;. pOCYUNENT RESWUNE

{

'ED -182 165

~
..

N SE 029 946
XUTHOR ° ° , Levine, David I.: Linn, Marcia C. .
TITLE - .Scientific Reasoning Ability in Adolescence:
: Theoretical vievpoints and  Fducational Iaplications.
Advancing Education Through Science-Oriented
- Programs. ' - . - - - ;
INSTITUTION California Univ., Berkeley. lLawrence Hall of .
- " Science. | >

SPONS AGENCY - Natlonal Science Poundation, Washington, D.C, ot
REPORT NO . AESOP~PSc-10 ' :

PUB DATE Jud 76 o . o 'A
NOTE . 38p.; For reluted documents, see SR 029.9u§~9uz and ’

. SE 029 877-881 "© ot
EDRS PRICE . MFO1/PC02 Plis Postage.- 'y .
DESCRIPTORS *Cognitive Development: Elementary School Science: .

- Elementary Seccndary Education: Inddvidual - -
" Development: *Individual Differences; *Junior High
. : . Schocls; *Problem Solving: Science Course Improvement
. '%%? Project: Sclence Fducation: *Sciencée Instruction:
i Secondary School Science: iihought'Processes
‘ABSTRACT ; o | .
, - Research on the development of ability to control
variables Huring adolescence is reviewed. The finst section discusses

stu%teQ,by Piaget and his collaborators, replications of Plaget's CoN,
studes, and reélated studies by other investigators. factors which

dnfluence performance on controlling variables tasks are delineated: -

the existence of Pilaget's stage of formal reasonin is considered. In

the second section, attempts to train students to mprove in ability

to control variables e analyzed. These studies demonstrate thit.

training improves logital thinking under some conditions. It appears

that students need *o [learn tc recoanize and organize relevant - '
information in addition to Iézfning a particular strategy such as

"make other things equal.* Suggestions for future research and for c 4
developmrent of e%gcational‘proqrams are discussed, (hutho;i/
& r
] . " '

A

. .
4 . & . R

< . ’ v . '» - \Q
3o o e o o ok o ol el o o s e ol o ok e e e o ook ok o o e ok ok s ook 3ok sk ol ok ofe ok ok Mgk ek ******‘** o 20 ok ok e ke

- *  Reproductions-supplied by BDRS are the best that can be sade *

* : from the original document. - *
PR AR A R R R AR AR R AR A A ok Ak

'-. : . . \ . , 4




E 089 que .

L 4

ED182165

»

ey

kY

- -

- ADVANCING BEDUCATION THROUGH SCIENCE - ORIENTED PROGRAMS, Report PSc-10,

»

N ! '

]
“PERMISSION 1O REPRODYCE THIS
MATERIAL HAS BEEN GRANIED ay

| Mar:)a_ L. Charles

1H1Y DOCUMENT HAS BEEN REPRO-

QUCED EXALTLY AS RECEIVED | ROM , Né‘
THE PERSON OR ORGANIZATION ORIGIN ot LA
ATING i1 POINTS OF VIEW DR OPINIONS

/ STATED DO NOT NECESSARILY REPRE .
SENT OFFICIAL NATIONAL-TNSTHITUTE OF
EOUCATION POSITION QR POL .({v

U3 OEPARTMENTOF HRALTH
EDUCATION & WaLEARE
\ NATIONAL INSTITUTR OF .
o SQOUCATION .

e e # e e

1Q.THE EDUCATIONAL RESOURCES
INFORMAYION CENTER (ERIC) -

-

- Scientific Reaséning Ab1lity in Adolescence:
' Theoretical Viewpoints and Educational Implications .

. L

David I. Levinel o .
. University College, London

Marcia C. Linn
Lawrence Hall of Science »

[ 4
\

AESOP® Lawrence Hall of Science

University of California . . bsh‘

Berkeley, California 94720

A\ -

June 1976
i) ‘

Y

' .
A0 - . ¥
'
-

L]

) *AESOP‘(Advanctng Education Through Science-Oriented Programs) is
supported by a.grant from the National Science Foundation. -

» . .
. y ‘ . ~ ™

4

RS



- - i . ABSTRACT

i
+

" Research on the development of ability to controh variables during
adolescénce is reviewed. The first section discusses studies by Piaget,
and his collaborators, replications of Plagets studles, and related stu-
dies by other investigators. Factors which influence perfOrmance on. con-
trolling varlables tasks are delineated; 'the existance of Plagets stage
of formal reasoning is considered.: ; the fecond section, attempts to
traln students to improve in ability to control variables are analyzed.
These studies .demonstrate that training Improves logical thinking under
some conditigns. It appears that/students need to ledrn to recognize
and organize relevant information in additlon téo learning a particular:
strategy such as 'make othér things equall" Suggestions for future re-
search and for development of edqca@lonal'programs are discussed.

.

o’



Foolnote

-

The authors wguld like to thank Rdbbie Case and Murry Levine for com-
ments on an earlier draft of the manuscript. . This research was carried
out while one of the authors was a visitor to the Department of Psychology,
University College London, and the other author was a UnTversity of Michigan
Exchange Fellow at University Collegl London. This research was supported,
in part, by a Natjonal Science Foundation grant to Advancing Education

" ‘through Science Oriented Prograns (AESOP). Requests for reprints should be

sent to Marcia C, Linn, Lawrence Hall .of Science, Unlversity of California,
Berkeley, California 94720, - -~ :
' ‘ " v



Introduction

.
. .
. . ; ' :
.
W . \ * . N .
. : .f
. o . ~ 7 . . .
. .
! . . . ,
. s . : :
. : .
y - . - » * -
.
.

Ability to control Varlables or make "other things equg)' Is of un-
questlonable importance lp many cveryday declsions. This was well IHus-
trated in a luxury automoblle (xmnwrcial which argued '"'When | fllled the

. ﬂ%gas tank of my old cconbmy car and drove’ to Sacramentq ‘and back | always
| returned with a quarter of a tank. .Now when | fl)l my new luxury car and

drive to Sacramento, | still return with a quarter of a tank.'"  The concept
of controlling erlabJQF‘isﬁingﬁact a dlfflchlt‘one. Many adults have

trouble recognizing uncontrolled variables in" complex situations like when
selecting a car or interpreting information about insurance plans. Scien-

[} . . Y
tists are aware of the need to control variables, but often discover that

*

they have overlooked relevant variables., We will refer to ability to sep-

-’

‘ . ’\} . .
arate variables or use the concept of ''all other things being equal' as “
sclentific reasoning.

Other writers have summarized earllerﬁwork on scientific reasohlng (Blasi

"and Hoeffel, }97Q' Lunzer, 1965; Peel, 1971, and Wallace, 1965). - While a

-

recent review oﬁ adolescent reasohing did not lnclude sclentlfic reasoning

(Nlemark 1975), recent research lh\\?is area has clarlfley some important

lssues for future work. *t

3

3

This review is concerned primarily with scientific réaspning'between
/ - . - . .

“age 10 and 18, Primary emphasis is placed on studies where the relevant ;;;).

" variables are delineated for the subject rather than on .studies where the ,

subject is asked to discover variables for hlmself. Thus; the primary- task

¢ N . e . - ’
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Nogic (Inhetder and Piaget, 1958, 293-303). r

\

- . . : . ~
in these studies.is to separate and control the variables, noﬁ/determlne what
! . . . , .

the variables are. - . .

* The most comprehenslve theoretical framework to describe\the-developmeht
M . .
of scientific reasoning has been proposed by Inhelder and Plaget (1958). In

P

this paper Pliaget's theory will be descrlbed, resul ts of both developmental

and tralnlng studieslwlllibe discussed in terms: of Piaget s theory, and

educational implications in the areaJLf scientific reasoning will be consi-

dered. _
. Plaget's Theory of Formal Operations ‘
» N
The fir?t ,major research and the most comprehenstve ‘work od adolescent
pﬂs '

reasoning ij=conducted by lphelder and Plaget (1958). They adminlstered
S B . - .
15 varied tgsks to illustrate the change from what they call concrete to

what they call formal operations. The~change from concrete to formal op-
eratlons includes a change from reasoning aboutfreal (or observed) events

to reasoning about all the possible events’ in a'given sthatlon. At con-

crete operataons, the child reasons only about the spedific content of the

.problem, At formal operations, the child can sepqrate the variables’ of-the

ptoblem, and consider the possible values each variggﬁe might have. “Accord-
) ' |

ing to Piaget,.the formal operational child uses a §ystem~of‘proposltional

-
."
L 4

.Inhelder and Piaget '(1958) postulate that these changes\ln reasoning
ability '"depend on thrée principal factors: maturation of the nervoys sys-
tem, experlehce acquired in Interaction with the physical environment; anﬁ

the influence of the social milieu", (Inheldes.and Plaget,,p. 243.)." It

«

4
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should be noted that Piaget does not éay these three factors are sufficient

to.explaio development. From infancy, the child's mental development depends

on experlence wlth the world of objects and organisms. - The soclal mllleu

includes the educatlonal gxperlcnces of the child. Piaget notes ''in .general,

- N .
learning is:provoked by situations - provoked by a psychological experimen-

-
-

ter or- by a teacher, with respect to some dladactic point; or by an internal

' Fy - > & .
situation. It (learning) is -provoked in general as ‘opposed to spontaneous.
In addition, It is a limited process - limited by a slﬁgle problem or a -

single structure'" (Piaget, I96N,,p; 8).

-

. Instruction will not '"provoke' ‘the learner unless related to the learn-

»

er's current level of development. Thus, Piagetian trai{ning studies usually-

" Involve several pretests to select subjects at the appropriate intellectual

¢ 1

+ level. Additionally, Piaget has emphasized that instruction must encourage

4 the learner to ""decenter." The learner decenters by. recognizing the inval-

-~

idity of a -particular explanation of a phenomena (or scheme in Piaget's ter-
mlnologY) and actively seeking a new scheme to explain his observatlon. It
* appears that '"cognitive conflict," as devlsed by Smedslund (1961), is pre-

ferred by Piaget and his collaborators; it is the primary tralning technique

[ 4

used by Inhelder, Sinclair, and Bovet (1974). o -

Scientific Reasoning.. Inhelder and Piaget (1958) describe the develop-

o

‘, ment*of ‘scientl fic reasoning (which t%ey call separation of variables) in

conjunction with a number of experiéents including bending rods and pondu-

Jum. Looking specifically at the transition from concrete to formal thought,
T we wllf‘U‘SS,Sﬁ;%he results\?ﬁ“thesgsexperjments.° o

. The. procedure for Each experiment involves presenting the apparatus,

. pointing out the varlables under consideration and asking the child to find-

/
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out what makes one rod bend more than another (pending ‘Qi\), or what influ-
ences thf period of a pendulum,

Iin the bending rods experlment; students are presented with six rods
. i -

which vary in length, width, shape of crossect ion (e.g., round or square) and

'

materfal. They are shown weights whic¢h can 'be hung “from the rods and asked

| _ ) . _ .
t é% use the weights to find out which rod bends the most, Inhelder and

\

.Plagét’found that concrete operatlopal subje?fs eap descr?be the results of

‘\ . their expenimepts, incldding the fact ;hat two explanagions are pésslble

®*° ' for the same'outﬁome, but cangpt use the “other things equal' scheme. Thus
.the sdbject: in describing what Plaget calls a serlal ordering, hight note
'"This rod bends m&re because it'has more weigﬂt‘;nd it's thiﬁner than this
roa" but could not ‘set up a fair tegt to show that thick ro&s bend ﬁore

\ ‘ than thln .rods. Formal operational subjegts éttemét to-p;bve sdmethlnéimh

(control variables) ‘rather than describing the r&allty that thdy see. Sub-
jects who have jdst reached the formal le;el only organize proofs wlth‘;alf
other things equal" in certa!p cases and even then not for all of the rele-
vant: factd}s. By lh or IS subjects aécordlng'to Inhelder and Piaget

.
(ISSBJ spontaneously organize proofs using the "a]l other things equal™

L]

scheme, . . ) -
4

| For péndulum a progression similar to that for bending rods. is found.

Ctoncrete operational subjec;s'may recognize that the length of the string

. )
-

influences the period but, because they do not control othef varlables,‘they
conclude tHat other factors are important as well (when, in facf, they are
not) . ' At the beginning of the formél stage, sub jects recoénizenthe adVan;
tages of ;ontro\fed experiments, but\do notﬁdellberately set them up. iln

. . p - . t
v fact, these subjects tend to ;ary two factors.simultaneously and even to,

N .
N
"R



keep the factor undar investigation constant. Only at advanced fo[ﬁal op-

er@tlons‘ddes the subject set up controi\cd experiments and discover which <

-

variable is important, ! . .
In sunmary, the defipitions of concrete and formal thought proposed by

inhelder and Piaget require a reasonable amoemt of explanation when applled.

. . -

"to actual experiments. Clcarly the appafhtus number of variables, and type

of variable influence whether subjects separate and control vari$bles. The

F

.experiments reported by Inhelder and Piaget (1958). do not demonstrate the -

existance of a general level of functioning since “each experiment was tried
: | | | Ce - ‘ /
with different subjects. Additionally, one does not know how the general //«

population would perform since results are.%eported only for selected sup-
‘ _ ' , pos !

Qjects. . \\>

.
v - .

‘Rgplications of Piaget's Work

Researchers using problems devised by Inhelder and-PiagetQ have con-
" *

flrmed'Piaget's main stages in the development of logical thnklng but have

¥

also found that only a. small proportion'of §dolescent5-and adults reach
: N ' ‘ ‘ .
Piaget's level of formal operations, It is very difficult to compare the
' . v

data diréctly because the studies are not uniform in the age or ability of

subjects, the egperiments used to measure logical ‘thinking, the experimental
procedure, or the standards used to evaluate ghd categorize responses. The = -
diversity of studies is both é_tribute to and a triticism of Plaget's work.

Pliaget has certain]y led others to conduct Interesting‘research: However,

hd

because he intended to describe and illustrate the develoqpent,of cognitive

abllltles, Piaget s work is imprecise espechlly with regard to standard{- .

. zatlon-gf/categories. In this section we wlll describe studies establishlng

4 ‘ ‘:&_.' '
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cross-cultural norms for tasks used by Inhelder and Piaget and studies int

vestigating ghe relevance of the 16 binary -operations to logical thinking.

. Subjects who reach formal operations. As summarized by others (Blasi
and Hoeffef, 1974) , mapy researchers note that small percentages of sub- _
Jects reach formal opera{}ons’as defined by Piaget. Dulit (1972) found

that only 25 -33% of normal adolescents, age 14 to |7 and adult% age 20

to 55, qnd only 60% of gifted 16 and 17 year olds exhlb!ted formal opera~.

tions when they tried to solve some of Plaget's experiments. Other re-’

;earcﬁers‘who have replicated Piaget's experiments generally report similar
e : .

: N f 2 .
rates (Jackson, 1965; Keasey, 1970; Lovell, 1961) These studies, as well

"as Lunzergs (19655 have avig found that subjects who perform a task at one '

level of thinking may well
ticated level, even if the #wo problems are logitall? simllar.

Looking at the effect of school ing on scientific reasonlng, Beard (1962)
)

//nd/that for 8 to 16 year old(’the level of logical thinking varied ex=

F3

tensively between schools. Almost all subjects in one school failed to

-

either treat ‘the variables in the task lndependent]?} or to conclude that

only one variable was significant.. In another school, nearly all subjects
. - 4 .
- . v/ .

over age 10 were able to separate the variables. Elsewhere, the subjects
sfowed the usual pattern of increasing success with age. Previous class~

robm experience appeared to play an important part in the ability to con-

v

trol variables.:
‘Mecke and Mecke (1971) are the enly investigators whorfouqd'a sa@ple

(of 15 year olds) who all appear to use formal operations. However, they.
/

determined that a subject used formal operations i'f he simply'USed a sys-

<

-y

tematic approach to eliminate the irrelevant variables in Piaget's pendu-

lum problem. Inhelder and Piaget (1958) consider a systematic approach

»

. . N ~ 'l )
. * \ . b
. \ '
& - . * ’ 1 () N - N
s , . -
. . . . 1 .

parform the next task at a more or less sophls-.J

<.

.!/.
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to be a necessary, but not sufficient condition for formal operations., A

person at formal operations mdst be-able to investigéte the varjables’and
. oy El e i

then explaln how they interact. Thus, Hecke and Mecke's- researché:s not
necessarily contradict the other replication studlies. lt does empliasize
the neédkfor clear, workable standards for further research on formal oper-

ﬁthns. The task used, the subject's previous experienge, and the defini-

tion of formal operations all affect the proportion of subjects said to ex-

hibit formal. operations. . ' @

, Criticism of Piaget'§4probositional logic. . Several researchers have

questioned the usefulness of Piaget‘3~5ystem of proposlitional logic. Plaget's
o AY
. 4

/systemﬁls based on !6.!ogica!'bperatlons which he says chafq;terlze formal -

, . <
thought. -~ N ~

RQli\(l975) in a comprehensive analysis of Piaget's formulatlon de-*
monstrated that Piaget S lnterpretation of material lmplication is incon—

slstent with standard propositibnal logic; he pounts'out that Piaget's sys-

tem irvites overgeneralization and prohlbits certain iInferences which are

-

Jaccépted in standard propoal:ional logic. Ennis also showed that the ébility

A «
to "handle propositional logic'" in Plaget's terms does not differentiate

young children from adolescents: some of the ‘complex operations are Jsed'

correctly by 7 and 8 year olds, others are used poorly.by‘adbiescents. He

3

found no evidence for a quantum jump"gurihg'the child's develdpment in .
ability to handle propositional logic. Relevant to-our concern with scien-

tific reasoning, Ennis concludes, 'There appears to be no.connection between

isolating variables and -possessing the combinatorial system (the 16 logical
X . P v / .

" operations)',

-
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Bynum, Thomas and Weitz=(1972) and Weitz, Bynum, THomas, and Steiger

(1973), two of whom &re logicians, reexamined Piaget's protocols on one ex-

periment and replicated the éame'exberiment with §ubjeétsiup to 16 yea
L] . i . .

-~
1d.

They found evidence for only 8 of the 16 logical operaffons_ln Piaget's work

&pnd a maximum of 5 in their own protocols, They:feel ‘that 6 of the 16 -opér—
2 -

3

ations occur only in technlcal works on logic. Osherson (1974) attempted-

“to analyze Indlvjduafrbrotocpls for a series of related ‘logical problems.

The 16 operations were ineffective in'exb1§lﬁlhg_cnrors Jh,splv1ng-the'pr9- '

' R L e Lt D e
blems. T AR RS e : T o

-+ n

oL N -, L o . Pl Lo T LIRS ;@ju - ,.,._"“.
T SR ey o oL .

Replica;ions studies tﬁen have (l) d&mpnstrated thaf q&;,

Ly '(’n
B

Bb roTe of

t‘operatfon
)\

is a lcss unitary tFait than |mplied by Rﬂageo (2) questfqgg

s

Plaget's logical opera;}ons, (3) shown that only a small portion of %dufts

« -

reach fqima} operations, and (h) ‘emphpsized the Aeéd for consistent stan-

-~

dardgy in evaluating formal thougﬁt.
. » .o X .,:.

N,
r - 4

. Non=Piagetian Studies of Scientific REa$onlng-

,

~

."(
fhd

*‘: T
9-

'.—

.&.a

Several researchers have devised their own problems to investigate for-

‘l

’ : ) . ’ .
influence the level of scientific reasoning demonstrated by a particular.

learner. They suggest reinteréretatlons of Piagé\W ' onception of sclen-

tific reasoning. ’ : \
I

Level of Formal Operations in the Populatian S

b

Extending the work of those who replicated Piageg} several studies have
‘ . J e . .
assessed the prevalence of formal operations. To determine how many people

mal operations. These studies illustrate the many varlables that appear to

’1
C g

L3

_'1.

Ceo

“\‘L I

WL,

’9
v
l

-lr‘q B SN
ST st
c Wy

t
3
RS

2



W

¢ -*» + ) N )
* + . * N 3 - o
) A ¢ )
! had . T
r 5 V_'_ s ; % . o
- L)
1 v " -9- . *
i \
. . . ) .. ] AN -
. . . ' . . ”
" O ..

.regularly use fﬂ{mal opcrat}ons, khrplds and Karplus (1970)° used the tsland

: Yod can also go between Bean and Q

.plane‘petween Bean and Flsh but

.queStlon WaS_to decide which of the four cards needed to be turned qver to

;Harrlson and Davey (1972) found that concrete content (ful) truck empty -

‘ . o AU —

“Problem-' “There are- four lslanq§ Blrd Snall Flsh, Been._ You can go by. -

:h} can't go between”ﬁlrdjand'SnaJl... TN T

' 3 ke .\-«‘ X
QWL Can you go (a) between Flsh)and Blrd?
: X _

,(b) BetWeen Flsh and Snall?”' They*found that onl hO% ‘of the group of
Y

physlcs teacners used formal operations to-solve tth,problem.‘

- ¥ -

: - . < -
Karplus and his coworkers also have devised Qioblem& concerning the

correct use.of ratio and proportional reasoning. They3found that only 20%

of e'large-sample of-nlgh school students used proportional reasoning con-
o . - R o - B 2
sistently in a series«of logically similar problems. (Wollman and Karplus,

1974) . o % e A

fo N\, L
Wason and Johnson-Laird (1972) found a very low rate of success among

’_adults who tried to solve.the_Four.Card problem: Four cards, showing re-

spectively a 5, a 2, é B, and a U were.presented. Subjecté were informed

Y

that all cards bear a letter on one side and a number on the other. The
t a ! <.
¥ . . -

“

decldi’nhether the statement '"Every card with a vowel on:one side has an
even>number on:the otherﬁ'was true.” Only 5% of intelligent adults wlll'glve‘
the correct solution, the U and the'5. However, Vason'ano Shapirp (lSll)
found thet.performance is improved when tnenatlc material is used and Lunzer,
truck, red, yellow and the sentence “Every red truck is full of coal“) sub-
stltuted tor the arbitrary letters and numbers of the original problem led ;4"‘A:

to greater success. Thus the evidence for forgal operations in.the general :255*

i)opqlatlo;t is low and the fami l,ia‘ of the :m"at‘er'ial influences performance. bg}
.. o . _ —_ ) ' Coo ,
- : : . R A



£0- . -

‘
Variables Relevant to Demonstrating Scientific Reasoning

- Role oﬁ'Ewperlence. kerplus, Karplus, Formisano, and PeuLsen (l975)

gave both proportlonal reasonlng problems “and controlling variables problems

to l3 and,lS year olds in seven ‘countries. 'About 25% of the subjects used

' ul A

fornal operatlons on proportlonal reasoning whlle'about 20% used formal on
tontrolling vquables. The relatlve dlfflculty of the two tasks was not
“conslstent from one country to another .and the two tasks i were not. well cor-d;
related-over the entlre populatlon (Karplus, et al, 1975). They concluded
that the program used for\teachlng‘sclence and mathemat I cs ln;each'country
lnfluenced the llkellhood of demonstretlng formal reasoning ability. These

\

~ l '/‘}){ findings parallel those of Lovell (1961) for schools within England

'y

Famlllarlty andxnumber of variables. Linn. and Levlne‘(l976) studied
_ > _
Rl ' three loglcally slmllar problems, each lnvolvlng different varlables._ They

§ found th;? not all adolescents (age 11-16) exhﬁ§lx formal operations when

i ?”trylng toﬂjﬁfﬁe loglcal problems and that success rates vary depending on

’ r

the famllladlty of the variables. The key to thelr tasks was to change one

..}'

O ;‘\ {?alleh f;rgtemdiltally whlle the other variables weré held constant. One
lgng* - of the th%;ignthe Seeds Problem, was presented orally |as follows

éfi 3?1f:gf = "Suppos; you had-two kinds of seeds, white radlsh seeds ahd red rdd{sh
:i i'i :;;-dlreds: “You want to see whlch kind will grow tallest in a week You. have .

. (:“l\! ‘ﬁkwotglower pots that are just the same, some soil, water, and fertlllzer
i;f- .r"”ffﬂ,mgtlets. What would you do? How much soil wollld you put In the first pot?
. %g;j‘ | |$he .other lmglcally similar’ problems concerned rolling marbles on a ramé“
ti;gj' " (Ramp Task) and determlnlng which wires were lhvolved in-a clrcult;(Clrcult
. Task)., The Ramp and Clrcult Tasks were przfented with materjals whlle the

Seeds Thsk was presented orally wlthout any materfals, Over~90% of the

» ¢

14'
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, subjects Eould‘solve Seeds, but only‘pbout 10% bf the same subjects could

‘

solve ;he Circuit. and only 40% of a second group of subjects from the same

’ ~ classrooms could solveltHS‘Ranp.p.Thus the familiarity of the variables-

.y v

Influenced success on this task as would be e&pected.“ v

Several.investlgators have hypothesizcd'that the number of variables

in a given task influences task difficulty. Wozny and Cox (1975) ‘found

o R .
‘that the age interacted with the humber of variables in a partigular task

*

such that two variables tasks (like Balance Beam) were solved by most 12-

13 year olds, while tasks with multiplé interacting variables (like Float-

-

ing and Sinking) ‘were seldom sélved, even by 16 and 17 ‘year olds. Cace
. . {1974) réports similar relationships. for younger children between number of

variables and the age of the chfld;

Organization of the problem. Another area that has been hnvestigatea

is the role of the organization of the problem that the child must solve.

Anderson (in Peel.'197l) found that secondary school girls used imaginative
/ - “ N . ) \
responses, the highest type in his study, to a greater degree when they

could choose their response in a Multlpié'choice format as opposed to an-
swering an open-ended question. Linn and Levine (1976) found that 'with a

multiple choice format, as opposed to a free format, more 12 to 16 year olds

i

were able to design a pfoperly contro\led experiment to solve problems in

’

~* " physics. Wollman (in press) found a similar result with fourth to twelfth

»

. graders. He examined thé differences between three formats of the same
f : e
question, In decreasing order of difficulty they wefe: 1- Devise .both

¢ {

.conditions of a'slmple experiment; 2- Complete the second condition of an
» - experiment when the first is provided; 3- Reject an improperly controlled

oxpériment when both conditions are provided. The second format is very

4

L
L]
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hr k-' \ . . -

similar to Linn and Levine's or Anderson's multiple choice format, Peel
. ' Y

A}
[y

-

(1971) attrlbdteﬁ Anderson's finding to the "aducative effect“ of the:for- -~

. e

o . . f s .
"mat. Linn &nd Levine believe that the .Improved performance ‘Is due to the

onganletlon of the information.

Amount of avalIable information. -A related questiqﬁ fs the optinal

Y .-amount of informatich provided to the §hlld. Cén thére be too much Informe
hthn?t~The results are not completely éonslsteng at this time. When Olsin .
(19663 1imi ted three fo nine year olds so that théy'had to use lnformaxiqn.

) . : )
one plece at a time, they developed more sophisticated conceptual strategies

~ than when they were allowed free access to all avallable information.
N _

Using problems invofving ratio and proportional reasoning, Karplus and

“his coworkers report a similar result wlthlchildfeq.in the fourth to twelfth

’ -

grades. In their prébIEm (quplus and Peterson, 1970; K@rpl?s and Karplus,
1972) children were asked to de;ermlne the size offa stick fiéure, Mr. Tall,
. in large paper clips, after they. had been shown the size of Hr. Small in .
smal l andwlarge paper clips, ;nd the size of Mr. Tall in small papgr’Eﬁ[ps
only. When the subjects were able to see bqth M;.-Tall and Mr. Smgl), many
answers were based on a vis;gl est!maée of Mr. Tall. However, wheﬁ the

problem was rearranged so that the children were given the necessary in-

~formation without actually seeing Mr. Tall, they tried to use the available
' L

data In more sophisticated ways.® (Karplus, Karplus, and Wollman, 1974).

3 . \.

Linn and Levine (1976) found that performance was impaired for 12 year

[ 9

[}

,
p olds but not for 16 year blds when two different physics problems were
)/ _ organlzed\éb that the results were emphasized and the procedure wés hidden

A

from viey.’ The young subjects were more likely to make a decision based

~

only on the results that they saw. Many older children would not make a

. ~

16




~ deciston because they reallized that they did not have all of the heccssary

~

Information. Both groups: of subjects, however, performed similarly on the

-'prJBlém when the results’were not shown. Linn and Levine note that.thelr
: - : : : t

results are consistent with Piaget's characterization of the translition to

. formal operations as a chahge from conélderlng only real events to reason-

Iing about yeal and all possible events in a,givenfsltuatlon.

1 .
L)

Peel (1971) reports on two studies that do not directly follow the trgna
of Karplus, et-al, or Linn and Levine. 1In these studies, chlldren were
asked questions after they read passeges, some with added information and’

some ‘wlthout, In one project done by Brydon, there were no slgnlflgani

~

differences between groups on the.frequencies-of three levels of responses.
,‘ ) - . R SFSFY ’
In a second study, carried out by Hilton, a slight]y greater snumber of new
- pleces of information and judgments emérged in-the answers when,the‘chlldren
rTead passages ngh.extra information, Peel suggests'that this is evidence
' L - , !

for a readiness tcf}%e information when.children reach a certain intellec--

tual mafurity.

A
-

There are a few important differences between the studies that may ex-

. .
plain the varied results. Peel reported on passage reading studies where
v © / )

the additional information was relevantlﬁo the problem Béﬂng discussed. In
Karplus' studies and Linn and Levlne'ﬁ, the problems were not reading pas-
sages, but involved physical objdéts that were presented to the children;

the _additional information prqvidéd was not relevant to the problem, it
was superflous or even misleading. This is an lmpoftant area for further
. § ) .
Tresearch ‘since one tmportant skill in problem solving is the ability to
Y

separaté the relevant from thg irrelevant information,

1 .

' /. ; ; I



Extension of PIQQPflan Theory ~ /,/' : ) . U

v Lunzer has cxamlned Plagef*s descnlp%lon of the tran&ltlon firom concrete

1

‘to formal"thought‘ and lnvestlgated f: uslng a probﬂem he devised. Lunzur .

_found that what he called "apll[ to handle multiple ln%ernctlng systems”
more adequately dcscrlbcqzchitransltlon from concrete to formal than the
concepts suggested by Plag t.

Qphze} (1973) and his student, Plockimgton, have studied the switch
prbblgm. In this problem the subject Is presented Jlth a box which has one

light and 4 buttons to press, The subject was told that one was a switch '
. v ' . -

~

whlch'ﬁbulq céyse'the lighg to come on If it was off and vicé versa; one
was neutral and-yould haQe_no effect; one was' an on button.and tHls wo&ld
cause the light to come .on if It was off Qut would have no effect if (t Wgs
sn‘alreédy;.and the last was.an off butto# the actlon of thls belng th
exact opposite of the ona To help them keep track of events, subjects were

offered 8-labels. These could be used to-tag any buttons they identified

The labels were on, off, chanqe neutral, on or change, on or neutral, off

or change, off or.neutral. Lunzqr found that. use of the last A labels was
nénexlsteﬁt at age 7, infrequent at ;ge 9, and almost uhlver;al'at Sge .

‘He hypothesizes that younger chlldren do not use these labels because of

an lnablllty to&lmaglne multlpqulnteractlng systems. That Is, young chil- .

dren cannot accept that they oqu‘have sufficient dvidence té decide that ' - .

& button is either off or change, since it must be one or the other,

Spmmary of Status Studies of‘Sclentlflc.Reasonlng i : o

The studies of problems devised by others confirm the results of the

repllcatlons of Piaget's experiments., The level of formal operatlons is

»

" reached by only a portion of the populatign of normal and even lntelllgentu

*
[}
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adolescents and adults, The sort/of renqonlng ahllity implied by full de-

to
of problem solving to

vqlopmcnt of formal thought, that Is the alfility to apply gcneral princhle;,
;?; problem, does not usually occurs:’ Plaget (1972) '
has sincc acknowledged that unlike tho other major stages In cpgnitlve'
develOpment, it appears that full dévgioﬁment of the formal stége is reéched
- by only a segment of normal ~adolescents and adu}ts' Piaget does believe
that all adults dcvelop formal opcrations in some domain. o ;
Detailed analysis of problems studied by Plaget has revealed a finer
structure, Varigbles which Piaget did not mention have p}oven important,
such as the number of varlablés and the format of the questlons; In seeking
a logical structure ingependent of specific contént, Plaget has minimized
these factors and emphasized hls.system of propositional logic (the 16 log-

ical operat[ong). Houevér, it appears that this logical system is di fficult

“

to recognize in practice and’inadequate for assessing progress in scientific -
b reasdnlng (Ennis, 1975). ) ' (/’—T\
Finally, PIagetAhaﬁ emphas lzed a change fr6m rg]lance on cbncrete ex-
berlence'to use of a, formal logical_sy§tcm. Evidence for‘this soft of | ~e
change ‘is lacking. Concrete apparatus.appears to facilitate performanée_
. under some conditibns but to present interfering information under others -
(Linn and Levine, 1976; Karplus and Petersoé,\1970). Purely verbal prob-
-Lsms appear to Se,easle} than éonc;etely presented’'problems in some cases
“but not others (Linn and Levine, i976; Péel,'197l).

Piaget (1972) has also recently described formal operations as an ideal

congnitive’competence. In Piagetian terﬁs,'it could be that people who

L3

are at the level of concrete operations' are not naturally exposed to-enough
experiences of cognitive conflict. They have not!had the gpportunity to ac-

comodate - their cognitive structures to the high level of formal operations, &

e B o . 19 ‘ | Uv "' S %_ 
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They may find that conarete bperatlonal thought is more than adequate for

A
-

: . - A : S .

daily living. | _ ‘ S ' ' . o -
Nevertheless, change; in sclent}%ic reasonihg ability between age 12

and 16 have been.docuneqfed (Cinrv and Levlge, 1976; Karélus and Petérson,_ o
1970). A mpre complete-model for these changes }s needed. 'lt may be ihat

people who do not use formal operational reasoning for a particular prob}em' AT
have oot had the expérlenccs necessary to_devlse methods to organize thé
Ihformat{on’or,to develop the capacitigs for handling this much information.

Y

If.tﬁe environment does not provide enough oppgrtunltggs for the experlénceg.
that are necessary fo go behond coﬁgrete fﬁZught, can people be deliberately
trained to think.at a higher-level? The next ;ection will deal wlth‘thjs.
question.

Tralnfngﬁin Scientific Reason!ngﬁb L

=

From the evidence discussed above, it seems that Plaget's stage of

formal operations is a level of theoretical or potential competence, not

~

of everyday performance. Additfonally, the importance of the number and

.type of variables in the problem has been demonstrated. Some researchers

bave attempted to tfain children so that their performance w}l) app}bach
formal thought; they have had some sucﬁess dn promotln§ scieﬁfiflc reason-
ing. Studies will bg reported here ;onCerniﬁg the promotion of more sophis-
ticated thinking in adolescents, éor‘exaﬁpIQS_of succéssful related work
with younger children, the reader sﬁ!qlq refer to Br&ént'and Trabasso (1971),
Bryant (1974), Case (1974), Kohnstamm (19635{ and Inhelder, Sinclair, and

Bovet (1974).

20



Rescarch Evidence . _ S o ° )

' Programs which teach scicntdfic reasonlng will be discussed by category

(1) lndlvldual lnstructlon (2) Prograwd instruction; (3) Elassroom

lnstruttlon, and () Experlentlal sclenca. . “

[ o

-

lndléldual Instruction. One area of lnvestlgatlon has been the use of

ﬁdgnltlvc conflict as a teéchlng device. Bredderman (1973) used three

tasks based on. the bcndlng rods task from lnhe]der and Plaget (1958) to train
fifth and sixth graders to demonstrate whether the indepehdent variable

changed with _any particiular variable in the problem. They learned tq con-

4

trol all tgf lndipéndént variables except the one under consideratioh, which

hqd'to be varied systematically. Bredderman was successful wlth most, but /

-

b

not all of his subjects., He found.little dlfference bctween three methods
, e/

of Instruction: l-reinforcement, where the results reinforce the idea of

controlling variables; 2-conflict, where two or three variables were chénged

simultaneously, resulting in a misleading relation between one independent

variable and the dependent variable. The child had to resolve the conflict

when the presumed relationship was shown to be erroneous; 3-repetition,
& ’ . e E .
where the problem to. be solved was presented repeatedly. 'Bredderman, there-
, . .

fore, found no advantage for cognitive conflict.

1)

Slegler, Liebert, and Liebert (1973) trained 10 and 11 year olds to con-

l‘varlables and draw conclusions from their experiments. Children were

\

trained to recognize that some variables do not influence the outcome of

»

experiments, Sleglef fet. al., found that a verbal éxplanation of the gen- -

eral principles or the use of analogue problems upre equally effective in

tralnlng their subjects to draw the carrect conclusions about Plaget s
”bendulum problem. In an extension of this™study, Sleglef and Liebert (1975)

Investigated the effect of conceptual framework and analogue problems on a

»
-
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framework plus analogue problemd'was successful in training both

lv . . ) | _'8_ ’ | .

*

-

combinatorial task. In this Case,'they found that exposure to cozceptual

-O'and/13;

year olds The concgpu(al fragpework a]one. was effectl\/e for 13 yea/r olds

but not IO year olds, They observeq)that, for younger subjects, the effect

of the analogue problems was to emphasize the need for written records.

Oldeyr subjects tended to make written records as a result of conceptual,
. 4 . : Sl

-

- framework training along. ]hese two studiés appear to sugges't that trainf

Ing which helps the. child organize the iInformation in a given situation whll
Increase the likelihood of success on the problem. Additionally, 10 year

4 . o
olds need more concrete instruction in how to organize the information than

do 13 year olds. ' - “4; ' -

Programmed instruction. Several programmed'instruction procedures have

been used to promote logicaf thlnklng " Gray (reported in Peel _1971)
‘cluded both cognttlve conflict and strategies for solving problems. Raven

(1974) used a short program providing problems and’ Strategles He found
that the‘program worked best when tﬁe criterion questions matched those
presented in the program. Althdugh both Gray and Raven reported that their.
programs enhanced mature thlnklng, they have not been completely successful

in promoting generalization to new problems.

The Productive Thinking Program was designed to train for generaliiea

-problem solving skllls\uslng sel f-paced pamphlet materfals (Covingﬁon,

Crutchfield, Davies, and Olton, 1974). In the program, non-school problems

’

such as puzzles and mysteries are presented and the child s taught skills ~

[

.to analyze clues and find a solution. Evaluation of the program reveals

‘that children make substantial gains in thinking skill as measured by a

wide range of instruments from essays on poverty to solutions of new
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‘mysteries (Olton and Crutchflel§,‘l969)l The -progeam authors interpret
tﬁgse results as indicating that children can make far more effective use
Lo _ o .
of the capacities they already hdve when provided with a method for opera~
tiohalizing their abilities.

-*  Classroom procedures. Peel {1971) reports that one of his students used -

cognitive conflict as a device to inmprove the level of thinking. Peel's

-studgnt} Anderson, developed a program using the teaching method of Instruc-

tlo‘F?nd class discussion. The topigs In judgmeﬁt were: .(l) Recognition
of lncons{stencies, irrelevances, and partialities. Example: Can you be
i - ‘ ,
‘obedlent and clumsy at the same tiééﬂ (2)kaasoning from propositional
.statements to arrive at conditions under thch statements might be true,
false, or inconclusive. (3) Looking for relevant information. (h).quking
and evaluating explanations. (5) The pitfalls of the implications of the
words “all" and "some'". (6) A full discussion of judgmént éroblems. An
‘example of a judgment problem is: ‘
7

"Statement: In the Mlddlg-Ages most meﬁ\dfved all their lives with-

out being able to read. J%Bey built beautiful cathedrals, but did

not know many of the ordlqaf;,'everyday things which every child of

tw;lve knows pcwadays. Every age builds'upoﬁ the knowledge of those

who went before. - Question: Were;the people of the Middle Ages clever

or stupid? How aoyyou know?' . -

Hyram (1957) used induction, gqing from the specific problem to general
prlﬁciples, to instruct 14 year olds in several concepts of logical think-

ldg. Through guided class ‘lscusslon, his students arrived at solutions .to

~
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a Qariety of logical problgg§. After four months of regular discussion

-

periods, the experimental group improved in reasoning ability and logiéélﬁ

thinking measured by problems s{mllér to those used for tralning.

-

Lawson,-Blaie, and ffgland (1975) attempted to train 30 high school
students to control variahles. "Students attended training sessions which

involved both instruction and experience with appératus. Students improved

e

dn ability to do a problem taught in the program but made no gains in ability ’
to control variables wheﬁ presented wltﬁ a new problem{v-Althoquvfhe train-
ing was very short, students were told how to control-varlables.

.Case and Fry (1973) alsotrained 15 ﬁigh school studerits to control
variables. Their program coﬁs}sted.pf 12 forty minute training sessions
which Involved both written materials and apparatus. The major teaching
tool was to ask students to think of counter explanations for particular
évents and then to think of Qa*s to rule them out. Students in the program
performed significantly better than controls on a paper and pencil measuré
of cbnlrollfng va}lableslénd criticizing experlments.- Case and Fry-used a

\\\‘ considerably ionger trafqing procedure than Lawson. The pencil and paper

test used by Case and Fry was very similar to exercises used in class. It

is not known how these subjects would perform on less familiar tasks.

[ 4

Experiential Science. Another approach to tgaching logical thinking
has been the development of.experlentlal science programs. Linn ;nd Thier
(1975) conducted a large scale study of f{fth gradér§ who'héQe studied
science uslqg part of the Sclepce Currlc;lum lqproyeﬁ;nt Study (SCIS) pro-
gram, which emphasizes spearating variables. In this prégram students: 1)

try out their ideas using apparatus; 2) are presented wi&h a strategy, and

3) try out the strategy with new apparatus. They fogpd that the logical

- ¥
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thlnklnq ablth‘}of the fiFth gradcrs who studied the SCIS unlt, exceeded

controls and aPPTOR\? that of a comparlsdh group of elghth graders.
- «
Linn, Chen, and Thier (1975; in pressl report on the.development of a
- + ' i 9

Science Enrichment Center designed to_lmprove logical thinking. In this

..

program- students choose .apparatus and carry out personalized sclience pro-
- Ve o N : :
Jects. They found that children who receive an lntroductlon to sclence‘conf

.cepts and then u5e the personalized materials make progress in learnlng to
control variables, while in another study, children who did not have an

introduction before they-interacted with the materials made less progress

o

in controlling variables, Comblnlng the results of Linn, Chen, and Thier
(1975) with those of Linn -and Thier (l975)//lt seems clear that once chil-

dren are alerted to the concept of controlling varlablqs ln a setting where

the results of the experiments are not emphasized, they can apply these
r'-‘l’\k

ideas. Having been introduced to the idea of controlling variables, cHlle
dren make progress in apolylng the idea durlng free exploration of science

' experlments.- Exploration without the lntroductlon-ls less effective. A
similar observation was made by Duckworthw(l97h) while evaluating a materials

-~

centered science program,-

Implicqtions of Training Studies
plicatt 9

The great diversity of subjects, mode of instruction, method of measur-

Y

Ing learning, and length of training make it difficult to.draw precise |
conclusfons about the effect of training. These studies have all provided
- some combination of strategies and practical experience. It appears that

strategies alone help students solve problems similar to those presented

in the training program (Raven, 1974; Hyram, 1957; Gre§ (in Peel), 1971;

. Olton and Crutchfield, 1969; Lawson, et al, 1975; Case and Fry, 1973) and

25
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. help older subjccts/ﬁbre than younger 5ubjécts (Sicd{;r, Liebert, and .

have not attempted tg'demonstrate that the'éubjects‘ newly acquired skills \\§

-22-

Liebert, 1973), Experience with ‘apRaratus appears to ﬁacilltatc abi|}ty to

solve new problems, éspcclally whcn-éomblﬁed with strategles (t]nn and Tﬁ]er,
19755 Linn, Chen and Thier, In press; Linn, Chen and*Thl§5 375; Slegler e

and Liebert, 1975). CognTtive conflict or related tétﬁnlq i _have been | ; .

used by many resparchers to motlivate students (Breddcrman, 1973; Case and \

&,

Fry, ‘973;'Peel,'197l) but are not'unlvefsally'spteéééfhf{”')

These findings suggested that programs which alngto tcpch_sclcnflflc _ .

“reasoning will be most success ful If they emphasize recognizing and organ-

. 1zing relevant information rather than if they simply emphasize a particu-

lg{ strategy such as '"make all other things equal' to cpntfol.

P In this section we will discuss (1) retationship of t&?}:g.‘étudies

flict and

to Plaggiian theory, (2) the relationship between cognitlive

strategy instruction, and (3) the usefulness of task aralysis' In training.

R;laiionship of Trglningisfudfes tolPiagetian Theory. Collec;ively,
these\studips demon;trate that training improves logical thinking under
certain conditions. Pilaget, commentinghbn the effectiveness of a claésroom
demonstrétlon of controlling vafiables.éald; "it would.be completely ;sef
less, the*child must di%cbvef ii'for'hfmsélf." (quoted by Hall, 1970).
Plaéet emphas izes the importance of direct experience in learning and feels

verbal instrucqidns are useless.

It should be remembered that,'indivfduallygﬂthe studies reported here

v ©

are limited in scope. In general, the tralnlﬁg'studiei"have only fostered

lodlcal thinking in .one relatiyely»narrgw area of problem solving. They

have generalized to other related areas. .Some writers have asserted that

- i
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" logical abllities of a formal operational Ehlld should be evidént Ph ‘>n- ;7 .
scientific fnclds and even in situations calling for moral juquents jfi -} .% —
(Kohlberg and Gilligan, 1971). Others (Blasi & Hoeffel, 1975) feeh that\ PN
in the.;reg of personality development, | dETb ;6
ad;lescence lend themselves to using concrete structurés rather than . ’.
. struCtures. It is not knéwn-whether these tralﬁfng programs have éEt¥f¥}x< K . iéf
, lerupted Plaget s é;quence of stagés, or whether they have only cncoura@md;; ggu,srﬁ;
M - R O T R T

or accelerated their appearance.
The most successful studies have not totally rejected Piaget's idea
a about the growth of ‘ogical thinking. Instead, they have condensed the pro& \dﬁ;Q;

*

. cess;by using the Tdea of cognitive conflict in a systematic quhlon. By

; | presenfing selected experiments that forced the subjects to incorporate >
. information that confllcted with their previous ideas, they were led to
higher levels of thinking. The goal of the final levels. was usualty the
developmgnt of powerfu]), generafized pr;pc[ples'that.codld be appligd.fo

a broad range of problems. . i _ )

= Cognitive Conflict vs. Teaching Strategies. Both cognitive conflict

“and providing simple strategies for solving problems have been_ﬁsed to

aescribe;procedUres which enhance sclentlflc reasoning abflity. What are i §;*f»

the dlfferences in these approaches? Bryant (1974) assumes that problem ~

solvers change their solution strauegy when presented with" cgmplex as op-

‘posed to slmple problems. “Bryant argues, for lnstance, that'Wery young ) i{ ’
children ‘can make traRitive inferences and thatjthls ability “exlsts” in - ‘ ;.\
- these and older chlldren, but may not be applied to appropriate ;roblems; o =
'Thus, the job of the edJcator is not to teach transitive' inference, but to .. Jﬁ
teach‘gtratggieg for slgp[lfytng ;}oblgms to a level wherevthe appﬁgpriatef.

ness of transitive inference will be_recognized and can be applled;
o . _' - ' &
. . . X @ -
.“‘. \) ‘ . -. . . | | ﬂ B . . ’9 . . -
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Piaget, on the other hand, assumés that fallure of a transitive reason-
ing problem reveals that the .child does not have a generalized strategy. -

Followers of\Plaget have tried teaching new strategies by lnducln§ con-

¢ flict. If the learner sces that an approach leads to obviously false con-

FA .
clusions, the learner will seek a new strategy and may select the appro-

-

priate one.

o

Clearly, whether the problem solver has an Inprecise strategy or has
difficulty simpFifying the prohlcm to fit a strategy, the ,result will be

fallure of the problem. ‘Strategies can be learned, for simple problems.

Once the strategy is learned, procedures for slmpllflcatlon of complex prob-

u

lems to fit the strategy can be developed. It might be that general ized ':)
. . .

strategies for simplifying problems are developed by successful learners.

Usefulness of Task Analysis in Tralning. Gagne (1970) has pointed out

4

the usefulness of dlagrammlng learnlng hlerarchles for solutlons to problems.

By attempting to di agrap a learning hierarchy shased on simpllflcatlon stra-
tegles and_cpnfllcfj/gnf could set up lntermedlate.stebe in the scolution
proc;ss. Using this epproach It might be possible te better assess the
learning problems of individual- children and to determine whether ¢onflict
training or strategy learnlng would be approprlate.

Case (1975) has noted that Gagne's system could be expanded to include
‘analyzing the learning task from the learners point of view. This view Is
congruent‘;ith the suggestion that learning problems of individual children
_be cons idered. | '

Task analysis of problems presented.to children has both theoretlcal

' end.practlcal slgnfflcance. Such an. analysls should help reveal the rela-

“ tive importance of strategy learning and cognitlve conflict in problem

~
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solving. A task ;nalysis should also supply educators with InformatzgﬁFcon-
cernfng appropriate nnfho;s for instruction. |
The task analysis of a ;ontro|ling variables problem carried out by Linn

“and Levine (1976)-il{u§trates the value of the approacﬁ. Essentlall?, as |

discussed above, they found that three quqstlons about the same varlables i
in different formats were differentlaliy related to age. Compaélng famlliar
and unfamiliar variables, Linn and Levine found that the familiarity dimen-
sion iInteracted w[th the format of the~questlon.‘ Linn and iev(ne note thét
Plﬁget's statements about the changs from the ”réal” ;? the '"'possible' are
congruent with their results, but do not lgad to implications *or instruction, -

They suggest that a strategy for simplifying information in a question would

facilitate performance,

Summary and Educational ]mpPicatfoné

] ' \ ' .v‘J
In reviewfng studies of scientific reasoning, we noted that changes do
_take place during adolescence but that these‘;hanges are not gs.complete
- as suggested by:Piaget's d;scrlpthn of formal fhoﬁght and are Influenced
L by factors not emphasized by Inhelderﬂand’Plaget (1958):.. ReSearchers In-
terested in clarifying the deyelopment of scientific reasén!ng in adole-
scence need to be aware of the fpl)owlng fa;tors which appear to influence
_H perfommance: (l) Number 6f varl;gi&s to be consfdered, (2) Fémillar{ty of
the variables to th7<subject, (3) Previous school experiencelﬁlth varlqbles,_
. . (4) Meghod of presenting .information about the task (e.q., results included),
| (5) Procedure for interacting with the apéaratus (e.g., free or constraﬁned), .
and (6) Subject matter of the problem (e.g., physics vs. biplogy, ;onsumer
affairs or logic).
| \\ . ) _ ;' _ .g)s)
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Research on adolescent sclentific reasoning reveals several important

findings for instruction:

(1) The most critical Information for educators Is that_only a small
number of adolescents can effectively control variables in fam-

Illar situations,

Al
} ———

(2) Slﬁce r‘éla't-:-l»véiyu f.e\;v. adolesccnts reachformaloper_atl_ons, -c_;f_\mc-ret;
2 _ exéerlence is a valuable aid t6 learning at all stages of adole-

. scent reqsonlné. Future.researchers need to be concerned with the
question of the r9le of éoncrepe experience in lear&lng. At the
moment it appears that codérete\expe}lence is ﬁecéssary but ndt
sufficient. Research such ag that of Sigler and Liebert (1975) or
Linn, Chep, and Thier (in pre*s),.yhlch compare varlou?AlnstfuctTOnal

“.modes is needed to clarify this question and asglst educatd?s in
planqlng.programs. , : _ ' ) e

(3) In the current situation where definitive answers do not exist, pro-.
j ' grams which offer the learner\a choice of mode of learning or pro-
- vide several approaches for teaching the same princlplés are pro-
: ~ _ bably more useful than programs motivated by a particular theony .

It may be possible to provide a wide range of choices and assume

that the:)bgrners will choose experiences reasonably cihgruent with
’ thelr abilities, B . ' //1
. ) o ) l '

“\
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