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An attempt to tfainm concrete operational fitth-grade
students (N=32) and seventh-grade students (N=32) to perform at %he
foreal operational lewl on tasks demanding the control of variafles
are reported. The training was conducted in four aindividual sesgions
of approximately 30 minutes each. The training sessions we signed
*o represent a synthesis of ideas concerning the mechanisas of °
developnent put forth by Plaget, Ausibel, Bruner, and C. Lawson. The
training was successful (p < .001) and specific transfer of the '
traimed concept was obtained for both samples. Pretest level Of
intellectual development was signjficantly related to success.on
posttest tasks of specific transfer {p < .10). .On one posttest task
designed-to measure nonspectfic transfer, the trained seventh-grade
subjects scored significantly higher (p < .05) than the control
.subjects. The effectiveness of the training suggest§ that preperly ~
designed instruction, vhich is basel op students' intuitive
conceptual understanding at the cbncrete leyel, can raise this
intuitive understanding to the level of a meaningful Verbal rule
vhich then can be sutcessfully applied ip a variety of probler .,
s*tuations. (Luthpr) -

o - S e
- .. . /”//- -~

[ . - ' L] ‘.
LR EEES RS LR EELERLEEE LSRR IR LI ELEEELE L] -

* Reproductions supplied by EDRS are the best that can be pade »

* from the origina3l-document. *
#*#t#*##**#*#*#*#*#*#*#*#*##*#*#*##**#*#*#**#*#*#*##***#*##***#*#*!#*##

l. ‘ r‘\ . » -
. ) 5 .




PERMISSION TO REPRODUCE THIS

’ .nncouraging this type of orlentation towards problem—solv1ng is ‘of utmost
. importance to educators. As stated by the Educational Policies’ Commission’
vthe central purpose of American education is the development of préblem-
solving processes called rational powers,** The parallel between the ra-
tional powers and the p;EETem—solving processes utilized by formal thinkers
. is clear.®** . , . v
. % * ~\ -
One must not be misled to interpret Piaget s theory as 1mp1xjng that
maturation of the nervous system is sufficient for the development of formal
. thought. If this were the case the job of our educational system would be
small indeed. Rather, maturation only determines the totality of possib;l-
. ities and impossibilities at a given stage. As Inhelder and Piaget state:
"A ﬂﬁrticulir social environment remains indispensable for the realization
of these possibilities. It follows that their realization can be acqelerated
or retarded as a function of cultural and educational conditions." (p. 237).
The finding, that farmal thought is normally demonstrated by only about 50
percent of the.subjects In most adelescent and even adult samples which have .
been studied in this Easntry, suggests a very real educational problem.5 1o .
Little is presgntly known about specific factors and how they interact
to contribute to and affect the transition from contrete tg formal cognitive
funcbiﬁning. Piagetian theory itself only provides a general view. At best -
Piaget's factors of neurological development, social transmission, experlence
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p with things, and internal cognhltive reorganization (equilibratiOn) are sug-
gestive but not sufficient to provide sound intructional theory. How can
. . ‘these factors be‘interrelated to facilitate formal or abstract thought?
rd - = -~

*AESOP (Advancing Education Through Science Oriented Psograms) is supported
p . by+a grant from the National Science Foundation.
**The ratlional powers are listed as the processes of: recallifig and imagining,
classifying and generali%Zing, comparing aud evaluating, analyzing and syn-
thesizing, and deducing gnd inferring. .
***For an 1in depth discussion of intellectual and mpral development as the
aim of education. See: Kohlberg and Mayer.3 ~
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In a recent survey, wollman - observed that students as young as second
graders have, at leas? an intuitive notion of the formal idea of cuntrulling
. variables. Piaget claims this idea {s fully developed only during adulescence.”
. Ausubel sugfests that it might be possible to utilize prior intuitive undet-
f.l . standing to facilitate learning and stabilization of pore formal (abetract)
Lonceptualizations durlng adolescence.12 In he same vein, Bruner and Kenney
amgue that intellectual develogment begins with instrumental activity, a
. kind of .dévelopment by,doing. They suggest that these actlﬁ&txts become
¢ " represented and Summéjqzcd by individuals in the form of particular images.
IR Further with the ard of symbolic notation that rerainrs invériant across ) . .
. transf{ormativns in imagery, the learner gradually becomes aware of the formal
; or abstract prépertles'of the things he 1s.experiencing. Thest findings and .
statements suggest that 1t might be possible to désign instructional sesSions
which will enable students who are in Piaget's stage of céncrete operations
to functign at the formal operatfonal devel,with respectto specific
concdPts. However, as AusuBel states: "If stages of development have any
true meaning, the answer to this question [can tralning enable children

. i Lo acquire genulne appreciation of concepts which are normally acqu1§FH . .
a ortly at advanced stages of development®] can only be th%t although sope
B} acceleration is possidle it 1s necessarily limited'in extent."' (p.264), “/
L N -~ N . ' , Y . !
‘ Problem Statement . B

‘ Tnis investigation, then, addressed itself to the fbllowlng questlons'
(1) Can instructional ocedures incorpoﬁhtlng the above i1deas be 5e31gned
. and erployed to successiully affect the transition from <oncrete to formdi
cognitive furrctioning in\fifths grade and seventh grade students with regard
to one aspegct of formal £hought, l.e., the ability to 1solate and control
variables’ In addition to this question the following, related 1ssues were
addressed: (2) If training can enable contrete students_ tu perforr at a-
formal level on tasks which were used 1n the trainlng phase will this
training transfer to tasks also involying the control of variables but using
novel materials® This is termed specific transfer.’® (3) Lf training can
enable concrete students to perform at a formal level dn tashs requiring the
//) control '0f variables will this training transfer to Sasks involviig different
\ coQeepts but ones which also involve formal thought (nmonspecaific transtery:
ther words, if fhe training was effective, was it limited to the specific
neepts invelved or did 1t affect a moreé general shift from concrete to
f@ al cognitive functioming” (4) What is the relationship bepween a student's
- level of lntellect?al devglopment ahd his ability to profit from the tralnlng
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Suhjects ¢ . .
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' Thrrty-two fifth grdde students and 32 seventh grade students enrolled in
- ,an elemenbary schoolYand a junior dlgh school in Lafayette, LAlifornia btrde
"as subjects,’ The fifth grade students (l4 males and 18 females) ranged 1in
age from 9.5 yeats to 12.1 years, mean age = 10.5 years. No 1Q datd was ,
available for the thesc.students. The seventh grade students (16 males and. ° |
. 1% females)erangea an age from 11.9 years to 13.6 years} mean age = 1l2.b a
years and Hgd 19's Ahich ranged from 100-115, mean 10 = 109, .Lalavettie is |
. an upper-middle E)éis suburban community in the San ‘Francisco Bay kepiun. ‘
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Many studies, aucCh as those mentioned previocusly, suggest thgt fornal
ghought ofter dues not develop during the general aée guidelings of [1-15., .
years glven by Plaget. It was, nevertheless, decaded to work with students .
slightly younger or slightly older than the flgure suggested as the age of
onset of formal thought. If instructional procedur€s can successfully effegt
a shift fromsconcrete to formal operational levels of thinking the ages of

10 to 13 wav Ye the ovtimur, tire for such instruction. -— ¢ .
n a . ' .

13

~ Experirental Design and Procedure ) .

lhe fifth grade study. The experimental design employed in this ihyesti-
gatioh is referred to bv Campbell and otanley ™’ as the pretest-pozttest
control gfoup design. In etfect, two separate 1pvestigatlons were wonducted.
in the tiost taperlﬁbnv'the'EZ fifth grade students were randomly place&_lnto
two groups of 16 students each--an experimental group which rec¢ived training
LONCEINLOR qjﬁcxmcepg of controlling variables.and a control growp which did
net regelve traialng, both groups of students were pretegsted in indiyvidual .,
intetviews With a battery of Piagetian tasks (conservation of weight, con- \\\
servatlon of volume, volume displacement and bending reds) which alivwed las-
sification of the subjects into early concrete-IIA, late cgncrete-IlE, post-
concrete ard early forrai-IIlA levels of intellectual developrent. The ex-
perirental group -ubJects tnen participated in four sessiods of 1mdividual
tratning. kach session lasted.about 30 minutes. The gpncrcl group subjects
‘attended their regularly séheduled classes during this time. The training’
5¢S51000, ghlch will be descrgbed in wore detai: below, mmvolved the presen-
tatiun of prublems 1nvolv}ngq%hé determination of cause and effect relation-
ships. The first session anvolved bouncing tennis balls, the secomd -ession
inwclyed bending rods materials used during the pretest, the d s&ss1on
involved an apparatus called a "Whirly Bird"'® and tig fourt 55100 1nvolved
two biologv edperiments presented,1n a pengil and papgr format. ' .

. F3 . s
Fosttesting of all 3. subjects followed the training sessions and vas
conducted lu two phases, The fifst phase consisted of indjvidual interviews

..onducted by two trained examiners who had no prior knowledge of, which

subjects’uere merbers of the experimental and control groups. & male

ecamlier interviewed the male.subjects and female exanLner interviewed .
*the female subjects.* Three Piagetian manipulative tasks (bending reds,
the pendulurt, and the balarlce bean) were administered. Each task ‘
allowed classification of subjects into concrete or forrmal operatlonal
levels of intellectual developmeht., Thesbending rods task was used to
deterrine whether Et not tpe‘tra{hing was effective in facilitating the :
ability to¢ control variables with materials i;entical to those used during L
the training. The pendulum task was, used to determine whether or not the .
training wa- generalizable to a problem also involving controlling variables
but uslug novel materials (specific transftr). The balance beam tash was
alsqg used to determine the extent to whi'eh the training, encouraged fotmal .
thinking. This task, however; did pot involve controlling variables, rather
it involved proportional reaSoning. Piaget-claimd that this reasoning
abillty dévelops conconmitantly with the ability to'cOntrol_vd?{ables. This
¢dsk therefore tould be considered as a measure?of nonspecitlc transfer of
o . , . . R
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*Researclh such as that conducted by Brekke and wigliamsl7'hub~bh0wn tliat male
subjects purform better on Piagetian tasks when the examiner is a rale, like- |
wise female subjedts perforr.better when the examiner-is a female. [
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training. _In’ add1t10n to the fliree Plagetlan tasks students respzhded .

\;ra ly to 2 written questions involving value .judgment adapted from Peel.’

esponses were tape rérorded and later classified into developmental )
categor,es. .. . .
. \ Vo, . L

During the second phase of the posttestlng all 32 subjects were grouped /
together and two pencil and ?aper exaninations were administered, Subjects.
responded to a spheres task' .involving the tontrol of variables, a logic
question involving the ‘logical fallacy known as affirmingfthe consequent, and '
one combinatoriel question. Theae problems”like the balance beam Task and 1
the Peel questicn, were admin}st to determine the extent to which the
'ng\encouraged a general shift from conerete to formal operatlonal

pheres tash, like the,pendulum tabk, tested for 5pec1f1c transfer of '
trained Cconcept. It was, however, an additional step remdved from tlme

t¥aining in that it diq not involve the manlpulatioﬂ of materials,' * -
- !

The seventh grade study. The experimental de51gn employed and procedures
described above were repeated using the sample of sdVenth grade students. The
only changes made were on the posttests, It was decided to use g shorteped -
version of the Long!ot examination' s 27 which incorporated problems of class
logic, propositional logf®, proportional reasoning, and comblnatdrxal reasonimng
as the measure of nonspecific transfer of train1ng The, Langebt exam1nat10n .
has- begn shown to be an efféctive instrument Lo measu;e general levels ofﬁébn- »

crete and formal operational thought.®!s ¢? P ;
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' . Preteats ¢ \
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Four Plagetian-styled tasks were administered to experimental and control
subjects In individual interviews,, All conservation questions were asked in
a ¢ounterbalanced order. Since eagh task has been employed by previous inves-

tigators, only brief descriptions of the tasks apd materials used are included.

P

Conservation o{_weight." Two balls of clay of approximately 50 grams ’
each were presented S, One ball was then transfprmed into a pancake shape -
and 5 was asked about the relative weights of the balls. .

v

Cengservation of volume using Cl42!23 The two balls of clay from the

prévious task were used, 6 agreed that two beakers (400-ml) contained the, )
same amount of water and was asked, about the relative amount of water dis-
placed by the two pieces of clay. - R

Displacement volume. % Two metal cylinders of equal volume but different
welight (18-g and_55-g) were handed S, The equal height and thickness.of
the metal cylidders were pointed out. E thén took the cylinders and lowered
the lighter,qne into one of two test tubes (30-ml) which were partially -
filled with 'equal amounts of water.™ The rise in water level was noted and .

* S was askgd to predict the rise in water level when the heavier cylinder

was lowered into the other test tube.

4 ’ { . [
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sublects were (lassifed into developmental levels as follows:

Lonerete-1AT Nonconservation responses on all three tashs.
concrete=1(B. <Conservatjon of weight and noncopservation of

) N % N volume and volume displ%cement. oL
’ Post-ccncrete, (onservation of weight and conservation of ¢*volume -
s or volume displacement. . B

Formal-]114. Conservatfoq responses on all thrge tashs, . .

L]
L Tae bending ruds task will be, described *in tne section on posttesting
-, below. - o .

ar “ L i
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. i Training .
. .

!
Each subjéct (S) 1n the experimentalﬁEfoups met with an experimenter
() for four 3U-pinute individual trdining sessions. The sessions were
conducted over a yeriod of approximately two weeks and took place in as
reasonably quict and private places as the schools could fumnish. During

I

' the sess100s 5 and L were seated at a table with the instructioral materials

Y

. Lin front of them. r
"o . . "y
~ Session 1. 1he fifst session began by giving 5 a brief introduction to

the intent and format of the training. § was told that a number of dif-

ferent kinds of materlals would be used to try to teach him how o perform

Mfayr teécs." This coupled with the initial use of this term 1n the con-

text of bouncing tennis balls was done to’provfde Sywith an 1ntuitive feel |

for what the sraining was all about, in asefse to provide S with & "ball

park’ in unich tg work. In psychological terd§ 1t amounts to the "whole" |

which will'later.bécome differenti1ated (see, Lawspn®®). The materials ‘

used in this session were materials very familiar to children; three tennis |

balls (two which weze. relatively bouncy and one which was considerab less ‘
|
|

and 4 table. % w@s told thgt the first problem was te find out whiciXf the
tennis balls was the boupcie,. To do this $ would instruct E in how
perform the experiment and E would carry out S$'s instructions. Although
: each session varied somewhat, in general S would bégin by telling E to take
two balls aud drup them to see which bounced higher (height of bounce -then -
" " became the dependent %ariableé). E would then'drop the two balls but drop\it

bouncy) two sguare pieces\§;§:ardboard, two square pleces, of foam rubber

“them ¥roh fofcrnﬂt helgﬁts (an uncontrolled experiment). S would then reYpond
by, saying: A “That 16n't fair. Drop them“from the same® height.” On the ne
trial~the height wouijgbe equalized, however, one ball would be dropped so

that it hit the table kop while the other ball hit the floor (again an un- .
1 tontrolled experipent) . This procedure was followed by continuully trying

to intervefie with new wncontyolled variables (spin one ball, push one ball,

. let bne ball hit cardboard.of foam rubber)., $'s weres/then told that a test

was called a "fair test" {f all the things (variables) that tught make a
! . difference were the Sametgn both balls (except, of course, for the difference

in the balls themselves). Each time a test was made in which thesq_variablesfy
wefe not the sare;was calded an "unfair test." Following introduction of
tose more™general statements and ‘terms, several additional examples were 8
given and falked through. ~* )

v - \ - ¢
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" The overall intent of this first session was to stprt with an undif-
ferentiated whole (as suggested by Lawson 5) capltalize on the subject's
intujtive understanding (as suggested by Ausubel ‘), rovide numerous
particular i1mages (as suggested b{ Bruner and nney ), provide contra-
dictions (as suggested by Piaget”’) and provide symbolic notation (the -
phrases’ "fair" and ' 'nfair tests") which remained invariant across changes
in i1magery-~provided by the materials used in the subsequent sessions-- )
(also suggested by Brunner and Kenney, and by Lawson, Blake, and Nordland?”),

)

‘Session 4. The second session began by reminding Ss of the intent of *
-the ttalning and by pointing out the new materlals. The materials were
those used for the bending rods task administered during the pre- and post=-
testing. Sixymetal rods of varfing size, shape, and material were placed
on the table and’$ was asked to classify them in as many ways as possible.
This was done to ,determine Ss ability to fort, the classés of size, shape,
and raterial and to insure that these d ferences in the rods were noted.
The rods were then placed into # statiodary black of wood and all the .
factors (variables) which might affect the amount of Bending of the rods
(the dependent variable) were,discussed. S was then asked to perform
"fair tests" to find out if the variables of length, thickness, shape,
and rmaterial of the rods, as wel¥ as the amount of .weight hung.on the
end of the rods affects the amount the rods will bend. Whencver S per-
forred a test he was asked: Is tifis a fair test? Why is 1t a fair test?
‘Can you be sure that this rod bends more than that one are only because "
it is thinner. Is there any other reason (an untonsrolled variable) why
it might be bendzng more? These questions and others were used to focus
Ss attention ‘on all the relevant variables and recognize unambiguous
and acbiguous experrments in an attempt to lead than to understand the
necessity for keeping "all fadtors the, same” except the ope being tested
to determine causal relationships. A number“of examples and counter-
examples wefe discyssed at length. The Qoncepts involved in this session
were identical to that of the first, the material (the context) however, .
was different, -

Session 3. At the outset of the thitd session $s were asked to
grperiment with an apparatus called a Whirly Bird.'® Tne Whirly Bird
consists of a base which holds a pdst. An arm is attiched to end of the
post. When pushed or propelled by a wound rubber band, the arm-will spin
around like the retor on a helicopter. Metal weights can be placed at. '
various positions along the arm. §s were briefly shown how the Whirly
Bird worked and were given the task of finding out all the things (variables '
which they thought might make a differénce in the number of times the arm v §J
would spin before it came to rest (the dependent wariable). Possible vari-
ables included the number of times the rubber band wag %ound, the number
of rubber bands, the number of weights placed on the , the position of . ‘
tde weights, how tight the arm and post were fastened together, the angle .
of the base, etc. Following Ss exploration with th¢ apparatus they were L.
asked to perform "fair tests" to prove'that the.independent variables men- . |
tioned actually did mike a difference in the numbey of times tlie arm would Mg 1
spin. Again whenever a test was performed Ss were asked questions such as + }
these: Is this a fair test? Why is it a fair test? Does it prove that A i
1t makes a difference? Why else might the arm spin moYe Cimes? (i;i;:_ii:ijjz . J
all other independent viriables held constant?). !

f
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ihe general inteént of thas sebalon was similar to that of the -second
session and the fourth and final session. The concepts underlying the
questions and materials were identical in all sessions. The symbolic notation
*(the language used) remained anarlant, whlle transformations in i1magery were
gained by using materials extending from the familiar to the unfamiliar.
Ss were glven a variety of concretk experiences so they could leamn by doing
and at cach opportunity they were challenged to transform that doing into
language,

se of concrete materials as the source
by the use of written problems.
n were considered to represent an
and tpwards the abstract or formal

Sesslon 4. In this session the
of activiry and discussien was repl
Problems posed only in a written fa
agditivnal step away frorv the concret
level. TFrobing questions relative to* 5s understanding of the written situa-
tions were ashed as was done :n the, previous sesslons. In a sense learning
by doing was replaced by learning by’ discussion (language alone). The
following two written problems were presented and discussed at length.

written problem 1.

.
o . -

Fifty pieces of various parts of plants were placed in each of five sealed
jars of equal size under different conditions of color of light and temperature.
At the start of the .experiment each jar contained 250 units of carbon dioxide.
The amount of carbon dioxide 1n each jar at the end of the-experiment is
showm in the table,

*
- I | -

which fwg jars would you select to make a fair COmparigon to find out
1f temperature makes a difference in the amount of carbon dioxide used?

»*

Jar Plant Type - Plant Part Color of Light Tenp. €0, .
S : °c) ‘
p -
1. Willow Leaf /,Blue 0 0 200
2. Maple Leaf Purple 23 50
3. Willow Root Red 18 300
&, Maple Steml Red * " 23 400
5. Willow t Leaf Blue 23 150




Written problem 2. < - AR '

An_experimenter wanted.to test the response of mealworms to light and
moisture. Tq do 8-he set up* four boXes as dhown in tha diagram below, '
He used lamps Tor light sources and watered..pieces oflpaper in the boxes

for moisture. In the center of each box he placed 20 pealworms. One day
later he retumed to count the number of mealworms that had cragled to the
different ends of the boxes. ’ . .

- i )

-
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The diagrams. show that mealworms respond (respond means move to

F or
away from) to:

A. Jlight but not moiéfure ‘ . |

* B, moisture but not light
C. both-light and moisture
D. neithetr ldght nor moisture .

* 1
Postests '

The following tasks were 1ndividually administered to Ss in phase one

of the posttesting. R

-
N

Bendung rods.'. This task tested S's ability to identify and control *
variables. Given.six flexible metal rods of varying length, diameter, shape,
and materials which wefe fasténed to a stationary block of wood, S was asked
to identify variables and demonstra¥e proof of the affect of each variable
. on thﬁ‘amohnt of bending of the rods.
‘ ¢
The Eendulum.“ The pendulum task tested Sstability to control and
. exclude irrelevant variables using a simple pendulum. First E pointed
out -the independent and dependent variables/ S wdw.then given the
problem of determining what variables affect the period. Since the only
causal variable was length of the String, the variables of bob, angle of
drop, and force or push must bé excluded. This demonstration required

understanding of concept "all other things.being equal"--the trained coucept.




The balance beam.™ Using a balance beam and hanging weights, this task
tested Ss ability to balance varfous combinations of weights at various
locations along the beam, e.g.; given § 10 unit weight 5 units of length .
from the .fulcrum, S was asked to predict the proper location of a 5 unit
weight to achieve‘a balance. Successful completion of this task implied
understanding of inverse proportionality.

» Plagetian level of performance on_these three tasks was assessed on

the basis of the quality of §'s verbal responses and their ability to exhibit
the approprlate bghavior, .Performances wére categorized into the following
levels.* )

L -
]

Piagetian Level Points

Preoperational ‘ 1

barly concrete operational-ITA . 2

*Middle concrete operational 3 .

Fully concrete operational-11B 4

+

Post-concrete operational )

Early formal operationa=1114 . 6 -
" Middéle formal operational .7 !

-8

Fully formal operational~II11B
. The Peel gquestion. ” A paragraph and question written by Peel which
anOIVEd the floods of Florence, Iltaly was modlfled\:o ™ad as follows:

All countries have art museums and Mex{co is very rich im art A
treasures. Many people travel to Mexico\just to see these old
paPntings- and statues. ’'Floods in Mexico recently damaged many
of these great works of art. O0ld paintings afe rare, valuable
and bpautiful and should be kept in a safe- pl?ﬁi .

or tle damage to

I8

Questionz Are the people of Mexicg to blame

the paintings and art’ treasures?
Responses were tape recorded and classified into one of the following
categories:

1. PRestricted~-one point. y
v Irrelevancy, tautology and inconsistancy may dominate. § may
deny premises or other conilitions of the.problem.- _
2. Circumstantial--two points., -
Thinking 1is dominated by the content of the material. § is
unable to look outside it. .

-
.

" 3. Imaginative=--three points.

The subject realizes thatihe has to go\beyond the content of the
passage to evoke possible hypothesis from his own experience--
extenuating possibilities are evoked.

*For a more detailed explanation of the scoring procedures used for this
task as well as for the pendulum and the balance beam tasks see Lawaon,
Nordland, and DeVito:Z?® . . . .

1u -
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The fellowing measures were administered as group tegts during the §;conq
phase of the\posttesting. .
The spheres task. The spheres task consisted of three written questions
' requiring understanding of the necéssity for the control of variables in the {
1

cqntext of rolling spheres gown inclined plames. The independent variables

were the position on the inclined plane from which the spheres were released,

the weight of the spheres, and the .weight of target spheres which were posi- .
tioned #t the base of the inclined plane. The dependent variable was the
distance triveled by the target sphere =after it‘was hit,. by the rolling sphere.

-
-

Questions? required Ss to select the proper release positions, welght of
rélling spheres, and weight of target spheres to determine the.affect of each
' variable on the distance the target sphere would travel. All selections were
followed by written explanations. = Responses on gach of the three_questlons .
were classified into the following four catepgories. . . i
' 1. Incorrect selection, or a correct selection but, irrelevent - -
explanatron.~=one point. . |
2. Correct selectxon followed by a sample desc¢ription of what would
otcur when the experiment was performed --two poiats,

3. Correct selection followed by an explanation stating that the
selection was made to insure that the test be fair.--threg¢ points.
4. ‘Correct selection followed by an explanation stating that Lpf the .
, comparisop was not made in this fashion then it would not be fair,
\ “ therefore an unambiguous solution would not be obtained.--four points.-
i ‘ - |
The Longeot examination.'”» 2°* The original Longeot examipation, is a
subject matter free.examination, consisting of 28 problems requiring either
concrete, transationmal, or formal operational thinking fur successful solutlon.
Since the time available did not allow administration of all 28 ﬁroblems a
. shortened versiopmof the exdmination consisting of eight problems was admin-,
isteted. " Two problems involwving each of the following reasonilig processes were
selected: <class inclusion operations, proportional reasoning, propositional
logic, and combinatorial gnalysis. The examination required approximately 20
mintues for completion. Total scores wete obtained for each $. Also, follo
, ing procedures adopted by Longeot, Ss were categorized into concrete operatlunal-
" 11A, concrete operational-11B, post-concrete operativnal, formal operational-I1IA,

and formal operational-11IB levels of intellectual development.*

Combinatorial question. One question involving combinatorial anglysis was 1
given to the dample of fifth grade Ss. The QUestion read as follows:

The Rapid Rover Bicycle Club has license plates for its members On , )

> each liCeabe plate is a combination of letters. Jigw many different
license plates ¢an you make up JMusing only &hree lefters A, B, and ¢, .
and not using a letter more than once in the same license plate?

Cne, point was awarded for each original license plate—S\kas able to generate,

-

- . *letails of the examination and the scoring procehures can be uvbtained from
the authors, '

l‘. - ¢ -'? . !I
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Logic question. The question involving propositlonél logic wh;qh was
presented to thepfifth grade sample was: | . -

. L

When big dogs bark the mailman runs.
You see the mailman running. ) - - - ¢ ¥ o
Did a big dog bark? ‘ -t

» “ . L -g;' '_

Subjects were instructed to answer "yes" or no and justify their answer.»
A "yes" answer constitutes committing .the logical fallacy known as affirming
the consequent. One point was awarded for a correct answer and zeto poinH(/
Were awarded for an inaorrect answer.

4 4

Results " & .

* ¥
Pretest to,BoﬁEtest Gains in Intellectual Level
13 W |

-

Table 1 shows the.neaﬁ pretest and posttest levels of intellectual

development for both the fifth and seventh grade samples as measured by
the bending rods task. The fifth grade experimental group showed a gain

in level from 3.93 (slightly less than fully concrete operational-I1IB) to
1.06 (between early formal-IIIA and full formal OperatiOnaI-IIIB) The,
Mann-Whitney U test?? was used to test for significant differences in
pre to posttest performance. The calculated Mann-Whitney u value of 3.5
" for experimental grOup's gain was highly significant (p<.001). The fifth v

{\de control group's slight gain from 4.00 to 4.42 was not significant

(W= .92, p>.10)., The seventh grade experimental group showed a gain in
level from.4.50 to 7.37. This gain was highly significant (y = 10.5, p< 001).
.The seventh grade control group’s gain from 4.75 te 5.43 was not signfidant
“(u = 94, p>.10).

" TABLE 1~ ) —~
MEAN PRETEST AND POSTTEST LEVELS QF INTELLECTUAL
DEVELOPMENT AS MEASURED BY THE’ BENDING RODS TASK

L -

Group Lo - Pretest " Posttest
Fifth- Grade J C : ‘ .
Experimental - 3.93 .. T r*7.06 ‘
Control i . * 4.00 . 4,42 . '
Mean y 3.96 . . . 5.75 .
€ .
Seaxt‘h Grade ' . . ) .
Experimental * . - 4,50 v *7,37
Control | . 4.75 - 5.43
Mean . 4,62 6.41
ES ot M
*p< 001 L . .

[ ]
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Egpe%lmental and Control Group Posttest CompariSOn--Fifth'Grade - v
. \ \ . . . ‘
. . Means and standard deviatlons for “the t‘.’ralned task (bending rods),

) . the speerfic q:ansfer ‘tasks Lnyolving tHe concept of tonttolling var1ables
. (pendulum task, spheres task), and the nomspecific Cransfer tasks of
general mitellectual- level (balance beam task, Peel question, comblnatorlalj
que:.taon) for the fifth grade..experimental and control groups are shown:
. in Table 2. THe Mann hitney u test_was used to test for Sﬁigniflcant
B difﬁerences +dn the experimental and controf group performance. The table
) .valués shdw that the experlmqp;al group performed significantly better =~
fhan the control.group on the bending. rods k (p<. 001), on the pendulum .
task (p<.10), and on the sphetes task (p< &y However, on the remaining

3 SO measures, group dlffgrencés d1d not’ rgaCh 31gnificance (p>.10). )
’a N - i H . - A , " .
S g TABLEZ R
. .. " ™~ MEANS, STANDARD DEVIATIONS AND MA;W-WHﬁTNEY u VALUES -
v b * FOR EXPERIHENTAL AXD CONTROL GROUP POSITEST MBASURES*—
* N FIFTH GRADE SAMPLE
- § * a
. . . ‘. Emperimental Con¢rol- * ¢ ’
' " Posttest Measure @ * M - ' <8D M ; _31)
' Trained Task * .- . T e .
L3 r - - ’
. k&
B&ding Rods.‘ . " 7.06 99\ ., 43 1.92 '10.’5.
’ Speciflc Transfer Tasks - .y
. T ~ Il - b
r , { .
Y . Pendulum ¥ S, 5.38 2.13 b 14 98- *83.5
\ Spheres < T o475 2,77 - 3,00 (1018 $78
- . Nonspeciflc Transfer Taskseil S . " '
! . N
Balance Bgdm ‘ 4.63 " 1,15 4,14 + .54 89 )
Peel . 2.00 .37 2.00 .39 105.5 -
o Comhlnatorlal . . 5.74° .45 5.29 1.07 88 “wg
- “ - * -
. .
*p<,10; #*p<.001., " ‘ , . ~,
. " ' %

Exper}hentaLand Cont‘rol Group Posttest Co;x:parigonh-Sevenfh Grade

Means and standard &eviaxions for the six posttest measures for the
Seventh grade experimental and control groups d¥e shotn in Table 3.
ection of the table shows that the experimental group performed
gificantly better than the control group on the bending rods task
(p"OOl) and on the specific transfer tasks——the penddlum task (<.001)-
e, + *and the srhéres task (p .01l.). The experimental group. also performed
significantly better on' one measure of nonspécific twansfer--the Longeot.
§ éexawmination (p?.05) ., However, ¢m the balance beam task and on the Peel .

- questfon group ‘differences failed to reach significance (p».10). -
- ' - . .

-
» - ’ Y . s . -

- ’ U - ~
.
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.4 P ~ ‘ TABLE' 3‘ ¥ A ‘ '
. oot : HEANS STANDARD DEVIATIONS AND MANN-WHITNEY W VALUES
. .t , FOR EXPERIME\TAL AND CONTROL GROUP POSTTEST MEASURES-- oL .
‘r - SEVEKTH @RADE SAMPLE ! - B
‘~ ’.P " . , . Expei'ﬁnen‘tal ! Control . Y .
Posttest Measure ’ e M A + SD M Sh Lo ¢
. : ' s o I g .
» M - . ' ‘ s
.+ . Irained’Task . ‘ )
‘Y Bending Rods ¢ . « 7,37 .81 5.3 1.50 | hwxgg )
Specific Transfer Taskg : - ’ ' ’
R T - Sl ’
¢ Pendulun Lf - 7.56 730 5.13 1.54 =< ®%*2Q
Spheres ; 6.88 2.78 3.94 2.02 T %%53
\ . T . oo .
Nonspecific Transfer Tasks ‘ -
~ Ba?c_e)s!ieam v . 44,63 1.15 4.63 96 121 :
Pe® I 2,31 .60 2.38 .72 181 L
Longeot .13 1.45 3.44 1.36 .. %69 .
» ) : : ve 7 !
. . . <. . 4
*p< 05; **p<, 01y ***p<, 001, v . '’y
Comparison'oT'Pretest Level of Intellectnal Development and Posttest . !
Performance-~C0rbinfd Experimental Groups |
. . ¢ |
Table 4 shows a comparison of Ss' level of intellectual development < i
‘as determined by performance on three pretest tasks with their perfor- . |
mance on the posttest measures. The 32 experimental group $s ¥rom the |
\ fifth and seventh grade samples were judged to be at either the. Concrete- P ) E

.. 114, *concrete-11I8, post-concrete, or formal-1IIA level of imteldlectual
development on vthe bagds of combined responses on the conservation of weight, |
-1F?‘.CUnservat10n of vol d volume displacement tasks The number of Ss .
wliich, yére catego o each level is shown in the table as is the mean |
, bosttest scoge for :group on each posttest measuce. F-ratios and
thelr qssociated proﬁabil{ty values are also shown For the trained task
(kending rods) the more formal subjects (post- -concrete and formal-IIIA)
. « demonstrated slightly higher posttest scores (6.85 for the eoncrete-IIA
Ss tay7.60 for the formal-IIIA §s). The group differences, however, were
not‘gjgnificant (Fq = .92, p = .45). Mean scores for the specific .
transfer tasks (pendu um and spheres) were also slightly higher for the more
formal $8.. The obtained F-ratlos and probability levels for the mean dif-
ferences for the pendulum and spheres tasks were F 28 = 2.59; p = .07 and
= 2.695 p = .06 respectively. Significant group difference were found
on %Ee Longeot examination (F = 3.79; p<. 05) but not on the balance beam
stask and Peel question (p>.10 for both neasures)

P
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N TABLE 4
- . COMPARISON OF PRETEST LEVEL OF INTELLECTUAL DEVELOPMENT
WITH MEAN SCORES ON POSTTEST MEASURES FOR COMBINED ’
L]
¢ FIFTH AND SEVENTH GRADE EXPERIMENTAL GROUPS
X 3
. . ) Pretest Level of Jntéllectual Development .
.- Posttest Measure * Copcrete=JIA  Concxete-IiB  Post-concrete  Formal-IIIA Fyratio Prob.
© gmdn (n = 11) (= 9) (n = 5) ek ‘
" = a - - -
L - R . . - . 4
Trained Task - / \ ’ ) ]
N ' L} - ' \ . * ) .
Bending Rods 6.85 7.09 7.44 7.60 N .92 . '457
PR . - . 0
Spécific Transfer | , = (\/ :
Pendulum T 5.00 6472 6.5 o  1.80 2.59 .07
. . L . o )
Spheres T 4,00 © 5027 6.56, . 8.20° 2.69 " .06
- [ - S )_71
Nonspecific Transfer . y e e T \\
, ..—Balence'Beam— — T 7 4.00° 4.54 " 5,11 . 4.80, 138 L2
Peel T 2,14 o218 T © 2,00 T 2040 64 .60
. . 3 - * “n
" Longeot . 2.00 3.83 4.33° | 5.20 3.79° 04 y;
. - X(n & 2) (n = 6) , «(n = 3) - ’
y _{ &lf

P

*Since the Longeot examination ﬁ‘s 9ét administered .to both® samples, | the number of subjects In the.first

three levels was reduced,
I's
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. Discussion . )

-

The answer to. the first question posed at, the outset,of this investi-
gatlon is yes. Instruction incorporating the descrlbed procedu%es can ‘
affect the transition from concrete to formal cognitive functioning in
these fifth and seventh grade students with respect to the ability to' -,

- control variaples. The results in Table 1 indicated both fifth and seventh .
grade experiemtal group Ss performed at the forpal level on the postLests.
Not .suprisingly tke Seventh .grade Ss performed at a slightly more formal
level thdn the fifth grade $s. The finding that the experimental groups
also performed 3ignificantly better than .control groups on the specific
transfer tasks (the pendulum task and the spheres'tasks) indicates that
the training was generalizable to tasks involving novel materials (see )
Tables 3 and 3). The answer to the second question therefore is also,yes.

On tasks designed to measure nonspecific transfer of tralnfng (r.e.,
tgsks involving concepts other than the trained concept but still involving.
cdnerete and formal reasoning) ‘differences between the fifth grade experi-
mental dnd control groups were not significant (p2.10}. Thas indicates .
that, although the trairing was effective in promoting formal thought with
regard to oneyaspect of formal reasoning, it was limited in extent. This
1s precisely the result predicted by Ausubel. 2 Ih an extensive review of
studies attempting to train conservation reasoning Brainerd and Allen®” -
found a sfmilar resuit. They reported that "In short, those studies that
looked for specific transfer{of induced firgt-order conservations, without
‘exception, have foind it,™ (p.137). Conversely, in several studies which
looked for nonspe f1¢ transfer-of induced cgnservation, none was «found.
These results were taken to be supportive of Piaget's position with regard s
to the existence of genergl levels of ,development. In light of these findings,
the fact that the seventh grade experimental group performed at a sigmificantly
(p~*.05) more formal level on one measure of nonspecific transfer {the Longeot
examination} seems indeed surprising. pPid the training facilitate a general
shift in the experimental group's ability to reason formally? At first glance
it appears that this may be the case since the Longeot examinaticn has been
shown to be a valid measure of concrete and formal reasoning a5ilitdes. ?

An alternative explaftation however, can be advanced. That is, the dxfference
is not due to the fact that the experimental group performed more forméfiy
because of a general advance in reasoning but that the control.group performed
below their capabilities. Possibly a personal rapport established during the
trafning sessiods among the examiners and the experimental subjects dad not
develop with the ¢ontrol group subjects. For this reason th& control group
simply did not try as hard as the experimental group did on the written ex-
amination.  The likelihood of this occurring on the Longeot examiantion was
great because it, unlike the interview tasks, did not involve personal con-
tact with the examiners., Which of these interpretations is cofrect we can-—
not say. _Indeed other'factors may be operating. However, on the ayerage

the control group did,perform at a somewhat more concrete level on the
Longeot examination than they did on the bending rods, pendulum, and balance

beam tasks. . . -
LN

2z

" #Data on Table 4 can be used to answer the fourth question addressed by
this inbestigation. What is the relationship between a student's level uf . .
intellectual development and his ability to profit fro the training”

The data indicate that the more formal subjects (those in the post-concrete
and formal-111A levels) were, somewhat more receptive to training than the

’ .
* 1 ;
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. more eoncrele subjects (those in the conerete-llA and Lb}LLIutL Lib luh,lb)t )
Nevertheless the concrete~IIA and concrete-I13 subjects did perform at_ the .

formal level on the bending rods posttest task (recall a score of % hdb
equivalent to the formal—liIA level and a score ‘of § was Qqu1leent to the
formal-1118 lgvel). This fimding is somewhat conttary to the fldgetlan .- )
p051c10n that straining ‘can be effective only for pe€rsons in a ‘transition '

+ perlod. The fact that specific transfer of t¥aining (a better indication

. of actual comprehension of the trained concept) was significantly related
(p<.10) ,to pretest level of intellectual development 18 a result more closely
aligned with che Piagetian posicion. -

A .
4

5 Aha: then can be said about the transition from conctete Lo forﬂal '
operat-onal thought 1n light of these experimental results and our Con— .
versations with children? It appears to us that formal operations develop
1nit1ally as lntultions during the sgncrete stagé, perhaps as early as . °

six to seVen years of 3ge’ At the onset of this 1nvest1gat101 Vvirtually o

“all the experimental subjects insisted that to defermine which tennis
ball was the.bouncier the balls pust be dropped from the same height and
hit the same surface on the floor. In each instance S5s demonstrated an
intuttive feeling that the tests were "not fair" and would respond by
saylng: drop them from the same height, make them both hit the-floor,
don't spin on tc. After the comparisons with the tennis balls were
made they ueréaggle to accept or reject them as\fair or unfair but .they
were unable to state a general rulé or procedure for performing fair tests

. prior*to the test 1tself (l.e., to perform a fair ‘test keep all the factors ’ ‘

equal except that which you are testing), Not even tlie most articulate 8's
were able to spontaneeusly respond by telling E to have "every thing the
saze' for both balls. &ven when they were asked To summarize thelr instruc-
tions witnout uentionxng.apeckflc factors they were intially at a lose for '
words. Apparently they had. a feeling for eveness, fairness, and symmetry
‘but not ,a general rule’ to act as a guide for bq§3v1or--1.e., they lacked the
ability to use language ty structure their thinking. This phenonmenon
appears very much akln to the experience we all have had when we "know'
sometnlng is true but just canpot seem to find the words to ‘explain 1t.

Our bellef 1s that the extension %of this intuitive understanding to the
pernt where th¥s 1intyition can be expressed clearly through the use of “
language and applied successfully to solve problems constitutes the
acquisition of formal thought. This process which enables persons to
overcome the pull of ti% perceptual field (they are no longer ''object .
bound") we believe is the fundamental process in Intellectual growth.

For intuitions to manifest themselves In the form of useful lingulstic, .

» rules (formal operationé) we presumed (and the. experimental qisults .

supportedl that chlldren need (1) a variety of.concrete experlencgs 1n-
volving a conceptualizaC1on and instrumental .activities and (2) a useful
symbolic notation which remalns invariant across transformgtions 1n
imageg--in this inscante the symbolic notation was language, the key words
‘being "falr test" and "unfalr test" This, of course, 1s essentlally |
the posifion taken by Bruner ad henney 1% cited above. It incorporates

key points suggested by Raven " as well. Raven, in designing‘instructional
strategy to facilitate the acquisition of loglcal operations suggests /

three ntcessary_faccors (1) the task organizatlon must correspond to ’
the child's levels of reasoning, (2) the Instructional strategy must . '
4ncdrporate the agtive #ngagement of the student in usink his logical

operationd in the construction oft rules and concepts, and (}) concrete
referents mst, whellewr possible, be provided.

.

* * -
.
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The positian taken by Elkind®' that instruction in controlled experi-
menttation should generally not be introduced until adolescence seems
unfortunate. Rather what seems called for is a very gradual introduction
and continued reintroduction of lessons involving concrete materials
and activities which enable students to make comparisons and to make °
judgments on the basis of their comparisons. Theelementary school science .
program recently developed by the Science Curriculum Improvement Study:®
. (S€IS) at the University of California, Berkeley appears,to do just this.
SCIS f¥rst graders begin to carry out experiments Qg.11ving organisms and
physical materials. At firs;/fhese experiment$ are’ conducted with much
teacher guidance. However, as the students continue to perform experiments
they gain experience &nd are gradually able to-desigm and conduct these -
experiments on their own. The SCIS first grade students, (with much guidance
from the teacher and much peer interaction) can carry out and discuss sci-
entific experiments based on their intuitive feel for evenness and fairness
It is likely that only through a rich variety of such eXperiences which
progress from the intuitive to the abstract, will these intuitive feelings
be coke exp}1c1t and powerful conceptualizations during adolescence.

f

What then about the. formal operational stage in general? Dces it
exi1st’ To that question we have n¢ clear answer. HowWwever, a number of
studies have shown that the development of formal ideas such as propor-
tiomal reasoning and the control of variables do develop roughly 1d a
parallel fashion.??» *%» ** For eXample Lawson 2 found correlations of

.40 tor .48 (p-.0l) between the bending rods at the balance bean tasks

in, saoples of high school,biology, chemistry and physics students. Further
the mean level of performance on the two tasks was about identical for the
three samples. In other words, if a student performs at a formal IITA

level on the bending rods task it is likely {(but by no means certain) that
he will also perform at the formal-IIIA level on the balance beam task. The
correlation between .the same two tasks in the sample of fifrh and seventh
grade subjects in this study following training was predictlvely less

(rho = %3 and .23 reSpectively) The training, in effect, increased the /
decalage {(separation) between these two,aspeets of formal reasoning.

»

The posttest pe}formané; of ome student on the bending rods task was
particuatly interesting and demonstratfve of this artificial separation.
He performed almost perfectly. He Systematically and unhestitatingly
isolated and proved the effect of each variable until he attempted to
prove that the shape of the rod made a difference in the amount it would
bend. He, chose two rods of different shape but of equal thickness, equal
length, same matérial and hung the same amount of weight on each rod. Then X,
he checked to see which fod was bending more and could not notiee a difference.
what was extfaordinary was that he had only extended the rods from the block
of wood in whici they were fastened about '3 cm. When no differencehinfbending
was observed he was unable to proceed ‘This a, phenomengn that we have never
observed in non- t;ained subjects who spontaneously and unhesitatingly con-
trolled variables {i.e., a spontaneous formal-IIIB performance). When did-
ferences in behding are likely to be smdll these SubjECtS will spontaneously
pull the rods out as far as possible in order to magrify any d fferences
which may exlst. The difference in bending Between the square and the round
rods varies directly with the length of the two rods, Understanding of thie
iproportional relationship was lack4ng In this trained subject and other
trained subjects.as evlidenced by their lower performarnce on tlie balance beam
task. Therefore it appears thqf the training manifested itself in one gspect

. .. ' N
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f formal thought but not in what could be 1nterpreted as formal reasoning
1n general. Kohlberg and DeVries 3'cla:l.m such a concept as formal reason- -
; ng in general is réaningful begause they and others have 1solated a
. gerieral Pilagetian cognit1ve-1eve1 factor distinct from psychogetric
' . inttlligence.* One mlght ask then was the training of any value to the
stpdents The angwer we .believe 1s yes. It does represent a meanihgful
' - but lidited advantd. toward an abstract uality of thought in the stu®knt.
Inhelde:'and Watalon 3E appqrently would @gree. In a discussion of the
3cquisition of trained conservation conctepts they stated, "This process
of acQu1siti$n‘yh1ch can, of course be accelerated by training, corresponds
to a gencral progress toward an 'operaticnal' quallty in the thought of the
child.” (p.dd6) - . . =
¥
. , It skould, however, be pointed out that the aim of jefforfs such as
- ) those reported in this study if used om a wide scale in classroom should
not ,be to accelerates {ntellectual development as mentioned by Inhelder and
Magalon but to avoid what might be &illed ' 'stage-retardation." Ample evidence
eﬂiats, as neqfloned previously, that this phenomenon of stagk-retardation 1is

indeed widespread. . . . . '
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*TH% unity of formal thought has been brought into SE;]LUb question—by a
number of Plageton scholars. Perhaps the most notable 1s Professor Eric
' Lunzer.” Ia his 1973 add sg to the Jean Pliaget Societyl® he reviewed some
of the pertinent literature and recent findings relevaut to this issue.
Piaget himaelf has modified- his earlier position somewhat fn light of rcceut
rindings AN L -
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‘ . Synopsis . i M
Fl . M “y Y
¢ An attempt to train concreté operational fifth grade students and an

attempt to train concrete operational seventh grade stidents to perform
at the formal operational level on tasks demanding the control of variables
are reported. The training was conducted in four .Andividual sessiens of
approximately 30 minutes each. +The training sessions were designed to,
represent a synthesis.of ideas concerning the mechabisms of development
put forth by Piaget, Ausubel, Bruner, and C, Lawson. The training was
successful (p<.001) and specific transfer of the g;alned concept was ob-
tained for both samples. Pretest level of intellectual development was .
significantly related to success on posttest tasks of specific transfer
(p<.10). On one post-test task designed to measure nonspecific transfer
the trained seventh grade subjects<gcored significantly higher (p<.03)

. than the control subjects. The effectiveness of the fraining suggests

. that properly designed instruction, ¥hich is based on students' intpitive
Ezncepcual understanding at the.concrete level, can raise this Iintyitive

derstanding to the level of a meaningful verbal rule which then can be-

successfully applied 1n a variety of problem situatioms.
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