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Visual representation in
analogical problem solving
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Analogical reasoning has been shown to be effective in the process of solving Dunker's radia­
tion problem. The spatial nature of the solution to this problem suggests that a visually represented
analogue should be particularly effective. However, recent work seems to indicate that a visual
analogue does not assist in solving the radiation problem. This paper reports a detailed experimen­
tal analysis of the effectiveness of visually represented analogues to the radiation problem. The
results show that visual analogues can be effective if they represent the appropriate features
of the problem-solution relationship. The paper also reports on the use of an appropriate visual
representation within the problem as a facilitator of analogical reasoning. The results indicate
that a visual representation within the problem can act as a facilitator of analogical reasoning,
possibly by acting as a retrieval cue.

Previous work on problem solving by analogy has in­

dicated that analogues may be presented effectively in

either a verbal form (Reed, Ernst, & Banjeri, 1947) or

a visual form, such as pictures or diagrams (Driestadt,

1969). Furthermore, it has been suggested that, whatever

the form of presentation, analogical reasoning often in­

volves visual mental representation, especially when ap­

plied to spatial problems, as in Driestadt (1969) (see Beck,

1978; Chafe, 1976; Kintsch, 1974; Kosslyn, 1975; Koss­

lyn & Pomerantz, 1977; Norman & Rumelhart, 1975;

Palmer, 1976; Shepard, 1975).

Of particular interest, therefore, is the work of Gick

and Holyoak (1980, 1983) on the use of visual represen­

tation, by diagrams, in problem solving. Gick and

Holyoak reported a series of experiments that failed to

show a significant effect of presenting visual cues in a
problem-solving context. Although Gick and Holyoak in­
vestigated a number of problems for solution by analogy,
the one on which their conclusions about visual represen­

tation were based was the radiation problem described by
Duncker (1945). Duncker's radiation problem as used by

Gick and Holyoak is stated as follows:

Suppose you are a doctor faced with a patient who has
a malignant tumorin his stomach. It is impossible to oper­
ate on the patient, but unless the tumor is destroyed the
patient will die. There is a kind of ray that can be used
to destroy the tumor. If the rays reach it all at once at a
sufficiently high intensity, thetumor willbedestroyed. Un­
fortunately, at this intensity the healthy tissuethatthe rays
passthrough ontheway to thetumor will alsobedestroyed.
At lower intensities the rays are harmless to healthy tis­
sue, but they will not affect the tumor either. What type
of procedure mightbe used to destroy the tumor with the
rays, and at the same time avoid destroying the healthy
tissue?
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One of the possible solutions identified by Dunker

(1945) is to reduce the intensity of the rays as they pass

through the healthy tissue. In this solution, the tumor is

destroyed by sending several weak x-rays from different

directions so that they converge, in effect producing in­

tense x-rays in the tumor. Gick and Holyoak (1980, 1983)

constructed a number of verbal propositional (story) ana­

logues to this dispersion solution for the radiation

problem. One of the stories used in their work was "Red

Adair. "

An oil well in Saudi Arabiaexploded and caught fire.
The result was a blazing inferno that consumed an enor­
mous quantity of oil each day. After initial efforts to ex­
tinguish it failed, famed firefighter Red Adair was called
in. Red knew thatthefirecould beputoutif a huge amount
of fire retardant foam couldbe dumped on the baseof the
well. There was enough foam available at the site to do
the job. However, there was no hoselarge enough to put
all the foam on the fire fast enough. The small hoses that
were available could not shoot the foam quickly enough
todo anygood. It looked liketherewould haveto becostly
delay before a serious attempt could be made.

However, RedAdairknew just whattodo. Hestationed
menin a circleall around thefire, withall of theavailable
small hoses. When everyone wasready all of thehoses were
opened up andfoam wasdirected at the firefromall direc­
tions. In this way a huge amount of foam quickly struck
thesource of the fire. Theblazewasextinguished, andthe
Saudis weresatisfied thatRedhadearnedhis threemillion
dollar fee.

In the initial experiments, Gick and Holyoak (1980)

presented the stories only in verbal propositional form.

After having read the story, the subjects immediatelywere

asked to attempt the radiation problem without a prior hint
to use the story. Then they were asked to propose a solu­

tion suggested by the story.
Although the stories were presented verbally in Gick

and Holyoak's (1980) experiments, many of the subjects

made comments that suggested that visuospatial images
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representing the essential aspects of the dispersion solu­

tion were useful in solving the radiation problem. This

led Gick and Holyoak (1983) to investigate whether a

visuospatial representation of the solution in the form of

a diagram could itself serve as an analogue for the

problem. They also looked at whether such a diagram

made a significant improvement to the utilizationof a story

analogue when story and diagram were simultaneously

presented. Figure 1 shows the diagram used.

When the diagram alone was presented, it was in­

troduced as a pattern-recognition memory task. Gick and

Holyoak (1983) found that after the diagram had been

presented alone, before the radiation problem, only 7%

of the subjects solved the problem; after a hint, 60%

solved the problem, but this was less effective than the

story analogue alone. Moreover, Gick and Holyoak found

that the diagram did not make a significant improvement

in the utilization of the story. In fact, in the prehint con­

dition, the story-plus-diagram group achieved 23 % suc­

cess, whereas the story-alone group achieved 40% suc­

cess. Gick and Holyoak's report therefore suggests that,

despite the visuospatial nature of this particular problem,

a visually presented representation of the solution, in the

form of a diagram, does not facilitate analogical problem

solving. This result conflicts directly with the work of

Driestadt (1969), which indicated that pictures or dia­

grams could serve as valid analogues even without hints.

Gick and Holyoak (1983) explained the relative ineffec­

tiveness of their diagrammatic representations by suggest­

ing that the diagram did not mean anything to the sub­

jects initially. They also suggested that, when presented

along with the story analogue, the diagram was interpreted

concrete!y as "roads" or "hoses": That is, the diagram

was not seen as representations of a general solution

schema that could be mapped onto the problem. The dia­

gram therefore failed to facilitate analogical transfer from

the story analogue to the x-ray problem.

However, a more fundamental and empirically testable
reason why Gick and Holyoak (1983) failed to obtain a

spontaneous effect from their visual cues could be that

the diagram they used was inadequate as a representation

of the problem-solution schema required to solve the x­

ray problem. The dispersion solution of the x-ray problem

has two essential features. One concerns a change of spa­

tial arrangement (instead of a single beam sent in one

~/~ ..
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Figure 1. Diagram representing the dispersion solution used by

Gick and Holyoak (1983).

Figure 2. Diagram representing the dispersion solution in our ex­

periments.

direction, use several from different directions), and the

other concerns a change of intensity that includes a sum­

mative effect (instead of one strong beam, use several

weak beams which summate at the point of convergence) .

The diagram Gick and Holyoak (1983) used (see

Figure 1) represented the dispersion solution by a series

of converging arrows to indicate different forces acting

at a point. This representation is consistent with the spa­

tial arrangement of the solution to the problem, but does

not unequivocally indicate intensity, since both the large

and the small arrows are equally dark in tone. Moreover,

the diagram does not indicateany summative effect, which

is a crucial aspect of the solution.

One of the objectives of our research, then, was to de­

termine whether or not visual analogues could be effec­

tive in solving the x-ray problem if they explicitly

represented intensity and summation at the point of con­

vergence. Figure 2 shows the visuospatial analogue of the

x-ray problem used here. Figure 2 uses differences in

shading to explicitly represent the difference in intensity

at the intersection of the radials. The summative effect

of the x-rays can be mapped directly onto this "hub" of

the diagram.

However, diagrams are not the only visual form that

can represent changes in intensityand spatial arrangement.

It would be inappropriate, therefore, to conclude from

failure of diagrammatic analogues that visual analogues

are ineffective in problem solving, especially because

utilizing information from diagrams requires an under­

standing of their conventions (e.g., shading indicates in­

tensity). Furthermore, diagrams differ in "eye-catching"

quality, memorizability, and complexity (Willows, Bor­

wick, & Hayvren, 1981), all of which may influence their

effectiveness as visual analogues.

The nondiagrammatic verbal analogue used here took

the form of a colored-strips display (see Figure 3) in

which transparent blue plastic strips, hinged together at

one end. were slowly fanned out to reveal the change from

dark to light shades of blue on the nonoverlapping parts

of the strip. This visually presented "real" event main­

tains the explicit representation of the summative effect

of intensity at the center of the display. This colored-strips

display was also thought to be attended to easily and as-
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-
Figure 3. The colored strips before (left) and after (right) being

fanned out.

similated through its eye-catching nature. Experiments 1

and 2 reported here investigated the effects of both types

of visual analogue, diagrams and colored strips.

The second objective of the research reported here was

to determine whether a visual representation can act as

an effective retrieval cue. Analogical reasoning in problem

solving depends in part on recall of the analogue from

memory (Gick & Holyoak, 1980). Gick and Holyoak sug­

gested that it may be possible to use a representation within

the problem as a retrieval cue for accessing its analogue.

Experiments 3 and 4 reported here presented a story ana­

logue with the diagrams in Figure 2 and investigated the

effect of presenting the problem either with or without

the diagram that represents the problem.

The subjects in Experiments 1 and 3 were children;

those in Experiments 2 and 4 were adults. Holyoak, Juno,

and Billman (1984) had identified analogical problem­

solving skills in children, and the present experiments ex­

tended this work to see whether children could also take

advantage of the more appropriate visual analogues

described earlier.

EXPERIMENT 1

To overcome the inadequacies of Gick and Holyoak's

(1983) visual analogue, Experiment 1 examined the ef­

fectiveness of a visual analogue that included the three

features of (1) intensity difference, (2) summation at the

focus, and (3) change in intensity. A control group of sub­

jects was compared with a group receiving the colored­

strips analogue and a group receiving the verbal Red Adair

analogue.

Method

Materials
X-ray problem. Duncker's x-ray problem was modified in two

ways to adapt it to the age range being studied. First, the descrip­

tion of the problem itself was simplified. Second, an introductory

paragraph was included to give the necessary information about the

properties of x-rays. As a result of this second modification, it could

safely be assumed that all the pupils able to read the problem would

also have the relevant information about x-rays. This modified ver­

sion of the x-ray problem is presented below.

X-Ray Problem
A beam of x-rays is a bit like a beam of light from a torch, but

x-rays can travel through the body. A large amount of x-rays will

destroy the body, but a small amount will not. A large amount of

x-rays can be sent through a part of the body by pointing a strong

x-ray lamp through it or by pointing a number of weak x-ray lamps

through it at the same time-just as a large amount of light can be

sent onto a part of a wall by pointing a strong torch onto it or by

pointing a number of weak torches onto it at the same time.

Doctor's Problem

A patient had got a 'bad growth' deep inside his body. The pa­

tient was very old and knew that he could not be cut open to have

the bad growth removed. He went along to his doctor to see what

could be done. The doctor knew what to do to get rid of the bad

growth. He could destory the bad growth by sending a large amount

of x-rays through it. A way in which he could do this would be

by pointing one strong beam of x-rays through the bad growth. Un­

fortunately the doctor could not use a strong beam of x-rays be­

cause it would destroy thegood part of the body as it passed through

on the way to the bad growth. The doctor knew that he could send

a weak beam of x-rays through the body and this would not de­

stroy the good part of the body, but it would not destroy the bad

growth either!

Question

How could the doctor send a large amount of x-rays through the

bad growth to destroy it without destroying the good part that sur­

rounds it? If you think of more than one way to do this, give more

than one answer.

Red Adair analogue. The Red Adair analogue used by Gick and

Holyoak (1980) and described above was modified for the age range

studied. It was also verbally matched to the modified x-ray problem

according to the procedure of Gick and Holyoak (1980). This modi­

fied version of the analogue is presented below.

An oil well in Saudi Arabia exploded and caught fire. The work­

men at the well could not manage to put the fire out and so they

called in Red Adair, the famous fire fighter. Red knew what to do

to get rid of the fire. He could put out the fire by quickly sending

a large amount of extinguisher foam onto it. A way in which he

could do this would be by using a wide hose to point one strong

jet of foam onto the fire. Unfortunately Red could not get a wide

enough hose-pipe to do this. All that Red could get was a number

of narrow hoses, but each one of these on its own could only send

out a weak jet of foam and this was not enough to put out the fire.

Suddenly Red had an idea. He got a number of workmen each to

take one narrow hose and then to stand in a circle round the fire.

The workmen got into position pointing their hoses toward the fire

at the center of the circle; then all the hoses were turned on at once.

Each narrow hose sent out a weak jet of foam, but at the center

of the circle where the jets came together there was enough foam

to put out the fire.

Recall questions for Red Adair analogue. The following three

recall questions about the Red Adair analogue were asked before

the Red Adair subjects attempted to solve the x-ray problem.

1. Could a wide hose-pipe send a large amount of foam quickly

onto the fire to put it out?

2. Could a narrow hose-pipe send a large amount of foam quickly

onto the fire to put it out?

3. Red Adair only had narrow hose-pipes. How did he arrange

these to get a large amount of foam quickly onto the fire?

Colored-strips analogue. In the colored-strips analogue, the in­

formation analogous to the x-ray problem solution is represented

in a visual, nonverbal form. For this analogue, six thin transparent

blue plastic strips 20 cm long x 3 cm wide were placed in a pile

on top of one another as shown in Figure 3. The strips were at­

tached near one end to the center of a white 50 x 50 em card. In

this position, the pile of blue strips appeared dark blue.

After the children had observed the colored strips in their initial

arrangement, the strips were moved into the position shown in
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EXPERIMENT 2

Table 1
Number and Percentage of Correct Solutions to the Problem

for Each Analogue Type in Experiments 1 and 2

Experiment 2 (Adults)

Control 24/40 '57
Red Adair 30/40 75

Gick and Holyoaks (1983)

Diagram 28/40 63

Summative Intensity 44/55 82

Col~red S~~ __ ~ _ _ _ _ _ 38/40 95

Assessment of X-Ray Problem Answers

The answers to the x-ray problem were judged simply as correct

or incorrect according to whether or not the answer contained, ex­

plicitly or implicitly, the following three features: (1) A number

of weak x-rays that were (2) applied from different directions and

that (3) came together in the bad growth. This is basically the same

evaluative procedure employed by Gick and Holyoak (1980). Judg­

ments were blind with respect to experimental condition, and in­

dependent reliability checks revealed no cases of disagreement.

o
14

32

Correct Solutions

Number Percentage

Experiment 1 (Children)

0129

70/71

38/118

Analogue Type

Control

Red Adair

Colored Strips

There is an important difference between Gick and

Holyoak's (1983) presentation of the problem and that in

Experiment I: An introductory paragraph was added to

ensure that the children knew enough relevant informa­

tion about x-rays, This paragraph, although on its own

not giving enough of a hint for the children to solve the

problem, could have been interacting with the analogues

to enhance their apparent positive effect. Therefore, Ex­

periment 2 was carried out with the unmodified problem

and with adult subjects to provide a more direct compar­

ison with Gick and Holyoak (1983). It also investigated

the conclusion of Holyoak et al. (1984) that analogical

reasoning is essentially the same process in adolescents

and adults. The x-ray problem used in this experiment

was that used by Gick and Holyoak (1983) and presented

earlier in the introduction. It did not include a diagram.

Results

Table 1 shows that none of the subjects in the control

group solved the x-ray problem, whereas 14% of the Red

Adair group and 32% of the colored-strips group were

successful. The difference between these last two condi­

tions was significant (x 2 = 7.8, p < .001, one-tailed).

The difference between the Red Adair group and the con­

trol group was also significant (X2 = 5.2, p < .01, one­

tailed). These results show a positive effect of a visual

analogue that is a more adequate representation of the

problem than was the analogue used by Gick and Holyoak

(1983). This calls into question their conclusion that visual

analogues do not facilitate problem solving.

Design and Procedure
Three hundred lO-ll-year-old pupils from 12 schools partici­

pated in Experiment I. The subjects were tested on the same day

to prevent contamination of the groups. The experiment was car­

ried out in each class by the usual class teacher according to a set

procedure. The two analogues were presented to the children im­

mediately before the morning playtime break. These analogues were

presented to the class as memory tasks; the children had to try to

remember certain features of the analogue (in particular those fea­

tures relevant to the x-ray problem). The Red Adair analogue was

presented in written form to each child individually. The colored­

strips display was presented to the class as a whole by demonstra­

tion. Teachers were instructed not to give any hints. After the stu­

dents had written their answers, the teacher collected the answers.

The children were allocated randomly by school to one of three

experimental groups. The control group received only the x-ray

problem, which they attempted to solve without receiving an ana­

logue beforehand. This group comprised 29 pupils from two schools.

The Red Adair story group first received the Red Adair story ana­

logue and then, after a break, attempted (1) to answer the analogue

recall questions and(2) to solve the x-ray problem. This group com­

prised 106 pupils from four schools. The colored-strips group first

received the colored-strips analogue presented to each school class

in a single demonstration, and then, after a break, attempted (I) to

answer the analogue recall questions, and (2) to solve the x-ray

problem. The group comprised 165 pupils from six schools.

For the children in the Red Adair and colored-strips groups, scores

on a nonverbal reasoning test consisting of 25 multiple-choice ques­

tions in each of four subtests (Cypher, Similarities, Analogies, and

Series) were obtained. An analysis of variance of the nonverbal

reasoning test for those subjects whose x-ray problem answers were

considered in the final assessment showed that the two analogue

groups were equivalent in terms of their overall scores and ana­

logues sections scores.

The analogue recall questions provided the children with a

reminder of the analogue and therefore served as an implicit hint.

They also indicated which pupils could actually remember the es­

sential features of the analogue. It was assumed that those children

who could not correctly answer all three recall questions could not

remember the essential features of the analogue and thus could not

use the analogue to solve the problem. The x-ray problem answers

of those children who did not correctly answer all three recall ques­

tions were not considered in the final assessment of the results. (In

fact, none of the children answered the x-ray problem correctly un­

less they had also answered the three recall questions correctly.)

Ignoring these answers ensured that all the analogue groups were

equivalent in that all the pupils within each of the groups had the

essential features of the analogue within memory and that differ­

ences between the final results of the groups therefore could not

be attributed to differential memory effects. This procedure also

meant that the evaluation of the relative effectiveness of the Red

Adair and colored-strips analogues would not reflect differences

in the ease of recall of the two types of analogue; rather, it would

reflect differences in the ease of recognition of the analogical rela­

tionship between the analogue and the problem.

Figure 3. In this arrangement, the colored strips appeared to be

strong (dark) blue where they overlapped in the center, whereas

they appeared to be weak (light) blue where they did not overlap.

Recallquestionsfor colored-strips analogue. The following recall

questions about the colored-strips analogue were asked before the

subjects attempted to solve the x-ray problem.

1. Did the thick pile of blue strips look a strong blue or a weak

blue?

2. Did a single thin blue strip look a strong blue or weak blue?

3. How were the blue strips arranged, so that part of them looked

weak blue and part of them strong blue?
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A further question was also addressed in this experi­

ment. It has already been noted that Gick and Holyoak's

(1983) diagram lacked explicit visual representation of the

summative intensity of the converging x-rays. It may be

that diagrams that do contain such a representation would

also facilitate solving the problem. Such diagrams were

produced (see Figure 2), and their effect is contrasted here

with the effect of the diagram used by Gick and Holyoak

(1983).

Method

A total of 215 university students participated in this experiment.

Those groups receiving analogues received them immediately be­

fore attempting to solve the x-ray problem. No recall questions were

asked before or after the students attempted the problem. No hint

to use the analogue in solving the problem was given. Each ana­

logue, except the colored-strips analogue, was presented on a printed

sheet to each student individually. The colored-strips display was

presented to groups of approximately 10 students at a time, by

demonstration. The answers to the problem were assessed in the

same way as in Experiment 1. All subjects received the unmodi­

fied x-ray problem, as used by Gick and Holyoak (1983). A con­

trol group of 40 subjects received only the problem. Prior to receiv­

ing the problem, the other groups were assigned randomly to the

following experimental conditions. Forty subjects received the

colored-strips analogue, 55 subjects received the diagrams represent­

ing summative intensity, 40 subjects received the Gick and Holyoak

(1983) diagram, and 40 subjects received the unmodified Red Adair

analogue, in Gick and Holyoak (1983).

Results

Table 1 shows the results of Experiment 2 and reveals

that the colored-strips analogue produced 95 %success on

the x-ray problem and that the Red Adair analogue yielded

only a 75% success rate, the difference being significant

at p < .001 (x2 = 6.38, one-tailed). The summative in­

tensity diagram was significantly less successful than were

the colored strips (82 % vs. 95 %, x2 = 4.54, P < .01)

and was more successful than Gick and Holyoak's (1983)

diagram (82% vs. 62%, x2 = 3.47, p < .01).
As do those of Experiment 1, these results indicate that

problem solving is facilitated by both the visual analogues

that represent the summative effect and different intensi­

ties. The negligible effect of the diagram used by Gick

and Holyoak (1983) was replicated. Moreover, the most

effective visual analogue was the nondiagrammatic

colored-strips analogue.

EXPERIMENT 3

Experiment 3 focused on the possible second function

of visual representations in analogical problem solving dis­

cussed earlier. This concerns the capacity of such

representations-for example, diagrams-to facilitate

recall of an information structure that will lead to the so­

lution of the problem. In Experiment 3, the x-ray problem

was presented together with a diagram that represented

the problem and that had previously been used in the Red

Adair analogue to present the presolution condition. The

diagram representing the problem was therefore common

to the analogue and the problem, whereas the diagram

representing the solution appeared only in the analogue.

It was hypothesized that presentation of the first of the

two diagrams representing the problem-solution relation­

ship would assist recall of the solution.

Method

A total of 174 10- and l l-year-old children from six different

schools were allocated to the following groups and experimental

conditions. Twenty-nine children from two schools formed a con­

trol group which received the modified x-ray problem accompa­

nied by the first part of Figure 2; 73 children from four schools

received the Red Adair analogue accompanied by both parts of

Figure 2 and then attempted to solve the modified x-ray problem

without any diagram as a recall cue; and 72 children were given

the Red Adair analogue accompanied by both parts of Figure 2 and

then the modified x-ray problem with the first part of Figure 2.

Both the second and third groups were given the analogue recall

questions as in Experiment 1.

Results

The results (see Table 2) show that none of the chil­

dren in the control group solved the x-ray problem. Of

the other two groups, 12%were successful without a dia­

gram in the problem, and 23 %were successful when the

diagram was present in the problem; this difference is sig­

nificant at the p < .05 level (X2 = 2.39, one-tailed).

These results suggest that presenting a problem and its

visual representation together facilitates recall of a solu­

tion. This occurs when a visual representation of the so­

lution has been presented previously in association with

the visual representation of the problem.

EXPERIMENT 4

As indicated in the introduction to Experiment 2, there

were important differences between the presentation of

the x-ray problem used by Gick and Holyoak (1983) and

that used for the children in Experiments 1 and 3. Ex­

periment 4 was essentially a replication of Experiment 3
but using the same version of both the x-ray problem and

the Red Adair analogue as in Gick and Holyoak's (1983)

study. As in Experiment 2, the purpose of Experiment 4
was to determine whether the positive results of Experi­

ment 3 could be attributed to an interaction between the

diagrams and the additional information given to the chil­

dren to explain the problem.

Method

Ninety-nine adult subjects, divided into two groups, participated.

The 40 subjects in the first group received the Red Adair analogue

with the accompanying diagrams as shown in Figure 2 and then

attempted the x-ray problem without any diagrammatic cue. The

51 subjects in the second group received the Red Adair analogue

and diagram but received the x-ray problem with the first part of

Figure 2 as a visual recall cue.

Results

As Table 2 shows, 82 % of the subjects solved the x­

ray problem after the analogue but without a cuing dia-
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Table 2

Number and Percentage of Correct Solutions to the Problem in Experiments 3 and 4

Correct Solutions

Experimental Condition

Control

Experiment 3 (Children) Experiment 4 (Adults)

Number Percentage Number Percentage

0/29 0 23/40 51

Red Adair +

Summative Intensity 8/64 12 33/40 82

Diagram (No diagram

in the problem)

As above (With 13/56 23 48/51 94

diagram in the problem)

gram when the problem was presented, whereas 94 %
solved it when the diagram was included. The difference

between these two groups is significant at the p < .02

level (;f = 3.08, one-tailed). These results support those

of Experiment 3.

As in Experiment 3, a visual recall cue was shown to

be effective. This is further evidence of the role of visual

representation in analogical problem solving.

DISCUSSION

The results of Experiments 1 and 2 indicate that Gick

and Holyoak's (1983) failure to find that visual analogues

were effective in problem solving was due to the nature

of their diagram. Analogical reasoning depends on recog­

nition of a structural correspondence between the analogue

and the problem (Arber, 1944; Sloman, 1976, 1978). Both

the diagrams in Figure 2 and the colored-strips display

contain information relating to the summation of inten­

sity at the focal area and thus correspond more precisely

to the structure of the convergent solution to the x-ray

problem. Furthermore, the analogical relationship in­

volves more than correspondence of individual elements

(Durrenberger & Morrison, 1977; Gentner & Gentner,

1983; Greeno, 1983; Rumelhart & Abrahamson, 1973).
In an analogue to the x-ray problem, the relationship
among the direction, intensity, and summation is also im­

portant.

The diagrams in Figure 2 and the colored-strips dis­

play are both isomorphic (Bochenski, 1962; Evans, 1968;

Gallagher, 1978) with respect to the x-ray problem solu­

tion in that this relationship is explicitly represented. The

diagram used by Gick and Holyoak (1983) did not ex­

plicitly represent summation of intensity, which would

lessen the degree of their diagram's correspondence to

the x-ray problem solution. This occurs in terms of the

level of elemental correspondence and in terms of the

overall meaning that can be attributed to those features

that Gick and Holyoak's (1983) diagram does represent,

that is, direction and number of radials. If intensitychange

is not represented, the purpose of changing the direction

and number of radials is also left to inference. The results

of Experiments 1 and 2 indicate that visual analogues that

overcome these difficulties can be effective.

Experiments 1 and 2 also show that the modified visual

analogues are more effective than the Red Adair story ana-

logue. One possible reason for this difference in effec­

tiveness is that the Red Adair story analogue contains more

details that are irrelevant to the x-ray problem. The opti­

mum level of representation of an analogue minimizes

mismatching details as well as maximizes the degree of

correspondence (Gick & Holyoak, 1983). In the Red

Adair analogue, the relevant features are embedded in ir­

relevant information that is a necessary part of the story.

In contrast, the visual analogues present the relevant in­

formation structure without any unnecessary semantic de­

tails that would then have to be seen as irrelevant to the

x-ray problem.

Gick and Holyoak's (1983) analysis of schema forma­

tion from story analogues suggested that presentation of

only one story analogue does not lead to identification of

a general problem solution schema: It is only when two

story analogues are presented that the irrelevant mismatch­

ing details tend to be ignored and a schema formed. The

relative success of the visual analogues may therefore be

due to the absence of irrelevant information that would

then have to be discarded before a problem-solution

schema could be formed. The present study presents no

direct evidence of schema formation, but the effect of our

visual analogues on schema formation could be examined,

as in Gick and Holyoak (1983).
Explanation of the overall superiority of the colored­

strips analogue must also be speculative. This analogue

was selected for two reasons. First, it does not require

an understanding of diagrammatic conventions such as ar­

rows and shading. Second, its eye-catching quality (Wil­

lows et al., 1981)should increase its imageabilityand con­

sequent recall. The effects of these different features

cannot be separated on the basis of the results of the

present experiments, but this will be done in future work

using computer-driven visual analogues. The possible im­

portance of imageability of the analogue in problem solv­

ing is supported by the work of Marschark and Hunt

(1985) and Nall (1983) in the related area of metaphor

comprehension (Gick & Holyoak, 1983). These studies

show that imageability is positively associated with com­

prehension and recall of metaphors. In a similar way, the

imageability of visual analogues may contribute to their

effectiveness.
Experiments 3 and 4 investigated the use of visual ana­

logue recall cues in the form of a diagram. The results

of Experiment 3 show that none of the children receiv-
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ing the problem with a diagram included but without a

prior analogue succeeded in solving the problem. They

therefore did no better than the group of children who

received the problem without a diagram and without a

prior analogue, as reported in Experiment 1. Therefore,

inclusion of the diagram within the problem does not in

itself seem to improve significantly the chances of find­

ing the dispersion solution. Of those children receiving

the Red Adair story plus the summative intensity diagram,

followed by the problem without a cuing diagram, 12%
succeeded in solving the problem, whereas 23%of those

receiving the Red Adair story plus summative intensity

diagrams, followed by the problem with a cuing diagram,

succeeded. Thus, inclusion of the cuing diagram signifi­

cantly improved rate of success (p < .05).

Repetition of this procedure with Gick and Holyoak's

(1983) problem and story version with university students

in Experiment 4, which included a cuing diagram, also

significantly improved success. It may therefore be con­

cluded that a visual representation of information

presented with both the problem and the analogue im­

proves the likelihood that the analogue will be used suc­

cessfully to solve the problem.

Comparison of the results for the Red Adair story versus

the Red Adair story plus summative intensity diagram,

for the children (14% vs. 12%) and for the students (75%

vs. 82%), under those conditions in which no diagram

was included in the problem, shows that the addition of

the diagram in the analogue did not significantly improve

success. This is the same result obtained by Gick and

Holyoak (1983) when they added their diagram to their

story. However, it must also be noted that comparison

of the results for the Red Adair story plus summative in­

tensity diagram (82%) versus the summative intensity di­
agram alone (82 %) shows no difference. It can therefore

be argued that, for this diagram, the story did not signifi­

cantly improve on the effect of the visual analogue.

What is the role of the visual diagram within the
problem? It does not improve success in solving the

problem without an analogue; hence, the diagram does

not in itself significantly add to the understanding of the
problem. Because it is known that all the children in Ex­

periment 3 whose problem answers were included had

remembered the relevant points from the analogue, it may

be assumed that the information was available in memory

when the problem was attempted. There are two possible

ways in which the diagram in the problem may be of as­

sistance. First, and perhaps most simply, it may act as

a visual recall cue, that is, a visual stimulus within the

problem that matches the initial state of the visual stimu­

lus within the analogue solution: To use Gick and
Holyoak's (1983) terminology, the problem diagram can

be mapped directly onto the causal antecedent of the

known outcome. The problem diagram can then serve to

aid recall of the second part of the diagram within the ana­

logue along with the rest of the semantic sequence that

constitutes a possible type of solution.

Alternatively, it may be that the diagram within the

problem assists in freeing the relevant information from

its original Red Adair context. Presenting a diagram in

the problem might trigger separation of the irrelevant mis­

matching details presented in the Red Adair analogue by

inducing more direct comparison of analogue and

problem. This explanation, however, is less likely, be­

cause, as shown in Experiment 2, the summative inten­

sity diagram on its own is an effective analogue. The sub­

jects of Experiments 3 and 4 should therefore have

developed enough understanding of the dispersion solu­

tion schema to allow the diagram in the problem to act

as a recall cue.
In summary, the experiments reported here have shown

that visual representation can playa part in solving spa­

tial problems, as suggested by Chafe (1976), Kintsch

(1974), Kosslyn and Pomerantz (1977), and Norman and

Rumelhart (1975). Evidence has been presented for two

functions of visual representations, those of visual ana­

logue and of visual recall cue; these results were found

both for adults and for children. Furthermore, the facilita­

tive effect of the colored-strips display suggests that a

quality such as "imageability" may also be important in

the effect of visual analogues.
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