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Abstract

This feview :ansiders the questiﬂn as to whether thére are generic ﬁrgbléﬁé
solving skills Ehat cut across fields or whether the- skills are so embedded
within specific fields that thEy can be identified only withiﬁ the cantexts of
those fields. To answer this question, an attempt was made ta define both
“problems” and their salutiun. Then =he evidenze for the existence of general
problem sglving gkills that are indePEﬁdent ‘from any specific field was examinéd.
Then the anslyses af skills within disgipliﬂes were feviewed to see if the skills
é?e saémén acfass_fields.- Finally, the impli 5 ions of the réseafch for the
assessment %f prablemssalving skills were .discussed. In general, it was concluded
that similar.skills are used in different fields;but that their implementation is ‘
vséﬂdepenﬂent on mastery of the;sﬁecifig fields that any gséessment of pfableﬁ;

solving skills would best be conducted within the fields.
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Riuview of Problem Solving Skills

 Each of us sui . "8 prabiemg every day, althcugh we usually don't think of-
our agti‘ ‘¢i*s 1n thoge terms. For exgmple, we solve problems when we plan

the besgt rav = o mﬂrk or maks up a gracery “1ist. More campléx examples might

!
intlude a mechapdic diagnnsing a sttangg nuise in an engine, and a saleg manager
Ehinking of ways Eﬂ boost the sales ﬂf a- lgggiﬁg pradugt; The highést level of
problem solving is faund 'in the work of the relatively Emall group af EELEﬁtiEtE,

engineers, Wfitéfs, artists, and thinkers whn are at the forefront of work in

their fields.

As these examples may alsn suggest, virtually all af us would like to

i'ﬁ rove our problem-solving skills, to hecnme more effective and efficient in
déaling with ;hg simple aﬂd difficult pfgblems we £age ggcb day. Lf it were
pgssible to identiiy particulat Etrategies or skills that were effective in

snlving pfﬁblems, it might be posisible to lEarn them., From a different Ersﬁégtive.th

if it were pgssible to identify these skills, and to assess Ehe relative 1eve15
_of skill of individuals it wauld be_pgssible ‘to identify esperially eapable

pt@blem SDlVEng These individuals could then be selected faf various pnsitiﬁns
4

for Whiﬂh their skills would be appropriate. /

‘More fgrmally, the central question of é?ig review is, Are there gEﬁEtiE

prablem*SQIving Ekills thaz cut across figldg, and which could be asgesaed

and/or taught?” ‘Or are the Ekills so emb edded within the gantext of speeifig

fiélds that they can be assessed only within those- fielda?"

To answer this central question, wglﬁeed‘éa deal with several issues.
First, we ghail attempt to define the déﬁaiﬁi i.e., détérmiﬁé what constitutes
tge realm af‘"ﬁrabiEES" and their "gsolution.” Some ﬁavg grgued_that if 4 ,
procedure exists for Eﬁ;viﬂg a class of prablems,;that the use of th25é7

—5— f
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procedures is 'éreiy'meéhénigal— and dﬂEB-nDE repregénéfreal problem Salfingg
Secgndly, we will examingxthe evidence for the Existence Ef general prablem
‘snlving,skillg that are not Epecific to any pa:tiguiar damaiﬂ. Then we will ;;;
réviéw the aﬁalysés Qf,ha? problems ai; solved within variaus disciplines tn
sgééif Ehe same skills are cg@ﬁ@n across fields. Final;y, the\%mp;igatiaﬁs
of the feséarch findings Egr the assessment of problem solving skillé will
v-be discussed.- o “ V

The 1i§eraturé.béafing an'prablem galviﬁg is so voluminous that it is
iﬁpﬂssibie to review 2ven a major part‘ﬂf?it. C@nsequentii, the litéfaturé
reviewed in the féilnwing pages represenﬁs a selection. gaweve;l the emphasis

was plaéed on ideas. that have baen subject to epiriecal test or which in samezaéy

have research support. N

What is a Problem?

) 77&33;?}(1?772 ﬁas-:gviewédrgegea’;h on Ehinkiﬁg aﬁdipfpblém 5§lﬁiﬂg and ’
concludes that a ptgblem:has givens, goals, and obstacles. The given state is
the current fact, situatign,‘?f condition. ihe goal state 1is a difféfén;; more
valued fagt;'situétign or cﬂnﬂigién. i The obstacles are the difficulties ‘that
must be surmounted before the given state can be chémgéd. The‘apératians that
will convert tgé éur?eatistate“tg the goal state are the Ealugién to thefprgblem-
This céncePtipnAis quitéiabstfagt, but is very serviceable for our nééds._

One gf the impaf;ant characteristics of givens, goals, and solutions is
their clarity (Réitman, 1965). That is, a givEﬂ state may be well=defined oF -
very 1ll-defined, és can the end state and the solution. For éxaﬁplg, in the~‘
Fprgblgm of adéiﬁg a column of ﬁgﬁbers the.givens; goals, and solutions are all

well defined. (In fact, because certain problems such as arithmetic problems

7
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have known algorithms for their salutions!_soﬁe observers have argued they are

ﬁﬁt tfué‘prébli’s at all. HQWEVEr, fealulife arithmetic prnblemg, Euch as
galaneing a checkbook nr Ealculating one's income fat, ﬂfEEﬁ ‘have maﬁy of the'
complexities and diffieul;ies of other prnblems. “The définiticn used here will
be applied as braadly ‘as possible, while regggnizing that pfoblems can obviausly )

vary in their importance and difficulzy-) Sim@n‘(lQ?B) has made a similar

H

distinction: between "ill-struc Ed ‘and “"well Eﬁfﬁgtﬂfedaﬁfﬁbléﬁsii
vAﬁéEhéE ﬂansiderstidn is the gificity of the goal state and ‘the Séluﬁiﬁn.

That 1is, there ma? be- anly -one solution to a prablem ‘or there may be many
pﬂssib;e solutiunsy' This can be relatively unrelated to- ~the’ difficultgbnf the
prabiém! For maﬁyréﬂieqcifiz prﬂblems, for example, there may bg anly qne‘ }
s@lutioﬁ;,ﬁut the steés’taAaglutiéﬂ_may be véry ill*definédg- Dﬁ'the éther ha;d,;
a gelatively simple prnbleﬁ, sugh as what to serve for dimmer may have many

“pqssible solutions. Thus there are :ontinua of clarity of prablem conditions and

steps to solution, as ghown in Figure 1.

Pfﬂblém finding. Related to the issue of the clgrity of thé defiﬁitian of a

prgblém is the reé@gnitian that a g:oblem exists. That iz, some peaple havég

skills iﬁ disznvering problems. Getzels and Gsikszgﬁémihalyi (1975) call this
“pfoblem findingg ThéY'ﬂétE that "At one ext:eﬁé-tPETE are presented pfnblem

situations where the problem has a known formulation, a routine method of galutiaﬂ;

=

and a recognized solution; here a person needs only to foll@w;éstablishéd!steps_

to meet the requirements-of the situation. At the other extreme there are

disgavereg Eggbleﬁ situg;ipns where the pfﬂbléﬁ-ﬂéés not yet have a known
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- Problem Gonditions -
) Clear, ) I1l-defined, .
«  Simple _ . Very Complex
Clear, T R .
Simple
Staps=té
Problem :
- Solution -
B
Multiple-
\ possibilities,
must be -
. discovered 7 o _ e _
Figure 1. Ecntinua of Clarity of Problem Conditions
'~ and Steps to Saluticm .
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formulation, a'rautine me thod ﬁfasalutian, and é fecégﬁizéd solution; here tie
~ person must idéntify the problem itsélf, and there are no established steps for

_satisfying the requiremente of the situation” (1975, p. 101-102). Examples of

o

discovered ptabieg situations include the work of painters, sculptors, and
writers who éré faced éith the prgverbiai Eﬁpty canvaé ar_blénk ﬁagé, and
E;ientists éxamiﬁiﬁg_épparEﬁtly random data. Mackworth (1969) has Emphasizeg the
" importance Qf‘the distinction between problem solving énd!prablem.finding.

...there is ‘an all-important qualitative difference between .
problem solving and finding. Tt 1s clear that -problem solving
is a choice between existing programs or sets-of mental rules——can
. sometimes even come from discarded programs that proved unsuitable
for the initial question. The creative scientist often appears to
stumble across new problems. To do this he must- start by noting the
need for looking at data in a fresh way for a given purpose. The
alert problem finder must then be able to produce these changes in
_his mental coding arrangemerts. In a sense, hE'QSg'ﬂﬂlyrdﬂ_FhiE by \
devising new mental programs or plans and realizing they are more '
* guitable for relating the facts. than the existing mental rules. T s
- Quite expectedly these new programs may also apply to other problems o
which can now be tackled for the first time. C

Mackworth developed a table, reproduced here as Table 1, to highlightrﬁhé
_comparisons between problem solving and problem finding.

Insert Table 1 about here

B a

In summary, problems can vary in Qii?iﬁi; gath in the give5=situétian,;
and in the steps needed for ;ﬁéir solution. Perhaps the moat’iﬁﬁaitamgﬂ
typeagf problems are those that are im@liéi; in éituatians, and must bex
“discovered,” “found,” or “defined.” -

Greeno's typology. Greeno (1978) has P?Bpﬂééﬂ a;typalagy of problems based

on a review of the experimental tasks used in problen g@lving studies. Greeno

calls the first type "problems cf inducing structure.” Such problems include

¥ 10
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Table 1
U Problem Solving and Problem Finding by Humans
Prablem Sglving ) Prgblém Finding
Definition Problem solving is the selec- Problem finding is the detection
-: tion and use of an existing of the need for a new program
" program from an existing set - by comparing existing and
.of programs, . Expéeted future. programs.
Dbjeétive To choose correctl r between To choose cﬁrrectly between

yrograms—in order

existin ~and expected future

to select the one program - Erugrams-sin order to devise
that effectively elicits new programs and to realize
) the required actions from a that one or -more of these

set of possible responses. would be more suitable than'
: . : any of the existing programs.
in eliciting the required

actions..
Method . Experiment more ‘than thought Ihgught more than experiment
' 'minimizes the mismatch " minimizes the mismatch

between the desired and between the desired and
-apparent actual states. ) ’ apparent actual states.

Outcome Succesé is the’discavery of ' Success is the discovery of many
one specific acceptable . general questions from many
answer to one well~defined ill-defined problems. .
problem. .

=]
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verbal aﬁalgéy problems which require Ehe suhject tﬂ orga ni'é the presented wo rds

o

into a general structure- or pattern af relationships. "Series-extrapo latign

problems” élsa require inducing structure (E.g., “Whag comes mext in éhis

. series? 1?11, 2, 4, é, 9, 4 T“ in which a number is f@llﬂﬁé&;by its square). -
Greeno's second tyPé of problem is “transformation”--problems in which the

task is to take a given aituatiun, operate on it or change it in séme wéy : ' I

to another state which ig the g@al. Such problems ‘include “moﬁé“ p%ﬁblémé

LT b . . ’
such as the Tawgr of Hanoi and the Luchin's W”ter Jug problem. In other problenms,

s

the abjeets in the problems gan'anly_belchanged according to a s cifi et of

‘W

rules. In his review, GEEEQDJEEPhSEiSEdEEhé,iﬁp@ttéﬂce of analyzing situatigns,
which “...involves a process of identifying feat regkpf-;he si;uatigﬁ that are

relevant to er outc nmes, ' vaiausly; thgrough familiaricy with. the. ope ratians_r

lat
needed to gsolve the problem are needed. The ability to fafmuiéte’a plan that

o

will guide the selection of operators is also important. ) K

rated‘ﬁn the impértancé -

=]
H
e ]
o
H
H
w
]
nd
H
m
-
L]
1]
v
A
u
m‘
[ad
[
o
ﬂ
U
Hh
rt
=2l
1]
Lo
La]
o
)
)
B
e
)
r
=
L]
r
e
=]
=]
»
I\—I

wowledge ﬁhat allows the pfoblem solver to put

[l
Hy
2]
L
b -]
[a]
m
i)
]
=
Iy
o
rn
[
[]
=]
™
1]
]
[
=]
]
[
o
-
=
o .
\n‘

the problem into a .general context. Then, of course, relating the uﬁderstaﬂdiﬁge .

of ﬁhe genéralicgncépté to the goal of the ptablém is a eritical variable._

‘luency in generating pgsgiblé s@lgtians,'

m
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M
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Greeno alsc notes’ the impor

[

" memory of related prblEm .- the ability to work within the constraints of the

problem, aﬂd having the needed ;lngichmg_that fagilitaéé solving thé ﬁfablem,

Althaugh Greenc's anaiygis qs helpful in nrganizing the evidenge Ebéut T
some @f the experimental tasks usgd in studies f problem solving, it ig’
O
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eonsequently. highly

aExzs oLE 3

limited in several ways. Eirsz,’mést of the experimental tasks are designed

to }iald clear, interpretable data, usually nvolving disec rete steps toward

clear how, or-even whether, these tasks bear resemblanc

isties of the p:ﬁblémé are.so abstract that it is hard te apply them.

Sea@nd; the descriptions of the underlying character-—

For

,:Eﬁ%mplg;7“undéfstanding the problem” is obviously important, bhut what does

¥

it mean in ny specific case? Third, the tzgalégz,itself is based on artifieial

p Ei nen tsl tasks. It-is unclear whether this typology would regemble

3

‘typalogy based on real-life problems.

In summary, che:e are - many ways to define “problems.” They can be

fi,'

in terms Gf the tlsrity of their téquirementé, the glafity of the steps

needed to reach a SDlutinn, and the extent to which they are well-known

iﬁ a dgmain of activity or negﬂ to be “found” in the prablem situation.-

vary in terms of the kinds of basic operations that are needed to solve

them,

’éﬁd, Espécially rélevamtrta'thé pagés”that follow, the extent ta Ehich they have

ERIC

Aruitoxt provided by Eic:

verisim;litude and - genezal;;ability. As we examiné the fesesrch on prablem

What is "solving” a problem?

Sfudents af problem sg;ving often mske a disﬁinctian between algarithﬁs

and heuristi:s. This. distinctign, first elaba:ated by Pglya (1952) is based

on the abservatian that some teghniques, if fallgwed gafefully, guafantee a .’

salutian to a prablem,-while athers, althaugh frequently leading to a_ EBIIEEE

solution, do not always da sa.:_Tﬁe fa:mer,_ 11 d slgarithms, aré often -
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detailed step-by-step procedures. The later, called heuristics, are typically
general strategies that can be applied in a wide variety of situations when
the solutions are uncertain. An algorithm is ‘based on specific knowledge,

such as knowing the quadratic equ

h

]

tic he Pythagorean theorem.

[t

T

o

i

1]

Heuristics can be quite general strategies, such as making a plaﬂrfﬂf

proceeding. or checking the accuracy of the basic assumptions, and are usually

not basad‘nn specific knowledge. As noted previnusly; some zarly writers made
much of this distinéﬁion, regarding the ﬁsé of algorithms as a mechanical applica-
tion of rules that éoeg not really deserve to be called problem solving. True
problem solving was taken to mean grappling with unusual situations.with no
,ébviaus way to proceed except through general heuristics. More recent research
has eroded this distincti;n (Gfgenn, 1980). Racther, most current writersfén
problem solving égrée that there is a continuum from very specific, knowledge

' based procedures, such as following a recipe when one is faced with the problem

.of baking a cake, to very general procedures or approaches, such as attempting to
think of a metaphor for a scientific problem. As Greeno (1980) points out:

. The point of this part of my discussion is to illustrate: that
the major cognitive components of problem solving turn out to be
present in many situations in which we are not accustomed to honoring
successful performance as instances of problem solving. It is certainly
important to distinguish between: (1) situations in which the performer
has relatively specific knowledge that makes problem solving quite easy;
_and (2) other situations in which the performer must resort to more- ‘
general knowledge and procedures to solve a problem. However, the speci-
ficity of available knowledge is a matter of degree, not kind. it is
seriously misleading to label performance in_some situations as problem
solving and in' other situations in which the same kinds of cognitive
- ' . processes occur as not involving problem solving. A continuum should be
.called a continuum, not a dichkotomy. (p. 12) '

i ‘This is a fundamental point which goes beyond the experimental study of

problem solving per se. That is, to what extent does "prnblem‘sglving".appéafv

Q
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when procedures exist within a profession or area of skill that can be vsed to

or example; when a new patient enters a doctor's office

m
*ry

attack the problem

there are st andard prQEEdeEE for narrowing in on a diagnosis and a subsequent

_pre Ecriptiun and prognosis. The pﬁysigian will usually obtain a medical

- “heuristics

history, a record of current symptoms, and will then dagide on a series of

tests——temperature, pulse rate, blood pressure, throat culture, etc.——all

Simllar;staﬁdéfdiged pro ;Edures exist within moest prafessinns and scientific
and échéla -1y disciplines. Standard méthnds are a;sgrpart of skilled trades.
The electrician checks out the circuitry in a house, the mechanic looks for
signs of a malfunetion, che loan officer estimates the degree of risk in
evaluating a lnan application. All of these procedures follow formal or
informal fglés learned as part @f_thé training for a perE£Siﬂn or trade.- The

point is that people trained in various areas are éaught fairly standardized

-Pféﬁédufes for solving the typical problems they will encounter in their ﬁark,

To the extent the professi ion or area of skill has proeedutes that will lead to

the correct solution of the problems its ﬁracticioners face, the less will

" .come into pléy and the more will knowledge—based “algorithms” come .

into play. vaiously the é.procadufes will generally be specific to each )
profession and situation, with little, if any, generality aéross‘prafessians‘ar

gsituations. For example, an autgmgbile méchsﬂia s compressian test to see 1f

an engin? 8 cylinder is 1eaking is qgite distinct from ehecklng backup 1ight

switch. And, as many of us have found, procedu:es may be even more spezi;ic.__

* For - example, the mechanical prngedurag designed for a large Qﬁtiag_gay not be

the same as those for a small Tgyﬁta; Obviausly th ff riént me;h,niz the

-
A
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incisive lawyer, and the skilled internist are good "problem solvers.” When we

have an automotive, legal, or medical problem, we seek these people out be;ausa

= i

they can solve our problems. One of the reasons we do not turn to amateurg for

such problems is tué; they do not have the knawledge and procedures to lead to a
 timely, gffigiaﬁt,sénd effective solution to our pr blem ems. Amatéurs would have

to rely on very geﬁafal heuristics, would require a long time to come to a

solution. and wauid be uﬁsure.that their solution was the correct one. H@ﬁevér,
" if they did- find the gnrreét solution, wguld t@}; rep:esent a greater degree of
Tproblém sclving” skill than that shown by the expert in the field? ;
The point is that mnszrprablams ate sal%ed Ey}diSEi?liﬁEéE?éiifiE précea
dures and technique:s. This returns us to the ‘central questicn of- whether there
are generic p:nblem sglving skills that cut across ‘'disciplines. Dr,:if there are

siﬁilarities across ﬁiscip;inés wguld the general rule be so broad as to be

useles

w

without discipliﬁa=specific knowledge and detailed procedures? For
example, one rule might be to “fngmu;aﬁe c@ﬂpeting hyéathéges-and seek evidence

that would rule out gne or all of them.” However, to test out. the hypothesis -

that-a fuse in a fu use block or a solencid Elsewhefe is causing a short cifguiﬁ, a

mechanic needs to know a ggad deal abcut the ele tri:al system of ;he particular

make of car involved, and needs to know. how to use a ?altanhmamilliammétEf. A

phys cian attempting to dEtEfﬁinE whe;he; "blutfing of vision is due to glaucoma

T a cataract needs. to know the app priate medical procedures to fgllcw.

~ As Larkin (lQSD) points out:

] The pfecedijg comments 5uggest that there may indeed ‘be some
_\_- ... general strategies (i.e., some major features) that are
seen in skillful problem solving in a variety of disaiplinas.-
\\\ However, these strategies cannot be 1mplemented without a
\, considerable amount of domain—specific kncwledgei' For example,
\ in order to use means-ends analysis, the solver sﬁudied by Simon

O
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and Simon had to know how to assess the difference between the
equations she had and the equations ‘needed to solve the problem.
She had to know what kind of algebraic manipulations would reduce
observed differences. Finally, she had to know how to apply
appropriate physics principles to the prabiem situation in ovder teo
produce useful equations. Even more sophisticated domain-specific
Tr— 7 : knowledge was used by the expert solver I observed planning a
77" solution to physics problems. He had to know what kind of features
to abstract in constructing a useful simplified problem. He had to
know what kind of aperatians he could apply to solve abstracted
problems and how thaese were to be elaborated when he returned to
construct a full solution. (p. 11) .

In short, all pféblém solving strategies are de?éﬂdent on knowledge and particular

procedures so that."one aspézt of developing expertise in a discipline would

then be the acquisition of less general, but more efficient strategies.

(Larkin, 1980, p. llE)

General Problem Solving Research: Any. Answers?

Given this- situation, is theré: any way to identify, and eventually assess;

fgenefal problem salving skills that will have méaniﬂg-aﬁd appligabi;it§>
across afeas'af human activity? Or would such general skill$ ba so embedded

in the particular details of specific fields that there is 1it;lé‘paint to

r

aztempg to-isolate them? o ' ’ .
, - Unfortun te;y, mu;h of the research on problem solving has littlg bearingk
" on-this question for three reasons. Fi:st, as Bell (1979) and Scriven (1980)
have noted in théir exaninations of prébleﬁasalviﬁg research==frem very different
"pgrspectiveg==muﬂh of the research is bésed on E;ghly artificial prableﬁs, 50

that its results have little bearing @4 .eal-1life problem solving.
Wha;ever its usefulﬁess elsawhere, most of that literature has
- to be called irrelevant for our concern with applied problem solving.
The level of wuch of it is indicated by the list of nearly 100
‘laboratory problem solving tasks in an appendix in Davis (1973). An
alphabgﬁical sample will indicate the range: A is for algebra word

'p:nbl;ms, B is for bent=nail prablems, C is for ca:d tricks, E is for

1

17
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embedded figure tests, ...M is for matchsticl problems,..-
S is for stick and banana,...w is for water jar problems,
and .50 on. I assure you that there is n¢t much there fgr

“zpplied problem solving.” {Bell, 19?9, p. 10)

The overall design error in much of the werk on
problem solving to date has been the foeus on artificial
problems (e.g., rule induction from serial pattern
presentation) without any plan for relating this to
real-world problems. This is _the same pseudo—Galilean
approach that kept the learning psychologists in the rat
labs fcr fruiﬁless dﬁcades; Galileg had a ptaaf that the
Cfalling the ball dnwn the incLinEd plana) ware immediately '
translatable into answers to the free—fall problem. We
have no such proof even at the plausibility level. Studies
of the effect of feedback, pretraining, etc. on serial
pattern rule induction are at best ways to generate
suggestions for research on nana;tifical problem solving, .
and I can see no reason not to.approach the problems
directly. (Seriven, 1980, p. 136)

However, both Bell and Secriven feel that this research r=sults in occasional

L insig ts into the problem solving process but that the insights were provoked

by the régeaf;h_rathaf than demonstrated by the research.

4 second difficulty is that the var rie ety of tasks and studies is so éfeat
that ic is diﬁficult to find any consensus in thé'lite ature.

REEEarch in human problem solving has a well—earned
reputation for being the most chaotic of all identifiable
categories of human learning. The outstanding quality
which leads to this conclusion is the diversity of "experi-
mental procedures called 'problem solving' tasks.. The
tasks found in problem solving literature range from
matehstick, bent nail, and jigsaw puzzles. cthrough amagram
problems, and even include some mental testing devices
such as analogy .problems and number—series problems. It
is almost definitional of laboratory prablemssalviﬂg

Expggiments that virtually any semi-complex learning task

- " which does not clearly fall into a familiar area of learning
can sa:ely be called 'problem snlying. (Davis, 1966, p. 36)

Much of the research on problem solving prnceedsvaﬁ
. : . a deadening 16w level of empiricism:  choose a problem, y
- any problem, and see what variables affect it, in what way. .

ERIC
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Traditional problems seem to be chosen for the same reason
that mountaing are climbed, because they are there.

Except possibly among test constructors, there is almost
no pfigf aﬂalysisief ﬁhat asp&;ts ﬁf pfﬂhlém saiviﬁg are
interést, or hmw besﬁ to aﬂalyze their role in relatinn to
that of ather behaviers. Thara iz insufficient concern
.with validity of tasks, generality of findings, or whether
independent variables affect the thought process ruther
tﬁaﬂ the context éf perfgrmaﬁcei Admittedi; some Gf thégé —————
general Ehea:ies of p:ablem gﬂlviﬁg are not in abundaﬂt
supply; even a serviceable taxoncmy of problems is lacking.
(Neimark & Santa, 1%75, p. 175)

A ﬁhird problem comes from the fact that when researchers or specialists
in various éields seek to understand and teach the{é@lviﬂg of problems, they
run into many difficulties in gen fali&ing from one situation to the next.
Schoenfeld, for instance, haé discussed the co gidersble difficulties encourntered
in a course iﬂ‘prablém salﬁiﬁg!fgr mathematics wmajors (1979). Although the
. students iearned varicus hegfistics aﬁa occasionally used them in attacking

various mathgmacigalzprnblems,,théy had great difficulty;iﬁ applyiﬁg them con— .

. gistently. Seh@eﬁfgld concludes ‘...there is virtually no reliable evidence to
‘indicaté that one can substantially enhancé students' ;bil;;ies to solve p:ablems;
(iﬁ aﬁy méaﬂingful way)»bj teaching them heur;stics“ (p. 65). Lgﬁkin (iESD), whe
has aitémpced to. 1mprave problem Eﬂlving among physics students, has des cribed the

difficulties as follows:
To summarize the situation in the practical classroom
then, work in this area suffers from three major difficulties:
(1) problem solving is intrinsically very hard to teach,
and this is particularly true in the areas of mathematics
and science; (2) educational research has traditionally
not used methodologies productive in providing information ‘
about problem-solving processes; and (3) although some :
individuals have produced instruction that seems to be
' effective in helping students to solve problems, very little
is known about how this instruction works. What is needed,

o
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and is not available, is believable research that elucidates
the mechanisms of problem solving at a level of detail
useful for designing instruction. Current educatiomnal work

The best information available consists. of the insights of
) : good instructional developers, who often have done counsider-
i able informal analysis of the processes required for skillful
problem solving in their disciplines.”™ " (p. 113)

Thus, thers are numerous obstacles in the way of identifying generic

should note several lines of inquiry that may prove to be fruitful. First,
there is some evidence that various heuristics are used by effective problem
snlvers in many areas afzaétivity when confronted byrnew tvpes of problems

and that these heuriséics can be identified. Second, there are converging
lines of evidence Ehat a major role is, or can be, played by a “managerial
function” that selects strategies and plans attacks on problems. Finally,
the study of how prabiéﬁ solvers within specific fiélds learn to solve the

field—specific problems they face sﬁggest several generic skills that cut across

fields.

Heuristics or Etrétegiés Used by Effective Problem Solvers
Although we have emphasized the_ralé of knowledge and grazedqué specific

to particular fields, there are a number of strategies that are used by

these strategies have |

Iy

effective problem solvers in various fields. Some o
also seen the subject of experimental psychological research. In general,

they are what Newell (1980) has térmed'“ééék methods,” mainly used when new
or ill-defined problems are encountered. They include such well investigated
.strategies as means-—ends analysis, working backward from the solution, and

breaking ‘down the problem into simpler problems that can be solved more easily

than the original problem. Means—ends analysis involves examining the current

0
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state or condition of interest, understanding the features of the goal state
or solution that is desired, and selecting "operators” or actions that produce

certain results to reduce th e differences between the current state and the

goal state. In general, this involves defining a "problem space” and searching
it. This general idea has led to an extensive body of research that has come
out of the work of Newell and Simon {1972). This work was originally concerned

with the computer simulation of behavior. Due to this approach, a great deal
of the work has involved the study of problems that match the kinds of opera-—
tions that computers perform. These include transforming a block of numbers

"in a set, like those in the well-known toy.which includes movable numbered

tiles in a set frame with an emp 7 slot (see Figure 2). L
6 4 2
1 7
3 8 5

The goal state is a different, but nrderly arrangement such as this, in Figure 3.

1 2 3
4 5 6
7 8

Figure 3

Th’sé "move” problems allow tracking of the EEEEEPEEVSE solution bEﬁauEE each

..step in the solution is a single change, which can be simﬁlaﬁg@ by the computer.
_Dther pr hle studied by means—ends analysis include the "Tower of Hanoi"
. 25’
=L
O
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problem, which involves moving three disks of different sizes from one peg
to another. The disks can be moved from one peg to another, but only the top
disk on a peg can be mcved and it can never be placed on a smaller disk. This

problem is more difficult than it looks and becomes much more difficult with

the addition of additional disks.

FINISH

Analysis of p;abléms like this by Newell and Simon (1972) have ied to
a computer—-simulation of prabiem solving called the Genesral Problem Solver (GPS5).
As sﬁéwﬁ iﬁ Figure 4 (taken from Anderson, 1980), the GPS notes the differences
between the current state and the desired (goal) state, then breaks the current
state into a set of differences and attempts to reduce the differences by
applying “aperatérs;“ Operators are acgiéns that change the éurren; state so
ﬁhgt it will be cléée: to the goal state. If one operator does not produce the -

desired effect, then a different operator is sought. Obviously, this is a very
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Flowchart I Goal: Transfuiin current stite ifas gt e

\ 2 M ]
- |pifference .. T SUCCESS -
Difference |g,hgoal: Eliminate|

Match current state
detected | the difference |

to goal state to find the
most impornant difference

lND DIFFERENCES - lFAI,L

SUCCESS FALL

Flouchart Il Goal: Eliminate the difference FAL

_ SUCCESS
. \ . 1
Search for operator |Operator| Match condition of |Difference| Subgoal:

relevant to reducing operator 1o current ———4e{ Eliminate  |[—
the difference detected | the difference

| found [ stateto find most - | dEte€®C | the differenc
- imporant difference

: ;N‘:’“E FOUND ‘LNG DIFFERENCE

FALL APPLY OPERATOR

Figure 4, Theapplication of means-ends analysis by Newell and Simon's General
Problem Solver. Flowchart I breaks a problem doiwn into a set of differences and iries
to eliminate each, Flowchart Il searches for an operaltor relevant [o eiiminating a
difference. : ’ S )
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abstract representation of human problem solving, and it concentrates on

problems that have discrete steps in their solution. However, various researchers
have discussed its application to algebra, caleulus, and logic problems. Simon
and Simon (1978) studied a novice attempting to solve kinematics problems, and

und that a means-ends analysis rep he srder in which the probiem

HI \
i

[= 9

solver applied vafiaus principles of physics. The solver apparently examined
the difference between the equations she had and the equétiaﬂ she knew would

be required to solve the problem, and attempted to create new equations to

_reduce -the difference. In contrast, an expert solver did not use means-ends

analysis, but seemed to think of the problem in terms of a physicsl representa-

tion, to which appropriate principles could be applied. As Larkin (1980)

.concludes, means—ends analysis is =2 vefy_gengfal, but inefficient problem

solving strategy. "People may apply it to pfﬁblemg for which Ehey have no

better method. One aspect of developing e xpertise in a dis;iﬁiin would then
be the égquisitian af';ess'genefal, but more efficient strategies.” (p. 16)

A related strategy, working backward from the goal, cam be espeéially useful
in such activities as finding éra@fg'iﬁ mathematics. In general, it is most
seful when there are msﬁf possible ways to solve a pfablem but only a few
ways actually lead to the solution. Obviously this method applies only when
the goal or sglA tien is kﬁaﬁn and féirly clear. - |

Another method used in many areas of activity is to simplify or abstract

" the problem by pl nning. A classic example is the architect's plan for a

building. It is obviously simpler to chénge-géndigiaﬂ on paper rather than to,

actually build a h@use,iand find it is full of mistakes. The architect's

design also abstracts the work and does not take into account the actual things
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a builderrﬁauld have to do, for example, measuring wood for a door frame, adjusting
Eiles; turning a pipe so it sets properly in its fittings, etc. -

Some related and overlapping general strategies have been summarized by
Rﬁbenstein {lQ?E)yin'his book on problem solving. These are listed below as
general heuristiecs for practical use.

1. Avoid getting caught in detail--attempt to see the general pattern
or picture. Go over the problem several times until a pattern
develops.

2. Withhold premature commitment to a single strategy——consider several
before proceeding.

3. Create models——verbalize, make graphs, write down, create abstract
or concrete models. A model simplifies the problem. ‘ ! .

4, Find new representatiouns of the problem; transform it into dnother
system or context. - . |

5. Question your premises and even reject them, and, if necessary; replace
them with others or innovations.

6. Vér%ﬁlige your-situatiaﬁ, ask questions, use different words. This
may lead you to recall relevant information from your long—-term
memory.

7. When the goal is specified, work backward to the beginning.

8. Locate stable substructures that can gervé as touchstones in the
solution that you can branch out from and return to.

9. Thinkgof'aﬁd apply analogies and metaphafg.x’This plaEEE-thE problem

| into a large: structure allowing for solution. (This“is the bésig

A aﬁpfaach of such creative problem—solving programs as synegtigs,_
Gafdaﬁ, 1961.)°
P
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Incabate——-leave the problem alone for a while and do something else.

=
o
L]

Talk to a colleague who méy pave a different viewpoint that could
suggest a solution. ‘ | N
However., as Cyert (1980) points out, the problem with these Eiudg of
heuristics 1is their unrelatedness. “There is no genéral theory to guide the
'student as to the order in which to use these ﬁEufistiés nor any éppfaaﬁh! ,

that relates the individual heuristic or subsets of them to particular problems.

A raw empirical approach must be used.” (p. 7) Furthermore, as Schoenfeld

(1979) notes, a problem solver must understand what it means to apply the

heuristic. In fact, most of the heuristics are labels attached to closely

réla;ed familie§ of specific strategies that are appropriate to a given type )
of problem. : '
. Similar érab;éms apply to various creativity or prgblémégoiviqg pPrograms.
‘One of the most popular, put forth by Alex Osborn i; his book Applied Imagination,
1953, is a "Check lisﬁ for new ideas.” It is reproduced on thelfc;;ﬂwing page.
Additianal,wargs were suggested by Koberg and Bognall (1974) in Theigg;vets§%
Irave;gg:sugh 35;
Mulciply Distort Fluff=up Extrude - -
Divide Rotate By-pass _ Repél
Eliminate Flatten Add Praﬁéet )
Subdue ) Squeeze‘ Subtraet Ségfegate
Invert “7'  Complement Lighten '~ Integrate -
Separate Submerge’ Repeét - ‘Sf*balise .
Transpose Freeze Thiékén Alétractﬂ :
Uﬁify Soften Stretch - Dissect, etc. i
-

O
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FPut 1o other usest
New ways to use a

- o What clse is like this? h:ﬂ other idea does this suggest? Does |
o |

past offer a parallel? Whar could I cnpy'-‘ Whom could 1
emulaie?

3 =% ___ o
? Change meaning, color, motion, sound, odor,

fc:rm, shnpe’ Other chanpes? N ’
o Magnify? T S
What 10 add? More nrne‘-‘ Grearer frejuenc ; 2 Str’, nger? High-
er? Longer? Thicker? Extra value? Plus ingredient? Duplicate2
Multiply? Exaggerate? o : .
. Mmlf)""' T ] : ) :
Whart to subrrace? Smaller? Condenscd? Miniature? Lower? :
Shorter? Lighter? Omit? Streamh e? Split up? Understare?
: — Substitute? - L L .

YWha else instead? What else ms.eaﬂ’ Other ingredient? Other
material? Other process? Other power? Other ‘place? Other
approach? Other tone of voice? .
ngrrauge? -
scl’edule’ ] i _ ; RS
Reverse? ) ) = -

B o Trﬁn;paae positive and negartive? How about opposites? Turn

. it backward? Turn it upside down? Reverse rnl:r.? Ch:}ng: -
—eo o et e shiges? TuFn tables? Turn other Ehcek’*‘ - T
Combine? ) o oo ;
-How about a blend, an al]:;{y", an assoftment, an enscmble?
Combine units? Combine p fpu:c;?_CDrﬂb;nt appeals? Com-
bing idea:? 7
hd > LY
- ‘k’.‘;"és; L
. ! R -
- E ? - = =
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Obviously there is no guide to choosing one of these strategies which would

be-appropriate to any particular problem. Furthermore, these gaﬁerél ideas are

so abstract that they can be difficult to apply in concrete terms. Ihey are

clearly useful only in situations wuere the problem solver has no “better idea,éf"

how to proceed, which brings us to our second area of research.

"Managerial” Functions

Vafiéus.authars have emphasized the role of "managerial” funéEiQﬂS; that
choose an approach or method of attacking the pfbﬁiem‘fr@m the individual's
;EEpEftQiEE- rGfééna (1980), Sécerdéti (1977), and Miller (1979) gave\all emphasized
the role of Plaﬁﬂiﬁgi with each writer using a very different perspective. In
addition, educators-in fields involving extensive problem solving have also
emphasized~Eh§'ralE'pfﬂplanningﬂfe.g;; Badcuriaﬁ;wl?éS;miarkingulQSD;MPQlyayf1957;~
| Schoenfeld, 1979). As explained by Greeno (1980):

Sacerdoti's analysis involved a study of the organiza-
tion of knawledgé about actions at various levels in the
form of a procedural network. Each action that is included
in-the system's knowledge structure is known to ‘have a set
of preconditions and a set of consequences, as well as a
‘set of component-subactions that are performed in order for
the action to be accamplished.’ This organization pEfﬁitE
fermation of a plan, beginning with a sequence of global

" actions and proceeding to mofe.detailed components. (p. 15)

Miller (1979) studied,simple progfammiﬂgapgabléﬁs, and emﬁhagized global

\

and 1o:sl pfacessing in planﬁing. The p:sblemg aré-deco pasgd into manageabl

subgaals, and a sequence of p1aﬁﬁing—debugging=planning=débugging was 1631 ified.

G:eenﬂ (1986) has considered planning to be onej of the braad ‘dimensions of

' prablem—salwiﬂg skill althaugh he ncteg that thé parti;ulaf plarning stzategy

—t .

PRI e . : L . o,

may be SpEEifiE to a dumaiﬁ of - prablems‘ .

.
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I think that we have to conclude that planning, like problem solving,
is not the kind of process that either does or does not occur in a
situation. Instead, it probably occurs in different ways, depending
on the knowledge that the problem solver has about the domain. If a
person has a rich and well organized structure of knowledge about
actions in the domain, planning seems to oceur as a routine form of

“problem solving similar to that found in ordinary problems of =~

arrangement such as cryptarithmetic or anagrams. Plarning by a
novice may be more generative, but it seems likely that if a person’
wishes to become skilled in the kinds of problem solving that
anticipate difficulties that can arise in a domain, the acquisition
of a well-organized procedural network for the domain may be more
useful than the acquisition of general planning procedures.

Dadourian (1949), in his pamphlet designed for mathematics students

“How to Study, HéwAEg Solve,” says:

The formuiation of a plan of action is the most important
. part of the solution of difficult problems. When the right
strategy is thought out the problem is virtually solved
and the actual execution of the strategy becomes a matter
of careful and orderly work. The student should solve some

”f"fzﬁ’“"*ﬁrablémswcampleteiyzby=carfyiﬁgrauéwﬁhe—necesaaryvdetailed

analysis, while others he should solve only mentally by
formulating a plan of action. In this way he can obtain

a greater- mastery of the subject without too much expenditure
-of time. (p. 21) :

. Finally, fchﬂénfeld;5l979)'wh§ callé planning -DESIGN, describes its-

importance in solving mathematical problems.

vel gwhizh:ébtainé for straighe-

At the simplest leve
- forward or routine problem solving) DESIGN consists

‘merely” of the intelligent ordering and structuring of

an argument. The problem solver should have an overview
of the solution process; he should be able to say, at any
particular point in‘'the process, what he (or she) is doing,
why he is doing it, and how that action relates'to the
rest of the solution. He should proceed through (all but"
the most routine) solutions hierarchically, taking care
to avoid ‘being immersed in intricate calculations - A
pertaining to one part of a solution if global aspects of
another phase of problem solution remain unresolved.

(We have all suffered the discomfort of solving a difficult

equation, fgly_tq'di§:n§errtha;_it didn't have to be
solved in the firgt.placel) . = - ' L

i



For more complex problems, however, DESIGN takes on

more global and significant dimensions. It is different from
the other phases of problem Ealving, in a sense pervading
them all. Design is a “master zgnt:ol " monitoring the whole

of the ptabiem—salving process, and (as best it can with the -

informatiorn it has) -allocating prablem—solvimg resources effi-

ciently. It keeps track of algéfnatives, so that if the chosen

—a solution.

Q
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‘approach to a problem proves more difficult than axpe:ted,_other

approaclies to the problem can be considered and (in_the light of

this difficulty) the most likely to succeed chosen. If there is

difficulty in making a straight-forward plaﬂ, DESIGN sends the problem

solver into EXPLORATION. Problems resolved without much difficulty
are returned to DESIGN and the elaboration of the problem—solving

plan continues.

problem or the solution process, the "master control” may decide that

it is most appropriate to return the problem, with the new infgrmatipn,

to ANALYSIS. .(p. 50)

At a more theoretical level, Stermberg (1981) has pnstulated an “executive

function“ that ealls on_the.appropriate- compaﬁe nts .of intelligence a

nd aépliéé'

them in appropriate ways when the individual is facéd with a task.’

All of these ideas suggest the importance of formulating a plaﬁ and the

difficulties of proceeding without one. Many studies of problem-solving,

from Bloom and Brode

about, trying various possibilities almost at random. Effective pfablemesalvers

fréquenﬁly try to think of a saguaﬁge of coordinated activities that may lead to

Blthough planning does

1ncfeaseg the prcbability of finding a solution. By consciously spelling qgﬁ-

one's assuﬁﬁtigﬂs, Qgtliﬁing possible routes to the sclution, and by checking to

see whether an idea fits the requirements of the pro bl em situation, one can test

hypotheses and fEViSE them, and thereby systematigally pro:eed toward a

\

As’ ‘with all the other prablem sglving abillties we have cgnsidared it is obviou

impurﬁant to. have knawledge Df the field 1n whiah the prublem exisﬁé

l

.‘i

that training in géneral planning skills would lead to higher hit

ﬂ j- 7,5: : : x

‘not guarantee a solution, it almost certainly

- However, if EKPLORATTDN provides new insights into the

(1950) on, show that poor problem solvers frequently flourder.

solution.

usly

Hawaver, it



The zhird line of evidence deals with analyses of how problems are solved’
within various disciplines. -Several of the authors mentioned earlier have

describzd the prablem=salviﬁg pfocess in their disciplinesi Fufthéfmﬂfé,

although they may nat be :alled prgblémesﬂlving the pracedutes of many fields
gfe‘designéd to deal with real 1life pfﬂblégs. For example, engineering curricula
deal with many kinds of problems. (Gardaﬂ,;lgél, and Rubenstein, 1980, describe
general strategies in EﬂgiﬂEEfing and other technical field ) ;léfkin (1980) hgs
described problem-solving in physiﬂsg Medical problem salviﬂg;has a lit,r,ﬁure

of its' own (see Elstein, Schulman, & Sprafka, 1978 for a review). Some of the
yﬁ'ﬁast'péf i Nt résearch has been conducted by Christensen—Syalanéki (e.g.,
. Christensen—Syalanski & Eushyhead 1981.) The field that has devoted the greatest
-attention to problem-solving stracégies isimathematics_(eag.,_see the volumes by
.Hill [1979]; Lesh, Hierkiﬁiazi & Kantawéki [1979] aﬁd Krulisk & Reys [198D]);
Stemming from the nrigiﬁal wark by Polya. (1957) there is a vast 11teratu:§ on

problem—solving stratégies; charazze:; stics af roblems and. tea;himg for problem—

- salviﬁgi Alchaugh the evidence on the extent to which prablem=sglving can be

taught encourages humility, this :esearch has identified va:iaus Ekills that are

imﬁaftaﬁtj and which appear to have suffi ,,,,t generality as to apply across
figlds. For éiample, Suydam (1980), drawing-an writers who brought " Eheit
dividual pefspectives to bear, rsnging from pragmatism to the saphisti;atian of
_artificial iﬁtelligence models" prapﬂses the i@llﬂwiﬂg elements in problem—=solving:
1. Underszagd;ng the §rgblem?=én aéarénéssiaigéhg pfabl tuatign
1§Eat ﬁtimulatésyﬁhéiperéaﬁ to géneréﬁe-ézétaﬁemEﬂt aflthe PIﬂblEﬁ

in writing, orally, -or merely in Ehaught-
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2. Planning how to solve the problem:
a) Break down the components; enumerate data; isolate the
unknown.

: b) Recall iﬁfgrmatian from memory; assaciate Ealient features

¢) Formulate hypotheses or a general idea of how to proceed.

3. Solvin ,heAprcblemz

S a) Transform the problem statement into a mathematical form, eor
construct representations of the problem situgtiqﬁ;

b) Analyze the statement into subproblems for which the solution
is more immediate.
¢) Find a provisional solution.

4, Reviewing ?he problem and the solution:

a) Check the solution against the problem.
\\‘ b) Verify whether the solution is correct; if not, reject the

hypathgses, the method of solution, or the provisional solution.

c) As certain an altarnative methﬂd of snlutian;77§g.&ﬁlr

This, and research in many other fields, suggest that various generic skills
or ébilities are impﬂftaﬂt'acrﬂss fields., They are outlined below along with
some dis sion of :elaﬁed abilities.

1.. The”ability to identify a p;ablem and to state its components, vaiuusly

this dEpEnds on familiar ty w h a dgmaiﬁ of prgblems and Experi

-~ .with- simila: pr&blema. Such familiarity alluws the sal’ Q!"ghunk“
the.elements 9f Eh& prablgm——igei, to see meaniﬂgful patterns which

. suggest solutions. The classic models of this behavior are chess
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masters. Their powers of logic and the number of moves they plan ahead
are not greater than those of amateurs. However, they are immensely

g,periar in their ability to recognize meaningful patterns. Simon and

‘—;;:::7——Giimaftiﬁ:€f§?3}*Estfﬁata—thatgmasterg*can‘recﬁgnige on the order of

50,000 chess patter ,,ii Ifgni;ally, one of the auteam&s of acquiring

skill is to reduze-the supposed degree of creativity involved.

o become an expert in any problem-solving field requires years of
study. The effect of this stﬁé& ié_gg“t;ansform Eﬂlutign by creative
problem solving into solution by the simple retrieval of stored answers.

es an expert by making routine many aspects of a problem that

1
[1d
o
h)
e
[o]
E\

require creative problem solving for novices. Thus, one's behavior is
less error prone and more attention can be fo sed on those sspectg of
the problem that cannot be routinized."” (Anderson, lBSQ, p. 292).

The ability tg formulate igplaﬁ’tahattacﬁ the problem. Again, this

ability is based on familiarity with a problem’ domain and experience

with similar problems. The novice iﬂ an area will probably havg to use

such genefal stratégies*as méans—end analysis, breaking the problem 1ﬁ

subprob;ems, ar-settiﬂg_subgaalg, simplifying, and wptking.ﬁackﬁardsg

The expert wili have a number éf'mare domaiﬂ—spegific but more efficient

strategies. However, the more effic t problem solver, whether novice

or expert, should have a repertoire of possibly applicable strategies

and{bé'éblg ta'fa ulate a plau to. use them.

t s

=§§y;ng réqgisite knowledge and the ability to recall it aﬁd assatiate

relevant features with the current Ptﬂﬁ;éﬂ-: This is qui;é obvious., One

.cannot solve problems in ghegical engineering without some knowledge of

Ay
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chemistry. However, the capacity to search long—term memory for relevant
information probably varies, even among people who are quite knowledgeable

in a problem domain. Likewise the ability to assoclate the knowledge

with the demands of the cuffént,si;ua;i@g_pt@bablydgariesg In fact,

Mednick (1962) considers the cfe;;ive thinking process az the forming

of associative elements into new and useful combinations, and Maltzman
-(1960) believes that originality can be ;rgined by inereasing the number
and remoteness of responses. Related abilities are the ability to see

what additional information is necessary for a solution and the ability

to identify and disregard information .that is extranmeous to the central
problem.

4. The ability to formulate hypotheses abauéﬁgggjprablem and/or a plan

to eliminate various possible solutions. Within certain domains,

especially scientific disciplines, this ability is critical. Wason
(1968) has suggested that the ingbilitj to use hypothesses, especially
the difficulty in dealing wiﬁh négativesinszagcgs;_i%_§gg§jﬂr1szu§bling
?black for many prablem4salvers-, Obviously, the scientific method and
Eﬁﬁeriméntal de%ign are the most formal expressions of this EEPEEiEj;
(HéQever, it is often Eﬁe‘case that gcientiiie methodologists who are

_.experts in the techniqu&sfaf.cestiﬁg hypotheses and statistical methods

-do not produce hypotheses of- their own to examine. This may be a

critical test of the idea that trainiggAin general problem solving
techniques does not pgééssaéily‘iééd to the ability tévsalﬁéggeglelifEA

problems without knowledge of the sﬁgcifiz field involved.) It is

especially important to understand ‘the structure and central concepts of

a field, not just its techniques. That is, to be able to ‘generate

% =
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hypotheses, it is essential to understand why certain éffécts are
probable. Thus, a physician who understands the physiological mechanisms
ﬁnderlyiﬂg a drug's effects can PIEEEfibE drugs more effectively. ttéss
formal versions of hyéothé is EEStiﬁg are ‘ﬁfaéEla shooting,"” diagnosis,

tc. Once again, knowledge, and ESPEEially understaﬁdiﬁg of a dbmain is

e
e}

i cal to effective gepneration of Eultiple hypotheses and the use of

hypéﬁhesis testing. However, as is clear ircm studies of scientists,

some people make much more effective use of their kﬂaﬁladge to create

and test hypotheses than others in the same field. (The interviews™

with eminent scientists in the book The Way of the Scientist, selected

the jourmal In ternatig al Science and Technolggi,
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provide a great deal of anecdotal and descriptive evidéncg about the.’

various influeﬂ:es on scientists' capacity to’ gemerate and test hypathe esq

The 1nterview5 also provide many stimulating insights into the processes

. thEif own think ng and a EiDﬁS as they attempted to salve ptgbléms,

13

formulate hypotheses and find means fof testing them. The intéfviewees

include such diverse scientists as Leo Sziland, Albert Szent-Gyorgyi,

LIEﬂn Se abafg, and C. P. Snaﬁ ) - ' T

5. The abil Ey igjgansgfugﬁia representation of the pT oblem si%ua;;ang

This includes the capacity to see the problem in absﬁréct*térmsg

with 1essEnEd attentigﬂ to details, “the felazianships make it easief
to see the salutiaﬁ. A related ﬁapacitv is that of develaping ‘models
of the problem sitﬁatian; In some cases thé models may be actual

Physicai representations @f the situatians, graphical depictions,.
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6.

7!

: 8.

of relationships among them. -

The ability to see Eyg;gggggnce of steps of activities and subproblems

needed to reach the solution; itting the subproblems lnfﬂ a general

Althnugh this capaﬁity is related to planning, described

above, this is more related to sequencing activities; i.e., seeing what

needs to be done first,'and how a set of apparently disconnected activities

can be organized into a concerted effort at a solution. ——
The abiiitgrggrﬁarmulagewarprgvis;pgal solution In many fields,
it is necessary to go beyond the formulation of hypotheses, described

above, to formulating a:passible snlutiaﬁi That-is, after one hypazhe=

sizes abmut the pnssible causes and influences on the problem situation,

- it is nezessaty to fgrmu;ate a sglutian to the problem , based on an

understanding of the cause s and factors influencing the situation.

vaiously créativity piays a magar fa;e in this ability, as do famiiia:ity

with similar or analogous pfnblems. Various investigatinns into Ehe use

of analag es :and metaphors to solve problems have been conducted fEceﬁtly
(ngsberg, 1980). ‘- Although this research has cbtaineﬁ various results,

it appeats_;hat most peapie have difficulty in using analagieg and

metaphors as a way of sug gestiﬂg solutions to pr roblems that are not

highly similar to the pfablem p;esentéd in the analogy.

‘'The éb%;;;y to check the at;gpptad sglutian against the prablem 8

requirements aﬁﬁ;;ﬁ'seé!tygfgarfegpgegs pgrghé solﬂgigng Again,

as noted in the claésic>wofg of Bloom and Braée;ﬂl?ip}:ﬁany people ..

have difficulty even séeinglwhy a solution is a solution., Elements of



this abillﬁy include the capacity to see simila:ities and differences
between the attempted so olution aﬁd the desired Etéte; being able to
Etaté:thé requirements of the problem and assess the extent to which the
proposed salutian meets these requirements. Again, knowledge Qf,,
domain allows one to understand gﬁzga prgblemfwas solved.- This under-
standing in turn may allow the ganstrugtién of more effie ient or elegant

solutions.

9. There are also various pEfEQﬁagfgfgiggrthaﬁ are frequently suggested

i as :hazacéé;izing the gagd prgﬁiéégééi;er; These 1ﬁéipdéﬁéﬁ;ﬂmbi£a;vﬁ
tion of @g:servgzanze‘ané flexibility. Some poor problem solvers.
tend to give up on problems if they cannot reach a solution almost
immédiatély! btheés,zanﬁct consider more than one approach to the .
problem and will not abandon it even if itsis c%§§:ly'inapprﬂpriate
In contrast, éagd prablém gsolvers stay with pégblems, and entertain a
variety of passihl solu tiaﬁé until they reach a solution or it 1s clear

that there is no way to solve the problem. Another trait ;grg’gnimind%d—

ness to new ideas and approaches. This is related to another character—=

istie, skepticism or willingness to doubt current apprcaches to problems.

Application of these Gagpegggziés

The -answer to EhE central questio n of this‘review appears to be that

therg(ggggprablém salving strategies and skills that are used;cémmaﬁly ACEOSS
gfieidsi However, it is éleaf that the implemén ation of these strategies and
’skill pends an kﬂgwladge gf Ehe damain and- ghat the pra:edures ﬂEEdEd tq-V 

implement them a? largaly determined by the field. Hﬂwever, it appeats prgbgbl&

that gxefcises that assesa pfablem=sglv1ng skills within f,gldg co gld be,canstrugteﬂ.l

Severa; considerations beaf on such’ assessmantsi

7 . - T
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First, as noted eaflief in the discussion of heuristics, different kinds of
problems Hill require different competencies to different degrees. Problems

n different domains of activity——and different problems within those domains=-will

b

~require these competencies to different degrees. Eurthefi these competencies

will probably be called on to different degrees as a problem-solver becomes more

expert in the solution of problems within his or her field. The novice medical

student may find the process of generating a plan for diagnosis most critical

in diagnﬁsiﬁg a patient's disorder. In contrast, the expert physieian may find

the generatian of hypotheses most important (E skin, Schulman & Sprafka, 1978).
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Furthermore, thase compet 1l

quite abstract. Their implementation is
highly content specific. |

Applying these problem solving tactics is difficult and requires exten-—
sive experience in a field. In'additign, it is unclear whether these skills
generalize from one type §f prgblém té another type within a field. And,
as noted many times in this review, it is even unclear ﬁhéther Ehey can
be effectively taught tgrngqizgg;iﬁ the field. EDWEVEf, it seems probable
that some people are méré eff ctive in using these tactics than others,

whether due to training or intrinsic taiegti We have all known people
with a "knack"™ for fixing caré, solving chemistry problems or dealing with

ticklish interpersonal situatiars. It is possible that such people could

be identified in sggcifis’figlds by presenting them with excercises that are

., designed to assess their skill in using the tactics we have outlined. =F@t

. 1

example, exercises in bu Si ess problems ;@uld be develnped fﬁr applicants to

A

.'schools of ‘management. Some early work along these lines was done by Fredefiksen,

Saunders, and Wand (1957) in their "in basket test,“ which simulates various
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problems an executive might face by presenting the person with memoranda, letters

=

and documents dealiﬁg with typical business problems.

_Another exampla is thé wark of Frederiksen and Hard (1978) in assessing

prospective scientists' capacity for dealing with il1=stfugtured prablems.

3

- One area of promise that was not covered extensively in this review is that
of computer simulations of problem—solving behavicr. That is, the computer is
programmed to solve problems in the same ways as an expert human problem solver.

These can range from the simulation of checker and chess games, to the diagnostic

situatians faced in eme:gency rooms. Some programs aid the problem solver by
suggesting the logical or praceduzal steps the effective human problem solver
.usually would use in salving_thé type of problem presented. A great deal of

récent eiffort has been done in the area of programming computers to ask questions

H

and process the answers. ‘For ex ample, a program was written to help scientists
analyze the rocks braughﬁzback from various moon expiditions, LSNLIS (Leh

1978). AnBEth program for mufe prosaic functions is GUD (Ecbruw Eﬁ>

_agent in a conversation with a client. These and gtEEf-pragramg are

Lehnert (1978). The gene:al considerations involved in using computer and . E

information systems to help solve prcblems and do a variety af other thing

M\
L]
O
2
m

discussed in Schneiderman (lEEG). o , -
Ggmputers affet the putential Qf simulating prablem situations in a fairly

short time. ‘For example,  a computer could be prugrammed to provide the sorts -

Ef_e%erzisgs used by Aldermgﬁ;-et alf (1980), yielding scores according to

both the accuracy andxefﬁiciengy of the solution. However, the computer could

also hold relevant data in its memory, provide hints,gggﬁJaqswer questions, if '

o
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they were requested by the person beilng assessed. The pattern of ingquiry

could be scored for the general effectiveness of the strategy used, as well '

as such variables as the relevance of the data requested, appropriateness
of gquestions asked of the data, etc.

Aﬁy asse ssmentrwauld need to be field—specific in content——e. g.5 pr senting
candidates to graduate management schools with common business problems, or
pfgspgctive law students with situations faced by 1éwyérs in Ehé;f dgily work

(see Alderman, Evans and Wilder (1980) for an example of a papéf and pencil

method for assessing skills used in the profession of law). This will-probably

be simpler in some fields than others. For example, the GRE Advanced tests in

various disciplines are probably fairly close to the actual work in-the fields:

assessed. However, in other fields such techniques as video-taped situations or
physical examples may be needed.

| These exercises could be scored for the skills we have identified in the
previous: pages——e.g., the ability‘to state thé problem, the abili y to structure
an nverail plan, the ablllty to formulate' competing h?pDEhESES; etc. vaigusly,

a great deal of care ‘would be needed to constr uet

uch.exe rcises so ‘that they

[/

would acﬁuall fesemblé typical problems in each field, would have face validity,.

and waﬁid,ba gEﬁEEEliESbl& to the solution of many problems in the field. The /
exercises and the sgofes would,neéd to have sufficient reliahility aéréss;éaﬁdidateg
to be useful. They would a;sa need to have validity—-a réquifémantchat presents

é variety of difficulties. " One simple way to demonstrate validi;y would bé to

show that prafessionals in thE field score, bEEtEf ;han amateurs. This st rat gy

was used by Alderman, Evans aﬂd Wi (IESD) who shawed that there as a:

'13gical progression of scores on their simulations of legal problem 15:  under—

'gfaduateég law school studgﬁtsi;lawyers,>and law schéql professors. A more

40



difficult, but more convincing demonstration of validity would be a study showing

that such measures of problem—solving skill predict subsequent pf@fessianal

performance. In any case, the measures would almost certainly have to be developed

separately for different fields, such as business, science, law, etc. The basic

underlying problem-solving skills might be the same, but the content would need
to be fitted to the field. Qll of this would require a-good deal of research,

such as that reported by Elstein, %;hgiﬁaﬁ, and Sprafka (1978) in medical problem

’ /
s

solving, but the. end product might be worth the price.
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