips varyitw, alonr Ow following diwenqioa:1: material,

diat.eter, position of hole in center, and size of hole in center. They

were a-lked to test three of those factors separately, to see it each

affected the speed with which a chip would sink down a long plexiglass

tube filled with water. The standard question was asked following incor-

rect tests, and a countertest was presented by the experimenter after

each test of the child's. Any failure to detect the uncontrolled dimen-

sion was again followed by the standard question. The approximate dura-

tion of this session was 14 minutes. The apparatus is illustrated in figure 3.

Teachers. Two different teachers were used, one male and one female.

Each was a graduate student in education, with some previous experience in

teaching young children. Within each school, each teacher taught approxi-

mately half the subjects in each experimental cell.

YPstt"t.J.1:111

The first object of the posttesting phase was to determine whether

subjects could transfer what they had learned to new situations, when these

were presented to them by new experimenters. The second object was to

determine whether subjects could retain what they had learned over a two-

month period. The third and final ol)jeet was; to determine whether any

subjects in the field independent, 8-year-old groups could be said to

pos,:ec.s the "combinational structure" doses:Bed by fnhelder & Plaget (1958).

Procedure. The first week after the teaching had been completed,

ca c!1 child (both inf:tructed and nen-instructed) was te. ted individually on
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Bondin- and on a parallel test called Slinninn Wheels. Each t.:t

took about 15 rinutes to achninizacr, and each was presented on a ditfereat

dty. Order of pre:.eutation Was counterbalanced.

Durinv, the seventh and eighth weeks after the teaching was corIpleted,

each child was retested on Bendint: Roth;. The field independent 7- and 8-

year -olds were also tested on a variation of Inhelder to Plaget's Ce,:binations
.....

problem. The details of the test administration are summarized below.

Criterion tests. The apparatus for Bending Rods has already boon

dehcribed (see Figure 1). Each subject was seated facing the rod-holder "end

on," with the experimenter seated beside him and the scoring sheet concealed

behind tue apparatus. The task was introduced as follows.

"These are supposed to be fishing rods, and these are supposed to be

fishing traps. First of all, I'd like you to put some traps on this rod so

that the traps are in the water, like this (demonstrating), and so that the

rod is just touching the water, like this (demonstrating)." Since the rod

which the experimenter selected was quite stiff, the subject had to place

several traps on it before he succeeded in getting it to touch the water.

When he had finally succeeded, the experimenter asked, "Why do you think it

bent more when traps were on it than when only one trap was on it?"

After the subject had answered, the experimenter either asked him to suggest

another reason (if he was wrong) or continued as follows, "Good, iL could

be that the more weight you put on a red, the more it bends. What about

this rod (identical except for materiol)? Can you get it to touch the

water?" When the subject bad succeeded, the experimenter asked, "Why do

you think it bent more easily?" Once again, the experimenter reinforced

an.! rept,ttc.! stNeett:; answer, if it was correct (e.g. because it is

wooden), or else probed aad ptided the subject until he came uii with another



nn,:v,tr. in th.. I.L.:hion, the sn!..lt w led to the discovery of

te.1111.ini; three dfaHetr, and "point or

14 ..At tiw end of tho pretraining, the experir.:enter smEArized

the subject's It :ing the subject's own wording as r.ueh as

possible.

The subject w.s introduced to the testing as follows. "OK,

now let's do something a bit different. Suppose that I don't believe

that long rods bend more easily than short rods. What could you do to

prove it to ne? Show me a fair test to prove that long rods bend more

than short rods." After the subject had performed an experiment, any

dimensions he failed to control were noted, and the experimenter did an

uncontrolled experiment, saying, "OK (placing medium weight on rods #1 and

4)., Would this be another fair way to prove it? Does this prove that

long rods bend more than short rods?" If the child replied that ft did

.not, the experimenter asked, "Why not?'

The same procedure was repeated for each of the five variables: the

child was asked to do a test of his own and then the experimenter pre-

sented a negative countersuggestion. The negative countersuggestions

were constructed with the following constraints in mind. (1) One variable,

and only one variable was uncontrol led. (2) Although one variable was un-

controlled, the observed effect never provided a clue that this was the

case (e.g., the lung rod did not bend less than or the same as the short rod)

(3) The variable which was uncontrolled was never one which the subject

hid investigated in th :. Imm..diately preceding trial. (4) In the course of

the five trials, each of thi. five variables wa:; uncontrolled once.
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Finally, at two poinz drat ill:; the testing period (Trial 1, after the

negative eoulleersntiou, and Trial 3, before the negative counter-

nuexestioa), the e:..perii.onitr ako pre:.ented a .posit eountersngeestion.

Since the purpose of th:%. positive eountersuggestions was simply to

prevent the subject from developing a set to object to ala test suggested

by the everillenter, his response to these questions was recorded but not

actually scored. No feedback was provided as to the "correctness" of any

response, even if such feedback was requested.

The subject received 1 point for every test of his own which was per-

feetly controlled, and 1. point for every negative countersuggestion to

which he objected with an adequate explanation. The criterion for adequacy

was that the subject label the uncontrolled variable, and make some mention

of its possible confounding effect. Since there were five independent

variables to be tested, the maximum total score was therefore 10. A score

of 8/10 or better was used as a conservative criterion for success; a

score of 5/10 or better was used as a liberal criterion for success.

The Spinning Wheels task was formally identical to Bending Rods. The

only differences were (1) in the variables investigated,
35

and (2) in the

nature of the familiarization period. In the Spinning, Wheels test, the

experimenter never presented subjects with a situation during the introduc-

tion where every possible variable but one was controlled.

The Combinations test which was administered is based on the one

originated by riaget & inhelder (1951) and is described in detail by

Pascual-Leone (1969). Children were told a story about alchemists, and

presented with chips of five different colors (supposedly representing five

cifferent rinorals). This wore told that th. object was to figure out every
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co-hinitie:: which is fight po:.uibly produce gold Olen hoated in an oven.

Aftr six minute:: in which anipulatien of the chips wa., permitt,a, sub-
jectt, were asked te write down (or dictate) all the eo:bination.; they had
found.

Testers. Two posttesters were used, both of whom were female. Within
each school , each tester tested approximately

half of the subjects in each
of the six experimental cells.

Predictions

It will be remembered that--according to the models developed in

Sections 11 and 111--the following conditions were held to be necessary
and sufficient for consistent success (across problems and over time) on
control of variables problems.

1. An appropriate repertoire of schemes (in particular, an appropriate

executive).

2. An nvower of at least e+3.

3. A tendency to use this 1.I7-power to its fullest, and not to be dis-

tracted by any misleading cues.

Given the basic postulates of Pascual-Leone's theory, the following

predictions were therefore advanced.

1. The field independet,
8-year-old, instructed group would pass

both the Immediate and delayed posttests involving the control of variables,

even though they failed the test of combinations. This prediction was made

because this group satisfied all three of the above conditions.

2. The field independent,
6-year-old, instructed group would not pass

any of the immediate or delayed post tests, even though they had been ex-

pefied to the treate.ont. ThiN prediction was made because this group failed

tc sat isty condition 2.
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3. So.. of the tield ind-pendent, 8-year-old, uninstructed

group mi,..4t p.tss the i:::ediate posttests. Whatever this proportion, it

would not doeras oa the delayed posttests and, in fact, might well

increase. This prediction was v!ade because this group satisfied condi-

tions 2 and 3, and its status with regard to condition 1 was unknown. On

the delayed posttest, it wan at least knoum that the group had had two

occasions to construct an appropriate executive scheme, namely those

vccanions provided by the Immediate post tests.

4. The performance of the field dependent, 8-year-old, instructed

group would be inters ediate between that of the other two instructed

groups. This prediction was made because of the presumed failure of this

group to satisfy condition 3.

Results

As may be seen from an inspection of Tables 2 and 3, the pattern of

results was exactly as predicted.

Insert Tables 2 and 3 about here

A. For the instructed group:

I. Even by the most conservative criterion, eight of the ten

field independent 8-year-olds passed each of the immediate post tests.

This proportion showed no decrease on the delayed posttest.



2. Evan by the :.ost liberal criterion, only one of the t.n

field independent 6-yearolds passed either of the imLiodiate post-

tests. iltIS :Alwed no increase on the delayed poittc.a.%

3. either criterion the proportion of field dependent 8-year-

olds who passed the imediate posttests was lower than the proportion

of field independent 8-year-olds who passed. This pattern was main-

tained on the delayed posttest and, as is shown in Table 4, was

statistically significant even when differences in verbal I.Q. were

controlled through analysis of covariance.

Insert Table 4 about lore

B. For the uninstructed groups:

1. On the immediate posttests, no group achieved a majority of

successes by the conservative criterion; however, by the liberal

criterion, and on the Spinning Wheels test, six of the ten field

independent 8-year-olds succeeded.

2. On the delayed posttest, six of the ten field independent 8-

year -olcb succeeded, even by the most conservative criterion. This

proportion was significantly higher than that achieved by either of

the other two groups (Fisher Exact Test: p = .053 8 yrs. FD; p = .026

6 yrs. FI).

C. On the CoO)inations Test:

I. Neithor of the field independent 8-- year -old groups showed any

evidence of a combinational procedure.



1 h..Yo Va:-. no sigaitic.lat ditterence between the in;:truetd

and uninArut.! yeups in the Nan number of combinations generated

(14.4/0: ii:,tracted; 11.Wi1 : uninstructed).

V Discussion

At the br.inoing of this article, it was pointed out that Pascual-

Leone's theory of dvelopment is not intended to replace Piaget's, but

merely to ',lake it functional. Its goal is to provide an adequate account

of the mechanisrts by hich Piagetian competencies are acquired and utilized.

Civen the natures of the results which were successfully predicted, however,

it seem; worthwhile to raise the question of whether the two theories are

really as compatible as was claimed. Can Piagetian theory accommodate it-

self to the fact that certain formal problems can be solved with insight

before certain concrete problems: that a formal substructure can be ac-

quired at the beginning of the period of concrete operations, and before

the acquisition of the formal superstructure of which it normally forms a

part (the combinational system)?

The answer appears to be that it can.

The traditional Piagetian position with regard to structural learning

is quite simple. It acknowledges that such learning can occur, provided

(a) that subjects already possess the structure in question, at least in

some preliminary form, and (b) that the external conditions are such as to

produce internal disquilihrium (cf. Piaget, l964; Inhelder & Sinclair,

1971). Since both these conditions appear to have been satisfied in the

present study,
16

it is not difficult to explain the general form of the

results from a traditional Plagetian perspective: The group which had a

preliminary gra,:p of the structure consolidated it; the groups which had
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The only question

Odell re: :inn t indcpoudent 7- and 8-year-old.: thanagod to

,,,cod rt. d prl ii tr.. y,ra .p :it tilt ,ont lot tai voiobles structure to bgin

with. Here the an,Yor appears to lie, as with the theory proposed by

1'ascu1-1....ono, In the distinction between an analysis which Is purely

structural and an analysis which also considers the operations by which

structures are acquired and utilized. From a purely structural point of

view, the control-of-variables scheme is indeed a formal one. As Inheider

and Piagt have pointed out (1958, p. 62), it involves the whole interpro-

positional combinatorial system. However, from a functional- structural

point of view, the same scheme could be considered either formal or concrete,

depending on the operations which were involved In its acquisition and

utilization.

To appreciate how the control-of-variables scheme could be acquired by

means of concrete operations, consider the footrace example once again.

The understanding that the race does not constitute an unequivocal proof

depends largely on the realization of one simple fact: that the boys could

have won even though they were slower runners, due to the assistance they

received from their special running-shoes. In turn, the realization of

this fact depends on one simple mental operation: a multiplication of

inverse relations (A4, x Bt = Agt where A represents the effect of the boys'

bodies, 11 represents the eff(Tt of their shoes, and the arrows represent

the magnitude and direction of these effects). Since this operation is by

definition a concrete one (Plaget's Crouping VIT) one would expect that

rpated exposure to situations such ay; the footrace argument would lead to a

concrete" control of variabl :; shele.
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To apprvCi.ttx how this 81t: Scher.o cotild OtiliZod tO solve more

cor..lic.atd proof probltms, con,Jder the fact that although a subject my

bore to select a pair of object: in which tour extraneous variables may

be uncontrolled, he does not necessarily have to think of all foul of

those vlriables simultaneously. He can consider each possible pair of

objects a: though it were constituted by a number of sets of simple two-

variable items. If the task is to establish the effect of A in the face of

other possible effects BCDE, then any salient uncontrolled dimension in

the potential object pair constitutes a valid (and adequately understood)

reason fur rejecting that pair. In exactly the same manner as he rejected

the footrace as a proof, the subject who notices that (for example) D is

uncontrolled, can therefore justify a rejection of the proof. He can

simply reason that the positive result may not be due to

the positive effect of A, but rather to the over-compensating effect of D

(A4. x Dt = AW).

Clearly, the distinction between the structural aspects of a theory and

its functional aspects is an important one. For, although Piagetian theory

can explain the results obtained in the present study, it would certainly

not have .11Tdicted them. In the absence of a sharp distinction between

structure and function, the most obvious prediction to have made from

Piagetian theory would have been just the opposite from that which was made

on the basis of Pascual-Leone's theory. It would have seemed much more

obvious to predict that the control of variables scheme could onj be ac-

quired by a:4silalIation to, or In conjunction with, the global logical

structure of the formal operational period. In fact--although it is by no

to.tht..ir thory--thiq exactly the sort of nssertioa
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inhelder & Piavt have eeeiu.ionally :qade in the past.

Whereas the stage 11 leoncrete] subjoct compares

any rod wl,atever to any other, liuiting hiciself to

a statement of the most obvious relations, the stage

III [format] subject understands that if he is to

establish a given relationship, it is important to

select certain pairs of rods rather than others.

(Inhelder & Piaget, 1958, p. 58). Only at 14-15

years can subjects spontaneously organize and utilize

[this method of verification) without error. (ibid.,

p. 60). ... the process of verification, based on

the schema "all other things being equal," is com-

plex and actually involves the whole interproposi-

tional combinatorial system (ibid., p. 62).

Interviewer: What if the teacher were to demonstrate

the experiment I i.e. the verification

method., to the class?

Piaget: It would be completely useless. The child

must discover the method for himself.

... (Hall, 1970, p. 30).

Two conclusions, therefore, may be generated on the basis of the re-

sults obtained in the present study.

1. The first is that the acquisition of any particular item of know-

ledge does not depend on the match between the formal structure of that

knowledge and the formal structure of the knowledge which the child already



3t)

posse::scs. Rathci, it donkls upon th match between the pragmatic

structurc of the situation in vhich th child first has a chance to con-

struct that particular el kho::ldi...e, and the functional Iimits:tioas

of his thought proces:;es at the sta..r in his life when he first encounters

such a situation.

2. The second is that, because Pascual-Leone's theory of development

concentrates more heavily on functional mechanisms than does Piaget's,

it is capable of generating performance models of somewhat greater pre-

dictive power.

In the present study it was shown capable of predicting the ae at

which a particular structure can be constructed on the basis of a partcular

sort of experience, as well as the kind of sub ssi. for which this is true.

In other recently completed studies it has also been shown capable of

predicting the presence or absence (a) of horizontal decalage (cf. Pascual-

Leone & Smith, 1969; Pascual-Leone, 1973), and (h) high inter-task correla-

tions among stage-related tasks (cf. Toussaint, 1972, in press). Given

the difficulties which such phenomena have traditionally presented for

developmental, psychology in general, and Piagetian theory in particular,

the functional approach. suggested by Pascual-Leone's theory seems particu-

larly promising.
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2. The text of this report is identical to an article which will appear in

Cognitive Psychology, 1974 (Fall). The material in the appendix, however,

does not appear in the article and is included for the benefit of those who

might wish a more detailed understanding of the procedures.

3. Although this is the intent, the construct clearly bears an even more

striking correspondence to what information theorists have labeled "working

memory" (cf. Norman & Lindsay, 1972).

4. Since this scale plays a central role in the theory, it is worthwhile

mentioning that considerable evidence has already been obtained in its

support (cf. Parkinson, 1969; Pascual-Leone, 1970; Case, 1972, 1974;

Toussaint, 1972,in press; DeAvila, 1973; Scardamalia, 1973, 1974).

5. For data which support this interpretation, see Pascual-Leone (1969),

or Case & Globerson (1974).

6. lt is axtomatic to Piaget's theory, for example, that knowledge may be

clat:sified as "f igurat ive" or "operative," and that the formation of im

struLurcs depends as much on a child's general level of "operativity" as

it doe:, on his specific experience (Piaget, 1970).



Case 45

7. For the balance of this paper, the symbol p.A. (Y) will he used to

denote au operativ,, seh;..; the sp!bel phi (0 will be used to denote a

figurative scheme.

8. The necessity for the constant activation of (gong-more stems from the

fact that the subject's search is field-directed. Since the subject is,

in effect, scanning for any salient difference whatever between the two

rods, he must remember whith difference, when detected, does not call

for a rejection of the proof as unfair.

9. The factor which might be misleading is the criterion question itself,

which explicitly draws the subject's attention to the relationship between

the two variables mentioned (e.g. length and bending) and thus render::: the

variables not mentioned (i.e. the crucial ones) less salient.

10. Note that if subjects did not have a tendency to activate all the

schemes relevant to the conflict (C7) or if they had insufficient Itt-power

to "carry forward" 4Gerry wins, precisely the opposite conclusion would

boys'worse

be generated.

11. The importance of controlling for expectations in Piagetian research

is discussed by Kamii & Derman (1971).

12. Since the criterion for field dependence was a score at least one S.D.

below the mean on the WISC blocks, readers in the psychometric tradition

might prefer to label this group as being low in "analytic intelligence."

They should note, however, that the group was still well above average in

verbal intelligence as indicated by their scores on the Stanford-Binet (see Table 1).

33. A detailed account of this procedure is presented in Appendix A.

14. "Point of leverage" refers to the distance from the baseboard to the

point at which a weight is placed. In Inhelder & Piaget's (1958) original

proceda, crosseetioiuii shape was used as the fifth independent variable;
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the change in the present experiment was introduced purely for reasons of

coavenienee.

15. The dependent variable was the relative length of time WO marbles

remained on a spinning wheel. The Independent variables were the size,

shape, and material of the marbles, the size of the holes on the wheel

(in which the Marbles were plaed), and the distance of these holes from

the center of the wheel.

16. The performance of the high N- power, 8-year-old, uninstructed group,

particularly on the second posttest, may be taken as evidence for some preliminary

presence of a "control of variables" structure; the constant introduction

of an opposing interpretation by the experimenter may be presumed to have

produced "disequilibrium" In the instructed group.

Dr. Robbie Case
Institute of Human Learning
University of California
Berkeley, Calif. 94720
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Tablc 4

Anai i of Covariance for 8-year-o1d Croups:

Effect of I.Q. ElIminata

MCNISUCV Source Mean Square 1'(3,33)0.1.414111 .1...
(FD)

Bending Rods Field Dependence 28.1 4.17*

(Immediate Posttest)
Instruction (I) 52.1 7.7**

FD x 15.7 2.3

Spinning Wheels FD 68.7 9.4**

I 95.9 13.1**

FD x I .01 0

Bending Rods FD 55.9 8.1**

(Delayed Posttest)
49.4 7.2*

FD x I 3.5 .51

*p<.05

**p<.01
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I) ;t 1

E:

S:

E: O.K. CAN YOU USE IT TO TLLL ML WHICH WEIGH ::U L:, GRAY RODS OR WHITE

RODS?

(H pllc:: 2 wand and 2 steel rods in front of Al.

S: (Pettit:;; the:. on the balance.) THE GREY ONES WEIGH NOST.

r: GOOD, ::OW HLRE'S A TRICKY QUESTION. places the blocks in a

misleading position in front of him) . WHICH WEIGH MORE, ORANGE RODS

OR SILVER RODS? (If S starts to take them apart, tell him he is not

allowed. Make sure he also uses the balance).

S: THE SILVER.

* E: SO YOU THINK TILL SILVER RODS WEIGH MORI:, LET'S SEE IF YOU'RE RIGHT.

WHICH SIDE SHOULD GO DOWN?

S: Thiz one

F;: (After delionstrating). HOW DO YOU THINK I FOOLED YOU?

S:

E: THAT'S RIGHT (or if S cannot figure it out) FEEL THESE BLOCKS. I

FOOLED YOU BECAUSE TH1S BLOCK WAS SO HEAVY THAT IT PULLED THE BALANCE

DOWN (gesture) AND MADE THE SILVER ROD LOOK HEAVIER, EVEN THOUGH IT

WASN'T.

H: NOW I'M GOING TO ASK YOU A TOUGH QUESTION. CAN YOU THINK OF THE WAY

TO DO THE TEST, SO YOU WON'T GET FOOLED BY THE BLOCKS.

(If S says "take them apart" say "GOOD! IS THERE ANY OTHER WAY?"

If he figures it out, praise him otherwise, read next bit).

H: YOU SHOULD PICK TM: 1:0ERE THE BLOCKS ARE THE SAME. (Demonstrating)

SEE, MIEN THL BLOCKS ARE 1HE SAME, (Point) IT DOESN'T FOOL YOU. THE

SILVER ONY DOESN'T LOOK HFAVICR.

H: (Takin:; the apnrt and replacing them on scale). NOW PAY ATTENTION

CA:CFL;AA. ANT) !MAT:: Wri' Tur BLOCKS PAVE TO BE THE SAMF.

A: I:otoilc0 ProOur

THIS IS A FALANGE, P YOC !:.ini:U;M: HOW TT WORKS?

YES.
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Step ( ) L: (Put rods on. Than vsk). VETCH IS hEAV1ER?

S:

( ) RIGHT. (Put some blocks on - say) SEE. WHEN THE BLOCKS ARE THE SAME THE

°RANCE ONL STILL LOONS HEAVIER. THE BLOCKS DON'T FOOL YOU.

( ) E: EVEN IF I USE THESh TWO, 1T DOESN'T FOOL YOU BECAUSE THEY'RE STIII

THE SAME.

( ) E: BUT WHAT HAPPENS WHEN I PUT TWO DIFFERENT ONES ON. SEE, IT DOES

FOOL YOU. 1T MAKES THE SILVER ONE LOOK HEAVIER, EVEN THOUGH IT ISN'T.

E: IT ALWAYS WORKS THAT WAY, IF YOU MAKE THE BLOCKS THE SAME, THEN THEY

CAN'T FOOL YOU. YOU CAN TELL WHICH ROD IS HEAVIER. BUT IF YOU DON'T

THEY CAN FOOL YOU.

E: NOW SHUT YOUR EYES, AND I'LL CHANGE THINGS AROUND TO SEE IF I CAN

FOOL YOU AGAIN.

#2 BRASS VS. SILVER

#3 BRASS VS. COPPER

#4 BRASS VS. WOOD

#5 WOOD VS. STEEL

#6 STEEL VS. BRASS

#7 STEEL VS. COPPER

If S makes a mistake at any time, recycle to *. If S goes for one par-

ticular color at any time, extract one of them. Discontinue when 7

arc finished or when 20 minutes are up and note the number of correct

vs. incorrect items S obtained.



53

(1) E: DO YOU RIMEMBER WHAT WE DID WITH THE BLOCKS?

S: YES.

E: (If S failed). WELL, WE'RE GOING TO TRY A FEW MORE WITH THEM.

F.! (If S passed). WELL, TODAY I HAVE THEM FIXED SO I'M ALMOST CERTAIN

1 CAN FOOL YOU. DO YOU THINK I'LL BE ABLE TO? (smiling)

S: YES OR NO

E: O.K. WELL LET'S SEE. WHICH WEIGHS MORE?

1. COPPER. VS. STEEL

2. BRASS VS. STEEL

3. BRASS VS. ALUMINUM

4. STEEL VS. ALUMINUM

5. BRASS VS. WOOD

(In each of the above examples, place the underlined rod at the base in

the formation shown in figure 2b. Alternate between a dark and light

block at the base).

(If S picks two where the blocks are different recycle to the old ex-

planation. If he is correct, praise him and go directly to the new

example. If he picks two where the rods are the same, continue).

E: LISTEN TO MY QUESTION AND LOOK AT THE RODS. WHICH WEIGHS MORE

ONES OR ONES? (If he does not realize his

error after a few repetitions, ask) I SAID WHICH WEIGHS MORE

ONES (pointing) OR ONES? (pointing).
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IS THAT A oNR? No. IT ISN'T. YOU HAVE TO BE CAREFUL
M.111iMM *1111,......

TO ANSWER MY QUESTIW. (Replace patiern as was and repeat). NOW,

WHICH WEIGHS MORE ONES OR ONES?

(2) E: NOW LET'S TRY SOMETHING DIFFERENT. FIRST OF ALL, FEEL THESE TWO BALLS.

(Giving them to S) . DO THEY FEEL THE SAME?

S: NO

E: (Taking them back). RIGHT (or not quite) THE RUBBER IS NOT QUITE THE

SAME. THE RUBBER IN THIS ONE IS HARD AND THE RUBBER IN THIS ONE IS

SOFT. WHICH KIND OF RUBBER DO YOU THINK BOUNCES BETTER, HARD RUBBER

OR SOFT RUBBER?

* E: O.K. I'M GOING TO DO A TEST. (Drop °Tic on carpet, one on sponge;

both from same height. Make sure the good bouncer hits the bad

material. Hold them in your hands after you catch them, at the appro-

priate height). THERE, WAS THAT A FAIR RACE? DID THAT PROVE THAT THIS

RUBBER (indicating) BOUNCES BETTER THAN THIS RUBBER?

If S is correct follow (1)below, if not, follow (2) below.

(1) * E: WHY NOT?

S: YOU BOUNCED IT ON THE PILLOW.

E: WHAT'S WRONG WITH THAT?

S: ?

E: GOOD, IT'S NOT FAIR BECAUSE THE PILLOW COULD BE MAKING IT LOOK LIKE

A BAD BOUNCER, EVEN THOUGH IT'S NOT. LET ME TRY AGAIN.
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F.: Continues from star for

(2) height uncontrolled

(3) force uncontrolled

(4) fair test

E: NOW I WANT YOU TO DO A TEST (Handing him 3 balls). SHOW ME THAT BALLS

WHICH ARE DROPPED FROM HIGH UP BOUNCE MORE THAN BALLS WHICH ARE DROPPED

FROM LOW DOWN.

(If S gets it praise him, and terminate session, if not say:

E: OH, OH, THAT WASN'T A FAIR TEST, HOW DO YOU KNOW THAT IT DIDN'T BOUNCE

LOWER BECAUSE OF THE RUBBER, NOT BECAUSE OF THE PLACE IT STARTED FROM?

(2) E: ARE YOU SURE THIS ONE BOUNCES HIGHER?

S: YES

E: YOU TRY. (removing pillow).

E: HOW COME IT BOUNCED HIGHER THIS TIME? (With prompting). BECAUSE IT

DIDN'T DROP ON THE PILLOW. YOU SEE, IT WASN'T A FAIR TEST BECAUSE THE

PILLOW WAS SLOWING THIS ONE DOWN.

Repeat test

(2) height uncontrolled

(3) force uncontrolled

(4) fair test

As soon as S gets one right, shift back to '.
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E: TODAY WE'RE GOING TO BE WORKING WITH THESE ROLLERS, BUT, FIRST OF ALL,

I'D LIKE YOU TO SEE IF YOU CAN FIGURE OUT WHICH ONE IS THE FASTEST.

HERE, YOU TAKE THEM, ROLL THEM DOWN THE HILL, AND SEE WHICH ONE IS THE

FASTEST.

(Answer any questions S may have at this point about how he Ls allowed

to do it)

E: TELL ME, WHICH DO YOU THINK ARE FASTER, THE GREY ONES OR THE ORANGE

(brown) ONES? (Wait for S to respond). AND WHICH DO YOU THINK ARE

FASTER, THE BIG ONES OR THE LITTLE ONES? (Wait for S to respond).

AND WHICH DO YOU THINK ARE THE FASTEST, ONES WHICH ARE FILLED WITH WAX

OR ONES WHICH ARE EMPTY?

E: ARE YOU SURE THAT THE WAX ONES ARE FASTEST?

* E: SUPPOSING I DIDN'T BELIEVE YOU, HOW WOULD YOU PROVE IT TO ME?

(If S is wrong, go to (2). Otherwise continue from (1)

(1) E: GOOD, WOULD THIS BE ANOTHER FAIR WAY TO PROVE IT? WHY?

(If S is incorrect, go to (3), othezwise continue).

E: GOOD! IT WOULDN'T BE A FAIR TEST (race) TO SEE IF THE WAX WAS MAKING

IT GO FASTER, BECAUSE IT COULD BE THE SEE WHICH WAS MAKING IT GO FASTER.

YOU COULDN'T BE SURE.

E: LET'S TRY THIS ONE NOW. YOU REMEMBER YOU TOLD ME THAT

(ii) BIG ONES ROLL FASTER THAN SMALL ONUS.

(iii) LIGHT ONES ROLL FASTER THAN GREY ONES.
(copper) (iron)

LET'S SEE YGU PROVE IT. REMEMBER: MAKE SURE IT'S A FAIR TEST.

(Continue as from * for both ii and iii. Note how many tests and how

many conntersuggestions S gets correct).
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(2) E: WVY DO Y( Tnmu lUTS Mi.. WON?

(3)

(tf S says because It has wax) .

E: WELL, HOW DO YOU KNOW IT DIDN'T WIN BECAUSE IT WAS BIGGER? I WANT YOU

TO PROVE THAT. IT WILL STILL WIN, EVEN IF IT'S NOT BIGGER. TRY AGAIN.

REMEMBER MAKE EVERYTHING ELSE THE SAME SO WE FIND OUT WHAT DIFFERENCE

THE WAX MAKES.

(If S says because it has more wax and it's bigger).

E: DOES BEING BIGGER HELP IT GO FAST TOO? (Pause). THEN THAT'S NOT FAIR:

MAYBE THE SIZE IS FOOLING US LIKE THE BLOCK DID ON THE BALANCE. MAYBE

THE WAX ONLY LOOKS FASTER AND REALLY IT'S SLOWER. HOW COULD YOU TEST?

(If necessary) MAKE THEM THE SAME SIZE.

E: OH, OH, YOU LET ME FOOL YOU THIS ISN'T REALLY A FAIR. TEST AT ALL.

LOOK, (pointing) HOW WOULD SOMEONE BE SURE THAT THIS ONE WENT THE

FASTEST BECAUSE IT HAD WAX IN IT. IT COULD BE JUST BECAUSE IT WAS

BIGGFR. FOR A FAIR TEST, EVERYTHING HAS TO BE THE SAME. LET'S TRY

ANOTHER; WOULD THIS BE A FAIR TEST (leave material uncontrolled -

repeat explanation if S is incorrect, then go back to *. Go directly

back to * after congratulating him, if he is not incorrect).
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Day 4

F: BEFORE WE START WORKING WITH THESE TUBES OF WATER, I'D LIKE TO SEE IF

YOU RF:EMBER WHAT I TAUGHT YUU WITH THE BLOCKS. COULD YOU SHOW ME

HOW '.OU COULD FIND OUT WHICH WEIGH MORE: RED RODS OR BLUE RODS?

(Arrange Rods and Blocks as in Figure 2c)

(If S starts to make a mistake say either - REMEMBER I'M ASKING YOU

ABOUT RED RODS AND BLUE RODS or REMEMBER, YOU'VE GOT TO PAY ATTENTION

TO THE BLOCKS, TOO, SO THAT THEY DON'T FOOL YOU).

(If S fails, go through the usual explanation and give him

(2) yellow blue

(3) yellow red

then on to what follows. If S passes, go on directly to what follows.

E: GOOD, NOW DON'T FORGET, BEFORE YOU TEST ONE PART OF ONE THING (gesture)

AGAINST ONE PART OF SOMETHING ELSE (gesture), MAKE SURE THAT ALL THE

OTHER PARTS ARE EXACTLY THE SAME. MAKE SURE THERE'S NOTHING ELSE

ABOUT THEM WHICH COULD TRICK YOU INTO THINKING THE WRONG THING.

(Set up apparatus as in Figure 3)

E: SEE HOW THIS WORKS, WE DROP CHIPS DOWN LIKE THIS, SO WE CAN SEE WHICH

SINKS FASTEST. NOW FIRST OF ALL, I WANT YOU TO USE THESE ONES TO FIND

OUT WHICH SINKS FASTEST

(etc. as indicated on Figures 4, 5, and 6).

For any error haul it back up and say you said. X sinks faster than Y,

but how do you know etc.).

For any correct. response, provide a countersuggestion.



List of rigurez;

rigure 1. L:ndine. Itod3 Apparatus.

Rod 1: wood, 13" x 2/16".

Rod 3: brass, 10" x 1/16".

Rod 3: wood, 16" x 5/16".

Rod 7: brass, 16" x 2/16".

Rod 9: brass, 10" x 1/16".

Rod 2: brass, 20" x 3/16".

Rod 4: wood, 20" x 2/16".

Rod 6: brass, 6" x 1/16".

Rod 8: wood, 20" x 3/16".

Rod 10: wood, 16" x 2/16".

Figure 2. The Layout of Rods and Blocks for Training.

Figure 3. Apparatus Used for Sinking Chips Demonstration.

Legend: R - rubber band holding brass rod in center of tube

W - water level inside plexiglass tube

B - brass rod to insure that chip sinks to bottom without

flipping on its side.

S - seal preventing water from escaping, and holding bottom end

of brass rod in position.

WB - wooden blocks holding plexiglass tubes in position.

P plunger designed to retrieve chips after they have fallen to

bottom of tubes.

T - threads used to lift up plunger.

Note 1. Chips are placed on brass rod so that both threads

and rods, ass through their centers.

Note 2. Both rods are fitted with threads and plungers.

These have been omitted from the left-hand rod in the

present diagram for the sake of visual clarity.

G - gate designed to start chips down each tube simultaneously.

A chip is placed over each rod and laid to rest on the

starting gate as indicated on left rod. At the starting

signal, the gate is jerked out in the direction of the arrow,

with the result that both chips hit the water simultaneously.
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List of Figures (cont.)

Figure 4. Layout of chips for trial 1.

than little ones?)

(Question: Do big ones sink faster

Figure 5. Layout of chips for trial 2. (Question: Does the size of the hole

in the middle make any difference?)

Figure 6. Layout of chips for trial 3.

than plastic?)

(Question: Does steel sink faster
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