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Aids for Problem Solving

The purpose of this paper is to describe some preliminary results of our attempts to

exa mine aids for problem solving. We were part icularly interested in ways to help people

formulate problems. First , a brie f overv iew is given of the kinds of aids to problem solving

t hat have been proposed. Then the results of two experiments in which college students

so lved problems with and without a problem solving aid are presented. A short generL!

discussion concludes the paper.

Problem solving is defined here to be the activity by w hich a person (or other system )

tr ies to achieve a goal when the person (or other system) has no existing (practical ) al gor ithm-

ic procedure for reaching the goal. There have been many attempts to provide computer aids

to persons engaged in problem solving. An aid is defined here to be any procedure or material

w hich purports to increase the effectiveness of prob lem solving. Generally, such aids have

been constructed without systematic prior study of the behavior of the problem solvers , or

su bsequent controlled validation that the proposed problem solving aid is actually helpful.

Though the empirical work Ofl problem solving aids is much more limited than the range

of suggested aids, there is one suggested aid to problem solving which has been the subject of

a number of experimental studies. This is the techni que of ‘brainstorming ’ ( Osborn , 1963)

The notion here is that a group of people get together and produce many ideas while delaying

evaluation of those ideas. This techni que , rev iewed extensivel y by Stein (19 75), has been used

in a variety of real-world settings. However , empir ical research provides little unequivocal

ev idence that such groups produce more ideas or better ideas than the ideas of individuals who

make up such groups. In other words, a more efficient use of peop le ’s t ime seems to be to

have them work independentl y. ( Bouchard , 1 969; Bouchard , I972a .  Bouchard, l972b~
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Bouchard , Barsaloux , and Drauden , 1 )74; Bouchard . Drauden , and Bar .saloux , 1974 ) .  This

examp le i l lustrates that one should not uncriticall y accept a proposed procedure for aiding

problem so lvine without empirical e~ idence Such evidence might indicate the overa ll effec-

t ivenes s of suc h an aid as we ll .is the ty pes of persons , prob lems , and set t in g cond itions most

conducive to its uti l ity.

As a preliminary to a study of behavior in Lomplex real wor ld problem solving, we have

con ducted two experimental if lv es t i C. I t ions (If s imple r problem solving. In the first of these

e xperiments , t he ef fect ivenes s of tn examp le ot a st ructured aid (defined below) to problem

so lving was inves t i gated. In the second exp e riment , t he ef f ec t s of an unstructured aid were

investigated. These preliminary experim e nts were conducted , not on ly to assess the effects of

these aids , but also to determine the Linds hi hehasiu rs exhibi ted in certain problem solving

situations , and to deve lop useful methods of characte ri , ing prohlcm ~ol’ ing behavior.

The problem solving aids for these experiments were chosen based on a consideration of

t he many suggestions for aids to problem solvinc that have been proposed. Though these

proposed met hods vary t remcndous l, . one may usefu lly c lassify most of them according to

w hether they are structured or unstructured. A structured aid is an algorithm or heuristic that

essent ially limits or directs the person ’s approac h to a problem (at least temporar ily) .Exam-

pies of structured aids include the ft lowing --1 . use hill-climbing; 2 work backwards; 3. try

to so lve an easier but related prob lem first; 4 . wr ite down the givens in the problem; 5. chose

a subgoal. Though the directions given in these cases are all rather vague , they do direct the

person to a particular activity. Useful lists of some of these aids (heurist ics , guides for action)

are given in Polya , ( 19 57) and Wicke lgren ( 1974 ) .

In contrast to structured aids , ot her writers have suggested methods designed to increase

t he idea production rate of a problem solver or to expand the range of considerations. Such

aids do not direct the person along particular lines. Indeed , t hey seem to encourage a broader

range of behaviors. Examples of such techniques include: I. use a matrix of characteristics
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re levant to the problem and pick a random eJI; 2. imagine that something false is actually

true; 3. Think metaphorically; 4. Delay judgement of ideas. Var ious combinations ol these

and other techniques have been called lateral thinking (deBono . 1967), synectics ( Prince ,

1970) and brainstorming (Oshorn , 1963) . Some of these methods do seem to aid the prod-

uct ion of creative ideas (Warren and Davis , 1969). For a review of the experimental evidence

on the effects of various kinds of proposed aids to problem solving and creativi ty the reader is

referred to Stein (1974 , 1975).

Experiment I -- ‘- Structured .‘l id

In the first experiment , t he use of a structured aid was investi gated. This aid , shown in

Appendix A , directed the subjects to write down various aspects of the problem statement.

We did not attem pt to design t he best possible structured aid. Rather , our purpose was to

exp lore the effects of an aid that addressed a specific issue-viz. , t he subject ’s t~nderstund ing of

t he problem. The aid therefore forced the subject to focus his attention successivel y upon t he

objects and attributes of the givens and the goal and upon the actions possible within the

problem.

Method

Subjects. The subjects were undergraduate subjects at Pace University who were paid for

t heir participation. There were 10 subjects in each of two groups.

Procedure. Each subject was presented with a booklet with general instructions followed

by a f ixed sequence of six problems. The problems are presented in \ppendix B The

problems were chosen to present a range of difficulty and problem types characteristic of

problems that have been studied in the psychological laboratory . Subjec ts in the Control

Group were given five minutes for each problem during which time the~ were to ld to ‘just
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t hink about the problem without reall y try ing to so lve it ’. Then they were given ten or f i f teen

minutes to work on a problem . (except for the last problem for which they were allowed 45

minutes ) .

Sub jects in the Experimental Group were given the same problems in the same order

ex cept t hat they spent the first fi~ e minutes actively filling out the questionnaire in Appendix

A w hich directed them to consider certain aspects of the problem statement. Prior to begin-

ning t he problem so lving i tself , the su bjects in the Experimental Group were given about

twenty minutes pre-t rain ing on the use of the questionnaire.

Result.c

Effects of .~l id. Of the five ‘easy ’ pro blems that subjects attempted , t he Control Group

outperformed t he Experimental Group on three. The sixth problem , w hich required desi gning

an a lgor ithm , proved too difficult. The res~ lts are summarized in Table 1.

Genera l observations .

Several of the problems proved too difficult for many of the subjects to solve. However ,

interesting behavior was produced in the pipe and ping pong ball problem , t he hobbits-orcs

pro blem, t he card deduction problem and in the bicycle and fly problem. Further discussion of

t he pipe and ping-pong ball prob lem will be deferred to a consideration of Experiment II, since

t he problem was also given in that experiment.

Rerul l s of the Hohhus-Orcs problem. The Hohhits-Orcs problem has been studied in

considera ble detail (See . e.g., Thomas , 197 1 . 1974; Greeno , 1974; Reed , Ernst , & Banjeri ,

1974). The problem as presented in this stud y differs from previous work in that here the

subject was presented the problem in pencil and paper form and as ked to solve it. He was not

given any intermediate feedback about the correc iness of his moves rhis tact  resulted in a
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small proportion of solvers and an interesting contrast between the var iety of behaviors

ex hibited in the current ‘open ’ s ituation and the previous , computer-contro lled , exper iments.

Among t hose subjects who were not given a problem formulation aid , two sub jects  did not

prov ide for a method of getting the boat back across the river; rather , t hey simpl y too k the

creatures over in twos. Three subjects attempted to comp lete the problem but were not able

to do so. That is , t hey did not arrive at what they considered to be a solution. One subject

had one hobbit and one orc cross the river and then buy a bigger boat . Three subjects thought

t hey had solved the problem but began by moving a hobbit and an orc across the river and

bringing the orc back. Without the feedback provided by a computer-contro l or a watching

experimenter t hese subjects overlooked the fact that the two hobbits on the starting shore

would be eaten. Only two subjects solved the problem.

The evidence here suggests that subjects did not comp letely internalize the constraints of

t he problem simply by reading them. Further evidence on this point comes from a considera-

tion of t he subjects who received the problem formulation aid. These subjects were less likely

to vio late the constra ints of the problem in an obvious way at the cost of being less likely to

produce any so lution to the problem. Hence , the aid seemed to help in the limited sense that

it made subjects more aware of the constraints. Among the ten subjects who used the problem

formulation aid, only one simply took the creatures across in pairs without providing for the

return tr ip; that subject explicitl y mentioned this as a flaw in his solution. Six of the subjects

did not finish the problem. Only three subjects gave erroneous solutions. In those three cases .

t hey gave what would have been solutions if the orcs could ‘briefl y ’ outnumber t he hobbits

w hen the orc ‘dropped off’ a hobbit . Subjects in an earlier experiment (Thomas , 19 71 )  also

attempted to do t his occassiona lly but were immediately g i\ en feedback that it was not

permissible.

No subject seemed to misstat e the goals , the initial conditions , or the character ist ics o f the

ob jects in the problem. An Interesting though predictable result wa s that  while ‘II ten suhj~ets
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listed as a characterist ic of the ores tha t  ores could eat hobbits if they outnumbered them , on ly

one su bject l isted the converse property of hobbits - -- that they cou ld he eaten if outnum-

bered. No subject s howed any ~j gn of tran s lating the problem into more abstract terms. ..\ls~ ,

no-one in either group of subjects drew a comp lete representation of every state in the

prob lem. This was probabl y t he main reason that the problem proved difficult for subjects

attempting to so lve it quickly without immediate feedback: they could not accuratel y ant icipate

t he results of their actions in terms of violating the constraints of the problem-- thoug h they

were awa re of the constra ints , and never made an error in determining the numbers of orcs

and hobbits on the shore to which the~ were mov ing. (For example , a sub ject never began by

say ing. ‘Take over one orc and one hobbit , have the hobbit go hack and get t he other orc and

t hen all three orcs will he on the ri ght s ide ’)

C,zrd-ded ii c t tori prob lem . The card deduction problem is described by Wason ~nd Johnson-

Laird ( 1972 ).  Table 2 indicates the proportions of subjects giving various answers in our

Experimental and Control groups arid in t he original results reported by \Vason and Jo hnson-

Laird ( 1972 . p I ~2),  (The correct answer is A and 7) .

Considering the small samp le in the present experiment , t he results are fairl y compara ble

to t hose found by Wason and Johnson-Laird except that our subjects appeared a bit more

likely to reach the correct answer. Perhaps this is because for both groups , t he subjects

t hought about the problem for five minutes before attempting to solve it. An examination of

t he questionnaires filled out by t he Experimental group reveals why many of the subjects failed

to so lve the problem.

L is t i ng  the ~hje . t.c. For the f i rst  question -——l is t  all the objects that are involved in this

problem ---- one person wrote four cards , 26 let ters , 26 numbers ’. These objects are all

rat her concrete. In particular , t he subject did not list propositions as obj ects. Nor did the

person even di f ferent iate vowels from consonants or odd from even numbers. This subject ’s

view of the objects of the problem , as c haractc r i tcd by the comments on the aid , are concrete
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and undifferentiated. Four of the subjects simpl y l isted the tour cards and the other s ix

su bjects included mention ol numbers or let ter s , hut no subject t reated the re levant

propos itions as ob jects. The reason that so few adults seem to use formal operat ions in this

pro blem may not be that they are unable to perform the formal opcrat~ons , but that their

representat ion of the elements of the problem is so concrete that it does not induce them to

app ly formal operations. Furthet evidence relevant to the limitations on people~ use of formal

operat ions derives from Wason and Johnson-Laird ( 1972 )  who invest igated heh asi r on other

problems formally identical to the card problem. Perhaps an important goal to r  future problem

formu lation aids would be to induce people to view the problem abstract ly.

Actions on objects. In answer to the second quest ion ---- what can you do w i th  the h ic~~~--

peop le said you can turn t hem over. .~ ga in , t his is concrete and not terr ib l y hel pfu l. No-’ ne

ment ioned testing, ver ification , or disproving as actions.

State the goal. Peop le ’s answers to t he third question --- to state the goal --indicated another

poss ible difficulty with the card-deduction problem. A necessar y , hut not suff icient condition

for so lving the problem among this sample of subjects was that they stated the goal in terms ~4

testing whether the rule was true. Three subjects stated the goal as to pr o vt’ the rule correct ,

and all of these subjects missed the problem. These results suggest that even when the goal of

a problem is explicit ly given in the instructions , some (in t his case 3 10) will misread or

misinterpret the goal of the problem. An interactive problem sol~ ing aid might be able to  help

avo id this kind of error by forcing the problem solver to  elaborate the coal and to stat e the

goa l in several dif ferent ways.

State the init ial md,t,on v The ans~~er s to q os t i on ‘ur ‘ . nd t ’  . t  at e the initia l

conditions—were not revealing except insular is t hes P’ ’~ 
i&l t .1 jj i i iun,a l , s  idcni.c tha t subject s

had a very concrete view of the problem \ .  i ’ t t ~ i .
~ ~~ ni ‘‘ne d t i t  pis~ihi l t  cs For

t he hidden sides of the cards
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(
~hii ’ : s  and c/ iar i l c : i ’r zs t : t v. Question five asked the sub jects to re l ist t he object s , and for each

ob ject to list a characteristic th at m ight he important in solving the problem . Here again , it

was obvious t hat certain subjects would not obtain the correct solution to the problem because

the~’ had already formulated the problem incorrectly. As character ist ics of the the four cards .

some sub jects wrote down as actua l fac ts  what would he on the other side of the card if the

ru le were true. The characterist ics listed by t he three subj ects who so lved the problem were

more genera l than were the characterist ics of the subjects who diii not solve the problem. For

e xamp le , one of the subjects w ho solved the problem gave ‘cards ’ as t he objects and ‘two

sides , one s ide showing ’ as t he characteristic . In contrast , a sub ject who did not solve listed

t he objects as ‘A . D, 4 . 7’ and associated w ith these listed respective ly, ‘should have even

number ’, ‘should have odd number ’, ‘s hould have vowel’ , and ‘should have consonant ’.

F/v and b,c~4e. Attempted solutions to the fl y and hicycle problem could he classified

into one of t he cate gories shown in Tab’e 3. The classif ication of ‘comp lete insi ght ’ indicates a

subject w ho stated that the bicycles wo uld take 1 hour to meet and since the fly flies 100 miles

per hour , the fl ~ wou ld f l~ 100 miles during that hour. ‘ Inductive insight ’ re fers to a case

w herein the subject attempted to use successive approximations but quit after a few approx i-

mations and wr o te that the j ourneys of the fl y wou ld sum to 100 miles. ‘Proportionality ’

ind icates that the sub ject rea lized that in each unit of time the fl y f lew twice as far as each

hic ’,’ le  Siicces ’,ivc approximations ’ indicates that the subject added up a moderate number of

terms in in inf nite ser ies and rounded off to 100 miles . ‘Equa l distance ’ indicates that the

sub ject (erroneous ly )  indicated that the fly would always fly as far as either bicycle.

‘Suc~c~s ’.’~ .ipprtixtm.i ’~’ins ’ ind icates that t he subjects tried to use a geometric series but used

thc wr )nt! serie s

An asterisk ind,c.iii’s a wronc or an om itte d answer. In this problem , there is a suggestion that

t he problem sti lv ine aid may have encouraged peop le to perce ive too much detail by having

them s pcc if~ ~o muc h about the problem and thereby obscured percept ion of the relations
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between problem parts. There was one case among the ten experimental subjects wherein the

subject did restate the goal wrongly. This subject said that the goal was to find out ‘ how

many t imes does the bee go back and forth and for what total distance. ’ That this subject came

up with no answer is not surprising given that the restatement of the goal implied an impossi-

ble subgoal. Also of interest in this problem were the representations that subjects used.

Nearly every subject had some sort of diagram. There was a feature of these diagrams that

predicted perfectly whether or not the subject solved the problem by insi ght. Exactl y t hose

subjects that solved by complete insight had diagrams in which the distance 100 miles ~ as

indicated with identical start ing and ending points as two segments of 50 miles each. In most

cases , t his was indicated on a single line. In some cases however , t here were two lines , but

wit h coordinated and defined end points to the lines. Apart from that crucial dif~e rcnce , sonic

of the diagrams of those subjects who failed to solve insi ghtfu lly were quite similar to those ol

t he subjects who solved insi ghtfully. See Figures 1 and 2.

These results seem quite similar to those reported by Pa ige and Simon (1966 )  who studied

sub jects so lving algebra word pro blems. They found suggestive evidence that ‘good’ prob lem

so lvers tended to use integrated diagrams.

Conclusion s . The results of Experiment I did not indicate that the particular s t r ac tu re d  aid

stud ied improve d problem solving performance. The aid proved quite valuable ho~~e ser , ‘i

the insight it gave into the difficulties that subjects had with the problems It is also clear th,i t

a fair proportion of subjects who attempt to solve such problems have a fundamental misun-

derstanding concerning the goals , the initial conditions , or t he properties of the ob ject s Ii

addition, t he results suggest that wo rkable structured aids might do wel l  to encourage su bject s

to adopt more abstract representations than they would spontaneously use.
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Ei 1~ ’r im enr II .- -  ( niroit ;ared ‘1 J

Perhaps the unIv rea l function of prohle’m solving aids is t i  add s .j r ia hi l it y  to the t hought

productio ns i j  the’ so lvers whi le keep ing t hem focussed on the problem I nstructured aids do

thi in fair ly straig htforward fashion. Structured aids may f unci ion in ess ent ial l y the same

manner. The suc ’gestcd heuristic may simply redefine the problem h~ t he introduction of

anot her set of constraints and thereby temporarily increa se idea production If this exp lana-

tion :s correct , t hen a random sequence of words should he as e f fec t i s e  an aid to problem

~iilvine as .inything else The aid used in the second experiment ~i,is constructed in accordance

with this hypot hesis and consisted of a booklet filled with wo rds The words presented were

actual ly not c hosen randoml y hut were sampled front a wide number of separ ate domains of

human knowledge. ~tost of the words were also chosen to he sal ient. The particular words

were chosen inde pendent l~ of the prob lems used in Experiment II.

hod

Suhj ec~~. There were s ix teen subjects in each of two groups. Each subject was an

undergra duate at The Kinc s College and was paid for his or her participation.

Procedure. Subjects in the Experimental and Control condition were each given t he same

sequence of four problems. Two of the problems were of a type that is general ly called

‘insight ’ problems. One of the problems was a structural design problem and one was a

procedural desi gn problem. The problems are shown in Appendix C. Subjects in the Control

group were given fifteen minutes to work on each problem. Subjects in the Experimental

Group were given five minutes to work on each problem initially; then they were interrupted

and as ked to look at the problem formulation aid (the first two pages of which are shown in

Appendix D). After looking at the aid for five minutes they were ,iske &l Li) continue working

in the prob lem for five additional minutes
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Results

Problem Difficulty. The first two problems proved too difficult for the subjects to solve

in the time allowed. No subjects solved the first problem (ten stacks of ten coins each) and

only one su bject (who was in the Experimental Group) solved the second problem (de-

cornered checkerboard covering).

Design a chair. Results for the problem in which subjects were asked to design a chair

were ana lysed in several ways. Figures 3-5 show example responses judged as highly creative ,

medium creative and low creative respectively. A psychologist other than the authors was

asked to rank the 32 answers for overall creativity. (This was done without knowledee of

which group the subject was in, of course). The ranks were assi gned with I as the best overall

chair and 32 the worst. The average rank for the Experimental Group was  14 9 and for the

Control Group I ~~. I. This results favors the Experimental Group but is not stat ist ical ly

significa~it (Rank Sum Test z = 1 , p = . 16.)

The third author (who was unaware of the grouping of the subjects) rated the solutions

on a sca le one through five for each of three dimensions I) feasibility, 2 ) novelty 3) complex-

ity. Again , a low number indicates a solution judged to he better For feasibi l i ty,  the

Experimental Group mean was 2 . 5  as opposed to 2.9 for the Control Group. W ith respect to

nove lty, the Experimental group was rated 2.6 and the Control Group 3.4. The Experimental

Group was also rated higher on complexity (2.8 , as opposed to 3.8 for the Control.) The

overa ll difference in ratings was 8.06 for the Experimental Group and 10.19 for the Control.

This result was significant (t (30)=3.16 , p < .01, two-ta iled). The Experimental Group for

t his problem also wrote on the average , near ly twice as many words as the Control Group

(62.8 and 32.6 words , respect ively) .

An additional analysis was carried out on the basis of the s,irious at t r ibutes of chairs. ..~~

prototyp ical chair was defined as one with four legs. a rectangu lar hack , a recta tiet i la r scat,
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wit h the various elements in the usual para llel or perpendicular arrangements. The ideas of the

subjects were characterized as to their originality along the following dimensi i ins - — —  shape ,

place , co lor , legs , hac k, arms , cover ing, mater ials. These are dimensions of a prototyp ica l

c hair. .\ subject ’s treatment of eac h of these chair e lements was~ ~l~issc d as ord itiary . dif ferent ,

unspec ified, or ment ioned as an option. Also , t he ideas were scrut iniied for the number of

additional dimensions. The relevant comparisons are shown in Table 4

Pipe and p in i ~’-pon ,g ball problem. The soltitions to the problem of how to get a ping-

pong ball out of a pipe also seemed to favor the Experimental Group. Proposed solutions were

c lassified ~ it hout knowledge of which group the suh!ect was in. The nu~mher of tota l sugges-

tions for the Experimental Group was 53;  44 for the Control. Some suggestions were not

cons idered to be goal-directed (e.g.. conso le yourself by eating the whea t ies ) .  There were four

suc h suggestions in the Control Group and one in the Experimental Group. This lef t  52

goa l-directed solutions for the Experimental Group and 40 for the Control Group. One way

to c lassif y t he suggestions is in te rms  of their originality. There were 4 unique solutions

suggested by t he Experimental Group and 3 by the Contro l. For sui~gest iiins appearing three

or fewer times among the 32 subjects , t here were 26 such suggestions from the Experimental

Group and 13 from the Control. Thus , it appeared that the Experimental Group had more

near ly unique suggestions.

Anot her way to classif y suggestions is in terms of their jud ged s~urkahility. The F. .xperi-

menta l Group gave 29 suggestions that were considered workable as opposed to II for the

Control Group. In contrast , the Control Group gave 2~ suggest ions consid e red non-workable

(one was indeterminate). The Experimental Group only gave 21 non-workable suggestions.

Appendix F gives the solutions for this problem for Experiments I and II combined for future

reference of re lative frequency of suggestions.

Patterns of suggestw ns . The responses to the pipe and ping pong ball problem were

combined for Experiments I and II. ibis allowed a more reliable anal ysis it the coniinon.ility
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of patterns of responses across subjects. In order to anal yse patterns in t he responses . the

suggest ions were classified according to the type of main action specified (e.g., loop, use air

pressure , float , etc.). Each main action was abbreviated by a sing le letter. Fac h subject ’s

suggest ions were thus summarized as a string of letters. Now , questions cou ld he addressed

concern ing the regularity of these letter strings. At the first level of analysis , we can s imply

as k whether certain letters (actions) were more common than others. They were. For

example , peop le were much more likel y to suggest looping the ball out than floating the ball

out. A second quest ion is whether there are consistent combinations of actions. For exam ple ,

t he data were examined to determine whether the suggestions could he str ict ly ordered. If this

were the case , t hen the suggestions could be arranged in a sequence (si , s2 , . si...sn ) such

t hat any subject who made suggestion si would necessarily have made suggestions s I through

si- I An examination of these production sequences , however , revea led that the sugg est ions

cou ld not be arranged to form such an order. The data were also examined to determine

w hether there were consistent sequences of suc’gestions . A transition matrix was constructed

wit h the rows corresponding to the suggested action at position n. and t he columns corre-

sponding to the suggested action at position n + I.

This matrix was collapsed into smaller matrices in which the ideas of looping, we dg ing, and

twee zing were put into one category (obvious suggestions) while the ideas of using f loatation ,

vibration , a ir pressur e, etc. were put into a second category (unusual suggestions) . Unusual

(as opposed to obvious) suggestions as production n were (relatively) more likely to he

fo llowed by unusual suggestions as the n + I production (
~~

) ( l )  = 8 18 , p < .0 1) . Unusual

responses were also ( relatively) more likely to terminate a production sequence than were

obvious suggestions (~
2 )( l . 17.96 , p < .001) . It is as though subjects were not willing to

quit until they thoug ht of at least one idea that they considered creative. Since there are a

num ber of different creative possibilities for the problem , per haps this tendency of subjects t o

be satisfied with one unusual solution ma~ have limited their creative output.
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Wor ld knowledge. A creat ive idea is generally considered to he one that is both relat ively

orig inal and workable. Subjects in this problem ofte n failed on the second of these c r i te r ia  If

ta ken seriously, 1 3/ 5 2  subjects gave one or more suggestions that indicated serious dif f ic ult ies

in imaging the spatial constraints of the problem. For examp le , i)ne subject suggeste d putting

t he claw of the hammer beneath the pine pone hall ( re rnemher , t he pipe is .06 inches wider

t han the ball) and lifting the hall out on the hammer claw Ten of the 52 subject s also showed

a misperception of a ir pressure and se s en sh~ s~e~l mi s;iidgcment of the rtgid it ~’ of various

mater ials. (To some extent  suc h jud gements ire ,uhiect i ve  s ince  t he actu a l  instantiat i uns of the

mater ials were not used) . Such results caution researchers in co e n i t i s e  psychology and

artif icial intelligence from us er - romant ic i z i ng  human abi l i ty to use wor ld knowledge to solve

prob lems.

Genera l Discu ss ion

Structured and Unstructured Aids

The experiments described above are obviously preliminary Several interest ine results

were obtained , however. First , t he particular structured aid chosen did not seem to improve

performance , though it seemed likel y, a prior i, t hat forcing subjects to attend to the objects ,

attr ibutes , act ions , initial state and final state might well do so. An unstructured aid did seem

to a id problem solving on two creati ve desi gn prob lems. Naturally, it is ti)O early to generalize

about structure d versus unstructured aids. Perhaps , w hich type of aid is best depends upon the

particular problem or upon the cognitive style of the problem solver. For examp le , some

peop le may tend to focus too earl y for opt imal solution to a particular problem. In that ease i t

is probabl y advantageous to give them an aid that will broaden their thinking. Conversely ,

some peop le working on more defined prob lems (e g . t heorem-proving ) may spend too much

time t hinking about irrelevancies. In that case , a directive suggestion like ‘sst i rk backwards ’

may he helpful. It is interesting to note though th a t there is still no hard evidence that the
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following hypothesis is not true: To the extent that proposed heuristics and prob lem solving

aids work in genera l, t hey work only because , t hrough their introduced novelty, t hey keep the

prob lem solver focussed on the problem longer while activating a greater amount of potent iall y

re levant knowledge. Of course , t here are particular cases in which a given heuristic is

obviousl y of value. In books wri t ten on the subject (e.g., Pol ya , 1957 , Wic ke lgren , 1974) the

author knows full well what the solution to the problem is before offering the heuristic , and for

t hat particular problem , t he heuristic is useful. The unresolved quest ion is whether , if one

integrates time gained on some problems of a class and time lost on others of the same class ,

t here is a net savings.

Wh ile the structured problem solving aid did not facil i tate performance , it did furnish

interesting data concerning the manner in which certain problems were viewed by the sub jects .

Peop le tended to represent problems very concretel y. In many cases , it was clear that people

did not have an accurate representation of the problem before they began to solve it. If this

could be determined from formal characteristics of the person ’s representat ion, t hen a potential

for a very use ful structured aid exists.
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A p p e n dix A

PROBLEM QCL.S F I O N N A I R E  INSTRUCTIONS

W e are going to ask you to f ill out a questionnaire before you start  solving each

problem. We be lieve this questionnaire may help you to solve t he problems. Please think

about t he problem and questions and give your best answer. We will explain these quest ions

now , using a samp le problem.

Suppose someone has just to ld you about the t ic- tac-toe game We ’ll use this game --

or problem . given that you want to w in! -- as an examp le to show you what we mean by eac h

of the questions in the questionnaire.

The first question is: LIST ALL OF THE OBJECTS THAT ARE INVOLVED IN

THIS PROBLEM. Well , for t ic-tac-toe , t here is a board, f irst of all-- that is , t hree rows of

t hree squares each , forming a 3 by 3 square. Then there are two kinds of markers , c ircles and

x ’s. These are the objects in the problem. There are also two players who move these objects.

The second ques t ion is: WHAT CAN YOU DO TO THESE OBJECTS OR WHAT

CAN THESE OBJECTS DO TO EACH OTHER? (LIKE MOVE , TRANSFOR M SUBSTI-

TUTE . OR l l.IMINATE THEM). Wel l, in t ic-tac-toe , you put bot h kinds of markers onto

t he board -- usuall y by using a pencil to mark them in. At the end of the game you might

draw a line through some of the markers (if there are three in a row).

The third question is: WRITE DOWN FOR EACH PROBLEM .\ PRECISE STATE-

M ENT OF WHAT THE GOAL OF THE PROBLEM IS. The goal is to put the markers on

t he board in such a way that three markers of the same kind are all in a line , w here a line can

he a diagonal  as well as a row or column.

The fourth question , or request , is: W R I TE DOWN A PRI LI.SE ST,\ IFMENT OF

HOW THINGS ARE WHEN Till PROBLF M BEGINS.  Well , i n the be g inning,  there is just

t he empty hoard with no markers on it There are two  p la ye rs , and each playe r has chosen a
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mar ker. Presumably each player has enough markers for the game. or else can write as many

as are needed!

The last q uestio n , request , i s: WRITE DOWN FOR E V E R Y  OBJECT A CHARAC-

TERISTIC OF THAT OBJECT (EITHER BY ITSEL.F OR IN A R E L A T I O N  TO OTHER

OBJECTS) TII,.~T YOU THINK MIGHT BE IMPORTANT IN SOI.VIN(, lii : PRO RI I M

There are two headings OBJECT and CHARACTERISTICS and we might fill in as follows for

the tic-tac-toe problem:

OBJECT CHARACTERISTICS

Board Square , t hree by t hree squares

Marker I Distinctly di f fe ren t  from other kind of marker

Person wants to win

That ’s all there is to it. W hen you answer these questionnaires please he as precise

and exact as you can. Put down enough information so that we know what you are talking

abo ut -- use abbreviations , etc., if that will help. You will have no more than five minutes to

f i l l  out this questionnaire for eac h proble m , so finish the quest ionnaire  before you start reall y

thinking about the problem. If you finish the questionnaire before the five minutes are up. yoi’

may start thi nking  about the problem.
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Appendix B

Problems for Experiment I.

I. Assume that a steel pipe is imbedded in the concrete floor of a bare room as shown below.

The inside diameter is 0(~ inc hes larger than the diameter of the ping pong hall ( 1.50 inches)

w hich is resting gentl y at t he bottom of the pipe. You are one of a group of six peop le in t he

room , a long wi th  the following objects:

100 feet of c’othes line

A carpenter ’s hammer

A chisel

A box of w heaties

A f ile

A w ire coat hanger

A mon key wrench

A light bulb

[.i~~t as many w ay s as you can think of( in five minutes) to get the ball out of the pipe w ithout

damaging the hall . tube , or t he floor. (A diagram was included).

2 In this problem there are two kinds of creatures --hobbits and orcs. The hohhits are furry

l i t t le good guys and the ores are mean had guys . On one side ~f a river there are three hobbits

and t hree ores They have a boat on their side that is capable of carry ing one or two creatu res

at a time . Your goal is to figure out a series of moves or transfers back and forth across the

nse r so that all the hohhits and all the ores end up safe and sound on the far side of the river.

A t  no point can t he orcs on either side outnumber the hobbits (even briefly) . Why ’ Because

then the ores would gang up on the hobbits and eat them. (E qual numbers of hohhits and orcs

are OK.) I here is no way to cross the piranha filled river except by using t he boat. It is OK

to hav e e %e n numbers of hobbits and ores , or to have the hohhits outnumber the ores. But
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you must never let there be more orcs than hobbits on either side of the river at any time

You must show your step by step sequence of moves hack and forth across the r is er so that we

can read it.

3. In the addition shown below each digit was substituted by a code letter. You are supposed

to f igure out which letter stands for which digit. If a digit is substituted for a letter one pIa~e

it must be substitut ed everyplace . No digit can be substituted for more than one letter. If you

ma ke the correct substitutions , t he resulting addition(in numbers) will be correct.

SEND

+ MORE

MONEY

4 . There are four cards in f ront  of you. You can see one side of each card which shows:

A D ! ‘4 ! -

You know that each of these cards has a letter on on e of its two sides and a number on i t s

other side. Now , co nsider the following rule concerning these four cards:

If a card has a sowe l on one side , t hen it has a even n umb er  on the other side.

Your job is as follows: w rite down the cards you would have to turn over to figure out

w hether t h a t  rule is TR UE for these four cards. Write down as m an s  cards as ~ou need to test

the rule , hut don ’t write down any unnecessary cards.
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S Two bicyclist start 100 miles apart. At a certain time , they begin riding toward each other

in a straig ht line over flat country. When they star t , a bee leaves the handlebars of one

bicycle and flies toward the other hike. When it reaches the second hike , it turns around and

flies back to the first hike. When it reaches the first hike , it instantly turns around and f lies

hac k to the second and so on until the two hikes reach each other in the middle. The bee flies

a hundred miles an hour. The hikers each go only f i f ty miles per hour. Ouest ion: what is the

tota l distance that the bee has flown when the two hikers meet in the middle ’?

This is your final problem. It is a fairly difficult one , and requires some time and

pat ience to solve. Please take as much time as you need (up to 45 minutes) .

There are 10 three-b y- five cards arranged in a line on a table in front of you. There is

a sin t~(e letter of the alphabet on the face of each card. Nothing is on the other side o1 the

cards and no two cards have t he same letter. As you look at them on the table , the cards are

arranged in t he following haphazard order: ‘J B Z W \t A P R D T’ . Your task is to wr i te

down an exact procedure for arrangin e t hese cards in order form le f t  to right so t hat they are

in al pha betical order. You must he as speci f ic  as possible in the commands which you use in

t his procedure. A command suc h as ‘Find the card with an ‘N’ on it. ’ is not s u f f i c i e n t :  you

must te ll specifically how such things are to he done. Your procedure must also be complete ,

so t hat a stranger could follow it without knowing what the procedure does and st i l l  end up

w ith the cards arranged correctl y. Your procedure must be built up from simple actions like

looking at what is on a card , compar ing that to what is on another card , or moving a card (one

at a t ime ) to some ot her position on the table. Your procedure must work not only for this

examp le , but for any other arrangement of the cards as well.
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Appendix C

Problems Given to Subjects in Experiment II

1. Imagine that you have ten stacks of ten coins each. One of these ten stacks is composed

e nt i r c iv  of counter feit coins. Each of the true coins (si lver dollars ) weig hs 100 grams. Each

counter fe i t  coins wei ghs 101 grams. You also have available a pointer scale capable ol

wei ghin g to the nearest gram any wei ght from I gram to 10000 grams. This is not a balance

sca le but more like the fruit scales in groceries. W hat procedure will de termine  the counterfeit

s tack in the fewest n u m b e r  of wei ghings. (Every time one or more coins is added to or

sub tracted from the pile on the tray, that counts as anot her weighing).

2. You are given a checkerboard and 32 dominoes. Each domino covers exact ly  two adjacent

squares on t he board. Thus , t he 32 dominoes can completel y cover t he 64 squares of the

checkerboard. Now suppose that two squares are cut off at diagonally opposite corners of the

board. Is it possi ble to place 31 dominoes on the board so that all of the 62 remaining squares

are covered? If so . s how how it can be done. If not , prove it impossible.

( included diagram)

3. Suppose you were asked to produce a better design for an all-purpose chair than any now in

e xistence. Show below the ‘best ’ a lternative design you can think of. Take into account

consideration of safety,  comfort , beauty, and economy.

4 (See Appendix B, pro blem I)
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Append ix D

First Two Pages of The Unstructured Problem Solving Aid

mirrors

balance beam

fres h apples

play in

s u n r ise

sunset

computer

torto ise and the hare

m iser Scrooge

panca kes &

map le syrup

Pagoda slip and slide on the sli ppery slush

cranberry juice bitter-sweet

w ife freedom

breaking the tape at the

end of a four-m inute mile

be creative

gaze lle gazette gaze gauze

prejudiced!

Achilles heel Samson ’s hair

The Fall of Rome

porpoises psyc hedelic

anc ient

wonders Niagra Falls bodily
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W heaties Cheerios

May po

burn ing flame red

sa lty pretzels

woo f , woof , woo f

Shrimp tempura ser~ ed in a Shinto Shrine

massive

caravans

Love

Hate Sadism

Tornado Moonlight

Silk Screen
S

A lice in Wonderland calculus

Emporer ’s New Clothes A Stitch in Timt Saves Nine

Peru Newton Aristotle Ceasar

W hiskey

W ine Women and Song

Victory

giraffe Filing cabinets Electric Outlets

When Knighthood was In Flower

just ice

jokes

mot herhood

smell of cloves

diving from the high d ive---sp lash
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Through the looking glass

David and Goliath Cellophane wrappers

Pumpkins Strike Three! You struck him out!

bumblebees buzzing busy humbling bombs away

rubber bands

v ibrating

vibrating

vibrat ing

v ibrat ing

reservat ions will he taken at

The Dean of Students

Beethoven ’s Third Symphony

glowing orange

scent of jasmin e

milkweed seeds floating

pengu ins

bonsa i

Westmin ister Abbey

TOUCHDOWN!

w i n t e r  winds

handsprings

don’t be

pre judiced

fox and the grapes

nose drops

stap les
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Appendix F

S o u tion Fr oq~~.’n c ie s  for the Pipe ar.d Ping Pong Kall ~ r r ~ . ” rn.

y u i i  Cut  

:. .,.  ou~ 18

presa ~~ 17 

F c.i~i ‘the ta1~ u’~ ‘2

Deu ’~:oy ‘ n o  boundaries 6

:u~ v~~Lr.3 t~~.~~n ‘4

~cme a~~~ck’~ suostance 2

Use ~‘ nc ’t ic  ~or:~ 2

!Jse ~ ~
. 

~~ 2

~~~~~~~ ( t . ’~~r .k , u r u ~~, esp, hang yourself) ...7
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Table I

Solution Data

Experiment I

Problem C O f l t t O i  Group Exper im er:ti i GrC. J P

P~~ e Problem A v e .  Tota l  Suqgest.~ o n s — — 3 . 5  Ave.  rotal 3u~~ esticu~s--3 .5

Ave . Workable Suggest. --1 .9 Ave. Workable Su~ qesc. --1.~’

Hobbits-urcs Proportion of solvers -- .2 Proportiun or 5o~ ’.’ers -—

‘rvpt-ar ith Proportion of solvers -- 0 Proportion of solvers -— U

Ave. correct equations-— 1 .5 Ave. correct equations--2 .4

‘~~r~ d~.c~’ict on Proportion of solvers . 4 Proportion of sol.’e r’~ - -  .3

Bicycle & Fly Proportion of solvers - — .8 Proportion of solvers --

A lqur~~ hm Spec Proportion of solvers - - 0 Proportion of soivers -- 0
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Table 2.

Proportions of Subjects Giving Various Answers to Card Deduction Problem

Answer E x p e r i me n t a l  Cont ro l  Total Wasori & Johnson-Laird

A and 4 .3 .4 .35 . 46

A a n d 7 .3  . 4 .35

A alone .1 .1 . 10 . 3 3

0.0  0.0 0 .0  .0 7

.3  . 1 .2

~~~~~~~~~~ 
j~
-,

~~~~~~~
------- . ,—- ....— .— 



Aids for Problem Solving Page 32

Table 3

Types or Attempted Solutions

Solution Type No. in Exper. Group No. in Controi Group

Complete Insight 1 6

nductive Insight 0

ProportLonality 1 1

Successive Approx . 2 0

*Equa~ ~ istance 0

•Success~~ve Approx . 2 0

* c  Answer 3 2
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Table 4

‘flesiun a better ‘hair ’ Sol utions

Frequency Data

Feature Control Group Experimental Group

~sua ’, Dimension ; Usual Value 36 15

U.;uaj Dimension; Unusual Value 39 61

Us~;a~ Dimension ; Unspecified Value 27 28

~2suj~ ID:mension; Optional Value ‘ 18 28

t r.usual Dimension 27 33

-j
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Figure 1. Figures of four subjects who solved the ‘bee and bicycles ’

problem b y i nsight. These figures were slightly enhanced by hand-tracing

to improve legibility.
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Figure 3. An example of a chair design judged highly creat ive.
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