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LFARNING AND INTELLECTUAL DEVELOPHINT

Robbic Case]’ 2

University of California, Berkeley

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

intellcectual development is predominantly a structural one: it aims at

a formal description of the humanorganism's knowledge or competence at
different points in time. What developmental psychology now nceds~-if
it is to achieve a greater degree of predictlive power--~is a parallel

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

the devices or mechanisms by which human knowledge Is actually acquired
and utilized. The purposes of the present report2 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 Plagetian tasks, (c) to present some counter-intuitive data which
are successfully prelicted by these models, and (d) in the light of the
data, to ruconsider the naturc of developmental limitatlions on the acqui-

sition of specific logical structures.

I A Neo-Piagetian Theory of Development
The theory to be summarized in this scction was first proposced by
Pascual-lcone, in a doctoral dissertation submitted to the University of

Geneva (Pascual--Leone, 1969). Siuce that time it has been wodificd and
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claborated, particularly with a view to facilitating the sort of de-
tailed funct ionalmodelling which will be attempted in the second section.

The basic construct employed in the theory is the Plagetlan notion
of a schemve. Schemes are defined as the subjective wnits of thought,
that is, as the mental blueprints which represent expericnce and which
are respoasible for producing behavior. They are classified into three
main categories: figurative, operative, and exccutive.

Figurative schumes are roughly equivalent to what Miller (1956) has
labelled "chunks." They are the internal representations of items of
informat lon with which a subject is 1. uiliar, or of perceptual configura-
tions which he can recognize. Like i* pattern recognition devices
described by Neisser (1967), they a:. assumed to act on a welghted set of
features or cues, rather than simply to re-act to some "stimulus" or
"jnput." If, for example, a subject looked at a photograph and asserted
that it was a picture of his housc, one would say that he did so by
t ransforming 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,
19538; Klahr & Wallace, 1970). They are the internal representations of
functions (rules), which cau be applicd to one set of flgurative sichowes,
in order to gencrate a new set. If, for example, a subject were to look

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

" funcrion (it two objects are alike in

scheese represent ing a "sameness
all relevant aspects, they way be presumed to be the same") to the
figurative schemes representing the features of cach of the photographs
in questlion, and that he generated a nev figurative scheme representing
the fact: “fThese two photographs are actually of the same house.”
Finally, exccutive schemes correspond to what Miller, Galanter, and
Pribram (1960) have labelled “plans," or what Newell and Simon (1972)
have labelled "executive programs." They are the internal representatioas
of procedures which can be applied in the face of particular problem
situations, in an attempt to reach particular objecctives. As such, they
are to a large degree responsible for determining what figurative and
operative schemes a subjcct activates in any particular situation. It
would be unlikely, for example, that a subject would activate the figura-
tive and operative sciemes mentioned in the previous paragraph, unless the
operation of comparing photographs was a planned part of some exccutive
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
izportant operation, to a highly sophisticated contingency plan in which
photograph~comparison played only a minor role.
Although schenvs are classified into three different categories, it
ray be scen that they are all alike in the following respects:

Al. They are all highly "active.” They are not simply triggered by
y Yy

some input s rather, they apply on It and transforn It.
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Ao They are all functicaal uwnits, cven though they oy vary in
content and structural cowplexity,

A3, they all consist cof twvo components, an faitial set of conditions
under which they can apply (i.e., a releasing cowponent), and a subsequent
set of conditions which they can generate (f.e¢., an effecting component).

Given this characterization of the nature of schemes, it fol lows
from ithe literature on carly infancy that children are born with an innate
repertoire of scensory motor schemes (Piaget, 1952, 19543 Fantz, 1963;
Kagan, 1971). New schemes are assumed to be acquired in a number of
fashions:

Bl. 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. Cibson, 1969). (b) As
the result of repeated application of an 0ld scheme, new componcutls can
become incorporated into its effecting component. This is what is assumed
to occur, for example, in the course of "trial-and-error learning."

B2. 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 figvrative schemes, the entire group can be asseinbled
into a higher-order unit. This is what is assumed to occur, for cxample,
in the emergence of perceptual "chunks" (ef. Miller, 1956). (b) As the
result of the application of an operative scheme on a set of figurative

schenes, the new figurative scheae gencerated by the transformatioa can
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becooe a percanently fixed functional wnit.  This is vhat is assarmed to
occur, for exarple, when a subject penerates and retaing a new iten of
inforiation frow his already existing store, without ever being presented
with this ftem divectly. (¢} As a result o, the repeated and successiful
application of a secries:of schemes to the solution of a particular class
of problceas, the vl svgaence can become incorporated into a bigher-
order functional unit which can serve In future situations of a similar
sort as a ﬁorc highly articulated exccutive schenes This is what is
presumed to occur, fur example, vhen a subject gradually evolves a sophis-
ticatced "strategy' to deal with a particular class of problems (c¢f. Bruner,
Goodnow, & Austin, 1956).

In the course of everyday interaction with the world, then, subjects
are assumed to be constantly applying, and constuantly modifying, their
basic repertolire of schemes. The total set of schemes activated at any
onc woment is held to constitute the content of their thought. The follow-
ing postulates are assuned to characterize the process of this thought
(or at least that part of it which is goal-dirccted).

Cl. In attempting to solve any problem, a subject's first step is
to activate some general executive schenw. Which scheme he activates
can depend on a nunber 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. Oace a particular exccutive scheme iIs activated, it directs the

activation of a scequence of figurative and operative schepes,
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C3.  The scequence of fipurative and operative schemes is conprised
of discrete "mental steps."  Each of these constitetes a distinet
operation (analogous to a subroutine In a compute  program), in vhich
an operative scheme applies on one or nore figurative schemes, and
generates a new figurative scheme.

C4. VFigurative schemes which are the product of past operations
are carried forward or "rechearsed," so that they can be utilized in
future operations.,

5. LUnless its releasing component is activated directly by the
inmediate perceptual input, the activation or rchearsal of any scheme
requires the application of "mental effort”" (cf. Kalmerman, 1973). Since
the amount of mental effort which can be applied at any one moment fs
limited, the nuuber of schomes which can be activatued in any one rmental
step is also limited.

C6. When a schere (or set of schemes) which corrcesponds to the subject's
original objective is finally generatued, the exccutive scheme directs an
appropriate terminal response and cecases to be active.

C7. 1f, at any time in the above process, two schemes are activated

whose content is pragmatically incompecible (c.g., scheme 1: X is
bigger", scheme 2: "x is smaller") cognitive conflict ensues.  Other
things being equal (?.g., salience, past reinforcement, emotional in-
volvenent) cognitivd 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 schemr consistent with the greatest number

of other schemes.  This process s assumed to be a central part of wvhat Piaget

has labelled " equilibration” (Piaget, 1970).




e above postulates are intended to characterize all direeted
thiniing.  Wiether or not a particular individual actually solves a par-
ticular problen is held to depend on tour additional factors.

o The first of these is the repertoire of schemes which the
subjuect brings to the problem. It is assuwed that this repertoire in-
creases in corplexity and accuracy wvith experience, according to the
learning processes mentioned i Bl and B2, As a result, it varies both
within and across age groups.

DI. The sccond of thesc is the maximum number of schemes which the
subjoect 's pusychological system ls capable of activating at any once time.
This maxinum mental effort or M-power is also assumed to vary both within
and across age groups. Within age groups, diffcerences arce assumed to
result largely from biological factors, and te be at least partially
respoasible for producing differences in what Spearman (1927) labelled
"content-free intelligence (g)." Across age groups, differences are
assuned to result largely from maturation, and to be at least partially
responsible for producing differences in vhat Piaget labelled "operativity-
level” (Piaget, ]970).3 For children whose cognitive developient is nor-

ral, M-power is assumed to inercase lincarly with age, according to the

following scale.
Age Developrontal Substage M-power
3~4 Farly preoperations Sl
5-6 . Late preoperations il
/-8 Early concrete operations ot
9-10 Hiddle concrete operations ok
1112 ILate concrete-carly formal operations cth
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Ape Developoental Substage M-power
13=-14 Middle formal operations AL
15-10 Late forual operation: ot/

In the above notation, the constant ¢ refers to the mental effort (or
encrgy, or capacity, or space) required to activate an overlearned exe-
cutlve scheme:  the numeral refers to the maximum additional nunber of
operative or figurative schewes which can be activated under the direction
of this exccutive, without dircet support from the irrediate perceptual
input.

D3. A third factor related to problem success is the subject's
tendency to utilize the full M-power which he has available., Tt is
assumed that certain subjects are habitually low M-processors. Civen the
shance, chey prefer to look at or respond to problems in the simplest
manncr possible, that is, vith a sct of operations involving the least
possible mental effort. They are thes unlikely to do well at problems
where some perceptual gestalt is presented or some sizple solution ﬁattern
is suggested, yet where the most adequate responsce demands that. this
gustalt or simple pattcrn be broken down into a (larger and morc C?mp]i—
cated) set of sub-elenoents.

4. 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 such as the task
instiuct ions, in sclecting an execut ive schene.  In many problens, parti-
ealarly those devised by paychologists, there are salient perceptunl cues

present vhich tend to activate an iaappropriate cxvcutive schewe if they
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are piven too such attention.  Itois ansumed chat subjects vary in their
tendency to give veight to such salieat but wmisteading cues, and that
inlividudl dittercaces in this tendency are stable across tasks and
across time,

Finally, it is jwportant to rention that the individual diffevences
desceribed in D3 and D4 oare assueed to be highly correlated, and that
together they are believed to explain the cognitive style dimension which
Witkin has labellad "ficld dependence-independence” (Witkin, Dyk,
Faterson, Goodenough & Karp, 1962), Ficld-dependent subjects are assumed
to be habitually low M-processors who assign higher weight to perceptual
cues than to cues provided by the task instructions, in situations wherc
these two sets of cues suggest conflicting exccutive schemes.  Field in-
dependent subjects are assuced to be habitually high M-processors, who
assign a higher weight to the task instructions than to perceptual cues
in such conflicting situations.

Although this is a highly abbreviated sumaary of Pascual-Leone's
theory, it may be seen that the framework is both comprehensive and in-
tegrative. Its formal aspects are congruent with several of the basic
teuets of Piaget's theury.6 On the other hand, its functional aspcects are
congruent with many of the basic postulates of current theorics of percep-
tion, attention, and cognition (cf. Neisser, 1967; Norman & lLindsay, 1972;
Kahneman, 1973). While it is the formal a.pect of the cheory which makes
it relevant to the sorts of competencies which have been studied by
Piaset, it is the functional aspect (togethes with the ernphasis on indivi-

dual difrerencea) which gives it ity predictive powver,



Casie 10

11 A Perfornance Model for

“"Control of Variables"™ Probloenms

Ceneral Procedures

Pascual-Leone has not set down an explicit sot of heuristics
whereby his theory may be used to gencrate a detailed performance model
for a particular sct of Piagetian tasks. The following gencral procedurcs,
however, secin both workable and consistent with the specific performance
models he has constructed to illustrate the utility of his genceral theory
(Pascual-Leone, 1973).  They will be followed in generating a model for
tasks involving the corntrol of variables.

El. A gencral method will be postulated, analogous to an execut ive
program, whereby a subject could conslstently arrive at the correcet answer
to cach test question. (ef. Cl)

k2. This general method will be broken down into a series of stops
such that only onc mental transformat ion will be p..tulated in any onv
step (ef. €2, C3).

E3.  Any scheme generated in one step, and required in a subsequent
step, will be included as a’rehearsed scheme" in all intervening steps
(cf. Ch).

E4. The activation source for each scheme will be specificd fi.c.,
activation by the application of mental effort, or activation
directly by the visual input (cf. C€H)].

E5.  For each step, the minimon number of figurative and operative
schea s whicn could exceute the transformation will be specificd. The
reason for raxinizing officiency in this fashion is Lthat the total nunber

of schewvy required at any step detercines the youngest age at which the
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probles. can be solved (ef. D2), and what is of interest is a model of
opt Lz perforuance,

Lo,  In order to assure that the model is realistic, Indepeadent
evidence will be sought to delsraine whether or not young children could
actually poussess the schemes whose existence has been postulated.  If no
such independent ¢vidence is discovered, the conditions under which
these schemes could be constructed will be analyzed using the same pro-

cedural steps (E1-E5).

The Control of Vaviables Paradigm

The models which will now be presented are intended to predict
childre .'s performance on a wide range of investigative problems requiring
the control of variables. They will be derived, however, with reference

to a specific problem called Bending Rods: an adapted version of a task

originally designed by Inhelder and Piaget (1958). The details of the
task administration will be presented later. For the moment, it is iuw-
portant only to mention that the task consists of three parts. In the
first, children are 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
cach 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 uncontrollcd); for every uncontrolled test to which
they object (with an adequate explanation) they receive an additional point.

The wasinum score on the test is therefore 10,

Insert Figure 1 about here
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Micro aodel 1o proot chectiag
Toes vording Whicn s taed for the comatertest va each trial is as
follows:  “Would this be another fair wiay to prove -11? Dacs this prove
that (vege Jong) rods bond rore than (cop. short) rods?" 11 he were to
answer this question with consisteat success, it scems clear that a
subject would need soie gencral procedure for checking the explanation
advanced by the experimenter, and thea scarching the perceptual array for
any other reasonable explanation.  The folloving executive routine could

cuable hin to carry out such a procedure,

Step 1 = 1solate the rod vhich is supposed to bend wore. (¢.g. the
long one).

Step 2 = Check to see if it recally does bend more. (If so proceed,
if not, respond "No, it doesn't prove that (e.g. long)
rods bend more.")

Step 3 -~ Cheek to see If there is any other differcace between the
two rods which night be producing the greater bending.

(1f so, respond "No, it docsn't prove it," otherwise,

respond "Yes, it does.")

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

the following figurative and operative schepes at cach step.

step 1 (fsolate the rod which Is supposcd to bend nore)

?lvngth7 A length oporator corresponding to the rule: "I two objects
difter in horizontal displacement, the one vhich projects the
further Is called the lonper."

¢hor, A firurative schess represent ing the perceived difference in

proje
horizontal projection betueen the twe rods,
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In this tivet otep, the operative schere Slepgth vould apply on
the fivwative schene Sher, proj,. and geaerate @ new schoene represcating
the tact that Red A was the one which should bend pores The figurative
schese fhore proj. would boe ficld-facilitated; the executive scheae and
the operat ive schewe would not be, and would therefore require mwental (M)
facilitation., As a result, the M-power required for this step would be

_c_‘.'!'l .

Step 2 (Cheek to see £f Rod A really does bend more)
¢Rod A = more? A figurative scheme representing the conclusion generated
in the previous step, that Rod A (as the longer) should
bend more.
Yquant. A quant ity opcrator representing the rule: "If a rod projects
(beud)
below another, it may be said to bend more; otherwise it may not."
dvert. A figurative scheimw representing the difference in vertical

disp.
displaccment 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 elither were or
were not as the experfmenter had stated them. Since ¢vert. disp. would
be facilitated directly by the field, the total M-power required would be
€+2.  Furthermore, since the czecutive scheme would continue to represent
the subject's general intent--namely to check a proof of a positive re-
lationship--the conclusion that the facts were not as described would be

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

Assuming that this did net occur, the subject would advance to Step 3.




Step 3 (Cnech to see B there bn aay other relevant difference between
the pair of rod-)
Yother A differen o operator correspoading to the rule:s "If any

dit.
relevant diffoerence other than exists, label it."

¢long- A figurative scheme rep esenting the conclusion generated in
nore
the sccond step: that the long rod does bend nore.  This scheme
would in cffect constitute a paramcter necessary to the comple-
tion of the blank in Yother dif.
¢Rod A A figurative schewe representing a relevant property (e.g. width)
of Rod A.

¢Rod B A figurative scheme representing the corresponding relevant

property of Rod B.

This final step would actually be accomplished by an iterative serics
of substeps, in cach of which a different relevant property of the rod
pair would be compared. Since the pretraining ensures that all the rele-
vant propertics are salient, and since the apparatus is constructed such
that differences with regard to any property (when they exist) are casily
detected, the subject could run through this series of substeps with
little mental effort, simply by scanning his eyes back and forth betwveen
the two rods, and allowing the content of his perception to be determined
by the¢ most salicent features in his perceptual field. The M-power required
would be ¢+3, since the exccutive scheme plus all four of the other schemes
would have to be activated in each Subﬁtnp% and since only one of the
schoeres would be directly facilitated by the input at any particular time.
Given tier goal inleerent in the executive, the subject would object to
the proof vhenever he detected a relevant difference between the

rods other than the one cited by the enperiueanter,
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and he wouhd aecept tie proof vhenever e failed to find such o ditter-
cices o caly tinos be would rddee an error vould be wihien e failed to

spot a relevant dittereacs due to insutficient seuanning,.

Micro-uaod-l 1

R TN

—Z hreel ceastraction

The wording vhich is used for the first part of cvery trial is as
follows: "Suppoae  Ldida't beljeve that (eoge long) rods bend nore
than (e.ge short) rods. Could you do a fair test to prove it to w?"
In order to answer this questfon with consistent suecess, a subject would
necd o geineral pré«-durc for sctting up a situvation where the only rele-

vant diffcerence between the two rods: was the one specifieds The follow-

ing crecutive routine would enable him to do this,

Step 1 = Scelect a long rod (visually).

Step 2 - Sclect a short rod for comparison.

Step 3 - Cheek to make sure the pair are tdentical in cevery other
respect. (Tf not, return to Step 1 or Step 2).

Step 4 - Select equal weights,

w
1

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

Step 7 = Make sure the welghts are in the same porition on their

respective rods.

When ceach step in the above routine is analyzed in d-tail, it turns
out that no step requires that a greater number of schemes be activated
than Step 3 Since Step 3 in this scequence is Identical to Step 3 in the
proof-checking sequenee, it may be concluded that the H—pugvr required s

also ideaticaly nazoly 3. According to the geacral functional theory,
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thervtors oot folivuing conebuion. rey be pencrateds The majority of
7- and d-year-olds shonld b able to pass the Bendding Rodis test oa their
Priat eopesare to 40, proeciding ) tivd their cogpititive develop. ot jus
nor: ol (efo 2), () that they ave high Meprocessors (cf. D), (¢) that
they are relatively Inscnsitive to any nisteading cues the task way pre-

9
sent (Gt DY), and () that they posses: the required repertoive of
scheres (efs DLY. 1t is this Jatter condition which must now be considered.
Iiit at all reasoaable to assume that children of 7 or 8 could possuss
a repertolre of schewes sach as that which has been hypothesized?

There seors little doubt at all with regard to the figurative schemes
which have been described.  The familiarization period contains explicit
perceptual training, and therefore serves as a check that the relevant
perceptual features will in fact be part of the subjects' figurative
repertoire (B1). There also scems little doubt that 7- and 8~ycar-olds
should possess the appropriate repertoire of operative schemes. The ex-
Istence of distance and quantity operators can be inferred in-this age
group fron the work of Piaget (c.g. 1946) or from current work in develop-
mental linguistics (cf. Harasym, Boersma, and Maguire, 1971). An operator
such as Yother dif. can be inferred from children's success in performing
tasks whore they are sinply asked, "Is there any other way X and Y arc
diffevent?  The irportant question, then, is whether children of this
ape could be enpected to have developed exceutive schemes of the sophis-
ticated sort which have been postulated.  If they understand that a proof
is a "totally mnarbiguous demonstrat fon” (f.e. one where only one indepen-
deat variable is panipulated and all others are controlled), then it

Sevis reqconanle to assuee that they could have construcled such esceut ive

ERIC

Aruitoxt provided by Eic:
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selos o and tg they wonld gotivate tieo Wirn taoed wich the provlea,
Toe Yo Thiarization peried would ke it elear that tiw privary yuest ion
Vi U cade rod s bead ey aad the capericeater 's werding ("Supposie
Podida't believe youe Could you do a fair test to prove ... ote.")
woulll b sufticiont additional input to pernit the sudject to generate
the apprepriate rout ine. Howoever, i:e. it reasonable to assuace that young
chitdron know (or could come to know) vhat it means "to prove sorcthing
to a disbeliever,” 1s it reasonable to assure the existoence of what is,
in ctficet, a “coatrol of variables" scheme?

Within the traditional Piagetian framework the answer to this quest ion
might appear obvious simply from a formal analysis of the structural pro-
pertics of the scheme itself,  Within the functional frameworkh which has
been advanced by Pascual-leone, however, the question cannot be answered
wrtil one has also analyzed the nature of the expericnces which might
Iead to the acquisition of such a scheme (according to the learning pro-
cesser nentiened in B2), and the demands vhich would be placed oa a sub-

Juet's functional system as a result.

111 An Acquisition Model for the

"Controul of Variablos" Scheme

Consiider the following imaginary situation.

Cerry and Judy are both in the same fifth grade
class.  The boys in the class decide to have a relay
race againgt the girls in the claze. They win the
roce, but not by too much.  Turning to July, Cerry
say.a, "Sce, 1 told you the boys were better runners

tina L pirlss vow we'lve proved it Judy replies,

ERIC

Aruitoxt provided by Eic:
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"0 coces of € it. You boyvs are ot better runners,
The oaly reason you von wias becauge your toeam was
Wearing beaaing Shooa. You didn't prove a thing!"
"Didn't prove o thing?", Gerry replivs.  "We won,
didn't we?"  "Yeal, but you can't be sure it was

because you were better runners. ™

Suppose that a young c¢hild overheard this argunent. It scens likely
that he would conclude one of two things (a) Gerry is right: the boys
Lust 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 younyg 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 situq&igy before, would, in effect, have

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

If he were to come to similar conclusions in other situations, onc would
expect his entire chain of reasoning to beconme consolidated (cf. B2(c)),
and a "control of variables" or "proof" scheme te result. A child vho
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 not be an implicit paft of this notion. On the contrary,
the statcewent: "This proves that A causes B" would probably come to mean
sorething of this order: "It is true tht A causes B and you can plainly

see A and B ovarying together in this instance."
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Aruitoxt provided by Eic:

(‘ AL l(’

A b oer ol variahiles could be oreapeacible for swaying a younge child
toeward the dncortocty rather tha the correct conclusion. The bovas mipht
oot tietery sond thics saliviace 1actor misht facilitate the cone lus fon
that they rpet be faster rumners, The child might have been taught that
boys in general are faster runners, and this learning factor night also
tacilitate the second conclusioa,  Finally, the child might want to be-
lieve that boys were beteer runners, and this affective factor might
facilitate the secoud conclusion. It salience, learning, and affective
factors did not facilitate one conclusion or the other, hovever, one
vould expect that eguilibration would ensue, and that the child would
eventually favour the solution vhich was consistent with the greatest num=
boer of other schemes which he activated In thinking about the problem
(cf, C7). Put differently, onc vould expect that the child would consider
beth the alternatives, and that he would eventually choose the one which
was coiLiatent with the greatest anount of relevant information. By this
criterion, the coaclusion which would be chosen would ¢learly be the
sveend one, sinee It s consistent both with the facts pointed out by
Judy, and with the facts pointed out by Gerry. MHowever, before one can
predict with certaiuty that a young child could actually arrive at this
conclusion, one nust consider the sinplest chain of reasoning which could
lead him to it, and the dewands which this chain of reasoning would place

on his M-power.

Hievesrodel LTF -~ acquisition of an adult "proof concept'

e e e s e @iaeem

n order to counclude that the feotrace didn't prove anything with

e rtainty, the sabject vould necd an exceutive schere to direct his atten-

. S . . . . . oo
ti: it te o prot pondnt! s avpaeaat ol tiea to the other e, Lo

[



Case ‘ 20

teleat segecned of mental steps to which such wn execut fve could give risce

vould pe the ol toving.

Step b= Coaclude that Corry's teun could have won, cven though
they Wore borse runncers, sipply because they were wearjng
running - shoces.

Step 2 = Conclude that Gerry's teawm could have won becanse they
were betler runners,

Step 3 - Conclude that, since there are tvo possibilitics

you can't be sure which one is true.

The following figurative and operative schemes would be required at

cach step.
Step 1 (Conclude that Cerry's team could have won, even though they were
worse runncrs)

¢lerry's= A figurative scheme re resenting the possibility suggested by
Yy P y Y

vorse

Judy, that Gerry's team were actually somewhat worse runners.
¢shoes= A figurative scheme representing another possibility suggested
better

by Judy: that running shoes are a big help in a foot race.
Ycoup. A compensation operator represent ing the rule: “If two

opposing cffects oppose cach other, the stronger will win."

At this step the operative scheme Yeomp. would apply on the other two
schei s and generate the conclusion that--ceven though they were vorse

runners=-Gerry's team could have won because of their special shoo.:.

Step 20 (Conclude that Gerry's team could also have won because boys are

better ruaners)
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sUMTes win A tigerative sehio, - ropreaent ing the cenclusion generated
boys vore

in step 1,

PR . . » . . - ‘v..'t'. .
guerry's. A i tive scheos representing the vicible tact that Gorry's
toa.

boys e Be canprised entirely of boys.

o » - "

Yean o A causality operator represeating the rule, I one event or

] "

fact prececds another, 1t may be labolled the cause.

The conclusion geaerated at tids step would be that Gerry's teanm could
have ven staply because they were boys.  Since ¢Gerry’s tean=boys would
be ficld-facilitated, the required M-power would be o2, Note that

¢Gerry wing boys-worse would still be centrated.

Step 3 (Conclude that since there are two opposite possibilities, you
cm't be sure)

¢Cerry wing A figurative scheme represent ing the conclusion gencrated in
boy:s worse

step 1,
¢Gerry wins A figarative scheme represcating the opposing conclusion
boys-better

wenerated In step 2,
Yeertainty A certeinty operator representing the rale: “If there is

only one possibility, you can be surej if there are two

opposing posuibilitics, you can't be sure®.

At this final step, the operative scheme would apply on the two
figurative scherws (meither of which would be ficld-facilitated) and
penerate the conclusion that you couldn't be sure whether or not the boys

](, . * *
weere hoetter rumers, Azain, the required capacity would remnin at et3,

Froo Plaget’s work on causality and conservation (ef. 1930, 1952),

thee precence of eperators such as Gceomp and Yeause way be Inferved in the
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repertoire ot noreal /= and 8-year-old children. The only other operatoer
required io teertainty, which in npothing rore than an operational under-
standivg of the neaaning of "certain® or "sure.”  Given children's adequate
uie of this term in porcal discourse, it also scers reasonable to assuie
its preseince by the age of 7 or 8.

According to the general functional theory, therctore, the folloving
three conditions should determine whether or not childrea could have
actually followed the above thought scquence repeatedly.

1. Whether or not they had been exposed to indeterminate proof
situat ions such as that tllustrated above (cf. b1).

2. Whether or not they were cognitively normal, and old e¢nouph to
have developed an M~power large enough to execute each step (ef. b2),

3. Whether or not they were field-independent: that is, whether or
not they were habitually high M-processors (cf. D3), capable of resisting
risleading cues (cf. DA).

1f it were known that one of these conditions had not been wet, 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 §t could be predicted that they shounld have ac-
quired the eontrol of variables scherne, that they should be able to generate
the erxecutive rout ines described in the first two micro-models, and that
they should be able to apply these routines to problem: such as Bending

Kot on their first exponure to thee (tha passing the tests with Cate),
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Tie tollowing section deseribos a prelininary test of these proedictions,

1Y Ses s Paelivinary Faperiaeontal Finding.
The experitent to be reported vas conducted in three phasest  pre-
testing, training, and posttesting.  To eliminate the possibility of
. 11
expectation of fects,  cach of these phases was kept conpletely distirct,
During cach phase, children vere interviewed by experiveinters vhor they

had never seen before; the experiventers, in turn, were given no prior

hnovledge about any chiild.

Protesting Phase
The main object of the pretesting phase was to select a group of 7-

and 8~ycar-olds who were undenfably "normal™ according to Piaget's scale

of copnitive developaent, who could clearly be regarded as "high M-processors,”

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

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

the main object was to obtain an experinental group which clearly satisfied

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

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

3 but not 2.

Criterion measures, The measures used to assess copnitive development

wore conservation of substance and conservation of weight. The particular
procedure emploved was as follews.  Each subject was shown two balls of
clay, and asked to make them equal in amount (or weight, depending on the
problei).  After he had done this, one ball was rolled into a sausage, and
the subject was asked whether or not he thought the two still contained the

sane aroual (or weighed the same).  An explanation was requested, and
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Qnswers ere sceored Cither 0 or , depending en their adequacys The pro-
codure was repeated o osecond tive with one batl being deforned into a
pancare.  Agalu, subjects vere scored either 0 or 1 depeading, on thediy
answer and explanatioas Finally, subjects were presected with a couater-
sugyestion, that is, they were given the opposite arpument from the oae
they had odvanced and were asked to react to it.  Once again, their answers
vere scored cither 0 or 1, depending on their adequacy. The exact eriteria
used for scoring, and a more detailed description of the standardized pro-
cedure, are available in Pascual-Leone (1969). Subjects who received 3/3
or 2/3 were classificd as conscrvers, subjects who received 0/3 or 1/3
vere classiflied as non-conscervers.

The measure used to assess field independence was the WISC blocks.
The theoretical reason for this cholce was that cach item dewands both that
a salicent feature of the display (the overall pattern) be temporarily
ignored, and that a serics of wental transformations with a high M-demand
be executed (ef. D3, D4). There were also empirical and practical reasons
for the choice of the nweasure. In factor anatl ses, the WISC blocks has
been shown to exhibit minimal loadings on factors defined by verbal I.Q.
items or by Plagetlan items without misleading cucs, and to show a high
loading on factors defined by the Rod and Frame Test (cf. Coodenough & Karp,
19613 Pascual-lLeone, 1969; Casce & Globerson, 1974).  Finally, the WISC
blocks has the advantage of being vagy to administer and score.  Subjects
who scored one standard deviation above the mean on national noris were
classified as field independent; subjects vho scored one standard deviat ion

tolow the rean were classified field dependent.
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Subj:ctue Subjects were obtained through the coope ration of three
clecent.ny schools in the San Francisco Bay area, two of which served a
high S8 area, ond one of which served a niacd "SES arca. All student
in the Sirst three grades were tested, providing they were betwoeen the
ages of H.60 and 6.7, or 7.6 and 8.7. Three groups of subjects were then
scelected, according to the tollowving criteria.

Group 1 (0=20) § years old, field independent, and cognit ively
normal by Plaget® « standards (i.e. conservers
on subsitance, non-conservers on welght).

Croup 2 (n=16) 6 ycars old, ficld indepondent, and cognitively
normal by Pilagetian standards (i.e. non-
conservers on both weight and substance).

Group 3 (n=16) 8 yecars old, field dependent, and cogaitively
normil by Plagcetian standards (i.¢. conservers

. 12
on substance, non-conservers on weight).

Design. Within each group, subjects were randomly assigned to one of
two conditions: instruaction or no Instruction. The descriptive data for

cach group arc presented in Table 1.

s P Ot T D s it . g et Gt S S gt

Insert Table 1 about here

—— — — —— -

Teaching Pho

The objuct of the teaching phase was to provide half the subjoets with

Copportectt e to deselop and conlolidate tive execntive scheres which were
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desceribed in the sceond section. Thin was doae by exposing thes to a
situation analogous to the footrace exazple, and leading them through the
set of opueratioas necessary for uwaderntanding the irpossibility of being
"gure" about what had produced the result; then by presenting them with a
varicty of similar situations in which--with the ald of the experienter's
probing questions—-they could convert this newly acquired insight Into a
well practiced routine for sctting up a fair proof or for checking the
adequacy of someone ¢lse's proof.

Procedure. Teachers were provided with a set procedure, and were in-
structed to adnhere to it rigorously.l3 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 answer. 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 rods 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
wetal inserts, every child conc]uded 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 palr vhere the
blocks were identical, he would not have been fooled.  Six more trials

followed using different kinds of rods but the sawe blocks. Any time the

e B e . te e Sea weS Geaw aum o sma M v @ wwe whe

Insert Figures 2 & 3 about here
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child conduected an wwcontrelled test, the esporimenter asked, "How do you
Koow thiz pair is heavier because of the rods Couldn't it just be because

ot the bloek?"

Tne averarze durat foa of the first session was approxinately
18 minutes,

On the second day, the first demonstration was repeated, using the
altered array illustrated in Figure 2b.  Then the child was shown two
balls of sinilar appearance (a squash ball and a handball) and asked which
he thought was the "bounciest." The experimenter did several tests,
leaving a different factor uncontrolled cach time Cheight of dropping,
Torce 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 (e.p. bounce higher) because it was

(cops 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 vas uncontrelled. The approximate average duration of this session
was 14 ninutes.

On the third day, each subject was presented with a factorial set of
cight small rollers varying in material, external diameter, and internal
diameter.  He was gliven five minutes to determine vhich of the eight rollers
would roll down an inclined plane the fastest. Then he was asked if he
thought e¢ach 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 actiap the standard question if the subject agreed that the test was
a good onc. The experimenter also provided a verbal definition: "1f you

cantt b oanzse it happened, then it fin't a fair proof.  The approzimate
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average durat fon of this session vas 11 ninutes.

U the fourth day, the rod and block decenstration was reviewed,
using the visual aveay indicated Qo Figure Qoo Then subject s were shown
an array of chips varying along the folloving diwcnsioas: waterial,
diaetor, position of hole in center, and size of hole in center. They
were asked to test three of these factors separately, to see it each
affected the specd with which a chip would sink down a leng plexiglass
tube filled with water. The standard questlion was asked following incor-
reet tests, and a countertest was preseated by the experimenter after
each test of the child's. Any failure to detect the uncontrolled dinen-
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 dif ferent teachers were used, one male and one female.
Each was a graduate studeat in education, with some previous experience iIn

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

mately half the subjects In cach experiumental cell.

ﬁgstlcg}ina_?hanq

The first object of the posttesting phase was to determine whether
subjects could transfer what they had learned to new situations, wvhen these
were presented to them by new experimenters.  The second object was to
determine vhether subjecets could retain what they had learned over a two-
month period. The third and final object was to determine whether any
subjects in the field independent, 8-year-cld groups could be said to
poisess the "combinational strucluru" described by Imhelder & Piaget (1958).

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

PN

ciach child (both instrocted and nen—instructed) was tosted individually on
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Bending Rods, and on a parallel test calted Spinning Wneels.e  Each test
took about 19 rinutes to administer, and cach was prosented on a differeat
diy. Order of prescatation was coumterbalbaneed.

Buring the seventh and eighth weeks after the teaching was corpleted,
each child vas retested on Bending Rods. The field independent 7= and 8-

year-olds were also tested on a variation of Inhelder & Plaget's Coubinations

s

problen. The detalls of the test adninistration are summarized below.

Criterion tests. The apparatus for Bending Rods has already been

described (sce Figure 1). Exch subject was seated facing the rod-holder "end
on," with the experimenter seated beside him and the scoring sheet concealed
behind the apparatus. The task was introduced as follows. ’

"Phese 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
rcd is just touching the water, like this {(dermonstrating)." 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 ic?”
After the subject had answered, the experimenter either asked him to suggest
another reasen (if he was wrong) or continucd as follows, “"Good, ir. could
be that the more weight you put on a‘rud, the more it bends. What about
this rod (identical except for material)? Can you get it to touch the
water?' When the subject had suceveded, the cxperimenter asked, "Why do
you think it bent more casily?" Ouce again, the experimenter reinforced
and repeated the subject 's oansver, if it was correct (c.gr. because ft is

wooden), or else probed and guided the subject until he came up with aaother
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amsvers In the sar o fachion, the subsject was Taed to the discovery of

the reqntining three varisbles, nascely leagth, diarotor, and “"point of

1
everage."

At the end ot the pretraining, the expericenter suearizad
the subject 's findings, using the subject's own wording as nauch as
posuible.

The subjeat was Introduced to the testing as follows. “OK,
nov let's do something a bit different. Suppose that 1 don't belicve
that Jong rods bend more easily than short rods. What could you do to
prove it to nie? Show me a falr test to prove that loag rods bemd more
than short rods." After the subject had performed an experipent, any
dinensions 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
loné rods bend more than short rods?" 1f the child replied that it did
mot, the experimenter asked, "Why not?"

The sare procedure was repeated for each of the five variables: the
child was asked to do a test of his owa 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 varfable was uncontrolled. (2) Although one variable was un-
controlled, the observed effect never provided a clue that this was the
case (r.g., the lung rod did not bend less than or the same as the short rod).
(3) The varlable which was uncontrolled was never one which the subject
had investigated in the Immoedlately preceding trial.,  (4) In the course of

the five trlals, cach of thiv five variables was uncontrolled onve.
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Fitally, at $wo point: daring the testing period (Trial 1, after the
negat ive cuuu.ufﬁu;gvstiuu. and Trial 3, before the negative counteoer-
sugpest ioin), the expericentor also preseated a positive countersagpest ion.
Since the purpose of these positive countersuvggest fons was simply to
prevent the subject from developing a set to object to any test sugpested
by the experinenter, his response to these questions was recordaed but not

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

of any
respomse, even If such feedback was requested.

The subject received 1 point for every test of his own which was per-
fectly controlled, and 1 point for every negative countersuggestion to
which he objected with an adequate explanatlion. The criterion for adequacy
was that the subject label the uncontroelled varlable, and make some mention
of its possible confounding ef fect. 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 conscervative eriterion for successs 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 invostigatcd,ls and (2) in the
nature of the familiarization pericd. 1In the Spinning Wheels test, the
experinenter never prosented subjects with a situation during tbhe introduc-

tion where every possible variable but one was controlled.

The Combinations test which was administerced is based on the one

originated by Piaget & Inhelder (195])) and is described in detail by
Pascual-Leonce (1969). Children were told a story about alchemists, and
presented with chips of five different colors (supposedly representing five

differeat minerala).  They were told that the object was to figure out every



conbintion vhich uight posnibly produce pold when beatod in an owven,
After six minutes in which ranipulation of the chips wao permitted, sub-
Juctu vere ashed to write dovn (or dictate) all the coubinations they had
found.

Testers. Two posttesters vere usced, both of whom were female. Within
each schuol, cach tester tested approximately half of the subjects in cach

of the six experimental cells.,

Predictions

It will be remembered that--according to the nodels developed in
Sections IL and 1Il-——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
exccutive),

2. An M-power of at least et+3.

3. A tendency to use this M-power to its fullest, and not to be dis-
fractcd by any misleading cues.

Civen the basic postulates of Pascual-Leone's theory, the following
predictions were therefore advanced.

1. The field independent 8-ycar-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 ahove conditions.

2. The fleld independent 6-year-old, instructed group would not pass
any of the fmmediate or delayed posttests, even though they had baen ex-
posed to the treateent.  This prediction was made bocause this group fajled

te satisty condition 2.
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3. Sewe verbhers of the tield independent, 8-year-old, uninst roct od
sroup migint poent the fumediate posttests. Whatever this proport jon, it
would not decrease oa the delayed posttests and, in fact, might welld
Increase. This prediction was made because this group sat isficd condi-
tious 2 and 3, and its status with regard to condition 1 was unknown. On
the delayed posttest, it was at least known that the group had had two
occasiocas to construct an appropriate executive scheme, namely those
vccasions provided by the immediate posttests.

4. The perforrance of the ficld dependent, 8-year-old, imstructed
group would be interpediate between that of the other two insiructed
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. VYor the instructed group:
1. Even by the most conservative criterion, eight of the ten
field independent 8-year-olds passed cach of the immediate posttests,

This proportion showed no decrease on the delayed posttest.
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2. Evenr by the nost liberal coriterion, only one of the t.on
ficld independent 6-year-olds passed either of the imuediate post-
tests,  This proportior showed no increavse on the delayed posttest. ™
3. by u{thur criterion the proportion of ficld dependent G-year-
olds vho passed the insediate posttests was Jower than the proportion
of ficld independent 8-year-olds whe passed. This pattern was main-
tained on the delayed posttest and, as is shown in Table 4, was
stat istically significant even vhen differences in verbail I.Q. were

controlled through analysis of covariance.

Insert Table 4 about here

B. For the uninstructed groups:
1. On the immediate posttests, no group achieved a majority of
successes by the conservative criterfon; however, by the liberal

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

independent 8-yecar-olds succeeded.

2. On the delayed posttest, six of the ten ficld independént 8~
year-olds succecded, even by the most conservative criterion. This
proportion was significantly higher than that achicved by either of
the other two groups (Fisher Exact Test: p = .053 8 yrs. ¥D; p = .026
6 yrs. Fl).

C. On the Combinations Tests

1. Neither of the field independent 8-year-old giroups showed any

evidenve of a combinational procedurce.
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20 There vas no osigalticant ditterence between the instructed
and uninstruct-d proups in the pean nueher of conbinations gencratod

(1404731 dnvtracted; 19731 uninstructed).

V Discussion

At the beginning of this article, It was polated out that Pascual-
Levne's theory of development is not intended to replace Plaget's, but
merely to make it functional. Its goal is to provide an adequate account
of the mechanisns by which Piagetian competencies are acquired and utilized.
Given the nature of tie results which were successfully predicted, however,
it secms worthwhile to raise the question of whether the two theories are
really as compatible as was claiwed. Cun 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 caa.

The traditional Piagetian position with regard to structural lcarning‘
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 disequilibrium (cf. Piaget, 19643 Inhelder & Sinclalr,
1971). Since both these conditions appear to have been satisficed in the
present ntudy,l6 it is not difficult to explain the general form of the
results from a traditional Piagetian perspective: The group which had a

preliminary gragsp of the structure consolidated its the groups which had
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no proelic inry grocgp o the stracture :ale no progresa. The only question
which roeuring is heve the ticeld indepoendent 7= and 8-ycar-olds managed to
acquire o prelicivary prasp o the control of variables structure to bepin
with., Here the answeer appears to lie, as with the theory proposcd by
Pascual-leone, fn the distinction between an analysis which is purely
structural and an analysis which also considers the operations by which
structures are acquired and utitized. From a purely structural point of
view, the control-of-variables scheme is indeed a formal one. As Inhelder
and Piaget have pointed out (1958, p. 62), it involves the whole interpro-
positional combinatorial system, However, from a functional- structural
point of view, the same schewe could be considered either formal or concrete,
depending on the operations which were involved in its acquisition and
utilization.

To apprecliate 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 evenr though they were slower runners, due to the assistance they
received from their special running-shoes. In turn, the reallzation of
this fact depends on one simple mental operation: a multiplication of
inverse relations (Av x Bt = ALY where A represcnts the effect of the boys'
bodies, B represents the effect of their shoes, and the arrows represent
the magnitude and dircct fon of these effects). Since this operation is by
definition a concrete one (Piaget's Grouping VIT) one would expect that
repeated exposure to situations such as the footrace argument would lead to a

Yeoncrete!" control of variables schene,
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To appreciate how thiis sane schene could be utilized to solve more
corplicated proof probloms, consider the fact that although a subject muay
have to sclect a pair of objeatsn in which four extrancous variables may
be uncuntrolled, he does not necessarily have to think of all fowm of
these variables simultancously., He can consider each possible pair of
objects as though it were constituted by a number of sets of simple two-
variable itenms. If the task is to establish the effect of A in the face of
other possible cifects BChE, then any salient uncontrolled dimension in
the potential object pair coustitutes a valid (and adequately understood)
reason for 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 therefere 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
(AF x D} = ADY).

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 predicted 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 secemed much more
obvious to predict that the control of variables scheme could only be ac-
quired by assiuwilation to, or in conjunction with, the global logical
structure of the formal operostional period. In fact--although it is by no

roitn contral to their theorv-—=thia fo exnctly the sort of assertion
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Inhelder & Piaget have cecidonally made in the past.

Whereas the stage 11 [econerate] subject compares
any rod whatever to any other, liniting hicself to
a statement of the most obvious relations, the stage
171 [formal] subject understands that if he is to
establish a given relationship, it is important to
select certain pairs of rods rather than others.
(Inhelder & Plaget, 1958, p. 58). Only at 14-15
years can subjects spontancously 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 tcacher were to demonstrate
the experiment zi.e. the verification
method: to the class?

Piaget: It would be completely useless. The child

must discover the method for himself.

«e. (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
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pussensese  Rather, it depends upon the natein between the pragmat ic
structure of the situation in whieh the ¢hild firet has a chance to con-
struct that particelar ites of knowledpge, aind the fuact fonal limitat ioas
of his thought processes at the sta.e in his life wvhen he first encounters
such a situatlon.

2. The sccond is that, because Pascual-Leone's theory of developuent
concentrates more heavily on functional mechanisms than does Plaget's,
it is capable of generating performance models of somewhat greater pre-
dictive pover.

In the present stuly it was showm capable of predicting the age at
which a particular structure can be constructed on the basis of a particular
sort of experience, as well as the kind of subject 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 décalage (cf. Pascual-
Leone & Smith, 19693 Pascual-Leone, 1973), and (b) high inter-task correla-
tions anong stage-related tasks (ef. 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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1. ‘the pilot testing for this project and the preparation of the original
proposal vere supported by a grant from the Coimittec on Ressearch of the
University of California, Berkeley. The author is indebted to Tamar Globerson
and Bart Body for their help in all phases of the present study; to Bob Kahn,
Meg Korpi, and Wayne Haserot for their help in collecting the dataj to Paul
Ammon, John Biggs, John Flavell, Juan Pascual-Leone, Alan Newell, and William
Rohuer for their cosmments on a previous draft of the manuscript; and to
Bev Nash for her help in preparing it.
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
wmenory” (cf. Norman & Lindsay, 1972).

4., Since this scale plays a central role in the theory, it is worthwhile
ment foning that considerable evidence has already been obhtained in its
support (cf. Parkinson, 1969; Pascual-Leone, 1970; Casc, 1972, 19743
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. 1t is axiomatic to Piaget's theory, for example, that knowledge may be
classificd as "figurat ive" or “operative,” and that the formation of nuw
structurcs depends as much on a child's general level of “operativity” as

it docs on his specific experience (Piaget, 1970).
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7. Tor the balance of this paper, the symbol pai (¥) will be used to
denote an oporat ivee scheiney the sysbol phi () will be used to denote a
figurative scheme.

8. The necessity for the constant activation of ¢long-more steus fron the
fact that the subject's search is ficld-directed. Since the subject is,
in effect, scunning 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 renders 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 M-power

to “carry forward" ¢Gerry wins, precisely the opposite conclusion would
boys=worse

be generated.

11. The importance of controlling for expectations in Piagetian resecarch
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 hy thelr scores on the Stanford-Binet (see Table 1).

13. A detailed account of this proccdure is presented in Appendix A.

14. "Point of leverage” refers to the distance from the basebeard to the
point at which a weight is placed. In Inhelder & Piaget's (1958) original

procedure, crossectional shape was used as the fifth independent variable;
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the change in the present experiment was introduced purcely for reasons of
coavenfence,

15, The dependent variable was the relative length of time two 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 wvhich the marbles were placed), and the distance of these holes from
the center of the wheel.

16. The performance of the high M~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 interprctation 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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Table 4
Analysis of Covariance for 8-year-old CGroups:
Effect of 1.Q. Eliminatad
~‘Moasurc o Source Mean Sq“aﬁi*a_“fk3 Bqlm—
(¥D)
Bend ing Rods Field Dependence 28.1 4,17%
(Iumediate Posttest)
Instruction (I) 52.1 7. 7%%
Fh x 1 15.7 2.3
Spinning Wheels Fb 68.7 9. 4%
1 95.9 13, 1%%
D x 1 .01 0
Bending Rods FD 55.9 8. 1Rk
(Delayed Posttest)
I 49.4 7.2%
Fb x 1 3.5 .51

*p<.05
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Soncondin A Betailed eachin, Procedure

Day 1

E:  THIS T8 A BALANCE, DO YOU RiMIZIBER HOW IT WORKS?

g:  YES.

E: O.K. CAN YOU USE LT TO TELL Mb, WHICH WR1GH MORL, GRAY RODS OoR WHITE
RODS?

(E places 2 wood and 2 stecl rods in front of §).

$: (Putting thewx on the balance.) THE GREY OXES WEIGH MOST.

E:  COOD, NuW HURE'S A TRICKY QUESTLON. (E places the blocks in a
misleading position in front of him).  WHICH WEIGH MORL, ORANGE RODS
OR SILVER ROwS? (If S starts to take them apart, tell him he is not
allowced. Make sure he also uses the balance).

S: THE SI1LVIER,

E: 80 YOU THINK THL SILVER RODS WEICH MORL, LET'S SI'E IF YOU'RE RIGHT.
WHICH SIDE SHOULD GO DOWN?

S:  This one

E: (After denonstrating). HOW DO YoU THINK I FOOLED YOU?

S:

L: THAT'S RIGHT (or if S cannot figure it out) FEFL THESE BLOCKS. I
FOOLED YOU BECAUSL TH1S BLOCK WAS SO HEAVY THAT 1T PULLED THE BALANCE
DOWN (pesture) AND MADE THE SILVER ROD LOOXK HEAVIER, EVEN THOUGH IT
WASN'T.

F: NOW I'M COING TO ASK YOU A T0UGH QUESTION. CAN YOU THINK OF THE WAY
TO DO THE TEST, SO YOU WON'I GET FOOLED BY THE BLOCKS.

(If S says "take them apart” say "GOOD! IS THERE AXY OTHER WAY?"
If he fipures it ou:, praise him otherwvise, read next bit).

F:  YOU SHOULD PICK THC WiiRE THI. BLOCKS ARE THE SAME. (Penonstrating)
SEE, UHEN THL BLOCKS ARE THE SAME, (Point) 1T DOESN'T FOOL YOU. THE
SILVER 05 DOES:'T 1OUK HFAVILR.

E: (Taking them apart and replacing them on scale). IOV PAY ATTENTION

CARFFULLY AND I'1i. IXPLATIN WEY THE BLOCKES HAVE TO PF THE SAME.
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Step () Er (Put rods on. then osk). VHICH 18 HEAVIERT

S ORANGEH.

( ) L RIGHT. (Put some bhlocks on - say) SEE. WHEN THE BLOCKS ARE THL SAME THE
ORANCE ONE STILL LOOKS HEAVIER. THE BLOCKS DON'T FOOL YOU.

() E: EVENX IF 1 USE TUESE TWO, 17 DOESK'I FOOL YOU BECAUSE THEY'RE STILil.
THE SAME.

( ) E: BUT WHAT HAPPENS WHEN 1 PUT TWO DIFFERENT ONES ON. SEE, IT DOIS
FOOL YOU. 1T MAKES THE SILVER ONE LOOK MEAVIFR, 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 1S HEAVIER. BUT IF YOU DON'T
THEY CAN FOOL YOU.

E: NOW SHUT YOUR EYES, AND I'LL CHANGE THINGS AROUND TO SEE IF 1 CAN
FOOL YOU AGAIN.

#2 BRASS VS. SILVER
#3 BRASS VS. COPPER
#& BRASS VS. WOOD
#5 WoOD VS. STEEL
#6 STEFL VS. BRASS
#7 STFEL VS. COPPFR

1f S makes a mistake at any time, recycle to *. I1f 8 goes for one par-
ticular color at any time, extract one of them. Discontinue when 7
are finished or when 20 minutes are up and note the number of correct

vs. incorrect items S obtained.
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Day 2

| 3

DO YOU RIMEMBER WHAT WE DID WIYH THE BLOCKS?
YES.
(1f 8 failed). WELL, WE' RE CGOING TO TRY A FEW MORE W1TH THEM.

(1f S passed). WELL, TODAY I HAVE THFEM F1XED SO I'M ALMOST CERTAIN
1 CAN FOOL YOU. DO YOU THINK I'LL BE ABLE TO? (smiling)

YES OR NO

0.K. WELL LET'S SEE. WHICH WEIGHS MORE?

1. COPPER VS. STEEL
2. DRASS VS. STEEL

3. DBRASS VS. ALUMINUM
4. STEEL VS. ALUMINUM
5. BRASS VS. WOOD

(In each of the above examples, place the undexlined 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

exatple. If he picks tvo where the rods are the same, continue).

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 WELGHS MORE
ONES (pointing) OR ____ONES? (pointing).
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IS THAT A ONE? ORo. IT ISN'T. YOU HAVE T0 BE CAREFGL

TO ANSWIR MY QUESTION. (Replace pattern as was and repeat). NOW,
WHICH WE1GHS MORE ONLES OR ONES?

NOW LET'S TRY SOMETHING DIFFERENT. FIRST OF ALL, FEEL THESE TWO BALLS.
(Giving them to 8). DO THEY FEEL THE SAME?

NO

(Taking them back). RIGHT (or not quite) THE RUBBER IS NOT QUITE THE
SAME. THE RUBBER IN TH1IS ONE IS HARD AND THE RUBBER IN THIS ONE IS
SOFT. WHICH KIND OF RUBBER DO YOU THINK BOUNCES BEITER, HARD RUBBER
OR SOFT RUBBER?

0.K. I'™ GOING 70 DO A TEST. (Drop on. 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
RUBBFR (indicating) BOUNCES BETTER THAN THIS RUBBER?

If 8 is correct follow (1) below, if not, follow (2) below.

WHY NOT?

YOU BOUNCED IT ON THE PILLOW.

WHAT'S WRONG WITH THAT?

Goon, IT'S NOT FAIR BECAUSE THE PILLOW COULD BE MAKING IT LOOK LIKE
A BAD LOUNCER, EVEN THOUGH IT'S NOT. LET ME TRY AGAIN.
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Continues from star for
(2) height uncontrolled
(3) force uncontrolled

(4) fair test

NOW I WANT YOU T0 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:

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?

ARE YOU SURE THIS ONE BOUNCES HIGHER?

YES

YOU TRY. (removing pillow).

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 $ gets one right, shift back to *®,
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Day 3

E:

E:

TODAY WE'RE GOING T0 BE WORKING WITH THESE ROLLERS, BUT, FIRST OF ALL,
I'D LIKE YOU TO SEE IF YOU CAN FIGURE OUT WHICH ONE 1S THE FASTEST.
MERE, 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 is allowed
to do it)

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?

ARE YOU SURE THAT THE WAX ONES ARE FASTEST?

SUPPOSING I DIDN'T BELIEVE YOU, HOW WOULD YOU PROVE IT TO ME?

(1f S 1s wrong, go to (2). Otherwise continue from ¢))

GOOD, WOULD THIS BE ANOTHER FAIR WAY TO PROVE IT? WHY?
(If S is incorrect, go to (3), othe.wise continue).

GOOD! IT WOULDN'T BE A FAIR TEST (race) TO SEE IF THE WAX WAS MAKING
1T GO FASTER, BECAUSE IT COULD BE THE SIZE WHICH WAS MAKING IT GO FASTER.
YOU COULDN'T BE SURE.

LET'S TRY THIS ONE NOW. YOU REMEMBER YOU TOLD ME THAT
(ii) EIG ONES ROLL FASTER THAN SMALL ONES.
(ii1) 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 countersuggestions S gets correct).
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VEY DO YO PHIDE THIS ONr WON?

(If § says because It has wax).

WELL, HOW DO YOU KNOW IT DIDN'T WIN BECAUSE IT WAS BIGGER? I WANT YOU
T0 PROVE THAT IT WILL STILL WIN, EVEN IF IT'S NOT BIGGER. TRY AGAIN.

REMIMBER MAKE EVERYTHING ELSE THE SAME SO WE FIND OUT WHAT DIFFFRENCE

THE WAX MAKES.

(1f S says because it has more wax and it's bigger).

DOES BEING BIGGER HELP IT GO FAST T00? (Pause). THEN THAT'S NOT FAIR:
MAYRL 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.

o, OH, YOU LET ME FOOL YOU! THIS 1ISN'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 1T 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 § is imcorrect, then go back to *. Go directly
back to * after congratulating him, if he is not "incorrect).



Day 4

| oF

BEFORL WE STARY WORKING W1TH THESE TUBES OF WATER, 1'D LIKE 70 SEE IF
YOU RI“IFMBER WHAT I TAUGHT YOU 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 § 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
T0 THE BLOCKS, T0O, 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.

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)

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

(ete. 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 knowv « « « + « etc.).

For any correoc. response, provide a countersuggestion.



i3
Case

List ol ligures

ligure 1. bLeading Rods Apparatus.

Rod 1: wood, 13" a 2/16". tod 2: brass, 20" x 3/16".
Rod 3: brass, 10" x 1/16". Rod 4: wood, 20" x 2/16".
Rod 5: wooad, 16" x 5/16". Rod 6: brauas, 6" x 1/16".
Rod 7: brass, 16" x 2/16". Rod 8: wood, 20" x 3/16".
Rod 9: brass, 10" x 1/16". Rod 10: wood, 16" x 2/16".

Figure 2. The Layout of Rods and Blocks for Training.
Figure 3. Apparatus Usced 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 escapling, and holding bottom end

of brass rod in position.
Wb - wouden 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 pass 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 - pate 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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Figure 4.

Figure 5.

Figure 6.

List of Figures (cont.)

Layout of chips for trial 1. (Question:
than little ones?)

Layout of chips for trial 2. (Question:
in the middle make any diffcrence?)
Layout of chips for trial 3. (Question:

than plastic?)

60

Do big ones sink faster
Does the size of the hole

Does steel sink faster
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