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This paper argues that a major aspect of intelligence m the ability to

solve problema and that careful analysis of problem aolvmg behavior is a
4

means of speclfymg many of the psychologlca.l procesaeu that make up intel-
ligence. The focua/is on the mechanismsg involved when. in the absence of
complete instruct on. a person muut "invent'" a new Dqlution to a problem
by assembling prew.ously learhed skills. To describe this type of problem
solvmg behavior the authors set forth an mformatlon ptocessing model
characterized by three classes of procesges: problem detection, feature
scanning, and go,al analysis. A series of studies on invention, in which
children are taught component skills and their behavior is examined in situa-
tions whére these skills ‘must be combined in a novel fashion, elucidate this

model.
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PROBLEM SOLVING AND Iﬁ‘KELuGENCE 9

Lauren B. Resnick and Robert Glager

University of Pittsburgh
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/‘l'vfe wxll argue in thxs paper that a major aupect of intelligence is the
abxhty to solve ppoblema and that careful analyms of problem _solving:
behavior constitutes a means of specifying many of the puychological .
Pprocesses that intelligence comprises, To build the argument for this
approach we will first cobnsider some general i,esuea surrounding the term’

intelligente,.- and then suggest why problem solving provides fertile groupd
for the expernmenmt study of tntelligence,

-

We begin by provisionally accepting the layman's quite general defini-
.7 tion of intelligence asg '"'the ability to learn, “,and aseume that this means
- the‘ability-'to learn things important in one's en‘yironment.. We next note
that much,‘perhaps most, learning occurs without formal inutructidn, that -
is, out of the context of established_ teaching ihstitutions, \./irtr}xally all of
the learning that children manage pré;or to the age of five or six occurs
without 'auct\ formal instruction. Even during the school years, much of
" what ig learned is outside of any formal curriculum, and during most of
one's adult hfe little formal instruction is éngaged in, yet le;.rmng cetrtainly
continues. Even ‘where dehberate instruction 19 provxded it is rarely
"complete" tn terms of a.seurmg that the'leather experiences or attends toe
every aspecn of what 19 to be learned or that he or she is aystematxcally,

‘ taught every skill in exactly the form used by experts e

This incompleteness of ipstruction, even in school, is an {mportant
point with réspect to the defihition of intelligence. In traditional forms of
schooling (including those most”prevallent today), children are-exposed

about equally to instruction, bu&t some children learn.more of whatever is

v
&

ERI

Aruitoxt provided by Eic:

l§




~offered than others. It io precisely thie difference in amount learned under
approximitely equxva.lent condit tiono of expouure that makes intelligence tests
work ao predictive 1nutxtnment0 ’I‘he actuql itemsg on moot, intelligence

tests are testo of what dne already . knows. Whoever knowu(morre (of the

kind of‘thing being teut’ed)-and'knowu how to u‘ue that information under test- ~ .
like 'conditiono vyill do better on the teoto, *Thus, the teots mead!.\re what s

the: individual has managed to learn from past exposure, relative to other

. . individuals. Presumably, if someone had beén good in the past at acquiring

knowledge, and if conditions of instructfon remsin more or leo/a, the same, .
~ e

.
re

& the_n he or she will be good at acquiring kn:owl'edge in the futute. In other
. ]
wordo, although the test items are usually measures of lddrning already

& .achieved, intelligence tests are indirectly measures of how well one can .

.

learn on one's own, ¥ .. . : ‘

The import of thege observations is.that if we are to account for

intelligence, we must-account for the ability to lcarn on one's own _in the’ __/

aBoence of direct oi'complete instruction. To put it another way, we must

account for the'progesseu involvad when an individual, under conditions of T

) limited or leuu than explxcit instruction, makesa trangition from one state ’
lof competence to another. More broadly, we muet, seck a characterization
of processes that are 1nv91ved, or that an mdnndua,l eémploys, in ﬂthe acquisi- .
tion of a new capability,

Attempts to Account for ’I‘ranuitidns in Intellectual Competence .

Where can we turn in modern puychology for gerious study and elucida-
tion of this problem of cognitive transition? An obvious first candidate is
cognxtive-developmental theory of the Piagetian and neo-Piagetian variety.
Cognitive - developmental theory has been centrally concerned wﬂ:h chartxng
changes 1n intellectual ability, and further, has stregsed the "workxng1 from
within' nature of cognitive growth, The child "'constructs' cognitive Eeahty

' .
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and thege Constructlonﬂ define his xptellectual competence. In aécountxng

for transitions in- ‘competence. emphams io placed on what the child does,

L4
'.not'on what he ig taught, ~* > .

. “ .

B Although the concern for internally produced structural tranoitnon is

" indeed strong, actupl researéh on cognxtive development in the Piagetian

/]
tradition hag, focuged largelv on describing the resulting otate di.fferences

differenceo in cogmitive performances and inferred ""deep" competence--at

different points in deveiopment This york has left the problem of accounting

for transition between these states, or "utagee. " almoot completely uninvesti-

gated and unvpecified. The problem is considered‘on{y in the most general

- ‘terms. When a child is in a given st?ge. he or she assimilates new infor-

s mation and experlence into existing cognitive structures. Fiom time to
time however,’ "accommodatxpns" occur, like mmm.ture scientific revolu-
tions.” New structures dre formed to account for the new experience and
these then become the organzzmg structures for future encounters with the
environment. Transition, then, olcurs via accommodation. But on closer
dook, -all of the important questions remaxn. When and why do a.ccornmoda—
tipno take place" WQat tipo the balance in fayor of accommodation over 7
agsimilation? What actually happens during the process of accommodation?
Thoso?estxons are posed by cognitive-developmental theory, but.not

a.naw;- d by it. .

- . ’

'," A recent monograph by Flavell (1972) underscores ¢he absence of a

. .

strong theory of transitxons within the Piagetian stage -theory tradition,
I‘lavell is concerned with how two ""cognitive‘items" that are sequentially
ordored in terms of temporal dew,elopment are related to-one another, that

io, hnw acqmmtxon of one item mfluenceu or determxnes acquisxtxon of

another. Flavell guggests that of several kinds of transition relatignships,

"inclusion' sequences--cases where items are combined to form new

. N .

items--are particularly amenable to clear explanation in terms of processes
. ! . 1 i »

called upon in performa‘nce and transition,

\
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Inclusion relationships have also t¥en \proposed as a ;neans sof account-
ing for growth in intellectual ¢apability by Gagné (1962; 19.68), in what has
ﬁ@me to be known as cumulative learning theory Gagné argues that com-
plex abilities can be analyzed mto s1mp)ﬁer components, prerequisites, that -
are combined during acquxsz_ltxot; of the complex ability. Since each pre- -
req\jieite task can also be a;na.ly‘zed into its component abilities, and since
each complex task can be c0mbi\ned with others to produce a still higher level
of performance, it is possible to spec1fy a hxerarchy of tasks that cumulate’

N th;ough successwe layers of posxtwe transfer to.greater and greater levels .
of cognitive competence. With respect to cognitive development, cumulative
learning theory suggests that small changes in ability cumulat% across
tasks and over time to create an apparently large and quahtatwe shift in

&

competence. s !
1

Atthough at one level of analysils cumulative learning theory’seerr;s ‘to
fu:ctlon as a pote&txal explanation of etage changes in development at
another and deeper Ievel a learning hxe rarchy represents no more than a
collectxon of orde red but discrete statedescriptions, albeit at a finer grain
of description than Piagetian s;ages ;-A h:erarchy oiftasks does not explain,
the comhipatory processes or transfer rr\*echamsms by whxch new competence
is actually produced. It is probably not tho extreme to argue that the most
interesting events, in terms of a theorr o&\in\t’ellige;ce, happen between the
specified points in a hierarchy. Yet cumuli;ive léarning theory, like .

Piagetian theory, is largely silent as to wha Agoes on.
\ -

_David Klahr (in preoss) has reported on work that ‘can be thought of as
an ettemﬁt to formalize through.simulation an essentially cum‘ulati;‘z learn.-'t
.,ing hypothesis concerniff cognitive developmeﬁ\t. The*aim is to characterize
increasingly complex performances on l?xaigetlan tasks.,in terms of a limited.
set of processes defined by computer programs. \ These processes, in

various coxr\bmgt.;ons, are shown to be sufficient o perform a variety of tasks,

.
A's more processes enter the system, fnore complix and developmentally
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more advanced tasks can be performed. As Klahr points out, curr.en!:
formulations offer no really,satisfactory (or "well-modeled") explanations
for howa process enters the repertoire. Furtlier, there is, at present,

no way to answer the question of how available processes are assembled

.e., combined)' to solx}e new problems.
1 N *

This important Question of assembly ispartially masked by the use

y . 1 . L
of production systems in current modeling 4ttempts.” Production systems

appear to solve the asse'mblyﬂ)roblem by embedding it in the matching of
current short-term memory contents (data structures) with production rule
conditi._ons. An action is carried out whenever the proper conditions are
met; thus, within a production system formulation, there is no need to postu-
late a separate asserﬁbly mechanism. However, as increasingly complex
ley'els of performance are reached, new production rules are 'réquired if
actions pPreviously carried out unde'r‘ one set of conditions are to-be used
under new\conditions; Thus, the essential p;oblem of agssembly--the use
of av‘ailabl\e actions in new contexts:-remains. This point should become

¢learer as we move to som% specific examples later in this paper.
) ~ ’

3 N

1a production system, as defined by Newell (1973) is a scheme for
specifying an information processing system:
. 1S .

It consists of a set of productions, ea‘7h production consisting of
a condition and an agtion. It has alsd/a collection of data struc-
tures: expressions that encode the information upon which the
production system works--on which'the actions -operate and on
which the conditions can be determined to be true or false. A
production system, starting with an initially given set of data
structures, operates as follows. That production whose condi-
tion is true of the current data (assume there is only one) is exe-
cuted, that is, the action is taken.' The result is to modify the
current data structures. This leads in the next in nt to another.
(possibly the same) production being -executed, léa to still
. further modification. . So it goes, action after actio ing taken
to carry out an entiregprogram of pirocessing, each ked by
its condition becoming true of the momentarily curr collection
of data sttuctures. The entire process halts either when no con-
dition is true (hence nothing is evoked) or when an action contain-
.

ing a stop operation occurs. (p. 463) v
! o ,

3
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l o Assembil as a Mechanism of ransition in Cognitive Competence

-~ " The problembgfore us -is acLo:mtingifor intelllige'n,ce ag a process

wherein ind&‘viduals de(velop new cognitive c-ompetzence withox)t direct or com-
plete instruction. The question is one df transition between states of com-
petence. We have argued that neither cognitive-developmental nor cumulatwe
learm.ng theory has as yet adequately addressed the problem of transition,
nor have beginning attempts at an 1nformatlon processing theory of develop-
ment. Further, we have suggested that a useful way of thinking about the 2
problem o__f transition is to attempt to account for the combination or assembly
of existing processes into more comple'x' ones. . . "

. \ } i /

v, C ' - ¢
Assembly as Problem Solving . . ‘e

' If one scans the psychological literature’ for places whei-e the question

. of assembly has actually been experxmentally addressed, one is clrawn to
the literature on ''problem solving. " We'are drawn there w1th gome reluc-
tance because problem solving is at least as disorganiwed a topic in experi-
mex.xtal psychology as 'inteuigen/é:e and it has not %vex; had its share of psyého-'

.

metrxcxans to prov1de it w1th a working operatxonal ‘definition. Problem

Qf

sohang has been studied in oner fo{'m or anotlg,r vxrtuilly throughout the
hxstory of scientific psychology, and proponents of va.rxous theories of 1
psychology have attempted to 'explzeirr'problem solving*phenomena in t.erms

of their own theoretical constructs. ' Despite the theoretical dive-rsity, ‘there
emsts a surprising conse;sus concerm.ng what constitutes a "problem" in;
psyéﬁogxcal terms, and a review of some of the classical \1tgra_xture on,
problem solving suggests a nu:nber of working hypotheses relevant to our

present question of assembly and cognitive transition. <

'

Psychologists agree that the term problem refers to a situation in
which an individual is called upon td perform a task not previously encoun-
tered and for which externally provxded instructions 90 not specify completely

the mode of solution. The partlcular task, in other words, is new for the .




4ndividual, although processes or knowledge already available can be called
upon for solutxon Associationist psychologlsta working in the Hullian
tradltlon, such as Maltzman (1955, u.altzman, Brooks,” Bogartz, & Shmmers,

* 1958), interpret problem solving in terms of the posltlon of the appropriate
response in a habit-family hierarchy. The emphasls is on acce%smg

iﬁresponees already available, but not dorriinant Other/dehmhons, too,

stress’calling up of avaxlable responsee but focus on processe%of assem-

bling them to form a new solutlon Maier (1933), for example, gives th'xs
definition: ''The solutlon of a problem . . . isa pattern consisting of parts
of past experlence Wthh have become integrated. These parts of experi-
ence need never have been pre\nously associated' (p.:144).

§

e

Wei-theimer (1945/1959), the spokesman for the Gestalt psychology

« of insight, defines problem solying in the following way:

[A] discovery does not merély mean that a result is reached
which was not known before . , . but rather that a situation is
i Q grasped in a new and deeper fashion, . . . These qﬁanges of
the sjtuation as a whole ,imply changes in the structural mean-
mg of part items, changes in their place, role and function,
which often lead to 1mportant consequences. (pp. 169-170)
'
Wérthelmer thus stresses the prior existence of componentg of the

|
""solution, " but focuses on the processes of restructurmg and insight

. that lead to recoghltlon of the solution as relevant.

Probl&m SGl‘\dng as Invention “ . . ' !
2 = . '.

The cm{sslcal hterature on problem solving has directed much
of its attention to tasks that require the invention or constx:uctlon of a
new strategy or material object In these tasks a tool, phy:ncal or
intellectual, is produced. Materials or Processes are combinpd to
malee available something that had not ex18ted before. The behavioral
and/or technological repertoireris enlarged through procesaes of cog- °
nitive and physical assembly of prior elements.

PR S . . s

. —

*

ERI

Aruitoxt provided by Eic:




»

conveyed by c0nsxder1ng some, examples\ By far the largest set of such
"tasks has-been studied under thelfaBel of\”functxonal fixedness." ' The most
farmlxar of these include the two string, h\et rack, pendulum, and blowing-
out-the>candle 'problems 1ntroduced by Maxer (1970) and the glmlet and
.candle-on-the-wall problems originally Studlé\d by Duncker (1945). In each*
of these problems, the subJect is asked to buxldan object or to perform s
' some action. Anarray of objects is provxde;l one or more of whxch can
be used in solving the problem, but none of wjuch&.s typically used that ’
'Way. Thus, there are clamps and poles for the hat-:rack problem but ﬂs
.wall hooks. There are various ifems that can serve as pendulum bobs in
the two- strmg problem, but, at least in some versions of the problem, no,
 [extra piece of string or elastxc There dre a box and matches in the
candle-on-the-wall problem, but the boxqis filled with tacks and there is

_ no recognizable candleholder, . I

T In all of t'he‘se tagks objects are combi-ned or assembled in many *
ways to produce'new and (at least temporaril.y) useful objec‘ﬁ‘:‘h They are
inveptions in the ;same sense that the telephone, the Bessemer furnace,
and the airplane are inventions. Other invention problems are more cog-

. nitive in nature, with t‘he_pr"oblem solver_not ne ces‘sarilyengaging in
physical mang‘pu}ation, but with the same combinatorial pr-ocesses at work,
based on pa'stﬂgz{perienee and knowledge as well as current task demands.
One such prolﬂlem is the radiatibn problem studied and discussed at some.

length by Dﬁncker (1945). Another is the parallelograin problem studied
by Werthé1mer (1945/1959) and hxs students (Luchins & Luchxns, 1970), »

>

fnventxon problems addre;ss in a particularly d1rect way the ques.tlon

of tfansition 1n competence without direct instruction--the question with

-
, .

whxch this paper opened In invention problems, individuals who are suc-
/cessful solvers have gained a new competence Théy can do or make some-

thing hey were unable to do or miake before. They have learned something

/o ‘ -
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. new- Furthen, they have managed this on the1r own, ar with minimal external

a

help Thus, they have engaged in learning in the-absence o€ instruction.
F‘mally, in all of the problems the solutions are built oﬁt of information or
. partlal solution routines already in the ipdividuals' repertmres. In this
way ipvention problems highlight the assembly process which we have sug-
gestg¢d may be central to an understanchng of the nature of mtellngence. .
: : . B g . ,

A Model for Sol\‘rvi,ng I.nvention Pf;blems

. *Using commonly current mformaglon processing co"nstructs, it is

« .

?
posslble to characterize invention/problem so’lving as /a?process of encoding

A

a problem, that is,: bulldmg a repre sentatlon in working memadry (WM), and

' then searchmg long-term memory (LTM) for a stored routine (whole or

partial) relevant to the problem as formulated. If a routine that works uhder

presen.t conditions of the task-envlrdnment o(TE) is not fOund, further featurgs
=N, of the. TE may be noted or the imme‘diate‘goa.l of ;;roblem solving activity
redefined so that routines not premouslf recoganed as relevant or usable ~
w1ll become so, We descrlbe th1s general slit,b_Lprocesses in terms.of *

three aspects. (1) problem detection, (2) fewture scamnng, and (3) goal

analysis.

. . J

@ " 1. Problem detection. Consider Flgure 1. Actions A through F

define a problem detej}tlon routine. The,process assumes an individual who
\} hag.already encoded the problem as verbally stated. This has established . -
a goal in WM (Box AQ\Q The {first steptin solving the problem consists ‘o\ }
searching LTM for a routin,e that is'encodedras relevant.to the goal (Box é)\*
If such an item is found,. a test is made for whether the copditions required a
. for carrying out the routine are present (C).. If the answer is yes, thé‘r
S (\ routiné can be performed (D), and then tested for success in meeting the ﬁ.f.
A_.goal (E) If s\.\ccessfdl, the problem is "solved"--in fact, it was not real‘l;/
a problem since it had usable routines already available. The right-hand -

bran\ches from B, C, and E, by contrast, set a’''true" problem. If at B no

- ”
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Figure 1. A model for solving invention problems.
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solution routine relevant to the goal is found in LTM, a problem is auto-
matically recognizedl(Box F). Alternatively, a candidate gsolution may have
been vf_qu"nd at B, but the necessary conditions for running it may not be met
(CP or the action may not be successful (E) In each case, a problem wpuld
be defmed This definition conshtul:es, in effect, a new goal, or a new -en-

8

coding of the gituation. . ' -

Werﬂieimer's descriptions of initial reactions to the.pa‘rallelogram

problem provide some examples of problem detection. In some of Wert- .

L , helmer's experr.ments c}uldren who knew an legot.;.thm for finding the arta
of a parallelogra.m presented in a horizontal isplay, as in Figure 2 at the

. top, were then given a vertically prelsentea{i‘;ure"(as at-the bottom of Fig-
ure 2). Soine‘ children imrfxedietely recogni.zed the figure as one they had °*
not "had yet" and refused to proceed. These children in effect failed to
find a candidate solution routine. Others atf;empted to apply the standard
“routine. They dropped perpendiculars and then recognized an unfamiliar
m.tuatlon. These children appareatly recalled the standard roul:xne for find-
ing area {at B ‘of Fxgure 1), failed to note that it W}S inapplicable (C), tried

! 1I: (D), and then found it unsuccessful (at E). - .

~

2. Feature scanning. Assume now that, by one route or the other,

a problem has been detected 'no immediately applicablé or successful rou- §

.tme for the goal as initially represented has been found. It is characteris-
,tic of individuals who have detected problems to begin I:o‘ scan the envirén-
ment, apparently séarching for clues. In functional fixedness prohlems, ’ }

‘ they typically°attend to or;e after another of tl‘ie objects available, apparent;y
noting features of the objects.” There is no evidence that there is an aittempt
to do an exhaustive scan, or to list all possible uses of the objects, as
might seem to be sdggested by theories of problem solving and.creativity
that stress fluency in producing many “"unusual uses.! Rather, this seems-
to be an 1dea -getting phase, d@ mapping of the envlronment, a highly heuris-
tic and posslbly partly random activity, much influenced by what first falls

ua/.
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to hand or eye. Frequently coupled “\ptth this scanmng of the physical
environment is a questioning of the e&perunen‘ter concerning the nature of
the task requirements and:restricttolj,\s on what can be done.

Boxes F throdgh L o}' Figufe ljrepresent a sequence of events occur-
ring during this feature scannmg phase. The opening conditions (F) are
set up by the regults of the problem detection phase. "Problem aetection
hag resulted'in a new definition of th¢ goal.4 This condition initiates search
of the task environment. The first action ie this search is to select an
object in the taslc environmen’t‘(G) e t)erm "object' is used to refer to N
* %  both physxcal and symbolic objects, including verbal ormation from tg‘e

experimenter. Feature detection acfivities can now tﬁ;in (H). The noting

of some feature in the external envirpnment activates a new look at the con-
tents of LTM (I). LTM is scanned f#r ahy item that ''matches' or is linked
to the feature noted. If an LTM it.errf is found, the model suggests an evalua-
tion of relevance to the goal as presently formulated (T). Essentially, the’
question asked is Qhether the item r‘ trieved suggests (or constitutes) a
solution. If an already organized sofution ‘is found, it is tested.for applica~
bility under pregent conditions (C) a ‘d, if possible, run (D) and tested for
- success (E). (Note that these action.t réturn to a problem detection phase,

- thus sxgnxfymg the constant interplay between problem detectxon and feature

' scanning activities in problem solving.) More typically, however, not a

full, bu/a possible or partial golution is found (K), and this information is
"keptfh mind, " that is, stored tempprarily in working memory (L). At

this point, as at several earher poigts in the process, the individual may

return to the beginning of the scannmg activity.

Although it leaves the inner wqrkings of many processe’s unspecified,

this general model directs attention o important charaeteristics of the

problem solving process. First, ‘tha process is extremely sensitive to the
task environment. An initially empty WM is modified by a scanning of

actually present objects or verbal instructions. What enters WM in this

.

~ot

_ERIC CR
g 00017 °




s

a

- 00018

way may vitally affect the outcome of continuing problem sgolving efforts.

Second, the proceos ig characterized b)'rva. working back and forth between

the current tagk environment and previou‘slsy,,zkcquired knowledge (the "con-

" tents" of LTM). Feature detection leado to recall;-recalled items are

teoted for relevance to the gurrent gituation. What actually enters WM is
the result of this intefaction Finally, it is evident that the capa'.city of .

WM wil vitally affect the problem solving proceoso by limiting the "amount
of information noticed in the TE or accessed in LTM that can be Iept acces-

, gible. Selective rehearsal strategieo of sbme kigxd are thus likely to be

crucial to successful problem solu}i@\

3, Goalanalzuiu Note that the s‘uccesu or failure of the routines (
just described io deeendent on finding an LTM item that matches the current
de_ﬁmnog of the problem. If thé intial goal (at A) does not produce a match,
it io only by creating a new goal (at F)--thus in effect, defining a new
problem--that feature scanning activities -ca‘n be initiated. '.Further, feature’
scanning alone does not ensure finding a routine. Succesmve redeﬁmtxons

of the problem may be needed if that mforma.tion or routines avallable in

the individual’s repertoire are to’be reaognlzed as relevant.

@

. . N B
Much of the classical problem solving literature, particularty that

. drawrn from the Gestalt tradition, focuses on this “'restructuring" of the prob-

. lem go that is becomes soluble, Emphaaxs in the Geatalt analyses is on the

"mmghtful" nature of the process; the aha! natdre of the experience, the
Way in which solution follows almost immediate ly upon recognition of a new
form of the problem Wertheimer's examples of this are familiar.and
dramatic.>~ But Duncker is more explnc;t in sﬁggesting the way m.whxch
analyuxs of the demands of a problem can lead to 2 solution. Examxmng
the way in which one «solutxon. considered and rejected, may lead to the
next, Duncker (1945) speaks of the "process of solution as development of
the problem" (p. 7). To quote him:

* .

)
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The final form of an individual uolutlon ig, in general, not o

‘reached by a single. otep from the original uet!‘ang of the

pProblem; on the contrary, tge principle, the functional value )

of the golution, typically ar iseg firot, and the final form of :

L o the solution in question deveaopu only ao this principle becomes
duccessively more and-more concrete. In other words, the

* general or 'eogential" properties of a solution + + « Precede the

" specifie properties; the lattet are developed out of the. former

(pp. 7-8) . . ,

Duncker illustrates this process Ry presenting a "fz;z.\mil'y tree” of'solujions
-for the radiation prot;lem (see Figure 3), each more: opecific than the one

above it, but more general than thoge below. More mode;'n terms for this -
. redefmltlon process include 1dent1fymg "differences’ to be reduced as in

.

1 Ne4well and Simon's General Problem Solver (see Ernst & Newell, 1969) or

”relatmg gwens to unknowns, " as in Greeno's (1973) discussion of problem .

solving.”” In Duncker's family tree it is posmbIe to thinlk of each golution

P4

possibility as’a goal, directing search for a partncular process, Each
goal has su!goals Jhat are explored until what Duncker falls a "block" i

found (i.e., no productwe ideas emerge) There io then a return to a

higher level in the tr‘,;e for a new-start,
2
The important pomt concerhing goal analysm io that goals are con-

~

'tmually being redefined as a functioh of either mcmory search, usefulneas
of recalled routines, or noticed featyres of the environment. However a
goal is generated, the conte‘nta of WM will eventually Ee modified, In
' addition, the task gnvironment itself may be modified if actions performed
result in a phymcal change in the presqnted stimuli, It is in both these .
N . 8enses that goal analysis can be thought to yielda ""'restructured'* problem .

that’ permltu use of already acce\ssed routmee or redlrects the search for

* appropriate routmes. . !;:‘!"r %
. -

o - . ‘ L

. Some Studie s’ on Invention apd Assembly

\ b 3

In the course of this paper, we will briefly describe and discuss some

of our own research on assembly processes in invention problems. The

.
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Tree of solutions té radiation problem. From "On
Problem-Solvingl by Karl Duncker, Psychological

- Monographs,. 1945, 58 (5, Whole No. 270) Copyright
1945 by the American Psychological Assoctation.
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tagks we work thh are mventwn tasks of a partxcufar kin First, they

" are chosen so as to be re‘latwely easily analyzed in terms ‘4f component

- Toutines that are subject to insteuction. It is thus possible Loassure, via
mstruchon, that all SubJects who enter the invention phase oﬁ an expernrgént
are capable of ca.lhng upon ‘znd usiilg these tou'txnee as eepara e processes,

the assembly of which we can then obgerve,

. Two tasks of this kind have been. expérnmenta.lly studied t& date, One
is aﬁvarla‘ht of Wertheimer's parallelogram problem, The second is derived
from the task of multidigit addition 1nvolv1ng carrying. The two problems
share a corrxmon Structure. In both cases the task as presented durmg the
in\vention sess 1on has clear surface similarities to tasks encountered and
~8ucceosfully performed earlier in trammg Thus,\'a' "usual routine" for

the - ‘class of problems exists in the 8ubject's repertoire, and his or her ,

-

ﬁrst reaponse 8 normally to attempt to ap‘ply this routine, However, in
our prob s, xQme aspect of the new 1nventxon task makes the usual v
routine idfplicable. The individual faced w1th the new task must, th?re-

- fore, recognize that the usual routine is not applxcable to the present cave,
thus detecting a problem and then somehow construct a new routine by
combmmg components in his or her repertoire, In each of the tasks the
%onstruchon of the new routine ig a¢complished by-applymg a transforma-.
tion routxne that has the effect of changing the stimulus presented in the

problem situation into one to which the usual routine does apply.

) .

i | For the parallelogram problem, the u'sual routine is findmg the area
of re&;tangular figures by’ superimpoging 1-inch cub€s on the figures and
then (:ouptmg the cubes. Areas of two figures can be compared by putting

cgbes on both, counting both, and then comparxng the numbers. This

routire is simply‘an operatxonalxzmg, in-a form suitable for young chxldren,

of the’ formula for area:’ Area = Length x Width. The routire is not ap,p{’ica—
ble to nonrectangular figures because the blocks cannot be fnt over them

without hanging over the edges. The transformation routine that makes it

17
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'p0881ble to solve the problem is to ‘cut the nonrectangle and rearrange the

pieces into a rectangle. “This’ mué be done mthqut adding or throwing away

any pieces, thus mamta.mmg ‘equivalence between the presented and trans-

forrxf‘ed st1muh." T - ' o .
S .

»

cw o

The carrying problem xnvolve-s the use of special nate rials that have

i

b/een designed to répresent the decimal and place value notation system for

- e

children Juﬁt learning the number system. The: materxals (shown in Figure

4) consmt of blocks: un).t cubes, ten- ba,rs, hundreds squa.res These *

blocks can be assxgned to certain positions in a columnar ﬂﬁrray dnd thus - )

display the value of the different columns in decxmal notatlon Any three-

digit numeral can be represented in blocks on a three-column board., Con=

versely, any display of blocks that has nine or fewer blocks per column can

be written as a numeral. Thas, in Figure 4, the display in row (a) stands

for 275 and the display in row (b) stands for 409. Representing blocks with . =

numerals 1 through' ¢ is taught to children as a ''notation routine. " If there ,

are more blocks thar nine in any column, however (as in row [c]), t

notation routine would not be applxcable, since only one digit is permitted
4 s
. in each column. To solve such a problem it is necegsary to transform the )‘

Ny

stimuli, les"s can be accomplxshed by ex@hanging the blocks (ten ones for

a ten- bar, for example) and placxng the new block in its appropriate column

This is a4 concrete representation of the p‘f-ocesa we actually engage in when

1

/Ne carry-in addition. L ~

Figure 5 schematizes the task structure common to these two problems, ¢
N . ' A

A task stimulus and instfuctions arepresented (A) and the subject tegdts the

usual routine (B). Finding it inapplicable,” the.solution is to transform the
+

-
.

task stimuli (D) while prese.rw‘.ng.important equivalences between the pre-

sénted and transformed stimuli (E and F). Once the transformation has

been made, it is now found possible to apply the usual routing (B). This is

done (C), and the probllem is splved. Note that the arrow between B and D

in the figure is dotted. This represents the fact that the B - D connection

'
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is the invention'that must\b\ made by the individual., Jn our ’experiments,

) i{l;n-l:;A Band B - C are R’p\ally tatght directly?"so are the links
D -

-E. ButB - D is not taught\ -and the subject’s solution of a
problem consgists of recogmzmg “that when the usué.l\rol:tme is. not appli-
cable; the transformahon routine can be applied. 'I‘his mventxon cons;.sts

of assemblmg qwo sets of routines, each well learned separately, but not
previously used in combxnatxon. o : Co. .
9

‘ ) . . '_ ]

Problem Detection ' L o R » o

wte -

Our initial ‘studies were concerned with problem detechon. -Most of
the elassxcal physical 1nvent10n problemé- stu&hed in the past confained’
clear enmronmental cues as to when the problem was.solved. 'I‘he strmgs
were or were not tied together; the candle was stuck on the wall or not; -
there was or was not a place to hang one's hat. In our problems, by con-
trast, the ¢riteria for.an adequate problem sd];ut;.on are not as’self-evident.
Ffroblem detection activity (indicated by the recog;ﬁ‘txon of nonsolution) as

a component of problem solving is thus more important.

An early exploratory study hxghhghted the effects of initial problern
detectxon activ1ty on later parts of the problem-solving process. The task
was the notation (carrymg problem described earlier, First-grade chil-
dren were divided into two training groups. In one group, the notation
routine was ta,ught by a series‘of games and practice exercises in which
there were never more tban nine blocks in any column, The children
learned to write a thre.e-digit numeral to represent the array’without ever
encountering the question of gpphcabuxty of the routine, “This was called .
the No-Detection group. The Detéction group, by contrast, had notation
‘routine traxmng in which ten or more blocks occasxonally appeared in either

the tens or the ones cofumn. When the child attempted to notate such a

column,’ tbe experimenter stopped him, saying, '"That coltl}mrl has more

than nihe blocks. You are only allowed to put.one numeral in each column; 4

.. . . - . u
[y . a ¢ . ERTEES




4' Wthe nume ral that represented the d1splay,. Any child who did not T

L »

® . A A
s0 you do not have a way to do that column yet. " Traxmng on th exchange

routine was 1dent1cal for both groups. 0o
+ 8 . . .
J) Followmg \trammg on the separateﬁ“omponents, notation and exchan%,e,

-
there were fen invention tr1als. S In’ these trials the chxldren were presented

arrays in whlch e column contamed more than nine b'locks and were asked
y -

L.
- 'spontaneously /engage in exchange when encounﬂtehng a notation problem
’
“with more than nine ,blocks in a column was prompted, usmg an 1ncreas1ngly
exphc;t series of prompts -4 None None of the chxldren in the Detection group

attempted tq-write two dxglts within a column--the typical "illegal" response

made by untrained children, Thus, ‘it wasielear that Detection traxnmg S

A Quite clearly establighed a self—reg-ulated problem. detectxon routxne that
prevented the child's accepting a false solution.  All children in the No-' b
‘s, Detection | group d1d~attempt¢mcorrect notatxon. These attempts were = L
interrupted by the experxmenter, who pointed out that only one digit per
col:x‘ri"xn Qvas permitted and that there were too many blocks in the column.
A

3 .
v %, To determine the effects of self—regulated problem detection, as

opposed to external pomtmg out of the problem, we counted the number of

trials on which a prompt-to exchange was needed and also noted the,

specificity of the prompt that finally did produce exchange behavior, There

was no clear difference between the groups in either measure. Thus,

establishment of a strong problem detection routine'may prevent'acceptance
.. of incorrect solutions, but it does not of 1tself make invention of new '

A solutions aﬁy more or less likely. Instead the stron} effect of an estab-
N

lished problem detection routxne emerged in the wa z{ in which the exchange

operations we\re carried out very child in thé N6-Detection group made -

what we called an ”exchange error.' An exchange error is essentially an
o incomplete exchange, one that does not preserve equivalence. Typically,

ten unit-cubes are counted out and returned to the pool; but instead of

picking up a ten-bar and adding it to the tens column, the child notates the

1
~

o
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-M{olumn and goes on to the tens column as ongmally presented. No
chlﬁﬁn the Detection group made such an error, _0 Thus, a well esta.bhshed
p oblem* detept:.on rout:.ne appears, '-on flrst lock, to have its effect not so

ich in fa.cxl;ta.t\ng accessing of the transformatlon routme, but in carryxng
Y

it qut smoothly once accgssed. Tooe o "

L .

.

s e .o .

;s Wethave: constdered seweral po,§31ble 'explanatmns for thls effect Our-
' L

cu,rrently z'favor;d hypothes:.s is that the problem #%etection routine leads to
the estabhshment of a goal structure that calls on the ¥xchange rout;a‘r}e .
_ml:a.ct while the lack oi self initiated problem detection sets up a goal -
structure that calls on pieces of the exchange routine, but not on the full
routine 1tse1f E1gure 6 sehernahzes this hypothesls in terms of nested
”sl:a.cks" of goala that activate and interrupt eacﬂ) other, There are two
stacks, one for subjects-in the Detection group, one for subjects in the

No-Detection greip, Movement through the stack is downward when new
. > . N .
subgoals are being fofrijtlated, upward when subgoals are satisfied. Move-
ment’is always one goal down, or one up, ata time. '
%

.

s

Detection Group ) No-Detection Group - )

Notate - " Notate

Test Applicability of Notate - Apply Notate Routine

Find a Routine ; Get Rid of Blocks w

F_ind @ Blocks Routine Reducec, ’

Exchange’

Reduce
o= and =

Replace

Figure 6. Hypothesized goal stacks for two in\ien'fiomgroups.
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The two stacks share some goals {i.e., Notate and Reduce), but not
.all. Béth groups begin with ar active goal of Notate, For the De tection
group, thic activates a new goal, Test Apphcability of }ylotate When the
Notate routine is found not to be applicable, new goals are formulated (the
next two down in the list) that search for a routine that will solve the .
problem. This successive formulation of subgoa.ls eventually produces the
Exchange goa.l. Exchange will be satlsfied only ‘when both Reduce (-a reduc-
tion of blocks in one colum of the .display board) and Replace (a corre-

sponding replacement in the next column) have been sdtisfied. Thus,

- incomplete exchanges will not satisfy the Exchange géal. Only when

Exchange is satisfied wxll the next goal up in the stack be reactivated

Successwe goa.ls \mll then be® satisfied until Notate itself is again active

. The right side of Figure 6°shows the hypothesized goal stack for
subjecta who did not detect the problem, the No-Detection group in the

experiment. Starting with the Notate goal, these subjects are hypothesized

' to immediatelv activate the goal Apply Notate Routine, which leads to an

action ‘of attempting to notate one of the columns Our model assumes that,
when stopped by the experimenter, these subJects encode t!he mterruption
as something like "Can't do it;"too many blocks "' Given this encoding, (a
reasonable subgoal to establish is Get Rid of Blocks, whi¢h interrupts the
Apply Notate goal, 'This new goal produces a further subgoal Reduce a
goal shared w1th the Detection group. The Reduce goal is-satisfied once

10 blocks are eliminated from a column, but for the No-Detection subjects
the interruﬁted goal for Reduce is not Exchange, lbut Get Rid of Blocks.

Get Rid c;f Blocks is therefore reactivated, shown to be satisfied, and
Apply Notate Routine is in"turn reactivated. Replece-—the second half of |
a eoinplete exchange--is never generated as a goal by No-Detection sub-. °

. 3 . L
jects, because Exchange was never an active goal.

Our data suggest that problem detection is indeed an important part

.of the ‘invention process in that the way problems are 1mt1a11y ‘detected, and

s
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_ therefore encoded, "will probany affect the quality of the observed solution
behé.vior. Specifically, the present analysis, proposes a relation between
- p'robiem detection and the way the initial goal is analyzed. This suggests
. that any inclusive attempt to elucldatevthe nature of problem solvmg

behavior must deal with questxons regarding problem detection: To what

extent is problem detection buift into the external environment? - To what
. , ;

.

exfent are detectidn strategies common.across problems, and to what
extent are they tasksspecific?. Are there s'xl:a.ble individual -differeﬂcesm
in likelihood of detecting problems; if so, what\;’rocegses underlie these

differences? * .

‘

. Goals -and the Analysis of the Problem

We next ex;;mined details of invention behavior when a pr.o,blem?
7 ot detection routine had been explicitly taught. For this p‘:urpose‘, the

‘ paraIlelogram pfoblem WA S presenfed to fifth-grade gtudents in a study
conductéd by Lynn Morris (Note 1). Morris began by writing a fofrmal

simﬁlati‘on analysis of the problem, using production system language.
This analysis then guided development of a training p;oce(Iure in which
children were til:g/l:g_’the\conditi’ops and gctions that made up eaéh task

component. . N s )
- \

~ A .

The basic .structure—'o‘f the task, shown in Figure 7, is expressed.
in a production syafém (FINb AREA) that serves"to org'anize.and cell on
other prod\Iction systems. These latter production systems define the
separate "rotlxtinels" that are taught to .subje'cts. Three routines are
called on by FIND AREA. These are TEST APPLICABILITY, -US :
o0 'BLOCKS and TRANSFORM Each was ta.ught separately, The/FIND
. AREA production rules were also taught, with the exception of A4,

- the~rule that calls on TRANSFORM when a nonrectangle.(''no-figure")
has been detec‘ted. FA4 cb;‘responds to the B - D link in Figure 5.

Construction and use of this rule constituted the invention that was
o

sought.

25
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FA 1: {(GOAL: FIND.AREA) wmemed» LGOI AT.FIG)
; : . i you want to find how big a fi‘ﬁum Is; look at the figuro.

- FA 2: ((GOAL: FIND.AREA) AND [FIG) === (GOAL:
TEST.APPLICABILITY,OF.BLOCKS))

D
-

It you want to find Now big a figuro is, and you have a
figure, then tost to see if the blocks routing is onucha\blo

* FA3: ((GOAL:" FINO.AREA) ANO (YES.FIG) ==wmsd» (USE.BLOCKS

{SATISFY GODAL)) N

14 you want to find out how big a f:guro is und itis a figure™
to which the blocks routing is applicable{i.c., a ‘'yos-fig’), A .
then use the blocks routine and the goal will be satisficd.

FA 4: ((GOAL FIND.AREA) AND (NO.FIG) —> (GOAL:
TRANSFORM)) .

f ~

v
tf you want to find how big a figure is and it is a figure
to which the blocks rodting is not applicabls {i.c., a ‘no-fig"),
then try to transform the figure. .

Figuro 7. Production system for FIND AREA,

- [

B

/ I‘lgure 8 sumu.arnzes the physical siunuli present and the expehmenb
-er'g instructions for training each of the three x‘outmes ‘and for the inven-
tion test. Twenty-four children were trained, .each individually_pver a period
of several weeks. On the invention test, three classes of subjects emerged.

Five Inventors spontaneously and with rélatively short latencies announced

that the thing to do with the nonrectangle was cut it and then use the blocks.

All other chnldren began placing blocks on the nonrectangle. As the figure

began to fill up with blocks, the, expe rimenter intervened. She said, snmply,
“"That's wrong, you can't do that. " Two strikingly different responses to N\
this feedback appeared. One group of seven children immediately cleared

the figure of blocks. Another group (12 children) did not clear the blocks
5 -

-
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“Find which is bigger."

TEST FOR APPLICABILITY

or

"Does this figure have
four right angles 7"

. TRANSFORM

‘e

Varlous nonrectangular figures

“To make this into & rectangle,

"you have to cut a part off and

paste it on somewhere else,

. . presented one a4 time. . You must use all pieces and
Scissors handed to ar pointed have four right angles,”
. ¢ out to child. Booklet to past:. | .
R ﬂgum%into.
"Find which is bigger.”

INVENTION

vl

a

Figure 8, Summary of stimulus conditions in the Marris experiment.
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but instoad tricd to rearrange them on the figure, apparently trying to

. make thom "£it" batter. Of tho ceven whae cleared the figure, all suboe-
&ucnﬂy thought-of cutting thoqt‘igure to preduce a rectdnglo without any
a external pron’i‘pting to do co. We call theoe childeen Aooiotedl Inventor o

. because, while they needed some feedback to dmtrac\ them from the blocks
. routine, thoy in fact constructed and inserted FA4 for themoelves. Equally
. stnking. of the 12«vha did not clear the figure, but ingtead rearranged the
blocks, none ever mentioned cutting or tried to cut without direct prompt-
ing to do so by the expcrimenter, They failed to call on TRANSFORM on
their own (i.e., they did not construct FA4), although they used the routine

perfectly smoothly once prompted todo go, These children, half of our

sample, must be i:ermg& Noninventora. .

', The Assioted Inventoru agd the Noninventorg provide two clearly con-
traating behavior patterns: When told "That's wrong' by the experimentex'.
those who were to invent cleared the figure; tho‘se who would not invent
rea\rrm;«ged the blocko.. What might have cauged the different reoponuef:?
And th‘l_t differential effect-did the responses have on the remainder of the
golution process? With x:eSpecl to the first question, a difference in cur-
rently active goals at the time of the experimenter's interruption i’night .
well account for the diffex_'e-nt repponges. Given the same starvl.:ing‘goal.
Find Area, asdume that some children take seriously the Tesf_ for Applica-
bility of Bloékg goal. When they blace blodks on the nonrectanguldr figure,
these children are really carrying out a concrete test, sceing if the blocks
will fit. When th;. experimenter in'terrupts thege chiidrcn, they interpret
her "Wrong'" in terms of the:r current goal. Since they are testing to see
if thg blocks fit, they conclude that "wrong' means they do not fit, and

" therefore cslear the figure. Assume now that some ‘other children actuallyb
establich immediately a Use Blocksa goal, and that this is what they are
.doing! when ihgy put tl;e blocks in the nonrectangle. The experimenterts

pinter%'uption is i.nterf:re:ted by these children in terms of the current goal,
28 ' )
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Usge Bloeku. Her "Wrong" is taken to mean that the blocks are placed

incorrectly. thug the blocks are rearranged rather tha.n removed.

With reupect tq.;tho agcond queotion, the effect of clearing the blocks
on the remainder of the solution proceuu io to make visible again the non-

rectangular figure. This allows the child to ;xotice ito featureo and, probably,

.genecrating the idea of reconstructing the figure. Thus a new goal (Trang-

form) would be formulated as a result of scanning the tquk environment,
While this interpretation is not documented with clear-cut protocols or
aother data, it suggests further experiments in which periodic reconstruc-
tion of the physical display is a variable manipulated in order to determine

the effects of a "return to an initial position. "

3 )

'

. The Task Environment: '

Effects of External Cues on Accesgibility of 'Routines '
\ . T '

We have discussed the role of problem detection and\goal analysis in
promoting invention, suggesting at several points that these p‘rzaceeses
‘interact with bfea.i’:ure detection and gcanning of the task environment (TE)
jn the golution process. We now turn to a more direct congideration of the

way in which th,e task environment features may, affect problem soluti.on.'

Exammatlon of Fxgure 8 reveals close simxlarxty in several features
between the cue conditions present for the training of the Use Blocks
routine and for the invention test. In both cases there are two figures
present; in both, the é ild is asked to *'Find which is'b‘igger. "' Thus, the
invention task was p’r gsented in the coqt‘ext.of TE cues very similar to the

Use Blocks training t k, and verybdifferent from the Transform training

task, where only one fig dsent and where the mstructions were to
cut it and make it into a rectangle. A recent gtudy conducted by Tim Mul-
holland (1974) examined 'the effects of modifying the mventl.on situgtion so

gg wdre not 80 sumla,r to those of block trammg. Half of 24 .
A
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fourth gradera were given an invention taslc in which only a single figure

{a parallelogram) was{resented {thus more similar to transformation than
fo block tramlng), and the imstructions were simply "Find how big this is."
The .other half received the invention problem of the prior experiment where
two figures, a rectangle and eparauelogram, were present, It was rea-
'soned that the modified i.nvention condition, with only a single figure that _
was not a rectangle, would not preemptively call the blocks routine. Rather.,

it wduld invite inspection of the mtuatlon and thus promote problem detec-

tion and a resultant goal analysis. Thus, c‘ondttxone for accessing the trana-“‘

formation routine were thought to be stronger in the‘modified task. Mul-

holIand's data suggest that the ?sed problem presentation ddes facilitate
inventlon. Of the 12 children r

eiving the or1ginal two figures, only two
inven'ted, whereas sik 6f tI;e 12 children mvented in the mod1f1ed single-
figure condition, and average time to -golution was shorter for this latter

group. : : .

Optimizing Invention

» . ) : . .
We mention briefly one last gtudy con‘aucted by Jamés Pellegrino and
Margaret Schadler (Note 2), It represents an attempt to use everything we

then knew or suspected concerning invention procesees n designi.ng a set

" of task conditions that would maximize the likehhood of invention. Pelle-

grino ‘and Schadler's study again utilized the parallelogram task. 'I'rai.nirlg
on the Use Blocks, 'I'e'st for Applicability, and Transform routines pro-
ceeded as in !;he prior experiments, but modifications were made in the
invention phase. The most important change was desigred to foster goal
ana_lysis by making children more self-consci'ous_ about the reasor;s for
their actions. W’herl the invention task wag presented, the children were

required to "look ahead' and to verbalize possible goals and stra@eéfes for,

'meeting‘thern before taking any action. Thus, in the invention situation the

children were presented with two figures (either two paralle]\ogram's or a
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par;}llelq‘grarn. and a rectangle) along' with scissors and blocks, but the
experimenter said only "What do yo:: think I want you to do? " This forced
the child to verbalize a goaf for the problem. The experimenter elicited
‘as many goal statements as the chxld was able to nge. Only then was the
next question asked: "Tell'me how you would find which is bigger." The
child was then required to state a plan of action an(} to tell h'ow the planne_d". to
action would help achieve the goal. Once the child had given one-plan and a
justification for that plan,~he was allowed, td proceed whether or not the

experimenter thought it a good plan. -

Under these "look phead' conditions, 14 out of 16 children solved
the problem, regardles of whether they were p\f@nted with two parallelo/
grams or a parallelogfam and a rectangle, Of the chxldren who were not”
asked to verbalizé gohls and look ahead, but instead were asked sxm;;ly/to
"Find whxch is' biggdr, " only six out of ‘16 were able to solve the mventxon
problem, In the latter group, there was shghtly more mventmn/on the part
of those who werev'presented the two parallelograms, ‘indicating that the
task envxi’onmen}! did have a facilitating effect in cuexng the solution strategy,
but the major ¢ ncluston drawn from the experiment (Pellegrxno & Schadler,
- Note 2) was thi,it ”although the stlmulus array [TE] is an important factor,

the most powérful determinant of performa.nce was the look-ahead verbali-

zation aetlzty, which effectively maximized solution for both arrays' (p. 19).

_/

The fresults of this experiment suggest that the general strategy of
planning 'head and considering alternétive goals may be a very pewerful
componzt of problem solwng. The looking ahead strategy appears to be
both s:,tnple to use and easy to teach, It seems, in fact, that all that may
_be neéessary is to remind people that they ought to consider their goals and
pos;abl.e actions; once reminded, they can access what they already have
lea/rned to do, Furthermore, it seems likely that the looking ahead strategy

°
19, generalxzable across a variety of tagks, although this remains to be
“ -




' ~eBtablished experimentally. Such a strategy appears to be wort.h pursuing
in xnstructxonal work des;gned to 1mprove the ability to learn on one's own,

."and thus, by’ the deﬁmtton adopted at the begmmng of this chapter, to
improve one's mtelhgence. ‘ o , o ) :

" R . . . -

— . s

Implications for the Study of Inteliigence

[ .
To recapitulate, we have argued that intelligence can be-viewed as

the ability to acquire new behavmr in' the absence of direct, or complete
instruchon and that-this abxhty mvolves Pprocesses that can facilitate the
Jansxtlon from slmpler to more complex cognitive performance, We - .
have used problem-solvmg behavxor of the special kind we call 1nventxon . .
as a window through whxch to examxne the way in which individuals make ‘
transitions in competence on their own. Our strategy has been to present
‘a model of thxs kind of problem solving which suggests the classes of
processes that underlie the ability to learn without direct instruction,
"that is, to invent. Our obligation now is to suggest what'this model implies
_for 1ntelhgence. We have argued that 1ntelhgence, defined-as a _transitipn
process 1nvrolv1ng the assembly of components already in an 1nd1v1.dual' ) oo
repettmre of competence, can be characterized in terms of three general
kinds of actiirity:' problem detection, feature scanning (noticing features in -
the environment‘) and analysis of goals. It is the way in which these activities
v'are carrxed out that dlstxng\ushes between good arid poor solution of invéntion

problems. The potential of an individual as a problem so1ver is then a functlon i

of three things: (a) existing competence in task-specific subskills or com-
ponents which need to be assemblecfin a solution; (b) general strategigs with ,
respect to problem detectian, feature gcanning, and goal analysis--i,e.,
the assembly processes themselves and (c) the features of the particular
\d

task env1ronment. '
. . ' - ‘ * f“r ‘
In our studies we have consistently assured the presence of the com-
ponent subskills, thus allowing attention to be focused on assembly processes ‘

and task enﬁrohment features. We have in some cases directly manipulated
1 -
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certain features of the task environment, and have shown (at least sugges-
C . P

tively at this pqint{) that task conditions that draw attention to certain features
of thev situation foster the finding of good solutions. One ~might: say that "well-
arra.nged" problé;m presentations lessen the demand on feature detection
strategxes and thu% raise the probabxhty of many individuals findihg solutlons.
Somewhat more indirectly, we have manipulated the likelihood of problem

detection behavior by teaching task-specific problm detection routines

(i.e., the Tests for Applicability of tz/e usual routines) that serve to focus
k

the individual's attention on certain kéy features of the particular invention

task environment to be encountered. These problem detection foutines, too,

‘have been shown to facilitate solution, probably by organizing subsequent

1
search behavior in terms of an optunal goal structure that enables features

of the task environment to be matched with available routines stored in -

memory.
' ]
-4
It would appear, then, that if one wanted to help people perform as
gooq problem solvers, one thing to do would be to put ﬂ@m into optimally
designed envxronments~-that 1s, environments that highlight releva.nt stimu-
lus features and that directly suggest the locus of the problem. We mxght,

if we became very intelligent about desxgnmg such envxronmen\ss, be able to

‘create sxtuatlons in which all of our subjects seemed to be highly mtelhgent.

. But such a feat of engmeermg would miss the point of our concern. As we

ERI
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said at the outset of this paper, intelligence is pregisely the ability to ac-
quire new abiljties under less than optimal environmental conditions, condi-
tions where the approprxate solution roWtines are not directly prompted or
specifically taught, - Under such conditions, which are quite general in the
normal course of life, the burden &f detecting relevant features, analyzing
problems. and establishing appropriate goals rests with the individual. '

This implies that to account for intelligence, we have to address problem
detection, feature scanning strategies, and goal analysis strategles as‘gen~
eralized competencies of the individual and’ as competencies in which indi-
viduals differ. ' b
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o The heart of our effort lies imour attempt to develop a rnodel for a ‘
pervasive kind'of human behavior. In so doing, we purposely have used con-
cepts drawn from cu.rrent informetion processing theories in the hope that

' many of the unanalyzed componente of our model will be opened for inspec-
tion by.ot_he’rs. and thus perhaps give more .explicitnesst_o H‘Eé;i“prf_liminéry
notiong presented here. In our own e;:perimental.work a key tafctic is to use
lnstruchon in the hypothesized processes as a means of verlfylng the’ reahty
--of 'those processes.: The aim of such research is not to’ mvestxgate the que*s-

o tion of instructability as such; rather, the instructability of particular hy-

' pothesizeti processes is assumed, and these processes are taught. If the
1nstrnctxon (which may need to be of an extended and \Laried nature) is suc-
cessful, and if the instrudted individual behaves in ﬁys similar to in(ii-

viduals w.who'have become good problem solvers on their own, then presu;np-

~ tive ¢vidence will exist in fav‘o\r of the reality of the processes we have
' hypothesizedb e . .
Ny ‘In the studies reported in this paper the instructi'onai efforts weré for
the mdst part limited to’routines specific to the particular tasks involved. A
job now ahead is to devise means of instructing people in the processes we
have hypothesized as general to problem solution and to evaluate the effects
Lf such instruction across a variety of task environments. We have made a
. pxlot attempt in this direction, with respect to the goal analysw component ’ -
- of our model--namely, ‘the requirement in the Pellegrmo -Schadler study that

chxldren engage in goal analysis by verbalizing plans of action and predxcting

expected outcomes.- The effect across tasks of such self-consciousness about

goals and probable outcomes remains to be examined. Similar efforts w{th

respect to teaching generalized strategies of problem detection and heuristics

of feature scanmng are also regu1red next steps. To the extent that such a

research program based on 1nstructlon proves tractable, we hope at a later

date to be able to point with more certainty to one critical set of the processes

fnat constitute intelliéence and perhapst/o give intreased operational meaning é

to the possibilities for increasing intelligence via instruction.
P g g :
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