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The study concerned (1) identifying componernt’

processes of discovery and rule learning; (2) describing differences
in learning outcomes produced by the two instructional methods, and;
(3) optimizing learning. It was believed that understanding the
effects of aptitude, instructional methods, and their interaction is
important in the study of learning and problem solving. Two

exper iments were performed to investigate the effects of aptitude and
instructional methods on learning concepts of probkaktility. The two
methods were learning by discovery and learning by rule versions of
programmed instraction. Results supported the hypothesis that the
outcome of discovery is the structural integration of previously
kncwn concepts, while the outcome of rule learning is the addition,
subject scoring low on tests of relevant abilities performed better
by every measure when instructed by the rule method. The data
indicates that the result of learning by discovery is a well
integrated cognitive structure because subjects can solve problems
that require relating principles previously learned. (BW)
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Acquiving Cognitive Structure by Discovery and Rule Learniang
Denals E. Egan and James G. Greeno
The University of Michigen
Abstract

Tae study cencemnsd (1) identifying component processes of
dizzovery aad rule lesrning; {9) deseribing differences in learning
cuatesmes praayced by the two isstcuctional methods; and  (5) optimizing
garaing.  In iwo axperiments sucjects acquired concepts of probebility
by discovery or rule versions of programmed instruction. Descviptions

of learning by discovery and rule were based on veliable aptitude~

treatment interaciions involving several-problem solving skills.

jev)
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esults also supported the hypothesis that the outcome of ‘dz:'.scovew
is the structural integration of previously known -cqnaeﬁts, wﬁile the
sutcome of rule learning is the addition of new structure. Finally,
subjecte sewring luvw 4n tests of pelavant abilities pepformed batter

by every measure whenm insiructed by the zule method.
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Acquining Cognivive Structure by Discovery and Rula Iaearm’.ngl
Deapria E. Egan and James G. Gr«een:;
The University of Micuigan

Understanding the ¢ffents of aptitude, instrueticnal method, and
thedr interaction {the aptitude~traatment inrersction or ATI) ia
smportant in the study of learniasg and predblem solving for at least
three reasons. Fivet, a Therough uaderstanding of these effects may
maka it possibla to assign S8 of differing ability to optimal instruc-
tional methods (Cronbach ;1867) . Second, the process of acquiring cogmi-
tive structure can be enalyzed in temms of the skills that arve mens
¢t 158 relavant to success under different Instructional methods., In
this case, aptitude becomes a theoretical process variable (Meltoen,
1867). Third, the cha:f.‘actezﬁistics of cognitive stmueturs acquired by
differznt instructional groups can be infarred from group differences
in ferminzl performance {dayer & Greenio, in press).

Two experinents were penformed to investigate the offacts of
aptitude and instructional method on learning concepts of probability.

Experiment I

Learning by 'discovex'y ar_ad Jearning b'y rule are contrés‘cing lastruc-
tional methods that aprean impertant for applications and promising foxr
analysis of process and suructupral distinctions. Thase methods have,
in one form o another, been the fowus of much rasearch {Ausubel, 19631;
brumer, 1951; Corman, 1957; Gagné & Brown; 1961; Guthrie, j868; Kittel,
145%7; Shulwmaa, 19703 TalJ.mr;tdge, 19653 Wittroek, 1963). Whil: studies

have come Yo contradictory conclusicns about the superiority of a

discovery—tyre op a rule~type insvructional methed, thers appears ©r be
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A {:c.nsm'neus o the fundemental diff'er'ence between learning by discovery
and lesrning by sule. Subjects learning by discbvezg} proceed by solving
problems and generalizing with vepry iittle initial {nformaiion. The
task of the xula learner is te Interpret imitial information and apply
it o problems. Other differences between fe methods are probably not
as essential,

A simple hypothesls sugmesta that skills involved in solving
preblems and generalizing are more important to success in learning
by discovery then im learring by rulae. This idea leads to the expesta~

tion of an ATI such that the skills of Ss learning by discovery showld
be sipoongly related to their performance while the skills of Ss learning
by xule should be less strongly related to performance. |
Availeble evidence appears to discredit this hypothesis. Talimadge
(3.965) and Cooman (1957) found ne relishle ATI for groups of varylng
- ability learning by a discoveiy-typs cr & rule-type wmethod. These
studies used saores on tests of generwl ability as measures of aptitude.
Recently Bracht {1%70) sweveyad AT literatuve and reported that a
disordinal ATI is more likely to be found if +he tests of ability are
spaeific to the learning task. Thua, the lack of evidencs may be due
to the use of tasts of ganeral ability. Noreover, an ATI found with a
general aptitude would yield very Mttle information about the processes
of learaing., Tho Ffiost axperivent was pevformed in an attempt to achisve
»¢iiuble ATIs in the exwpected diraction, as well as to analyze the

processes jnvolived in Jearning by discovery and leaxning by wule.

Me ’r.hcsd‘

Materials -~ Subdects wore tavght how %o solve prohlang izi*}alving




binemial probability by one of two different programmed temts. The
Texts warw construeted by pavsing én instructional binomdal problem
into & hievarchy of compoments. thls instrustional problem required
firiding the prebability of three sucessses in Ffive tpialy of roliing
a die. Suvbjects advanced through the texs by nolving multiple
choice problems concemning each component ¢f the probiem. The zaquenee
ig presented schematlcally in Flg. 1 where components arve represented
by their symbels in the formula. A correct answer alicwed § to bypass
lover lewel instruction em that perticular component (Campbell, 1963},
vhile an incorrect ansver sent S into a remadial locp. Onece the entire
instructional problem waz solved, S had to successively soive three
eriterion problems that changad the values of the ingtructional problem.
Supiects learning by rule wers given the binomial formwula and rele-
vant dafinitions eon the firet page of the teut. Thepeafter, all guestions
and instruction were phrased in terms of the Formula. Sublects learning ;

by discovery were asked the sams questions at each stage of the hierarchy

wers phrased in ordinary English, as nontechnically as possible. For
eXanple, S5 learning by rule were asked to find the value of pr & q‘n«-r
at the same point In the inatruetliomal sequenca that Ss learning by

Insert Figure 1 about here
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digcovary were asked to £ind the pmbabilitg} ef a particuiar ssquence
of wolls. Definitions and notation fer the vyariables were Introduced

to discovery Sg only after they had solved various parts of the in-

structional pwoblem., Using the notation, Sr generallzed thelr solutions
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T abtain parts of the foragls, 2iscovery $s never saw the entime

binomial formuia at eonce. Sequencing in the discovery and rule texzts
vas identical. '

Ability tests «- Tests of thrue abilities specific te binomial
prehability were administsrad. o tent of rrodabilistic concepts con-
sisted of 14 multiple choles quastions concerning Ldentificavion of
the prebabilitiss of single events, joint event®, the nonocourrence of
events, the occurrence of aither of two events, and the occurrense of
simple sequences of events. A second test measured skill in the
arithmetic operatrions recassary fov calewlating binomial probabilities.
Eight preblems were given involving computatlion of factorials, addition
of fractions, and sxponenziation of fractions. The third test wag adapted
from Leékow 6 Simock {J:Q‘K) }o Bubjucts were asked to write out as many
of the permutations of the digits 1234 as they could according te a plan
that would exhaust all possibilities witheut repeating any. Scores were
based on how clesely S approxirated one of two strategiess (1) helding
initial digifs constant end changing digits on the right, op {2) rotating
the preceding permatation. The relevance of the First two tests to
binomial ﬁ;mbabil_i'i:y i chvious, With ragard to the permutations test,
Piaget ¢ Inhelder (1951) have ‘hypothesized that a prerequisite for
wrderstanding probability & the ability to daal systematically with a
set of possibilizies. In diémvering probabilistic concepts, tha ability
Te count the elemants of mn outcoma space seems especlally important.

To obtain m‘easux'es-of general. abiligy, $5 were askad to vaport their
8corss on the Mathematiecal Scholastic Aptitude Tast (MSATY.

Pmcedu‘;_'gm == Subjects wera given the Preteats and then the programmed

i O
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texys were handed out at random., When S cempleted the programmed bocklet
he was given & S-min break before baginning the postvest. The posttest
consisted of ten binomial questions fmvolving different situations,

Subjacts -~ & total of 57 Sy (male and female) from the University
of Nichigan paid subject peol partieipated in the axperimant, 29 in the
dizcovery greup and 28 In the zule growp. Up te Five 38 seyvad in sach
gxpaeimantal sagaion,

Measures of Learning -~ For aath § three measures of learning were

obtained: the number of ervoms made in mawering the multiple choaice
problems in the pmg-‘ramfnad text, the arowt of time taker to ccrr{plete

the instructional sequense corvectly, and the proportion of arrows

made on the poesttest.

Scores on the pemwutstions test did not account for a significant
portion of variance for any of the three measures of learning. This test
wa.é.; excluded from furthee analyses. TFor the remaining three shilities,

Ss were divided into three groups spproximately equsld in size on the hasls
CL ench Tesh aeora.

Of the 57 83 43 provided their MSAT scores. The range was 419 to
774, Low ocoring (¢ 5993 .’.\ZD =5, MR 2 8), Intermediate (600 to 64993
Ny = 8, Np = 8), and High scoring (3 700; Hy ® 9, N = §) were formed.

The first column of Fiy. 2 shows the rslationship between MSAT scores

ard the thres maasures of learning.
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Scores for the §7 8s on the b item test of probabilistic aeoncents

L3

yielded a range of 5 to i4 corvect. Lovw scoring < 19 correct) Ng = 1C,

£
zeoring (13 or 14 correct; ND = 11, NP z 12} groups were formed. The

Ny = 6), Intsrmediate (11 or 12 correct; HD = 8, N, = 10}, and High

middle column of Fig. 2 shows the results of the concepis grouping
for all Ss. ' " '
boithmetic operations seores vranged from 0 O €. The sanmple was
divided into Low scoring (¢ % cormact; ND = 8, ﬁR z 8), Intermedizte
(5 o 7 correat:; My = 33 Ng = 7}, and High scoring (8 corr;(zct; Ny = 22,
Mg = 13) groups. The third column of Fig. 2 shows the results when skill
with arvithmatic opsrations was used as the bility eriterion.
Table 1 gives the vesults of analyses of variance for the 'vax'icus
combiinations of ability oritoria end mzasuras of leayning.

Insort Tabls 4 about here
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Digscussion

Several sets of findings are of pasychologleal intarest. First,
eonsider overall diffarences d_ue to instructional method, Subjscts
commitied more evrors in leavning by discovery than im iearning by
mile. This diffevence iz a stralghtforueyd wesult of the difference
in met‘néds, s.in.ce the diseovery method required Ss to first solve

preblans then infer principles frowm the problems. However, thers was

not a valiable difference between the two methods In time spant in
Jearnuing. Thiu finding sugpesta that thers was ot a substantial dif«
farence in the owerall diffisulty of tThe two teaching progrzms. The lack

of & main effect due to method on the postitest suggasta that there was

no relidble diffevence in the effectivencss of instruction.
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The differences among ability groups for all analyses were highly
significant (p < 01). In every case, the groups scoring higher on
ths test of abllity.pexformsd hatter on the measures of leawning.

Thus the tests of concspie and apithmatic cperations as well as the

MSAT moasuved chvracteviaticn relevent te the leavning task.
The main point of the axperdmant was O test the hypothesis thal '
skills Invelved in solving problems snd gzneralizing ave wore impore |
ant to guecesy in lsarning by dscovery than in lesrping by eula. !
|

Relishie ATIs were cbtained in saven of the anine asnalyses, all in the

axpacted divectlion. Thue the hyporhesis was supported. ‘

Specifically, from the graphs of evrors in learniag in Fig. 2,
it is apparent rvhat all three groups of 83 learning by rule mmde_ Tow
errors, but groups of 853 learning by discovery were systematically
ordered. The adler digcovery S8 made foweet errors while the inter~
nediats and low ability groups wade prograsaivaly MOYe STTOPS o The
same ganarsl pettern of resulin wes obtalned in avalyses of time spent
in lsaming.

Finally, <onsider the AT ea the postrest. Conalstent with Covman
(1957) and Talimedge (19£8), there was no evidstee of an Interaction
betesen Instructional wethod and general ability es measurad by the
USAT . Howavanr, interactic;ns wars found batween the mothods used and
the tests that measured abilitles apecifically involved in tha lsarning
task. The effect was at least marginally significant for both the test
of conecepis and the avithmetic test.

Knowl_edg-a of prebabllistic concopis and arithmetie operations was

moz imperiant te sucesss iu learning by this wersion of discovery than

. i




this version of wule. To that antent there is soms clue as to the difw
farence betwsen the process of leaxning by discc:‘s'exy' and the process

of learning by mule. 1If acquisition of concepts by discovery involves
mord problem solving and gensralizing activity than doas learning by
riale, It would be expected that the Jearning outcowas produced by the
two methods might differ. Since the set of prcdlems on the posttest

was not genersted in any systematic fashion, Little can be sald concarne
ing the characteristies of the cognitive ptructure produced by each
rethod of instruction. |

A second experdment was perfovmad to replicate the ebtained ATIs
and to extend widerstanding of wvhat is acquirfe'd wmde: sach type of
instructic;n by maans of a syséemi‘:ic travsfer malysis.

Lxporiment 1

Katona (19' ' fownd that neaningful Jearning allows Ss to solve
problens in a variety of clvpaumstances., If Ss dlscovered the Ipr'inciple
of solving a set of probiems, they parformed bhatter om tasts of long-
tewm retention and transfer than 38 who had wemorized and practicsd a
rule for solving tha problems. On the other h:'and. when tested lame-
diately on problems very similar to the instructional materials, Ss .
who had learned by memorizing and d»ill performed batterv.

Othar reported differences in wvetention and transfar between Ss
learning by discovery er 1@&:}&15.:\3 by rule have bsen inconsistznt (9.8,
Kittad, 1957; Guthrie, 19608; Wittrock, 1963). The divereity of
reswWits 1s probably due in part to the diversity of ;I.mtn\ctianal'_‘m”ceriam

and instructional methods.

In one study that used {nstructional matemials and mathods sinmilar

g .
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to those in the present study, Gagné and Broun {1961) gave three groups

L *

of Ss programmed instruction in the summatlion of algebraic series. The

groups of interest wers the rule-enample growup and the guided discovery

. groups which roughly corxespond to the rule and discovery groups in the

present study. While all thres instructional wmethods produced savings
in time spent in relearning {a meagure of retention), the guided

discovery group showed the highest proficlency ia selving problems on a

postiest (a measuve of transfer),

Results of Experiment I indicate d that there was no overall dif-
ference betwesn the discovery and rule groups in number of problems
solved on the posttest. Since a rather haphazard selection of problems
was used, the dizcovery mcethﬁd.might ‘have produced better performance
on some types of problems with the 1mle method prddveing betier per-
formance on other types of problams | | |

How wmight instructional rethod affect performance on various
types of problems? The anawer depeinds on tha characteristics of the
cognitive stmeture produced by eacth instvuational method. One hypothe-
sis is that the },:;z*oblain af:.b;z.v.ing anc 3 generali.zing :t.activity required of
Ss learning by discovery produces j greater integration of new info;*ma‘cioﬁ-
inte existing cognitive structure. Because Ss’ learning by discovary
think about and solve problems bafi ore heing siven an algerithm, they
understand the material in & move 1 neeningful way (Katona, 1940) tham
8s leawmning by ruls. Subjects lem ming by discovery thus acquive new
structuxal :Litﬁm batween concepts i already knouwn, rathsr than firgt Yeprae
senting conceptn by notation and th en memorlizing relations among coded

variables.

10
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1f this hypothesis were true, then the difference in performancs
between fairly direct problems and problems mquiriné interpretation.
{in the sense of relating what was knewn previously to the principle
recently learmed! should be greatex for 8s lesrning by rule than fox
Ss leaming by disccvery. GSpescifically, on posttest problems that ave
pesed in termg of c:':ompanen'i:s of the furmula, performance of 85 learning
by rele should be relatively bettar than on word problems bescause word
problisnes regquire wers interpretation. Moreover, on preblems on the
postteet that <an be solved by dixoctly spplylng the xule, 85 lsarning
by mule shovld perfomn relativaly bettsyr than on problems that must
first be transformsed to apply the rula, or that cannot be solved by
using the ruls. If the stmucture acquired by Ss lesrning by discevery
is well integrated then the plerfamance of those Ss on a posttest shouwldd

ve less affectsd by changes in the amowms of interpretation necessary.

Method

SWEPIERIIUY. Vol ,

Matarials - Subjects weve taught how to solve problams involving

joint probability (e.g., finding t¢he probahility of:a particular
sequence of sucoesses and failures) by maane of programmed ingtmction
similar to the Ffirst half of the taxts used in Bxperimnt 1., %hea
instzuctional pzocedures diffevad from those in the Fizst experiment

in sevaral impomzmt ways. Tivs®, & Cemputer Assisted Imstruction (CAID

system was used instead of a prograomned text. Sublects sat in booths

. equipped with keyboards and display sonwans and respondad to questions

by typing in answers. Secenrd, $3 hed to calenlate and enter aumerical
answers rathax» than choose amtng & set of poseible responses. Thind,

at all times Sg had several option: svallable. Subjects could always

. 11
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seturn *&; a frame that summag‘imd the instiuctional problem; they could
at'any time get out of en instructional loop and 'atteinp't to solve the
instructional probiem; thay cowld use a programmed arithmetic calculatop
#or any difficult computations. Additionally, 83 learning by rule

could veturn to a frame defining all the variablen at any tlas. Finally,
S8 leaming by dscovary wém not expesed to the formula or definitions
witil the second. day of the gaparinent .

Abiiity toots -- Tests were agaln given in songeptual, arithmevic,
angd permutation okills, but cach test was modifled gomsvhat fron the
Tizst experiment. The test of prehadilistic concepts conaisted of eight
questions concemming idsntificatién of The probabllity of single wém&:a,
occurrencs of either of two avants, oscwrrence of joint events, and
nom::xccux;mm:e of events. The test of arithmetrie vperations consisted
of aipht preblems invelving addition, subtraction, multiplication, and
exponentiation of f#-actiena. The psrastation task was changed g0 that
aftg'r 5 tyved ik 8 p;mutmitm, ale display scmen was svased, Jeaving
only the last acceptable perautation he wrote. This procedurs s mive
similar 1o that used by Leskew 5 Swock { 1970 ). Pexmvtations weve scomed
for the stvategy of holding digits constant from the left. MSAT scores

were again obtained as measures of general. mathematical ability,

Procadure -~ On the £iret day of the axperiment, Ss were randomly
assigned to the discovewy op e group. ;E‘hey.then recsived insteuction
in the use of the CAT aquipmnt,; and were givea tha sbility tests followad
by the instructional prablon whieh concerned finding the probabl)ivy

of a partimlar sequance of successsa and Lallures in voliing & dle. Supe

Jecty returnied 22 houwrs laver aud again had to solve the instruetional

12
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problem. Sgores on solving the instrm.tmx\al. problem wers uzed to
measure retention. Following the ins*mctioﬁal problaem, all Ss had to
write out the i’gmul.a foe joint probability, p & qn r, onge cO!'!‘eQﬂYv
For Ss leavrming by discovary, this rask requinred Infarving the Iformula
from their solution of the imetructional problem. For S5 learning

By rule, the task sinply vequined giving the formula from nemory as it
had already beaon px@sent«.ﬂ‘ic Ones S8 wrote out the formula correctly,

thay went on to the set of exitaevion provlems . The postiost lmmsdiatsly

followed the last eritarion problenm,
N

Transfer Design w. ‘fhe posttest consisted of 18 pmblem,.thme
" of each of sisn typas in & 223 design. The fi.z'st fastor was problem-‘
mn*ce.mt. Half the problems weve word problems, half wave posed in
terms of the conponents of the Formula, The second factor was problen~
type and invoelved the amount of transformation necessary bafore the
Joint prebabilivy formula could Se epplied, Familiar problems were
L f similar te the inst;me::tim;_&\l and eriterion proebiems in that all values

necessary’ to solving 1:?@6 joint, pvobabiiity formnula were explicitly stated

and the formula could ba directly spplied to cbtain a solutien, Transformad

e s g e

e B O T
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pmblems.fi did aot otats all values of the fermula auplicitly. Inttead,
the S was requived to obtain some of them by siwpla caloulation. Ths
third type of problen was callod a Luchine preblem {Luching, 1842).

These problems had very diveet atalu'tiar;:a, but were not selvabls by dixect
application of the pule leamned. An exampla of emeh of the 8i% types of

problems is given in Table 2. The problems werw randemized at the atart

N
of esach sessien.
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Zasert Table 2 about hevs
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Subjects - A total of 72 $s (male and female) from the University of
Michigan paid subjsct pool partisipated in the experiment, 3% in each in-

structional group,  The CAY system was 88t up “o handla d4p to five Ss

in a single session.

Measures of Leapning -- For each § sspavate scores were sbiainad fop

arrors mede on questions im the prograemed lnmstmuction and time spent in

learning on sach part of the instx'nc:tiona;-saquencoe Thase scores were

dater summed to ylald overall neasures of evrore and time ia lesraing.

For problens on the pesttest, the oversil proporiion of evrors mads and

the time spent in solving mach problem ware cbtalned for each S, |

Results | - . '
Avalysis of the velearning comcerned comparing the eorrors and time to

solve the inztructicnal prablen on the fimt and second day. Table 2 ."shm;s'

that Ss learning either Sy discovery o» by rule sulved the instrustional

problem on the second day in less time and with fewer czxeors thah on the

first day. Simce so few Ss made any errors at all on the second pregonta-

”mﬂﬂﬂﬂﬂﬂ!ﬂlmnam“”ﬂmﬂ-‘-ﬂﬂlﬂﬁl~

Insewt Table 3 about hers

tion of the instwuctional preblem, the partial ewrors end tims sc:émé were
not analyzed for effacts of ability. In;te:éd, scores on the instruational
problem for the first and second 'days ware combined uith w@erors and tine
taken to give the formuwla and solve the criterion problems. Thase summed
scores of time and ervors wm used in all further anslyses of Alzarning.
‘Scc-ms on the test of arithagetic ops;mtians were not strongly relgtad
to any of the measures of learning. The test was axcluded from further
analyses. On the basis of each of the remaining three ‘abilities, 88 were

divided inte three groups of approximately equal gize.

14
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0f <ha 72 35, 65 provided thaip MSAT scora, The Lange wag 450 1o
800, Low seoring (g 599; HD = 10, NR e 10), Int-;xr;*naciiat@ (600 o 698,
ND s 12, NR = 18); and High searing {» 700; ND = 11, ‘NR = 7) groups were
formad. The Firsy cclumn of Pig. 3 ghows the rolationship batween ESAY

"‘scores and thme neasures of learaing (everall eTIoNe, oversll time in

tion of ervors om the posttest ).

[

learning, propow

. Scores on the test of prohabilistic emicepts yielded a range of 0

Subjeats wayre groupad into Loy (0 vo 3; By s 23, He ® 8),
Internadiate (8 op 7;

t0 8 corpect,

ND ® A7, HR = 19), and High a&coring gronps (8

éomactg
® 83 The umiddle colunn of Fig,

ND ® g, NR 3 showe the Fazulta of groupe

ing by scoves en the test of ceneapte.

’

o

Lol L T TV mummnnwaonwnan
!

i

‘

| Insert Figure & sbout hepe
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Seoring for the strategy of generating percutations 1

digits held constant from the lefe gave & rangs of 1 to 32, the maximum

: seore pessible. Groups of Lenr {< 11; ND =12, NR = 14), Intermediate

(1L to 29; N’B = 12, -HR = 10), and High (30 to 32; ND = 12, NR = 12)

d ability wevs fovisd, Results ave pmwnt'ad in ¢

_ha Jast eolumn of Piga 3,
Table 4 sumeawizad the analyres

of varianes fop all combinations of

ability,
iastmuceiona) methed and measure of dearning,

Insert T;b.le ¥ aboyut here

ﬂl‘l‘#”lﬂbﬂllﬂ""‘_— -t

Porformancs on the diffevent kiads of POSTTesT problems of 88 In the

two conditions ig graphed in Fig, &, Data frem the Pesttast wepry anzlvzed

|
} ~ Ly means of a 2X3%2%3 analysis of variance on each ability grouping.
}

| 15
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Instructional wethed and aptitude level were hetween aubject variables, and

those rasulis ave iacorporated in Fig. 3 and Table 4. Problom-contaxt and

b W e umn-mmmumoun.lumu-uuunﬁm
[ ]

Inseoct Figwes 4 about here

.
SR PP SR 4 3 OC g3 47 P OH P K K4 mvw'mu-wv-mm

problam-type wore withinesubjsct varisbles. As analyses of the posttest
data for all three abilities followed the same geneval pattern, a weighting
systam was dsvisad se 1hat cach scuwe § couaepts, permutations, MSAT) cone
tributed &bom:; squally to the variance of a weighted abilities Core.

Walghted Suove & Concepts Scora + fermutdtion Score + MSAT . The £ull
s Bl

analysis based en tha weighted abilizies scors is given in Tablse 5,

L0 1) 5D &) Y MOED AT D 0 AW WV ED € D MO BD L3 VKD B 0D I B U s

Insext Table & sbout hare

£ S LBV (LAY MR DS Wt b STH ALB VA Y Y Y I SN AW VAP &S VB D

Discussion

One goal of studying aptitude sné instructionsl vaiiables is to ba
able to assign Ss of varylng ability to optimal imstructions) mathods.
The present results suggest that Se lacking in skills necessary to
solve problems may ledrn more officiently when instmicted by techniquag
requiving interpratation and appiication of a wule. By every measurs,

Ss lov in relovany abilitles perforwad batter when instrected by the rule
method, ‘l‘hm:' tha 2a1le method used in this study was not inherently haitap
can be infarred from two rasults found in Experiwent I and veplicated in
Expapiment II. Pilrst, while Ss learaning by discove;*y 414 gemerally make

mors ervora on the teaching program, they still mawaged to learn the

material ia about the same amount of time as Ss laarn;’.zxg by ruls. Resuics

in Table 3 indiczte that So leavning by discovery did mot made more exvers

*
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o take as auch tive a8 85 learning by eule in solving the instructional
prot:len, The extre time and errors ware i’.ncux'reed. t:hea.: tiscovery Ss
had to iufer the Formula and their solutions and apply it to the aviterion
problews. Second, thers was little difference botween fnstructional groups
in averall performance on the posttsst., The apparent method palin affect in
the snelyses in Tables % and 5 wag layrgely dus to the simple effect cf_'
nethod o low-abiliﬁ_y Ssa |

& aecmyd g@al of the present atudy wag to describe the diffevences
in the process of acquirdeg cognitive styuctuve by discovery snd rula.
The fast that peal differences exist was .suppox'tad agein in Experiment II
wher2 reliabkle ATIs wore cbtaimed in six of the nins tests, all in thé
expented direction. In Experiment I the diacovery mathed required the

avaliability of melevant probabilistie concepts end eamputational skills

e & graater dsgorne then the vule wethed, In Experiment II where Ss

were glven arithwetic saloulaters, computational skill was umrelated to

perfoymance, but the diseevery methed vaquired conceptaal ability and the |
ability ¥o golvs problens in a systenatic way to a greater degras than
the yule wathod. | | |

Analyzis of the diffevences inm the process of acguiring cognitive
structure might begln by ideatifying th:a COMPONANE PROLEBSENS Involved
in dearalng updar each mthqd. Fipst, consider the iule method, To '
sulve parts of the Iinstructional ;ambl‘em » 8 subjeet might oarry out the

following steps, not necessarily in a serial fashion.

d. Read the probles TRnT.




L7

4. Snlect information fm;z the text pm'taix"uing to the values of
relevant vavriables, and co-ovrdinate this information to the coded
representations of veriables ii memory. Fbx axampls, from the phrage,
"the chances of success wexrse L/M," Sg could extracs information in thé
Foxm, "p = 25%, .

5. Ssloct a rule or formmula for using the varlsbiens whose valuas
have basn teken froam the i:ex‘i:.. This might bo logked up in available
information, or retrievad from memory.

4o Periorn any tmincformations neaded o meke the rule appilcable
26 the information. |

5. Calecuizts the snsowep.

Since t.h:vav lmmzinfg by rule did not gmétly fnvolve c;emcaptual"
and other skil.léﬁ, Andividual differences i these skills were not
asgoclated with differences in performante. (n the other hand, a
neasure sf working wemery, for ‘saxample the ability to memorize, Lransform
and apply foymulas, wight be related 20 success in leaming by mule, .

Now econsider the discovery metbod. In the discovery method, Ss
had to solve the lnstreetional predierm witheuwr first being glves an |
algorithm. A dlscovery § might cawy ocut the i;@llcsﬁng stepss

1. Read thé prehlon text.- |

2. Intewprot the informatien in the px‘oblem. An. relation to
acricepts that ave uaderatesd, The discovery methed did not px"or."i&a
a wgll-spsoifiec iyt of variables as did the rule method. Therefove,

interpretation of infurmation in the discovery méat_had pwb'ably had more

. 18
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of the propevties of waderstanding o gentance than in the rule mathiod,
snd lese of the chavaeter of filling in values of vaniables ia a iist.
3. Sesrch for vr systemavieally generese ralationships among

eoncents uwsed in the problem, partlculasly relationships that seem to

- wova in the direction of releting the given information with the

unknown.  This ie vhe kind of process thet has bsen investigated in
clasadcal, studiés of preblen selving such as those of Duncker {146S5),
Polya {1965), and weﬁthaimr (22393, Subjects might fi"imj reluticaships
that invo.lwd- thalyr understanding of the concepts In the _i:mblnm, or
they wight apply a muys gunsral relatione) stwucture that £it the néec’ts
of the problen, o» they might find a set of zoneepts in mémory whoge
ralationships seen to provide an spalogy %o the aitﬁatim 1@ the problen,
4, Carey out any caleuiacions ncudéd tc abtaizi the answex. This
procass may wall entail a great deal of computational abiiity, ginge
wo algorithm Is preseat o wwlate specified variables md operativas in a
COmPACE Way. |

Since the provsss of learning by discovery requires QuReaptual,

¢ 'stematizing and other skills, individeal differences in these exills

12d 1o sinilar diffovences ia paxformancs.
Siven these distingtions in the process of acquisition, it follows
that thees aze difforences in the leaming outecuss of the two imstrustionsl
groups . The yvesults pexrtinant to this qmat_ion involva the inter:ctions
of mathod and the two transfor varishles appearing in Tsbie 5 and graphead

in Tig. 4. Both tweway {nteractions involving instructicnsl method

19
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and transfer were at least marginaily si.gni.fican.‘c. i!hile ‘the overall
pe?forménca of Se learning by discovery 1s depiressed hacaﬁse of the
low ability group, Ss lesmning by prule showed a much greater decrement
in performance 621 problens mquiring meore interpratation., ' The
differance between parcentege of foxwula and word problems solved was
13% for the rula group comparad to 3% for the disesvery group. Dife
ferences between Familiar amd Luchins prablém solvad comctl:a uere
22% for the milo group and 9% for vthe discovery group. Thesa trends
wade present 3t all sbllity Jawwis, although the.curves for the; m'
inztructional methods craused cnly in the high ad intemediata
ability groups. ‘E’ha avemge time taken to Bol'm the six types of .'
preblems, given & corvect golution, 'was also ::om'gutcd for sach
instructional group. These results are d4ifficult ¢o enalyse beczuse of
mi-ss:ing data, but in 3anneral show the sams method-transfer intezactions.
“hese data indicate that the rasult of learning by discovery iz a
well Integrated cognitive structure. Subjects can solve problaus that
vequirs .mlating, vhat they knew pravicusly ;o,thn §z‘_1ncip3.e lnarned
abowt 23 woll a8 ;dmblsma that mquim di-:me.-t sppiication of the prinwi~ |
pla. Tihis feature of com;'?.ﬁva strueture has been termad “euternal
connestedness” &nd was Zound to be chapacteslatic of 38 who Jesrued
about bincnial probability wder instruction euphasizing gesera: wmcopes
rather than a fermula {Hayar & Greeno, 3u press). 'Kﬁus thare je sons
suppor't: for the claim (Bagné, 1065) that mwingf’u’ a-cnmzpt:ual .sawnf.m

and the discovery and gammumion of a pri.mipla vegult in sbout she

sampe outeanmp.
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The reault of learning by rule is primaﬂly .tl'xe éddit.{on of new
components teo cognitive structurs vather than the reorganization ef
existing couwponants. These new cemponents inciude a list of defined
varizbles and the sequence of opevations relating them. The new compo-
nants mey In fact have a great degres of “intemal cmne_atadmaa" a9
ghown by the adventage of §§ leaming by wule on E‘mmf.liar problams
and problens poeed in the context of the formule, However, the fact
that the advantags is lest when the problams equire more interpretze
tion shows that the new structural comporents added by rule Ss were not
well integrated into existing cognitive structure. 4 test of long-term
retention should, if this exélmation 1s correct, show that the ci.i.*;- |
covery §8 awtained morve information. The teet of .-mleaming aftor 24
hours used in the present study merely d;emonstx\atedl that najthar gooup
had forgotten much instruction during that time.

A final set of ccnclusions ccnesrn procedures inavelved in

studying aptitvds and instructional varisbles. With regard to aptitude
tasie, a cholce was cbviously a;adm‘in the present study for si.mglicity
over psycheometric elmganﬁée One valid eriticisa is that ¢hs unrelia-
Bility of the weasuring instruments may"have mfmanmd the msulﬁs,

It is not known, for éxmple, whether the fallure of the test of arith-

,mtic,épem,ﬁm,in the socmd'e:@arimﬁt 'ama. dus to al.'towing 8s o use
caloulators or the unmiiabils.ty of tho test. Heowevor, the degras of
replication -t‘hét ﬁaa fpm& betwean the two oxperiﬁmnta vegarding ¢ha

concepts test mekes this pém:tbility less likg}.ag.; | 'E'he usafulness oF
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a genera.l abil.ii;y eriterion in studies of ATI is still in question..'

The fact that the general ability measure produce:d'a ;reliable ATT on the
posttest in ths sscond but now in the first exporiment suggests that its
utility may be linked to the ingtructional material. In any case there
is a tradeoff between the reliability offered by astablished tests of
general ability, and the iInformation concerming procaszes of acquisition
afforded by tests specially constructed for experimental materials |
and instreuctional methods.

An unsxpacted result was the significant two-way interaction of
ability and problem~-type, aad the threa-way jintervaction of ability,
problem-type and problem-—context found in the anulysis using the
weighted average of ability test s.ores. Craphing these data mveaied
that the weighted seore was most strongly related to performancs on
Luchins problems, pariicularly when posed in a formula context. Thus
the welghted avarage of abilj.tfia& was 8 paxrticularly stiong masaure 'of

how easily S5 could manipulate the newly learned components of the

fommula indepandently of the rule 'usually welatipg them.
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Learsing

Lrpors in

Loaming

Pime

Leawming

£1%701%3 o1

rostteste

¥eusure of

Test Statistics in

Tast of

Apility |

Asithmetls
Loneents

MSAT

| Arithmetic

Coancept

HSAT

Avithmetic
{oncent

YSAT

:m-zrp 4 0%
w"p < 05

%,0 > p

F(2,51)7.87%8% P(L,513=).50

Table 1
AbIlizy Hathed

Main Effsct Main Effact

I(2,513=0. 4684 £(),51)=2). 08448
F(2,51)=R 37088 P(1,51 )=l T7¥09

F{2,87u0.274  F(3,37)=10 574k

F{2,51)}=7.268%8& pP(1,51)=1.59

F(2,37)=12,95%% F(2,37) < 1.00

F{2,51)6 9704 P(1,51) < 2.00
F(2,51)=6.298% P(1,51) < 1.00

42,3735 .5600% P(1,37) < 1.00

> .05

Analygses of Varimmes for Experiment I

Intevacrion

Effect (ATI;

£(2,51)m17 89850
P(2 ?51)33-0 33

F(2,37)a8 ,6358%%

- P(2,51)=3,78%%

F(2,51)=h, 374

F(2,37)=5 . quass

: P(2,51)n3 1500

P(2,81)=3.72%%

P{2,37) < 1.00



Tabie 2

Exanples of ¢he $ix Typer of Questionz Usad in Sxperiment II

Yord Queations

familiars A dle hae five spots on cna of itz six s.idas., ad othar
nunkers oun the othar sides. If you poll it ten times,
wnat is the probahility of getwing thres Fives folloved
v seven cther aurbars? B

Tranaformed: If you dat o 2 of 38 numbars in a gae of rouletts, you
win only 1f ene of those mmbers is relled. If you mrka such
& bet, what is the probability of winning on the Fiwst two
rolls and losing or the next three?

Iuehinsg:  You play & gawe fivs +lmes in which the pfobability of winning

| esch ¢ime i3 .17, a;rxci tha probability qf aini:sing thres gamas

out of five is .32, What is the Total number cf sucessses

plus the total ruuber of faiiures?

Formela Questions
Familiar: R=2, NeR=u, P=1/5, Qa4/5. %hat io the Jeint probabilicy?
Transformed: W=7, R=2, P=.31. What is the joint probability?
Luchinas Joint Probability = 15028, Ne§, P=.25, Qu,75. What i the

valua @ff R ¢ (¥-R3?




Riccovary

Digscoverny

Hegsure,

Laeong

Erroervs

Tims { !g‘isz}

Time (min)

Table 3

Firet Day

-

Comparison of Mean Number of Errors and Time to Solve

Second Dgx‘

0.6

0.3

1.8

‘2,57

Instructionzl Preblem on First and Second Day

E
14,924

18,5l

.

25 5%

6l .28%#%%



Tabla 4

Tests Statisties Zn Anslyses of Variance Fow Expesriment IZ

Measups of Tagt of Ability ~ Method Interaction
Leaxaing Ebiiity Hala Effeer Hain BEffect Effect (ATI)
Permut . F{2,66)210.90%%% P(1.66)=8,08%m F(2,66)=1.56
Errora in
Concept F(2,66)=18,26%%Y F(1,66)20,18%%% P(2,66)53.54%% g
Leaming ' : .
MSAT F(2,59)=7.80%%2  F(1,50)=6,2u%%  F(2,58)=6 .28 ;
Pevwul, « P(2,68)«8.57488  7(] .66)=1.17 12,66} % 1.0 :
Time in - , - ' _
Concept F(2,06)=7.6q0% F{1,68)=).15 - P{2,88) < 1.00
Learndug . . |
SAT F{2,50)25 0240 F$1,69)=1.22 ¥{2 .59)33.335&“
_ . ‘ |
: Pexmat: , P{2,66)29,83%98  p{) 45)e3. 759 5(2,66)=5.23%% |
Errore on ' _ - .
Cenespt CP(2,86)=07. 76082 P(1,66)ey, 4702 F{2,65)=h, 0080
fostteat . | ‘ . :
3 HSAT P(2,59)28,908%% (1, 69)=1.65 - - F(2,50)23 .28
- fkep < 0]

B0 > p > 05

|
|
|
|
L S e ' ‘




- Table §

Analysis of Posttest Scores fop Waighted &bilities Grouping

=

Soupaa 88
Az Adpdlite es .43
Bs H#Meathod 70?5
Ax B £.92
Ervor (a) 92,30
C:  Problem-Context == 3.79
B:  ProblemeTyps 313.09
hxC T
% It | 7.38
B # c ; . 3.3k -
Bxubh 3 oS3
2uD 7,03
AxBaxe L 3.27
AxBxD . 00
& % ¢ xD 13.78 ’
BxCaubd 281
'&xBxch 3..51“
Broop (b) . 181.87
Total.

855,10

iy < 01,

%ip < 08 |

- BLe > p > 06

af

2
1

.2:"
56

M a3

B

w3l -

M3

4 .72
.78
&, 45
240

- 9,48

+52
2,00

7' 3,44

1.67

N1

»00

R

1.28

’ "« 08 ) "

.58

3
3L, Guian
5' .56*”‘

Folynn

@.98%%k%

©OAB Ju5Rs




Figuve Captions

Fig. 1 Schematic representation of instructional sequence.

Fig, 2 Measures of learning as functions of ability grouping in
~ Expariment I. '

Fig. 3 Measurss of learaing as functicns of ability grouping in

Experiment 1.

\

Pig. 4% Plots of method ¥ comtext interactien (top graph) and wmethod

test item type interactica (lower graph).
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Footnote

- This resserch was supperied In pewt by the U. 8, OFFles of Tducation

Grant Koo QEG-0+9-220847-41Sk, The researck was carvisd out dur.i_ng

the first avthsi's vemmea o8 & Wat lamal Szisnee Feundation Coaduste

M)

keowledgzy the seadintmmes of Cavdevine Schoffeon in

condusting <cho supwrigenic,
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