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The present study was designed t3 tnvestigate the efrecm\) of solution feedback and
xnte;‘rupti:n& problem solving activity on:breaking set. Individual differences
analyses ind}cptad that subjects who uae‘d vunrerﬂclent -pre_blen solving strategy
were llk'ay to b‘realg set. ’lmlvv coqcept attainment problems were given to an aqun:l
mllnber of male ‘and female university students. The unlntinn to Problem.! 1ta 5 (the
preliminary problens) was specified by a cnn]unchive rule whife the solution to
. theTast seven problens (the eritical pr'obluma) Was specified by a aingle attribute,
- rule. . Bach problem consiste-of five slank v sequenges it began.with the

priesentation of a positive example followed by five response probes. % §upject.a were

informed &t the end of ‘a,blank trial sequence.wliether their responses to thie five, -

proheswere correct or that one or more were tncorrect. Half bf the subjects yere

told the solution at the end of, asnh problam (cnmp.\aca faoqbaak) while the rest of

the subjectgwere told the solution following the first three problems omy (9lrtlll
feedback). Subjects worked continuously through’ all probleiis, or at_ the and of.

Problem 6 received a 15 minute innerruptxon filled with a sk either related or

unrelated to thé concept attatnment problems. From exposiire to solution feedback,
all subjects developed a set to,sample conjunctive hypotheses by Problem 3.

rtial feedback subjects continued to sample Gonjunctive hypotheses up to the end

of Problen 12, while complete feedback subjeets broke thie conjunotive set \7y Problen
8. The interruptions had margiml and inconsistent nrrnca on set breaking yhich

were apparently supenseded by problem !olving :!finianc& Subjects were

' classified as efficient or inefficient prohlum solvers based on their lbﬂity to .

solve the prelimindry problems. Efficient problem solyers broke set faster thah
3 - . .
inefficient pMoblem solvers, wh.clz‘or not solution- feedback was. provided.

Einstellungvas suggested to be related to strategy efficiency which deternines the’

rate of i of the e domain.
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The effects of interrupting problem solv‘ing adtivity, of feedback, and‘of
1ndividual dir{'ar;;ces~1n prodlen solving efficiency on breaking set 1n concépt
= attainment prcmlamé vere investigated.  Set 1s defined as the tendenoy of s.ubjn;:t:
. “ to respohsed consistenbly with o rule that specifi®d the "solution, to five set-
: ifiducing. problems (: prelintuary problems) “TRLS' Sperational definition of set is

cnémei’,

4 canparable to other definltions of set’ (ef. Lucbln: \9&2' 1970 Lane,

Bleich!'sl(h and Rabinmlitz. 19765 Levins, 1975; La\lis, 1979;" Sweller and Gee,

/A
i : .1915) . Sevenjset-bréaking problens (cri\:ic:l problens) ra;lonad cne P (innary
' problens. The ermcax probléns vere identical to the prelimiwy onea, mep: :

f e that the sol'utions .to 1the crltieal problens were aarm,am a anlar rule_

e W 1; dctlned xm- as a tsndancy“ of subjects to renponaed durihg the

\ " eritical problem: xn away consistsnt with the rule specifying the ael\ltian torthe
prelininary prohlemsx L . Y @

(3 R - 2 Yoy ) ‘

' E s L o

m wuz Lnenins sxger‘imennlly demnnstrated mﬂm £n problen solving

bah&viar. Sub]ec‘ts were givep a series of 11 uﬂtar-,jar vroblells. In urdar to

comhined the Gontents of thiee water-fars (1.e., B-A-2C). problens 7, 8, 10, and 11, <,

were mlvablu using either the compiex fbrmula, or a simpler onb wliich combined the .

Fod? e 1 55 % & = 4 u
contents 'of. Just two of the water-Jars (1.e:, A-C or 2o}, Problen 9 courd only

solved by applying the simple formula. Luchifis found that the majority of subjeots
;i ] r 6 L

P would continiie to use the conplex Mrrula on Problems 7 and 8, fail to soive Problen

NP R M [

solve.the first six probleas, subjects vere required to dwea Gomplex | :omuh that .




9,-and Lhen agnumxf‘m.uu Lhe “complex formula on"l’rnlﬁgu 10 and 11. ~
Lchins-and Luchins (19707 concluded from-the findings ef nuzerous studies

that mmum was not caused salely by stress, repetition,’ task complexity, or

generalization of response. Rather,: they found that if a subject solved the

preuminary prnhlems s0 bha: responses were not blindly repeated and alternaive *

A
. so}utions weré looked for, Euulel}.un& ‘could be avoided or substantially r‘eduusd.

As suah Luching and Lunh!.ns sugzested that the Drohlém snlving Draced\ll‘n included

in the particular method are’ the crucial f‘actol”: Hhich promote or - prevent*

s i o : - .

s have been iny since the Luchins! research to explain the, "

d thooretiuu mechanisms responsible for' the, fermation and braaking of a problam

snlving set. «These !.ncluds :ne comwsition hypethula Auggelhd by Leu1=11919),

and the: transf!r' hypothesis sugge!tad by Luvina (‘975).

Composition hypothesis. . Based on ‘éxperimental and s¥pulated data, Lewis
(1979) demonstrated that Einstellung could be described by thé composition process:

Once a subject has developed a composed 11st of .procedures for solving a series of

preliminary problems, if.a change in solutfon criteria is introduced, the composed

procedures developed for solving the preliminary problems are automatically
executed, and hence cause Einstelling. The duration of Einstellung is directly

rélated to the number of composed procedures:in a problem solving method. Since

" nere procedures are required to dsternine a complex solution thana sinple a'oxu:xm.,

5 Lwn Buggastcd that ths composition hypothsals could acoahnt for the N.nﬂng thﬂt

Einmuunaonly occurrad when the solution eriteru ehanged rrem cenylex ‘to simple

(o, findings of nngeman and Leving, 1974; Ress and Levine, 1966 Lewis, 1979;°




A

N
and Sveller and Gee, 1978). If the solution criterion thange in a direction of

incréasing complexity, the new method just requires g addition of one or more new

P ’ kg-the old app: h

, the preliminary method does not have
tor tse decongosed, rathet, the new procedures can Just be added. In contrast, if the
solution cri:er.ien change ina directiop of uecrezmng complexity; a number of the

ucsdux'es 1n the preliminary dethod have to be Femoved.. Inorder’ toachieve this

resilt, the procedurss gagthe prelininary method are daceapoiad, and ¢hen the

may_pmbr;ace procedures ‘rev discarded. At this point, a new method can e

developed. Therel’ore, blsed on the comwntion process, it vill ‘take a.problr_m

solvun longer' to break the prelimlnary set if the :Dl\xtion L‘riherion cﬁange ine&

sinpler as compared to a more complax directto *

" Ress’and Levine: (1966) and Fingemn and Leving (191n) é’euna that’ afer
sibjects had'solved & series of compux Posttion, uequen'e pmmm. most: aubjacb:
could not nlve a sihple two- ehoice d;ucr}.mihntion pmblem uhere the uolutian uae
daficid éa one of the altersatives. Using a sequence |xtrlpo]lt10n task, Sweller

and Gee (1978) demonstrat‘.ed Similar mmmag eri‘sc:u Subjects had no

* atrriéulty 1n learnmg to solve a ‘series of problens that liad inoreasingly more

- complex posxtior*quence solutions. Houaver, 1.! a problem with a simpler position

sequence solution was Lntroduced, subjacté vere unable t& defernine the sn1nn;§'n.
These rinuings vere !‘mlnd to be aquivnlen!. to sequenne effects .uwesblgated by

Sweller (1916).

mm&m

‘Rxchtar (1964) and Ph;}ipn 4nd Levine (19’!‘4) demonsr.rlnd tmc subjects seareh for

‘the ‘sblugdon to’ ooncept; arouimentnad diacrimlmtxon yroblum: hy generatdng and

2
@
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testing. hypotheses. A blank trial procedure 1nvolve= the ‘presentation of an

example stimulus !'.cnowed by a series of response probes. " Bach exanple stimulus is

apositive instance {n that the attribute(s) that specify the solution are present.

Anégative instance is alternatively defined as a stimlus invhich the attribute(s)

that specify, the solution are not present. Each ot stimulus is a variation of-
1 o phcading szio s MulRILn, and'is eithera naganve or posxnve instance of the
solution. A suh,ject 15t frespond "yes" to each probe that 1 positive instance,

no"otherwise. Aner all the probes ina blank trdal sequence have been presented,.

" the subjeaa 1stnforned whqmer all the probe responses were'corredt, or that one-or

more of the respcn:es were incorrect. ‘rhe basic assumptionds thata subjuat yul

raspand to each probe.according to a sﬂn!rltad hypothesis until fleﬂbaeklﬂ

enoounbered

shat hypobhesis to guidé future rescnnse-‘ 1t one or morg of the ra:ponsss sre

incurr‘act, the :uhject will generate a new hyw?—hﬂsls. U!ing this method L!vine

et al. {1964) and Fhillpa and Levifie (1974) found that subjects produced, vesponse

patterns consistent with'a rule that.corresponds with the subject's gemerated

‘hypothesis. &

Cons‘i'der the sample cono:p;nuinm.’am‘: problen. in Table 1. This problen is a
vardation.of the probien used by Lane et al. (1975'). Tna"prohxam consists of the
prosentation of five blank trial sequences,  Within éach blank trial sequence, an.
exanple utmulu: 15 followed by Five proba atimuli, The exanple and probeu conasu
Ara string of five attributes (i.e.; X1.K2D2H1Y2). These -nributu ire wxvad ;
dtaenstors and vatiss,

frona 5 X 2 array of: (the stimuius untverse).

The five dinenslnns are rapresented by letters randonly selected from the uphnrm..

The tvu values are rewo:ent}d.by the nuqbar'a 1and 2, Each Itbribubu consists of *

. i

" If 311, the responses are wrrect, the subject u;m contipue to,ise

\




one dimension with one value (1.e.,-XT). Tne total arrey consists of ten ‘single
a-n}nmtes, of which only five are present in-an axumpl; or a probe string. The
solution to this sample problem is the single attribute D2. 'Théretara,y' each
example stimulus contains the attribute D2. In.order to solve the problem, &

‘subject_must respond "yes" to each blank tPtal_probe that contains D2, and "no" to

each probe that contains Di. A blank trial response pattern vould be scored as
consistent With a single attribuf‘e rule if'a su;:jéct responde'd "yes" u; all the
probes withina particular blank trial sequénce that contained one of thé attributes
present L, the immediately preceding example ‘stimulus, and "po" otherwise. A

. response pattern would be'scored as consistent with a conjunctive rule if & subgect

responded "yest toall probés wihhin # blLenk triel sequenca that contadned tui of tne’

; abtrib\.\tss that were preunt in the immediately pra:edins example stimulus, and
’ "nd“ _otherwise. o

An hygbthesis domain (H-domain) consists of the'total number of fypotheses

that can be derived fiton the the stimulus.universe by uslng a partioular rule (s.5.,
single attribute rule). Thus, in the sample problem the amle ltbrihl\t! H-domain
consists of 10 hy‘pubheses,—and the conjunctive H‘-,donain- consists of 40 hypotheses.
Recording to Levine (1975),once a subject begins to Sample h;,pe':neuu m;r. are
consistent with a particular rule, the hypotheses in that H-domadn will be sampled
until the-solution is discovered or until ll} the hypotheses ):mve been tested and
disconfirmed. If the subject exhausts that H-domaigband deternines that the
solution 13 nok specified by one of the tested hypotheses, future kypothieses tosted

by the subject vill be consistent with a new rule (transfer hypotnesas) If the H-

“domatn contains an infinite number of hypotheses, where 1nnnxog ramrs to any

number which axceeds a subJeot' s memory limitations, axl'éu!tion of the H-domain is

2 . o~




/x-p';ntue. This is known as the infinite set assusption. Alternately, tne’

exnaustion of the E-domain 1s impossible if all the hypotheses cannot be tested asa

result of problea constraints (1.e., fever blask trial sequences than the mumber of
hypotheses in the n-ao-‘.xn)» ¢
“The fransfer hypothesis assumption was used by Levine (1375) to account for
Zinstellung findings. Once & subject becomes set to produce response patterns
consistent with a rule that specifies 2 particular H-domain, 3 chasge in solution
* eritertawill not be detected until all hypotheses in that H-dematn have been tested
and disconfirmed. If memory limitations of problem constraints prevent g sui;gcoc.
from u_x.ni\lsting.thu H-donain, the change in solution oriteria will not be detected.
‘Lane ‘et al. (1976) tested Levine's (1975) hypothesis that Einstellung vas
‘related to the exaustion of the H-domain. Subjects werg asked to_solve six
p;elmm and two m.uu’u concept, at:umcnt' problems. For half ©f the
subjects, the solution vas specified bya single attributd rule for the prelininary
problems and a conjunctive rule for the critical problems. For the remaining
subjects, the solution vas speciffid by a conjunctive rule for the prelimisary
probleas, and a single attribute rule for the critical problems: The problemswere
presented with the saze blank trial procedure and stimulf as outlined in the sasple
problen (see Table 1), With the exception that eight blank trial sequences were
presented during each, problem. SubJ;na became set by the third preliminary
problea to produce response patterns that vere consthtent with the solution rile.
A blankxtrial sequence was scored as being consistent with a single attribute
hyppthests if-a subject responded "yes" to each blank trial string that conteined ./
ong partioular attribute in the immediately preceding example string, and "no"

otherwise. A blank trial sequence was scored as being consistent with a conjunctive




’

rule if a subject responded "yes" to each blank trial string that contained two
particular attributes present in the ;-egumy preceding exazple string, and "no"
otherwise. . ) i : :
Subjects who begane set to produce response patterns ‘cobsistentvith a single
*‘attripute rule had no difficulty in breaking set by Problem 8. In contrast,
subjects who became set to }rcduu response plturnllwns'istant. with a conjunctive
rule did not break'set. The results of this study provided support for Levine's

(1975) transfer, hypothesis and’infinite set assumption in that Einstellung was

found to be directly related to the size of the H-domain.. Eight responses appeared

X to be a sufficient nunber to enable subjects to exhaust thie single attribute H-
domain, bit not to exhaust the conjunctive attribute H-;xom.n_.

Predictions derivéd from Levine's (1975) tranafer hypothesis can be sx;.ma

“to encompess the effect of the effisiency of bomoept attaiment sampling

strategies.  Gholson (1980) and Tumblin and Gholson (1981) have discussed three

‘sampling strategies fousd to be used by subjects when solving single attribute

concept attaimment problems. These giés involve of
prediction hypotheses that always lead to the solution, if the hypotheses are from
the solution H-domain (Gholson, 1980). In order of increasing efficency, these
include hypothesis checking, dimension cheécking and focusing. -Effictency refers
to the mumber of- samples necepsary to exhaust an H-domaid. !

Discussion of these: stratégl

1is based on the sample ocnupt attainment

problem presented in Table 1. Each problem consists of £4ve blank thial lﬂqlnnua‘.
5 : .
The five example stimuli change in the following.way. The dimensions that do not

ple stimuli lu.ch

specify the solutiop have their-values change aoross the five

that the order of change iy random, and one dimension changes its Value on each

) >




’
subsequent example. Onee the value of a dimension changes, it remains in the

changed fora for the duration of the problen (see Table 1). Feedback is provided
after responses have beén made to the five probes ina blank trial sequence. Here, a
subject 1s informed if all responsesvere correct or if one or more of the responses
were incorrect. At the end of each problem the subject is told the attribute(s)
that specify the solution.

Suppose that a subject has developed a set to produce response patterns
consistent with a conjunctive rule. A change in solution eriteria is introduced.
The solutdon to the sample problem fs-now specdfiedby a single attribute. Basedon
the Sransfer hypothesis, the-l0 hypotheses that can be derived from the stimulus

s i

universe “(1.

as5by 2 ‘aéxm\_nus array) by using a conjunctive rule must be
disconfirmed before the change in solution C‘rltﬁr’il can be detected.
[Hypothesis checkifig is 'the léast efficient strategy. Four pairs of’
attributes (conjunctive nyﬁtneses) are spacifidd by each pair of dimensions and”
the corresponding values (e.g., attribute pairs X1 K1, X1 K2, X2 KiaX2K2). A

subject 15 assumed to test each conjunctive hypothesis-systematically by working

through t‘: 10 pairs of lypof aredi ‘through feedback.
A :sllbjeot using this étntey would not be able to exhaust the conjunctive attribute
H-domain in less than 40 blank trial sequences, because all of the 40 hypotheses must
be individually disconfirmed.

Dimension checking is mnsiderlbl% mpre efficient than hypothesis checking.

A'subject L8 assuned to disconfirm conjundtive hypotheses by elimjuiating dinensions

systematically, This is accomplished by testing one pair of lr.t?i;'u&eu that are
\
locally consistent (present in the irmediately preceding example stimulus) at the

time of selection. Four conjunctive hypotheses can be specified by each dimension

/
1




/
pairand the twovalues:(i.e., for dimensions X and K, gonjunctive nypotheses X1K1,
X1 K2, X2 X1, X2K2).  If the conjunciive hypothesis X1 K2 is present ix the example
stiaulus, which must be a posttive instance, hypotheses X1 K1, XK1, and X2 K2 ‘oan
lc;gically be eliminated. Therefore, for each conjunctive hypothesis tested, ;total
of four hypotheses can be elmnanedA As such, the number of ?Dothes'! that must
be tested in order to exhaust the conjunctive H-domnin are rﬁuced by a factor of
four from 40 to 10.

The focusing strategy is the most efficiept. A Subject remémbers which
attributes are present in each of the exanp}!.n/i:ansicn! that change their value
across the exmple stimuli are irrdlevant. Hypothéses derived from attributes
based on the irrelevant dimensions can logically be eliminated. Ifa aifferent *
dimension chenges in value on | succeeding examples’ and ir a subject discontirms
through feedback a further hypothesis per blank trial, sequece, less than five
regponses aré ieeded to exhaust the conjunctive A-domain.’ Toarefors; asubject who
uses a focusing sprategy can exhaust the conjunctive H-donatn in the sample problen.
Furthernore, since the one relevant dinénsicnis unchanged in Example 5, a subject
usingthis scracegy‘ should be able to reject tl’;e conjunctive rule and detect that (:he
solution is specified by a single attribute,

.Cnda(isf.ent with Levine's (1975) transfer hypothesis, only those subjects
using a foousing stratesy should be able to break the set to generate conjunctive
hypotheses. The composition process, slggested by Lewts (1979) would lead to
different prediction,, sz a subject uses & dimension checking strategy, s/he has to
keep trabk of ither the dimensicns that have been disconfirmed or the dimensions
that can still specify the solution on the basis of feedback to' the Sampled

hypotheses. Incontrast, a subject who usesa fecusing;trntey must keep track of




all the above infornation,in addftion to remenbering the detail of each subsequent

example stimulus~in order to determine the relevant dlmen’nions».b’,’élrching for |

differences between the presented example stimuli. Since a focusing strategy
involves more procedures than a dimension checking strategy, according to Lewis'

(1979) notion of ‘complexity, focusing is a more complex strategy thaf™dimension

checking. Therefore, a conposed problen Solvingroutine that involves sampling

conjunctive hypotheses through the epplication of a focustng strategy should take
tonger to deceapose coupared to a composed problen solving routine that uses a
dimension checking strategy.  According to the composition hypothesis, subjects
who develop this most efficient strategy should be affected by Einstellung for the
longest duration. .

' Interrustion of oroblen solving activity. Three hypothedes have been
proposed to explain how the Lnterruption of problen solving activity may facilitate

the breaking of a set. Silveira (1972) suggested that an interruption may

* facilitate the recovery of ideas relevant t3 solving the problem. The recovery of

relevant solution information may be brought about by a continuation of either

conscious or unconscious problem solving activity during the interruption. ~

Alternatively, both Luchins and Luchins (1970), and Sweller and Gee (1978) have

suggested that a prolonged time out between problems may facilitate the hreakingu% :

a'set by taplicitly ; sgesting that the p ption problens are different
fron the pon-xnt.errupblon problems because they are separated in time.

Usiqg an unfilled imterruption Murray and Denny (1969) and Silveira (1972)
found thet an interruption fadllitated solution discovery. Hovever, attempted
replications of the two studies by Doninowski and Jenrick (1972) and Olton (1979)

failed to produce the predicted results. Dreistadt (1969) was the only one who
¢
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demonstrated that solution related cues, p during the interruption,
factlitated problem solving attempts. His results were not ‘consistent and °
attempts at replication by Olton and Johnson (1976) :era unsuccessful,

Evidence supporting the different type of problem hypothesis proposed by
Luchins s‘nd Luchins (1970) and sael‘ler and Gee (1978) is contradictory.  Here, the
general procedure involved presenting a series of problems that cbuld all be solved
by the application of the same or increasingly ccmple'x rules, then provmng an
interruption. After the interruption, the suhjectu were presem.ad with the same
type of probles that could wnlw be svlvad by applying & simpler ru.:ls. An
interruption unmetimes racuua(»,ga the bresking of & set, ukile in other cases an
1ntarrupt1on_smngmned a set. Tresselt and Leads (1953a; 1953b) reported
Einatellung to te svig‘nlficnntly increased after a 24-hour interruption. Luchins
and Luchins (1970) reportéd that mngremunsd stable for at least a month.
Hovever, they 1so reported that & time out between the set-inducing problens and
the critical problems promoted a marginal weakening of Einstellung. .

¥ nt study. The present study was designed to test a number of

bypotheses regarding the breaking of set that were derived from the provious
discussion of Exnm.u.unz and cha interruption of problem mlving sotivity. The
nethodology, rationale for o the predicted ocutcopes based on
experimental manipulations are as follows.

The results from Lane et al.'s (1976) study were replicated: in a pilot

experdment. . Therefore, the concept attainment procedure used'by Lahe et al. is an

appropriate, :Nwo.-k to test a l?bﬂ,"l‘}w»sus regarding factors that effect
T .

‘Einstellung. Tne use of this tyf€ of procedure provided subjeots with more than one

opportunity to solve each problem, and thus supplied a means for determining'the




degree of problem solving efficiency.

In order to discriminate efficient from inefficient problem solvens, the

number of response trials uithin each problem vas reducsd from eght. (the musber
* used by Lane et al.,'1976) to five. This alterationwas necessary inorder to ensure
fhat phoblen selvers could break the eonfimetive et on the first erifical problem
only if they were using some form of a focusing strategy. If breaking set is

prevented by learning a larger list of procedures (i.e., the focusing strategy
T 3 i

versus dimension or hyp:::hesis checking) then efficient problem solvers should not - ’
break set on the ri}sn.nrxtxuﬂ problem. In @ntmst, i-ne useTof the most
efficient strategy pernits'the exhaustion of the conjunctive H-dogain by the fifth '
response trial, then-the most efficient problensolvers should break set on the
first critical problem. ’ "y -

A sérdes of 12 concept attainment problem was presented tavs;ch'suhjaot. The
first five problens were the prelininary or set indioing ones, and the last seven
were the critical ol M.t breaking problems. These changes from Lane et al.'s (1976)
destgn (six prallmi’nx-,y and two critical problems) were undertaken for two reasons.
First, in both Lane et !\]\. 's study ax;d the pilot study, all .sub_‘_lecta had developed a
set to sample conjunctive attribute hypotheses by Problem 3. Therefore, five
prelininary problems were sufficient to ensure that set developed. Secondly, in

" the pilot study, some subjectswere still sanpling conjunctive attribute hypothesss
on the fourth criticsl problem. Inorder to provids an exaninatien of Einatelluig
across a greater number of problems, seven oritic:.\ prz;blm: were ‘used.

Two interruption manipulations and a no interruption control were included in

the experiment. A third of the subjeots received no interruption. The r!m‘linin!.

subjects recelved a 15 ninute L ption. The ption was 14 i after
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instructed to think -bour. hoy” they bad bee vidg the probleus. and how they could

get better at it. The other anunrelated 'ruption. Subjects

..inthis coggtion were givena spatial relauons test to do durdhg the Lnterruption.

This ac:xvsums provided to ensure,that subjects did not think about the concept
attatmment pr pr:hl:n! during the interruption. HNeither group vas told tHat they
would have to solve more concept attaifment problems agher the 1ntarrup£1an
!arm&nated._' s "

The interruption manipulations provided a framework to test the recovery
hypothesis (Stiveira, 1972), and the different. type of problem hypothesis (Luchins
und‘ Luchins, 1970; Sweller and Gee, 1978). If an ioterruption provided an
opportunity for solution information to be discovered (recovery hypothesis)
throigh comscious processing, subjects in the related interruption condition
shoulé break set ‘faster than subjects in the uwelated interruption and the

interruption control conditions. In contrast, if the interruption provides the

opportunity for sclution to be through

processing, subjects in the unrelated interruption should break set faster than

subjects in the related isterruption and the interruption control conditions.
Alternatively, if the anorrvc'ion suggesta to the subjects that the preand post-
interruption probleas are different {different type of problea hypothesis),
subjects' £n both Laterruption conditions should-break set faster than subjegss in
the interruption control conditdon.

Subjects in the present study vere assigned to either complete or partiel

feedback conditions., Complete feedback provided two sources of information.




First, subjects vere informed whether all of their responses to the probes withina
blank trial sequence were correct, or that one or more of their responses were
incorrecti Second, subjeots were told at the end of each problem, what

attribute(s) specified the solution. Partial feedback was identical to complete

feedback with the exception that tHe second source of information (i.e., the

attribute(s) that specified thé solution) wasremovedafter Problem 3. This second

source of information was not.provided to the subjects in the partial feedback

condition after Probles 3 Tor two reasons.  The firstwas toensure that the removal |

of the conpletegfeedback oceirred after the subjects became set. The third was to

ensure that subjects inthe partial feedback conditionwould not learnof the change.

in solution criteria from the change in feedback paramgters, -but only if they

exhausted the m‘njunez(ie set or benefited from either of the inferrugfion

manipulations.

The proportion of response patterns for Problems 1 to 5 that was consistent

« 4
with a conjunctive rulevas used to deternine the presence of the conjunotive set and

to deternine when that set was broken. The proportfon of response patterns for
Problems 6 to 12 that was consistent with a single a.ct}-iauce rule vas used to
determine when subjects had détected the change in solution criterda. Strategy
efficiency vas determined according toa subject's ability to solve the preliffnary

problems. N

The time between the onset.of the stimulus and each response in.the blank trial *

probe sequences was recorded. These data were collected for the exploratory
purpose of deternining whether any relationships existed between response time

patterns and hypotheses testing behavion. ‘ .

A e 10
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Subjects. Seventy<four Memorial University students vere paid zor their
participationin the experiment. Subjectsvere quast-randsaly assigned to the six
experinental groups o that there were an equal nmbar o nrles and fémales in each

group. Half of the subjects in “each y‘oup were male and half t‘enale‘ Data *

collected fron one female and one male subject were not included »1n the analyses )
’

because both failed t reach the established L set criterion. o

Asparasus.  AnExidy Sorcerer 280 miro computer with anodel MV 12 Exidy Video
Terninal was used to collect the data and \present all concept attatiment problems.
Responses were transaitted to the computer via a bitton box contatzing start, yes,
and no buttons. Response tiés in muuwng: were csllected by navize the
empuzu count the pulses from a: 100 Hz urys:al. fa L.

Problens. The problen stimili, presentation, and response procedures were
\sinizar to those used by Lane, et al., (1976). Varsationson their metiod vere

P into the ‘expe " for the comp pre

Twelve concem attaimment problems were pressnted to eich.subject. The

somuona to the £ive preliminafy probleas ) were consistert vith a conjunctive rule.

e'solutions of tho seven crittoal problemsvre conststent yith a single attributs
ri ;e. Each problem ennsiaud of fiveblank trial séquences where a uquencl
X‘ icluded a positive exaiiple scimul¥s followed by rivu prohn stimuli. An example
stimulus rimetned on the video screen for 10 seconds and vas then replaced by the
first probe stmu{us of the sequence. Each probe nemained o‘n ZPG video screen until
@ subject responded, then 4t as replaced by the next probe stinulus, Probes work
eithur WSA“.XVS or negative instances.d, Subjects were to press bhh "yes™ bunon ir

they cnonght the attribute(s) that.defined the soluunn was (were) present in a
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prelininary problems. 'The fourth irrelevant dimension had one value present on the
fibst, second, third, nnd fourth exampla., and the other value of the remaining
exanpre.” Therefore, each exam;le atsrerea £ron the preceding one in terns of only

- one attribute. © . - ° ’ ® -

The five probe stimi oLiowing gn exauplo had the folloring wl"imabxon

? Eaon prove was 1dant1ca1 to the medlately preceding example stimulus with the

exception of one attribu

| Therefore, four at:ribute: remained the sane as those
in the example while tne rxnn chanyd on a par'bicu.lar blank trial (see Table 1).

‘ The order of change across the'five. b].ank trial nquences was randomly deternined

3 * such’tHfat no sequences within a, pra!]lem uare Lhe same,

" Desten m Procgure., Fseﬂbaak (oomplete aid pnrcial) and intarruptlen

» i (none, related, ‘and unrelated) uere be\:ween aubjecc t’uctors, while problem (12),

% axamplas (5 or fewer)} and blank tx‘ial :equenoes (5). uer-o within !\lbjaet !'actor!. SRS |

7
 Both Teedback y‘oups received feedback following the la:t regponse of each blank

trial seqience rewding the Gorrectiess of all respanses’to, thle probes within a

blank trial :equenoe. Subj'eets in the r.‘omplete fsedhack eanditlun were told what
oy 2 | the soluefon of each preblem was rollnu!.ng the Final.blak crial sequence of that
’ prroqlem. . They were then told uhetner or not ghé)' solved the Brobl&m. N Subjecc: in H
the, partial feedbaek condlt'ion were, bold the 3ol :innd‘ollcwkn& th?/filiii blank

Lrlal uequence of only the ﬂ.r‘st thres vrnhlens. At the end vf eaeh of Prnhlems bto , + &

12, the parn.[al»feedback subject! were Just told"whether or not may solved the
pr'oblem. . . . £ W R : £
‘

L s sm:jucbs 4n the no tuterruption conditlcn did not réceive @ breqk \Suqual;a %y

in both 1nbeh"nntion wnditmn! raceived a, 15 minuta hre‘nk at Lhe end of Pr‘oblen 6s -

.+ Subjects ixi the relaean 1ntarruptinn gr‘oups vere 51van 1nsbruccien: to hzs.nk nbouc.,
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probe, otherwise.the "no" button. - Feedback ¥as provided after eich blank trial
sequence was- completed. The feedback informed subjects whether they responded

correctly to all five probes in the blank trial sequence, or whether they responded

incorrectly to one or more. A problen was considered solved if a subjét responded-

correctly to each probe in'two consecutivd blank trial sequences within a problem.
A subject was told the solution to a problem either after s/he solved it or at the

end of the problem. " % \s

Stiguli. The stimul{ were displayed on the centre of the video screen. The '
stimuli consisted of five letters that represented f1va#hensions. Each letter

‘was followed by the number 1 or,2. This created a string of five'attributes, (e.g.,

X1K1D2 HNQ). Five different Lotters were randonly ‘selectgd fron the alphabet
for, each sibject-on .-un of the telve problems. The letters remained in the same,
position within a protln.

The position of the ltlribntl(l) vhil:h de!‘!nld the solution was randomly

selected for each problea. “Tne ‘position of the solution attribute(s) was never the

.same for two consecutive problems.. Within each n-nmu, the example. m-in;a

differed vnly with ruwat to the. epr '... the
atértbutes. , For the five preliatnary conjusctive problens, cne Lrrelevant

dhen\!on hld one value present on the first and £ifth’ lxllpl ,» and the other value

present. on the remaining examples. A second i n-q one value

pr-um on-the first ‘and second example, and the obh.r value pl'.ufzt on the

l‘lllinins examples. Thn final irrelevant’ dinension - had ¢ne valuspresest on the -

um. second, and third example, and the mm value ‘present on the . rnlinlng

'lllplt . ‘For the seven eritical sln;le ittrﬂmu prnbl:ns, thral ol' the

“drrelevant dhnnl(on- dﬂfﬂr‘d 4n the ‘same Vly as'the I.rrl).nvlnt dimensions in the

1
i
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how they vere solving the probleas and bow they could improye. Subjects in the

unrelated interruption groups worked on a Spatial Relations test (Bemnett,
Seaskiohe, i Hems, 1963) for 15 minutes.

Subjects were tested lndlvxdually in a saall roon which contafned achatr,
table, and testing apparatus. xnsv.runuom for concevt aftaimment problems were
| presented on the video screen one page at a time: Subjacts read these instructions
at their &n.rm Stter being told the general format of the presentation of

example stimuli and blank trial sequences, subjects received two practice problems
v

(see Appendix A). Each involved the Fresentation of one example stimulus followed

_ by five blank trial probe; e example stimulus for the first problem was an

addition equation (e.g. , 6+329), and a stbtraction equation for the second problem
(e.g., T=3=4). .The five blank trial probesfor the first pggblem consisted of three

addition equationsiand two multiplication equations (e.g

problen, ‘the five blank trial pnbus onsisted of three and
two multiplication equations, To solve the practi.ce yroblews. subjects had to
respond "yes* to all blank trial pribes that were the same (;ype of equation as the

preceding example stmulus. and "no" te-all probes’ that were multiplication

“equations. The practice problems, vere givéen for three reasons: 1) to

demonstrate the presence of a solution in an example stimulus, (2) to familiarize
5 v

“subjects with the blank trial probes, and (3) to.show the subjects how to predict gh'o

solution based on' the example stimulus a'nd how to respond in a way that was
consistent with the predidt Subjeots were told that tha practice probless and
Stinmuli were not the mﬁ:\‘ the experimental ‘problems. “Upon conpletion of the
practice problens the subjects were given details about the experimental problems
ih terms of the nature of the stimuli, and how these would change during the

3X2=6). For the second
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presentation of subsequent example strings and blank trial probes.
The experimenter remained in the testing room while the subjects read the 3
" instructions and solved the practice problems, Questions about the instructions
were answered prior to the start of the experimental problems. Information about
specific rules (e.g., conjunctive) or specific bampling strategies (e.g.,
focusing) was not supplied. - The subjects were not told how bany problems they would
be required to solve. They wer® told to continge solving problgms until the
computer indicated otherwise, and then at this time they were to follow the
instructions displayed on the video screen., When the subjects were satisfied that
they knew what to do, the experimenter told them to begin Ehe problens and left the tov
roo. : E N |
Subjects in the partial feedback condition.were inforhed at the end of The
\\\third problen that they would no longer be given the solution to the renaining ,
problens, but would be informed whether or not they solved the probled. At the end
of Problem 6 subjects in the two interruption’ groups were told to go to the
experdmenter's office. At this time subjects were taken into a different roon and
given their respective tasks. At the end of 15 minutes, the experimenter told the
subjects that they had several more'problens fo solve and accompanied them back to
the testingroom, Questions pertaining to the-concept attainment problens were not
L ansvered during the interruption.
) Upon completion of the Problem 12, subjects were told that the experinent was
over and to go to the experimenter's office to resdive payment. Subjects were pid, *

debriefed, and asked not to discuss this experiment with other students.




attributes, "no" otherwise. .

Resulta \

Hyoothesis testing. The blank trial sequences following each example yielded
g

5 <
2°=32 possible yes-no response’ patterns. Response patterns were classified as

v

either conjunctive attribute hypotheges, single attribute hypotheses, or neither. s’

4

Ten of the possible response patterns p to five
to single attribute hypotheses, and the remaining 17 were classified as Pandom. A
response sequence ¥as consistent with a single attribute rule if "yes" was the
response to each probe that was a positive instance of a particular attribute, "non
otherwise{ A response pattern was consistent with a conjunctive rule if "yes® was
the response ‘to each probe that was a positive ins#ince of a particular pair of

A criterion of sampling T0f conjunctive hypotheses across Problems 4 and s
was used £ ensure that all subjects included in the analyses were set immediately
prior to the first eritical problem. The d;ga from the 72 subjects who reached the
set criteria (only 2 subjects failed to reach criteria) were used in the following
hypothesis sampling analyses. .

attribute The number of ggpjunctive response

patterns on Problems 1 to 12 were submitted to a 2 X 3 X 2 X 12 (Feedback X
Interzuption X Sex X Problen) anslysisof variance, I s subject reached oriterion’
prior to the f?.fﬁl blank trial sequence \iithi;\ any of Problems 1 to 5, then the
rematning blank trial ssquences within the problem were classified as consistent
with a cunJun;:tive rule !Pd added to that subject's score fbr the analysis. The
effects of Feedback, F(1,60)= 21.33, p<.001, Problem, F(11,660)=41.01, p<.001, and
Feedback X Problem, F(11,660)=9.64, p<.001, were significant. The Feedback X
Problem interaction is presented n Figure 1. The difference in the muiber of

=
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conjunctive response patterns between the complete an% partial-feedback\conditions
was not significant for Problems 1 to 6, maximum F(1,543.28)=0.829, p>.05.

majority of the blank trial response patterns of the two feedback conditions vas

- consistent with a conjunctive rule for Problems 3 to 6. The groups diverged across

Problens 7 to 12. Less than 40§ of the blank trial response patterns were
consistent with a cofijunctive rule for subjects in the complete feedback condition
on Problem 7 compared to 603 for subjects in the partial feedback condition. This
proportion decreased to 10% on Problem 12 for subjects in the complete feedback
“condition and 45§ for subjects in the partial feedback comdition. The differences
1n¥he number, of congunctive response patterns between the tio feedback conditiona

was significant for Problems 7 to 12; minimm F(1,543.26)=20.002, p<.95.
N Pl

- Single attribute hypotheses. The number.of single attribute response '

patterns on Problems 6 to 12 were sSubnitted'toa2X3X 2X 7 (Feedback X Interruption

X Sex X Problen) analysis of variance. If a subject reached criterion Prdor to the

fifth blank trial sequence, the reminxng blank trial sequanass vithin the, problea
vere classified as consistent with a single attribute rule and added to the scors
used in the analysis. The effects of Feedback F(1,60)=48.55, p<.001, Pr'nbleln,

F(11;660)=35.83, p<.001, and Feedback X Problem, F(l1,660)=19:15. p<.001, were

significant. The Feedback X Problem interaction is presented in Figure 2. The
difference in the nunber of single attribute response patterns between the complete
and partial fesdback conditdons was - ot sigmfinnb on FProblem 6;
F(1,234.61)=0.035, p>.05. On Problem 6, 21§ of the response patterns of both
feadback conditions corresponded to single attribute hypotheses. The two groups
diverged acrogs Probiens 7 to 12." The propontigp of stngle attribute response

patterns of the complete feedback condition increased to 875 on Problem 12

W




compared to 40§ for subjects in the partial feedback condition. The difference in
single attribute response patterns between the two feedback conditions was
significant for Problems 7 to 12; minimum F(1,234.61)=17.238, p<.05. v
Problen solving efficlency. Anexamination of the data revealed the presence
of two fairly distinct populations of problem solvers. One group of subjects
seemed quite adept at problem solving, while the other group of subjects was not.
In an attempt to operationalize this observation, subjects were classified as
efficient (N=26) or 1rier‘t‘1ci'enr. (N=U) problem solvers on the basis of whether or
not they solved Problem 5, the last preliminary problem. Since this criterion
clearly demarcated the two groups, further analyses with the total sample of
subjects based on other criteria were not ;:ursuad. A 2>x 2X3x2 (E{ficienuy X
Feedback X Interruption X Solution) factorial Chi Squarg,analysts (iiner, 1971) vas
performed for ‘each of Problems 6/to 12. The Solution variable used in this analysis
-!ms whether or not a subject solved the problem being analyzed.

The interaction of Efficiency X Solution was significant/ scross all single

attribute problems with the minimum'xz( 1)=14.22, p<.001, on Pri%mﬁ (see Table 2
for representative data). These significant interactions indicate that a greater . i

proportion of efficient problem solvers solved single attribute problems than

inefficient problem solvers. The interaction ‘nf Feed;ack X Solution was
significant on Problems 7, 10, 11, and 12. The ninimun significant(1):6.722,
p<.01, ocam“rad on Problem 7 and increased across Problems 10 to 12 (See Table 3 for i
representative data). These interactions indicate that proporéxanauy more ;
subjects in the complete Leedback condition solved Problems 7, 10, 11, 12 than %

subjects in the partial feedback groups. The interactionof Effioiency X Feedback §

© 2
* X Solution was significant only on Problem 12,X “(1)=5.56, p<.02 (see Table 4).




Inspectionof the data reveals that over 95% of the efficient problem solvers solved
Problem 12 regardless of which !‘e:_dbsck condition they were in. In coﬁtrlst, only
708 of the inefficient problem solvers in the complete feedback condition solved
Problem 12 versus 11% of the inefficient problem solvers in the partial feedback
condition. ; .

The interaction of Interruption X Solutionwas significant for Problem 8 only,
#(2):8. 278, p<.02. More subjects in the related interruption group solved Problem
8 than subjects in the unrelated and control interruption groups (see Table 5).

Twenty-nine subjects vere found to be missing one or more response times from
their data files: The clock (crystal) used for computing response times was
apparently malfunitioning during the testing of these’ subjects. -The original

intention had been to analyze the response time data of all subjects. Since this

was impossible, a decision was made to select a sample of 24 subjects with complete

"data sets based on a more rigid criterion of efficiency. The 43 subjects with
-complte response tias data were raik ordsred acording to the mumber of prelininary
conjunctive problems solved. From this rank ordering it was possible to select 12
efficient and 12 inefficient problem solvers, balanced for feedback condition.
However, it-vas mot possible to achieve equal representation.of the three

interruption groups in this sample. Each of the 12 efficient problem solvers

solved a minimum of two conjunctive attribute problems, while the 12 inefficient *

problem solvers did not solve any of the conjunctive attribute problems.

Comparison between this subsample and the total sample indicated an almost perfect .

overlap between subjects clagsified by the two efficiency criteria. Only one
efficient subject in the subbample was .classified as ineffictent in the total
sample.  Even though Frobiem 5 was not solved by this subject, Problems 3 and 4
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were. Priorr to presentation of the response time analyses, the reuuluvnf the #
hypotheses sampling data analysis of this subsample is p‘ravlded. i

A 2X2X12 (Efficiency Xl Feedback X Problems) "analysis of Vﬂriﬂl’lﬂe'\'ﬁ!
performed on the number of conjunctive Fesponse patterns for each probles. The,
effects of FG“D&Qk:'r(‘;E):‘B-&S, p<.001, Efficiency X Feedback, F(1,5)=24.95,
<.001, Problém, F(#1,55)=16.84, p<.001, Feedback X Problem, F(11,55)=2.52,
22,005, and Efficiency X Probles, F(11,55)25.70, p<.001, were stgnificant. Theq §
lnteracu‘cn of Fieélback X Problem confirms that subjects in the select group weme {
comparable to the total sample of subjects (ses Table.§.and Figure 1).  Subjects in
both feedback ccr;dihionz sampled greater than 605 of their hypotheses from the
conjunctive H-domain on Problems 3 through 6. The proportion of .conjunctive
hypotheses sampled by subjects in the two,feedback conditions increasingly diverged

X across Problem 7 through 12.  The proportion of‘eonjuncciva hypotheses sampled by
subjects in the com'plete l‘eedhyk condition decreasedto 11.7% oomiaéred to 43.3% for
partial fthbaFk subjects. The Efficiency X Ysehbaak interaction indicates that
inefficient subjects in the partial feedback condition sampled more conjunctive
bypotheses than the other three groups. The interaction of Bffictendy X Problem
‘reveals that the efficient subjects sampled more conjunctive hypotheses 'lcrpss
Problems 1 to 5 and fever conjunctive hypotheses across Problems 6 to 12 than the
Lna,t{'iclent subjects (see Table T).

A 2 X 2X12 (Efficiency X Feedback X Problem) analysis of variance vas |
performed. Subjects were assigned & score of "% if. they a?ved a problen, "0"
otherwise. The effects of Efficiency, F(‘,ZO)'I‘Z'[ugﬁ' p<.001, Problem,
F(11,220):6.07, pC.001, Effictency, X Problem, F(11,220)<1.85, pei048, ‘and 1

Efficiency X Feedback X Problem, F(11,220)=3.26, p<.001, were significant.
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Results of this analysis confirm that the efficient and inefficient proBlem solvers ™

in both the total and subsamplé behaved equivalently. Data representing the

Efficiency X Feedback X Problem interaction are presented in Table 8.. Inspection

of these data reveals that nine out of 12 efficient subjects solved the first ~

critical problem, where as only 1 out of 12 ineffig#®nt subjects solved Problem 6.
Furthermore, the efficient problem solvers did not need complete feedback in order
to detect the.change from 2 conjunctive to a single attribute rule, and to solve the
critical problems. On the other hand, inefficient problem Solvers who L not
given complete feedback, did not solve ahy of the eritical problens.. Ineffictent
problen solvers in the complete feadback condition had to be informed of the rule
changé & number ox‘;u.mea before some begdn to solve the critical problems.
mnu.ézmmumumnumu As areSult of an error in the
algorithn for data/collection and storage, only the first four response times from
« each blank trial seqence were collected. The absence of tha £irth response trial
is not critical af pilot data indicated thaf no differences existed between the
fourth and fifth response tine ina blank trial sequence. Ifa subJ;et reached thé
eriterion for solving a problem prior to thA\f1fth blank trisl sequence, the groblem

was terminated. As a consequence, response We data were missing for|subjects

who solved any of the problems in two or three blank trial sequences. Cell means

were not used to fill these missing data points. Rather, the subject's response
‘times fof: the Jast blank trial sequence conpleted within the problen that was solved
were used. " Tahs procedure was conservative since latencies decreased across blank
trial sequences. Therefare, the degrees of freedon inrelevant erroh terns were

*not corrected in the ana!
The response time data were submitted to a natural logarithm transformation to

4
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minimize the skew due to long response times. The dependent variable y was set
equal to in(xe1), where xvas the response tine in seconds. The transforned data of
the subsample were submitted to three analyses of variance, ome on the five
prelininary problems, the second on the last preliminary and first critical
problem, and the third op Problems 8 to 12, the last five critical problems. Since
the interruption conditions were not equally represented in the subsanple, Problem
7was not included inany analysis. ThiZ omission should have minimized short tern
interruption effects that might have affected response times for -Problem 7.
Response tive data for Problems 1 to 5 were submitted to a 2 X 2X 5X § X8
(Effictency X Feedback X Problen X Example X Trtal) analysis of variance. Example
refers to the five blank trial sequences within a problem, and Trial to the five
‘responses within each blank trial sequence. The effects of Efficiency,
F(1,20)25.26; ps.031, Problems, F(4,80):9.07, p<,001, in-pl-, F(4,80)=27.76,
Pp<.001, Efficiency X Exanple, F(4,80)=7.07, p<.001, Trial, F(3,60)=107.39, p<.001,
Feedback X Trial, P(3,60):3.92, p=.013, Effictency X Trial, F(3,60)=3.18, p=.ob1,

and Example X Trial, F(12,240):

.00, p<.001, were significant. The main effect of
Probles resulted from a decrease in average response time from 1.52 ln (xe1)
s;oomu on Problem 1 to 1.01 1n (x+1) uz;onas on Brobles 5. The Example X Trial
intéraction reveals that the response time to the probes decreased across the five
blank trial sequences within a problem (see Figure 3)." The time to respond to the
first probe in each blank trial sequerce decreased the most across a problem.
Inspection of the Efficiency X Example (see Figure ) intgraction reveals hgreaten
decrease in the average response time across the five .bhnk trial sequences within a
problen for the efficient than the inefficient problem solvers. Inspection of the

Efficiency X Trial (see Figure 5) interaction reveals that the éfficient problem




solversresponded faster than the inefficient problem solvers to all probeswithina

blank trial ‘sequence. The greatest difference between the efficient and

inefficient problem solvers in the tilie taken to respond was to the first probe

The response times for both gnoups of subjects decreased across the remaining th,r‘a}_/

pribbes within a blank trial sequence. Inspection of ‘the Feedback X Trials-

interaction (see Table 9) ;even.ls that subjects in the complete feedback condition
took longer to respond to each probe within a blank tria sQueRterthan subjects in
the partial feedback condition. The difference between the subjedts in the two
foodback conditiéns was. greatest on the flrst probe. Since the feedback
manipulation was introduced after Problem 3, and given there was no significant
interaction between Feedback, Probldm and Trials, this result probably rarlaeba
individual differences inthe two groups of subjects. Thisconclusionis :upported
in subsequent re!pon?e time analyses as no Feedback effects were evident.
A2X2X2X5X 4 (Efficiency X Feedback X Froblem XExample X Trial) amuyzxe of
variance was performed on the response time data for Problems 5 and 6. Tne effects
of Efficiency, F(1,20)=7.91, p<.01, Example, F(4,80)=16.18, p<.001, Trial,

.60, p=.003, were

F(3,60)=84.34, p<.001, and Example X Trial, F(12, 240);
-

significant. The efficient problem solvers responded faster (0.90 1ln (x+1)

seconds) to the probes for Problems 5 and 6 than the inefficient problem solvers

(1.30 1n (x+1) seconds). The Example X Trial interaction was similar to the

. equivalent interaction obtained on Problenms 1 to 5 (see Figure 3 and Table 10). The
only difference was that the response times were slightly faster for Problems 5 and 6.

’compared to Problems 1 to 5.

A2X2X5X 5X 4 (Efficiency X Fuedhack XProblem XExample X Trial) analysis of

variance was performed on the response time data for Problems 8 to 12. The effects
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of Effictency, F(1,20)=15.17, P=.001, Problem, F(4,80)=3.65, p=.009, Example,

F(4,80)=27.70, p<.001, Efficiency X Example,

90, p=.006, Trial,
F(3,60)=140.30, p<.001, Example X Trial, F(12, 240)=5.66, p<.001, and Efficigncy X
Example X Trial, F(12, 240)=2.44, p=.005, were significant. The Problem effect
reveals that the average response time decreased across Problems 8 to 12 rrnm”o.?g 1in -

* (x+1) seconds to 0.84 ln (x+1) seconds. The Efficiency X Exan;pla X Trial
in.:e{aeuon is presented in Figure 6. The curves in this figure ar€ inilar to

4 those In Figure 3 with two exceptions. Subjects responded toll the probes faster
across Problems 8 to 12 than 'Preblem; i :; 5.= The time takén by the efficient
problem‘suxv:rs to respond to the first probe of the second blank trial sequence '

¥ = (1.66 1n (x+1) seconds) was significantly longer than the ti.;m taken to respond to

& the first probe of the thifd blank trial saquen:e (1014 1}. (x+1) seconds); F(1,

960)=15.95, p<.01. * '

Diacussion ’

Hypothesis testing and set. Set was'easily estdblished by Problem 4 in T2 of
the 74 subjects tested. Over 70% of the blank trial response pagterns for Problems
4 and 5 were consistent with a conjunctive rule. . This.finding was similar to the
results of Lane et al. (1976), with the exception that subjects in the present stgdy_
needed to be exposed to a greatér number of problems before producing response !

v patterns close to the proportion (1.e., 90%) found by Lane st al.. One possibility

for" lower proportion of conjunctive hypothesis sampling may reflect

differential problem solving skill between the to populations of agbj;atu. me

decrease from eight blank trial sequences within a problem, as used by Lane et n.,(‘

to the five used in the present study may also have contributed to this difference.

.




One error per  problem in the Lane et al. study would have produced a 12. 5% reduction

*in the proportion of blank trial response patterps scored as- conslsbent with a-

cohjunctive, versus 20§ -reduction in the present study. ,

Subjects in both feedback’ condftions continued to-sample an equivalent

prug)l‘"tion of conjunctive hypotheses in Problens 4 and 5. The removal of complete

feedback after Problem 3did not affect the hypothesis testing behayior. Subjects
had clearly developed a set to respond ina particular way before the fourth problem.
‘Exanination of the response time patterns within the blank4rial sequences

provides further claru‘iuatxen of the hypothesis teatlns behavior. Responses to,

the probes becane inoreasingly faster across a blank trial sequence: _ The greatest

* decrease in response time occurred from the first to the second prob® of the blank

trial sequence. This response time pittern reflgots two components that e’

istent with the hypo s testing ‘beh: i nrst,' subjects select an
hypothesis prior. to responding to the first probe of a blank trial uquenoa.
Second, pripr to responding to the rEqaining probes, subjects check fof the  Sresened
or absence of the selected hypothesis. _ These response time patterns appear to be
consistent vith the blank teial assumption suggested by Levine ot al. (1964), and

Philips and Levine (1974). When suhjects w exposed to the contingencies of a

blank trial proce » their, resps will be istent with a selected

“hypothesis unt2l feedback is encountered. - .

Response to the probes also became incheasingly faster acrossa problem. This ~

(4
.decrease in ra:::? (’.’.m‘e across a problem is consistent with the findings of

nhﬂlaon (1980) and Ghol son and Tuinblin (1981) that subjects use strategies to search
:ystemticnny for the epeciﬂc attributes that specify the-solution to a concept
ictalnman%prohlam. If subjects receive feedback enabling them to disconfirm a

§
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sampled hypothesis, then the number of remaining hypotheses that can speclfy the
solution decreases on the néxt blank trial sequence.

Since exhaustion of the H-domain 1s debendent upon the number of hypotheses
specified by a particular rule (i.e., conjunctive), a single attribute H-domain
_should be extiausted in less trials than a conjunotive H- domain. Consequently,
response times cr.vrr"aspn‘nding to single attribute response patterns should ducregaé
at a fastér rate across blank trial sequences than response times ;:orras?onding to
conjunct.ivevresponse pa(zerns' because on each subsequent trial there are fewer
redaining .single ac:ribuce hypotheses to be tested then'conjunctive bypotheses..
The response time' patterns for :ue efﬁciam: and inefticiént problen solvers on
‘Probles 8 to 12 appear to carre:pond with thiu usseamont. The-. majori,ty of the
rasponse patterns of the efficient problem solvers on Pruhlems 8 tn 12 was
donsistent With a aingle. dttribite rule; whereas, a larger propnrtion of tne

response patterns of the inefficient problen solvers was wnsistant with a

eonjunctiva rule#® This hypothesistesting behavior was reflected in the respon&a )

tine patterns presented in Figure 6. Theefficient problea solvers took less time
to reapond to the irat probe of the third and fourth blank trial sequence'withina

prubl thln the inefficient problem snlvur:. % : '

Hipothesta testind amd stratesy effictelsy. Otven' the sizs of the

conjunctive H-domaln, the prelininary prablens coild be mved consistently only by
subjects uging all the available information in a 1»;;“1 manner..” One such
nc.m,’dioausing as outlined by Gholson'(1980). References to other possible
strategles thdt could be spplied :o yield tn\u effictent level of " concept
mmnuoauon have not appeared in the uummn. Gholson (1980) aleo outlined

some cnncept ldentlﬂulhion strategies that if usad by subjects in this study would
.! . .

et




. not consxs:an:iy iead to solution. Amongst these are ghe hypothesis checking and

~  dinensior checking strategles. e effioent sunj-uc}}ms study were probably ©
T " ustnga !oeusing, or some comparable, strategy, whersas the ineffiotent subjects ~
' vere provably using a less effictent strategy ‘auch as dimension checking. -

. The :utrerences in promem solving " errxciency r‘eflected 1h'the differential

other aspects of. their hehaviar‘. b an errxcienc s:rategy =\lch as raml.sing 1: usad,

strategy suchas nmamon chsnking s used. Fewer hypothaag:’nted %0 be sanpled on -

each subseqyent blnk ‘traal sequencs by those ‘subjgcbs who! u.u nnarricunt versus

an nof’!'icient strltexy. The'ref!;r‘! their re!ponses ‘to the probes would bs fl:ter

The response umea‘ ni‘ the erﬂezgnc prbblem anlvers in f.hia stidy d1d decrease *

faster across‘a probleu than nze r-qsponsa tmea of. thoue subjsclu who used’a less

. efficient strney. . W ' : Ya L
i 5 mmmw The bypothests testing behavior of the
» " efficient and inefficient problen su:\veu provides evidence that supports Levine's

(197

1975) transfer’ hypnthuu. “but * contradicts stw (1979) composition

nypon&um as an uxplﬂmtion ormmnmx The'.crucial evidepce is prwid-d by

the finding t}llb the nnjority wof . the et‘ﬂeient problem solvers eﬂlvad the firlt &

critical probl\re. Ageopding to Levine's hypothesis, the duration otun.mun;

¥ u dependent nppn\‘\)\ha\nt.lan of 'the H-domain. Once the H-domain is exh‘uqted then

subjects v i enple iypotheses n-'i are consistent with a new rule. In grder for
R a

hm erfigient prablem 1vers w axhuust thie H-domain uithin fewer than five blank
trial nqweaeas uaay "had to use: a rocuaing strategy, This finding 1s further
dra.mauaizc 4n that efficient problam solvers in the partial feedback condition
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v
whoﬁ not solve the first critical problem had mo difficulty breaking set on
subsequent problems. This was not the case with the inefficient problem solversin
the paru(al feedback condition. The strategy used by the €fficient problen solvers
\provided them with {nformation that enabled thei to eshaust the conjunctive H-
domain and to detect the change in solution criteria.

If a strategy similar to foousing can be sssumed to dnvolvs the execution of
more procedures than a less efficient strategy such as dimension checking, it can be
argued that Lewis' (1979) ccmPsttion hypothesis does not account for the results of
the various ‘analyses based on problem solving efficiency. Atcording to th?
composition hypothesis, as a problem solving method is learmed, the procedures,

which are initially executed independently, become composed “into larger

collections of us’ pr that are executed in an all or none fashion.
Upon encountering a change in:solution criteria whereby a method containing fewer
procedures is nesded to Solve the probles, the procedurss‘ in the old method must be
decomposed l;efnra_a new method can be developed. According m' the composition
bypothests, thé duration of Einstellung should be directly related to the nuaber of
procedures contained in the method. ‘The efficiency results reflect a contrasting
position. The ertiotent problen solvers'vere more 1ikely to break set onthe firsg

criticdl problem than subjects.¥ho used a less efficient strategy (inefficient

problem !nlvars). Indsed. a llrn proportion of the inefﬂnent problem solvers in

“this =\;udy never broke th conjunctive set. *
mmmmummmw Brieaking the conjunctive set was
only affected by the ralatcd mcerrupuun activity 1n one paftioular situation.

More subjects in the rel:tad 1ntarruptlon‘:0nditinn solwed Problem 8 than subjects

in ‘the other two. interruption condition This .finding is consistent with

|
i
|
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Silveira's hypothesis that an interruption provides an opportunity for solution
related information to be discovered. More specifically, this finding say
indicate that the opportunity to refine search strategies was of some benefit, but
could only show itself after at least one opportunity to consolidate or debug the
refined strategy (e.g., during Problem 7). The question then arises: Why did
these subjects not continue to demonstrate superior problem solving skill on the
last four critical problems? One possibility is that the {fhet of the related
interruption was elinminated by the efficiency differences between the subjects.
Sinoe the efficient problem solvers developed thstr skills priar to' the

interruption, and since some subjects from all interruption conditions

* demonstrated efficient problez solving, any bemeficial effect the related

1HIEI‘L\IDKXOH might have had was short lived. Alternatively, the one significant
effect may simply have been dué to chance.

Lonclusions. In conclusion; analyses of blank trial response patterns and
response u& patterns revealed that subjects developed hypothesis testing
strategies, of varying degredS of efficiency, inorder to search systematically for
the solution to conoept attainment probiess. The duration of Einstellyngwas found
%o be inggenced by strategy éfficiency which, in turn, appgared to Gatonine e

rate of exhaustion of an H-domain. Use of an efficient strategy enabled subjects to

, exhaust the conjunctive H-domain and detect the charige in solution criterionwithin

L3
the constraints of the problems used in this study. In contrast, use of an
\
inefficient strategy did not enable subjects to exhaust the conjunctive H-domain,
or to detect-the change in solution criterion. Subjects who used an inefficient

strategy continued to sample conjunctive hypotheses even after they had been

informed through feedback that the solutfon was specified by a single attribute,




They appeared to be to break the set. If this was

', Lnmost cases, for the

not provided they to'sample ve hy
duration of the critical préblens. Since.all subjects in the present study were
provided with enough information to develop an efficient strategy, arelated avenue

for future research may be to investigaté&hy and how subjects choose a particular

strategy. ) .
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Table 1

Sample Concept Attaimment Problem

BLANK TRIAL SEQUENCE 1.

Example 1: X1 K2 D2 M1 Y2

K1 D2 M1 Y2
K2 D2 M1 Y2
kK2 D2 M2 Y2
K2 D1 M1 Y2
kK2 D2 M1.Y2

Blank trials
c 2

BLANK TRIAL SEQUENCE 2.
Example 2: X1 K1 D2 M1 Y2

Blank trials

BLANK TRIAL SEQUENCE 3.
Example 3: X1 K1 D2 M1 M

Blank trials ...

BLANK\ TREAL SEQUENCE 4.
Example 4: X1 K1 D2 M2 M1

Blu* trials ...

BLANK TRIAL SEQUENCE 5.
Example 5: ° X2 K1 D2 M2 Y1

Blank trials ...

Solution: D2
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Table 2
Number of efficient (E1) and inefficient (E2) _

subjects from the ‘tétal sample who solved (S)

or did not solve (NS) Problems 6 and 12.

Problem Efficiency Solution




\ Table 3

Number of efficient (E1) and inefficient. (E2)
subjects frod the total sample in the complete
(CF) and partiial (PF) feedback conditions who

5 " solved (S) on did not sclve (NS) Problems 7 and 12.

Problem Feedback Solution

R s Ns
° oF 21 15 .
G
PF 0 26
) cF 0 7%
12
23 12 a
<
«
» - . .

a8
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Table 4

Number gf efficient (E1) and inefficient (E2)
subjects in the complete (CF) and partial (FF)
feedback conditions who solved (S) or did not

; solve (NS) Problen 12. !

o ' . "" a .\\

.
Problem Efficiency Feedback

Solution 5
P2 : s oms :
e oV :
CF 16 0
Bl memmmmeeee e
PF 9 1
12 .
. » cF " 6
E2
PR 3 23
py §




Table 5

Number of subjects from r.ne'com/i@a in the

no i 1p! (NI), related i Pt (RI),
and unrelated interruption (UI) cunditions who solved

(S) or did not solve (NS) Problems 7 to 9.

Problem Solution  Interruption

s k § 1 8 .
7
N 113 16 '
s 8 7 9 b
8
i NS [ BT
7
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Table 6

< : Percent conjunctive hypotheses sampled by subjects
fron the subsample/An the complete (CF) and partial (PF)
feedback conditions acress Problems 1 to 12.

on ‘

B Fedb&ck ”  Problems .

12 3 4 5 6 7 .8 9 10 11 12

CF .43 68 67 78 76 62 3533#23 13 12

N T

PP 42 42 70 82 87 710 55-45 42 48 37 43

— .

£y
s i (e
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- Table 7
3
Percent conjunctive hypotheses sampled by i
efficient (E1) and inefficient (E2) subjects
from the subsample across Problems 1to 12.
- )
Efficiency Problems
~
fa "
& 17 2 3 4 5 6 1 8 9 10 1 12
E1 52 65 87 88 87 53 35 28 28 28 12 12/'- s
i
E2 33 45 50 72 77 78 55 50 40 43 38 43
- 1
sl i
&
N -
.
v L \
3 g -
' 0
i . .
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Table 8
Number-of efficient (E1) and inefficient (E2)
subjects fron the subsample in the complete
! (CF) and partial (PF) feedback conditions who

solved problems 1 to 12 (Maximun score per cell = 6).

Efficlency Feedback - Problens \

2.3 4567 8 9101112

E1

CF 00000121 14 &3
E2

PF 0 00D00O0O0DOTU DGO OO




Table §
. A\
%7 Reaponse times in In (x+1) seconds of subjects fros ;
the subsample in the complete (CF) and partial (PF).
.
feedback conditions for Probes 1 to & collapsed

across Problems 1 to 5.

- a 2 ’ L !
. Peedback Probes A
Ll
: T2 3 G
3 —
cF 1.95 127 109 1.01 .
p PF 147 L0 o; om .
% )
.
’ . T g
. . ..
7 ;
. 7 . i '
3 R
. < i W
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Table 10

Heanresponse tines in ln (xdﬁneennﬂs of subjects from
the subsample for Probes Jtod across the five blapk trial
o ;
sequences for Problems 5and 6. o
Yo -

Blank Trial Do .

, ‘Sequences Probes, .
e 5 .
: ® ¥ Hi LR .’ -
¥ PR faen B 37 .4
. D
&, 14" 2.30 f1.54 * 1,25 1.10 -
N ' 1
. o A - ‘

2! 1.90 1.29 1,05 -0.95 -
s’ 1 =
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by subjects . frog the total sample in the complete (CF) t
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e -

3 8 % 8
N T

PERCENT SINGLE HYPOTHESES
8 § & 8
T T

)

T

4
]

Figure 2: Percent single attribute hypotheses sampled by subjects.
’ from the total.sample in the complete  (CR) and partial (PF)

Feedbiack conditions mcross Probleams 1 to 12.
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% five blank trial sequences collapsed across Problems 1 to 5.
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Figure 5: Hﬂn.haponal times in ln (x+1) seconds of effioient (‘BI)

and ineffioient (E2) subjects from the subsample for
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* Prob During this expe: you will be given a number-of concept

attaimment problems to solve. The presentation of the problems are as follows.
For each problem you will be pr‘eaehﬁa with five Examples. Each Example is an
111ustration of a stinulus which contains the Solution Concept for the problea you
are um-klng-nAn. The Exanple wl remain on the screen for 10 seconds, and will be
followed, one at a time, by five response Trials. The stimuius presented for éach
Fetponse TELAL WELL,BeCE VAPLNESER oF the preceding Example. Your task as to

respond 'YES' if you think the presented ‘Trial stimulus contains the Solution

Concept, 'NO' if you think it does not. After you have’responded to the 1ast Trial

stimulus, you will be told whether all of your responses were correct, or that one or

more of your responses was incorrect. At the end of the problem you will be told
what the w’rnet solution concept was. You will now be given two practice problems to
solve. These ‘practice problems are not the same as the problems you will later
receive. The purpose of these is to make you familiar with the Example/response

Trial presentation procedure.

Practice problems: 1 .

1. Example : 643=9.. -
i 24527, ¥X2=8, 6X1=6, 3+45=8, 247=9.
“Tne correct Solution Concept was an Addition Equation.

2. Example : 5elsl.
Trials : B-Ush, 3X2¢6, 9-623, 7-5:2, 5Xi=5.
Solution: The oorrect Solujion Concept was & Subtraction Equation.
v




- In order for you to have solved the first practice problem you had to respond
'YES' to each Trial stimuli that was an Addition Equation, and 'NO' to each Trail
stimuli that was a Multiplication Equation. In order to have solved the second

’ practice problem you had to respond 'YES' to each Subtragtion Equations, and 'NO' to

each Multiplication Equation. These practice problems are different to the

problems that follow. The only similarity was the presentation of an Exdple

followed by the response Trials.
.Now you will receive instructions about thr:?blléwi.nz problems. Each
stimulus isa string of five Letter/Nunber pairs. Each letter is randonly selected
from the alphabet and paired with either the pumber '1' or '2'. A typical string
mightbe: Al G2 Z2 Q2 L1. Duringeach problem the lettersand their position
in the String remains the same. Five new i»cera are chosen for each problem.
The Solution Concept for each problem consists of some combination of
Lehter/l’umber_ pairs th;t is pr'eaer.lt in the Examples. Each Letter will have the
Nunber that vas pared with it in the Example change on one of the response Trials;
either from "l Tto'2',or'2' to 'l‘ 'Dn the response Trial after a Letter had its
Nugber changs, the Number will return to T prior to the changel Your task
£ 5 respond 'YES! 1f yeu think the Trial stimilus contains the Selution Concept,
'NO' 1f you think it does not. After you have responded to the fifth Trial stimulus,
you will be told whether all of your responses were correct, or that one or more of
your response are umxﬁn._ In order to solve the problem you must respord
correctly on two consecutive sets of response Trials. If you solve a problem you
will be told what the Solution Concept was, and then be given anotherfproblen to

solve. If you do not solve a problem, you will also be told what the correct

|
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