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Predicting Individual Differences in Hypothesis Generation

Hypothesis generation is the cognitive process by which alternative expla-
nations or hypotheses are created to account for information or data and is a
skill that has received little attention. A physician, for example, should
generate plausible disease possibilities or diagnoses from the many diseases
that a patient with a particular sympton complex might have. An average
automnobile driver may also 3enerate a number of hypotheses which may explain
why his car salfunctions. Hypothesis jeneration can be an important cognitive
process whenever the decision maker is faced with uuncertain or equivocal data ¥
where nul\iple hypotheses are possible. In this situation it is desirable that | .
a decision nmaker be able to generate a hypothesis set which includes the true 4

hypothesis. .

There are at lease two important phases in the hypothesis generation process. 1

Hypotheses are rarely created "de novo", wrather they are usually retrieved frow
Menovy. Furthermore, hypotheses ave also assessed for plausibility after
retrieval, and imaplausible hypotheses are discarded. The decision maker then

uses the set of plausible hypotheses as an input to the actual decision

process.

A model of hypothesis 3eneration has been proposed that postulates a

multi-stage generation process that is controlled by an executive process
(Gettys and Fisher, in press). According to this model, the executive process

initiates a memory search to retrieve possible explanations Tor a set of data.
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Hypotheses nay be retrieved through direct associational linkages with the data
or nay be retrieved through indivect oy sediated linkages. Once o hypothesis
has been retrieved, it is checked for consistency with respect to any remaining
data. Hypotheses that survive this 1mitial logical consistency check way be

subjected to further processing.

? Uhen one or move hypotheses have been retrieved, the executive process mnay
| transfer control to a process called plausibility assessment. This process
consists of a more thorough examination of the hypothesis than is provided by
consistency checking. The plausibility of an individual hypothesis is assessed
to deteranine if it is a plausible explanation for the data. If a hypothesis is
found to be plausible, it is added to those hypotheses that the decision maker
is currently entertaining. This collection of hypotheses 1s called the
"current hypothesis set". The decision to continue the memory search process,
or terminate the search 1s based on an assessment of the current hypothesis
set. If the current hypothesis sel is helieved to be incomplete, the search

continues.

Gettys, Fisher and Mehle (1978), and Gettys and Fisher (in press) have shown
that although hypothesis geweration pevformance is generally poor, there were
large individual differences amony decision makers. Nany decision makers are
poor hypothesis gewnerators while others are fairly proficient, thevefore it

should be worthwhile to develop measures to predict the hypothesis generation

perforaance of an individual. Furthersore, an understanding of the cognitive
skills necessary for proficient hypothesis generation might allow remedial

training for those who are Jeficient in these skills,




Two experinents were conducted to pursue these jouls. The first experiment
exanined the utility of published tests of creativity 1n the application of
predicting hypothesis generation performance. A second experinent refined the
aost proaising of these measures, and examined several additional possible

predictors of hypothesis genevation.

For the first experinent, a survey was made of published creativily tests to
identify those that might be wused as predictors of hypothesis generation
performance. Certain types of crestive thouzht seem to share many common
characteristics with good hypothesis generation, Ue were interested in
exanining the type of creativity often attributed o scientists and other
problem solvers rather than artistic creativity., UWhile the lalter type of
creativity is often characterized by unigueness of thought and response, the
former requires that the thought also be productive or useful (Nednick, 1982).

Scientific creativity is similar to hypothesis generation in that both
processes use convergent and divergent thanking to attain a solution to a
problem. Scientists and other hypothesis gqenerators use clues provided by
available data to retrieve hypotheses from nemory using divergent thinking.

When hypotheses are retrieved from memory they are assessed for both

consistency and plausibility using convergent thinking, and hypotheses aust
neet both criteria to be acceptable. Artistic creativity, on the other hand,

operates in a less constraaned environsent--it involves divergent thought that

leads to many solutions or i1deas.

For these reasons we chose four tests of creativity which we believed captured

sone of the essence of unusual but productive thought. The Alternate Uses test
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(Christensen, Guilford, Nerrifield, and Uilson, 1940) was chosen as a predictor
because it required subjects to think of uses other than the ordinary one for a
conmon object, while allowing creative peaple to produce praductive, logical
uses rather than fantastic or unreasonable ones. The Remote Associations Test
(Nednick and MNednick, 1967) was also used because subjects who do well on this
test can recognize nonobvious remole semantic relationships. This is a quality
that should also be a componewt of 3o00d hypothesis generation. A subtest of
the AC Test of Creative Ability, similar to Alternate Uses, which we called
"Possible Reasons" (AC Spark Flug Division, General Motars Corp., 1953), uas
used because 1t was quite similar to & hypothesis gewneration task; subjects
were provided with a description of a corrvelational relationship between
objects or occurrences (for example, “corn and tomatoes grow better if they are
planted in the same field than if they are planted separately") and were
required to think of all possible veasans ta explain why this relationship

night exist.

Another test called "Cards" was developed to tap the subjects’ divergent
inductive reasoning capabilities @as divergent induction could also be &
conponent of hypothesis generation. In this task, subjects were asked to
dJiscover all possible rules that aight have beew used to jenerale & sequence of

four playing cards.

Tuwo types of tasks measuring hypothesis generation ability were used as
criterion variables. Both. tasks required subjects to generate =all possible
hypotheses that were consistent with the data provided by the experimenter., In
ane task, the Hypothesis Generatiow task, the datas were chavacteristics of

States of the Union, animals, occupations or academic majors. Subjects were

|




asked to generate as many possible instances for each category that weve
consistent with all of the data. In & second task, the Geagraphy task,
sub jects were provided with maps of four easting geoaraphical locations as
well as three pieces of additional information about each location and vere
asked to think of all possible identities for each location. The process of
using the available data to infer possible hypotheses aboutl the way the land
areas were utilized was believed to be a more realistic approxisation of the
hypothesis generation process used 1n everyday life. To some degqree the
Geography task siaulates the cogmitive processing used by intelligence analysts
or photo interpreters. Roth tasks require the subject to retrieve possible
hypotheses from sesory, and examine them to insure that they are consistent

with all of the data.

In addition, it seems veasonable that the amount of information available in
menory would influence the ability to qenerate hypotheses; consequently we
included 3 task to measure the amount of specific information possessed by a
subject about the particular Geography and Hypothesis Generation probleas. The
anount of inforaation known by subjects was roughly assessed by asking the
subjects to rate the plausibility of good, medium, and poor hypotheses for the
particular problems ewcountered earlier. They were also allowed the

opportunity to choose up to three hypotheses frosm the available }ist to add to
their original hypothesis set. We hypothesized that if subjects have
considerable information and are creative, they should do well on the criterion
tasks, If they have considerable information and moderate to low creative
abilities, they should do noderately well on the criterion tasks, but not as

well as those who have high creative abilities., However, c¢reative potential




should be of little use in the hypothesis generation tasks for subjects having

little information.

e

Hethod

Sub jects. The 99 subjects who participated in Experiment 1 were introductory
psychology students who received class credit for their participation. Data
from two additional subjects were discarded because one subject did not return
to the second session, while the other did not understand the instructions for

one of the tests.

Details of the tests in the test battery. There were four categories of
tests administered to the subjects. These categaries included 1) Criterion
measures of hypothesis gewneration performance, Zi Tests of creativity, 3) An
inductive reasoning task, and 4) Tests of information. These tests are

Jdescribed below.

1) The tuo criterion tests were the "Hypothesis Generation" test and the

"Geography" test, which were described earlier.

On the Hypothesis Generation test, subjects were asked to list as many
hypotheses as possible in vesponse to an item question such as "List as nany
States as you can that are noted for the following products or industries: A.
Beef, B. Fish, and C. Aerospace Industry." The hypothesis generation test

consisted of eight items. Two of the items contained hypotheses of states

noted for products and industries; two items contained hypotheses of aninals

-
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based on their physical characteristics, two of the items contained hypotheses
of skilled occupations based on tradesman’s tools, and two of the items
contained hypotheses of possible academic majors at the University of Oklahoma

based on classes that an QU student had taken.

The Geography test consisted of a map wnd three additional pieces of
infornation. The task of the subject was to generate possible hypotheses for
an unidentified area on the wmap that weve cownsistent with the map and the
additional information. An example Geography problem is shown in the method of

Experinent 2. The Geography test consisted of four problemss.

Roth of the criterion hypothesis generation tasks were scored similarly by
first collecting all hypotheses generated by the subjects. A team of two
experineters then vated each hypothesis for consistency. For the “Hypothesis
Generation" task, responses were rated either “consistent’ or “inconsistent”’
and the corresponding hypothesis was then given either 1 or 0 points, depending
or 1its assigned rating. For the "Geography" task, the responses were rated
using a three point scale. Hypotheses that were consistent with all of the
available data were given 2 points, hypotheses that weve consistent with all
but ane piece of data uweve given 1 point, and hypotheses that were inconsistent
with more than one piece of data were qiven revo points. Each hypothesis
generated by a subject was scored using one of the scales descrited above. The
subject then received one score for each of the two criterion tasks that
consisted of the sum of the points earned for each hypothesis generated on each

problen of the two tasks.

2) The creativity measures were the Alternate Uses Test, the Romote Associatons




test, and the “Possible Reasons" test.

On an Alternate Uses problem, subjects attempted to think of all practical uses
for a comnon household object (i.e. a safety pin) that were not the usual use
of that object (i.e. pinming together pieces of cloth). There were five
problens of this type on the Alternale Uses test. The uses qenerated by
subjects were independently scored by two experimenters who assigned one point
for each appropriate answer. An  inter-rater reliability coefficient was

obtained to check the consistency of evaluations of the scorers.

Each problem on the Remote Associations Test cownsisted of three adjectives
which were all remotely associated with @ single woun. For example, “blue",
"“rat", and “cottage" are all associated with the woun “cheese". Subjects were
vequired to write down a single response for each problem that was associated
with all of the adjectives. Fifteen of these problems were included on the
Renote Associations Test. A list of the correct vesponses was avallable for
the RAT. A subject’s score on this test consisted of the total number of

correct responses.

Each problem on the "Possible Reasons" test consisted of a statement proposed
as fact. An example problem follows: "Babies born in the months of October and
Naoveaber have better bones, on the average, than those born in the other ten
months of the year." Subjects were asked to write down as aamy explanations
for each statement as they could. Five such probless were included on this

test. Two experimenters independently scored each response. Two points were

given for a good response, that is, owe that was highly plausible. One point

was given for a fairly plausible response, and no points were given for
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conpletely implausible responses. A subject’s scove on this test consisted of

the sun of the points earned on all problens.

The creativity tests were adninistered in an abbreviated form in order to limit

the amount of time that subjects must spend in the experiment and insure a high

return rate.

3) The test of inductive veasoning utilized a sequence of four playing cards.

Subjects were to examine the sequence and write down all possible rules that
might account for that sequence. For Example, the sequence might be & 10, 4,
8, and & of clubs, in that order. Possible rules for this sequence might be
"“Each card is a club, each card is black, high-low-high-low, the sum of the
first two cards is equal to the sum of the last two cards”, etc. Three similar
problens were included on the "Cards” task. The validity of responses was
easily assessed, so only one experimenter scored responses for this task.

Subjects received one point for each valid response. A subject’s score on this

task was the sum of the points received for each problea.

4) There were tuo tests measuring the asount of infornation possessed by

subjects.

The first was the Hypothesis Generation Information test. For this test,
subjects saw the same eight problems they had previously seen on the criterion
Hypothesis Generation test. For this administration, however, nine possible
hypotheses followed the problem. Thiree of these hypotheses were qood, that is,
consistent with all of the data, three were medium, that is, consistent with
aall but one piece of data, and three were poor, that is, consistent with less

than two of the three pieces of data. The subjects had two tasks to perfora.
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The first was to rate the quality of the hypotheses using a five point scale.
If the subject gave a hypothesis 5 points, it was considered to be "good",
while a rating of 1 was considered to be "bad". The second task of the

subjects was to compare our proposed hypotheses to the list of hypotheses they

had generated earlier. If they wished to add any of our hypotheses to their
list, they could indicate their desive to do so by making a check mark in the

box located next to the particular hypothesis.

This test was scored by one experimenter who computed one score for each
subject. The Information score was computed by taking the difference betueen
the sun of the points assigned by the subject to the “3004" hypotheses and the
susm of the points assigned by the subject to the "bad" hypotheses. The best
score a subject could get using this method was 12 points; 15 points for
assigning a "5" to each of the "good" hypotheses minus 3 points for assigning a
"1* to each of the “"bad" hypotheses. The worst score was -12 points. A
subject’s score on this part would be the sum of the points for each of the

eight problens.

The Geography Information task closely resembled the Hypothesis Generation
Infornation task. In this task, subjects also rated the quality of nine
hypotheses provided by the experimenters, and indicated whether they would like
to add any of those hypotheses to the list of hypotheses they had jenerated
earlier. There were four of this type of problem, each one corresponding to a

particular Geography problén found in the criterion task.

S pcis it Ll il

The scoring methods used for this task were identical to those described for

the Hypothesis Generation Information task. In addition, another Lhree scores
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were conputed for each subject. These scoves were designed to aeasure whether
the subject realized that the "ground truth" hypotheses werve good. The map for
each Geography problea came from U.S. Census Tracts so that each probles had a
“right* answer. Subjects received one point for a "Generation" score if they

generated that right answer. They veceived one point for a “Recognition" scorve

it they did not generate the right answer but recoanized that 1t vas a jood
answer. They received one point for a “Neither" score if they neither

generated nor recoanized the right answer. For each problen, then, subjects

ey oy s

could veceive only one point to be assigned to either the Generation,
Recognition, or Neither categovy. Overall, the subject’s Generation,
Recognition, and Neither scores reflected the number of times they had done

r @ach of those activities over the entive set of Geography Inforaation problems.

Testiva FProcedure. Subjects were tested in groups of about 20 during two

{

!

\

one-hour sessions. The tasks were odministered in the following order: r
{

Session 1: Geography Probless (15 minutes), Alternate Uses Test (10 minutes),

Remote Associations Test (15 ainutes), Geographical Inforsation Test (10
minutes). Session 2: Hypothesis Genevation Task (17 minutes), “"Cards"
Inductive Reasoning Test (10 minutes), "“Possible Reasons” (10 winutes),

Hypothesis Generation Information Test (12 minutes).

Results and Discussion }
Couvelations betueen cveativity nmessuves wod bypothesis geveration ?
performance. A correlational analysis was pevforned to detevaine the i

relationship betuween tests of creativily and hypothesis qeneration performance.
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The matrix of correlations between the predictor and the criterion variables 1s

shoun in table 1. !

- - -

- - - -

Tuo of the tests of creativity were noticeably related to hypothesis generation it
performance. The Alternate Uses test correlated significantly with both §

hiypothesis generation tasks. The correlation between Alternate Uses and the

hypothesis generation task was .33 (p{ .001) and the correlation between

Alternate wuses and the Geoaraphy task was .27 (p<.008). The Possible Reasons

test correlated with the Geoaraphy task (r=.29, p{.004), but did not correlate

well with the hypothesis generation task.

A second analysis was performed to examine the predictive rvelationship between f
the creativity tests and an equally weighted composite of the Hypothesis il
Generation test and the Geojraphy test. Here also the Alternate Uses test was

the best predictor (r = .34, p < .0001) and the Possible Reasons test was |

noticeably inferior (v = .19, p > .05).

Eredictipy bhypothesis generation performance using multiple rejvession. A ,
multiple correlation was calculated to deternine the extent to which all of the 3
predictor variables could predict hypothesis qeneration performance as noasure&
by the composite score. The aultiple correlation was .477 which was

significantly different from 0, (F = 4.43, p < .001). We then compared this

model to a reduced model formed by eliminating predictor variables that were

Lo Dedniia el - LI Canll 4 re—




AU
Al 1.0
CARDS .30
FR .28
RAT .18
61 .10
H6I  -.05
GE .27
HE .33

INTERCORRELATION MATRIX FOR EXPERIMENT 1

CARDS
.30
1.0
.29
.19
A3
.09
.14

.02

PR
.28
.29
1.0
.25
14
.03
.29
.06

AU=ALTERNATE USES TEST

CARDS=CARD TASK

PR=POSSIBLE REASONS TEST

RAT=RENOTE ASSOCIATIONS TEST

TABLE 1

RAT GI
18 .10
A9 13
23 W14
1.0 .26
26 1.0
A2 16
21 .05
12 -.02

GI=GEOGRAPHICAL INFORMATION TEST

HGI
-.05
.09

.03

A8
1.0
.08

11

HEI=HYPOTHESIS GENERATION INFORMATION TEST

GE=GEOGRAPHY TEST

HG=HYPOTHESIS GENERATION TEST

GE
27

.“

21
05
.08
1.0

12

13

HG

.33

.06
12
~.02
-1
.12

1.0

~ e
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weakly related to the criterion score. We found that a reduced model containing
only the Alternate Uses lest was statislically indistinguishable from the full
model containing all the predictor variables. This result suggests only the
Alternate Uses test need be employed as a predictor of hypothesis qeneration,
and that this variable is by far the best predictor of hypothesis generation

performance of the six variables studied.

The conclusions that can be drawn from this series of analyses are simple, and
sonewhat nejative. First, only the Alternate Uses test, among the three
creativity tests, predicts hypothesis generation performance. Secondly, our
measure of the subjects” information was not a 3o00d predictor of hypothesis
generation performance. This result suggests that being able to categorize
hypotheses in terms of their consistency with the data is not related to
hypothesis generation performance as measured by our two criterion measuves.
This result 1s consistent with the explanation that the major difficulty that
subjects have in hypotheses generation is memory retrieval, and that the
ability to assess hypotheses is nol wearly as potent a predictor of hypothesis
generation perfornance as the ability to retrieve hypotheses from memory. This
effect also could be due to the low difficulty of the information task. The
task required that subjects respond to hypotheses that differed qrossly in
respect to their suitability; the subjects mnay have performed fairly

consistently on this task, and differences between subjects may have been due
to characteristics such as motivation and care 1n responding accurately to all

the questions.

Thirdly, the "Cards" test which was designed to measure divergent inductive

g
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reasoning capabilities dJdid wot correlate noticeably with either of the
criterion tasks. Here also 1ndividual differvences in retrieval from memory may

have been far nore important than i1nductive reasoning.

The largely nejative results of Experiment 1, where only the Alternate Uses
test seemed to be related to hypolhesis qenevation, may be due to a number of
factors. First, Experiment 1 was designed to survey a large nusber of
predictors, and we were wnot able to wuse a large wuaber of 1tems in each
predictor for reasons of time. Therefore, the carrelations which uwere obtained
nay have been reduced by the uwweliability of the limited measures we obtained.
Second, we noticed that the inter-item veliabilities in our critervion tasks
were low, suggesting that the items weve not necessarily aeasuring the same
abilities. Consequently, we decided to pick the most promising of the predictor
variables and study it in wmore detail while simultaneously improving the

reliability of the criterion measure.

Experiment 2

The Alternate Uses test was found to be the best predictor of hypothesis
generation performance in Experiment 1. There may be several component skills
which influence performance on this test that ave also important in hypothesis
qeneration. Thevefore, Expeviment 2 was conducted partially to identify the

relative imnportance of these compovents.

Consider the processes which might be used to jenerate alternate uses for a
safety pin. A safety pin is a physical object which can be characterized alony
a nunber of dimensiowns, such as it 15 spring steel, it is sharp, 1t conducts

electriciy, and 1t is firve resistent. The fact that it i1s sharp and can be




sterilized in a match flame suggests that 1t can be wused for minor surgery,

such as for renoving a splinter. It can serve as a makeshift fishhook because
it is spring steel, is sharp, and is hook-shaped. These dimensions wnay
therefore serve as implicit retrieval cues for a memory search, and the ability

to recall dimensions may be one component which is important for this task.

Retrieval of uses from memory is a second component that logically must be
involved in hypothesis geveration. FPrevious research (Gettys and Fisher, in
press; Gettys, Fisher and Mehle, 1978) has identified this ability as being
critically iaportant. In the Alternate Uses test, the subject must be able to
make a thorough search of memory in order to retrieve the alternate uses. This
search nmay or may not be based on the implicit retrieval cues that an analysis

of an object by its physical dimewsions provides.

Hypothesis generation may also iwvolve the same tuwo componeants 1) retrieval of
properties or characteristics of some object or entity, and 2) searching mewmory
for hypotheses. In the Geography task maps are provided which identify an area
that is survounded by an unknown area. In generating hypotheses for the
unknown area, the subject should exploit the implicit information created

by the identification of the survounding areas. For example, if the unknown
area 1s surrounded by an area identified as vesidential, then it is unlikely
that the unknown area will be used for activities that are considered noxious
in a suburban area such as a stockyards or a vacecar track. (An example

Geography problem is shown in detail in the method section.)

Retrieval from nemory is the second component, and in the Geoavaphy task, the
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subject retrieves hypothesized uses for the unknown oarea from either the

explicit information provided by the problem or the implicit information that

they infer from the explicit iwformation.

With these ideas in mind, two additional versions of the Alternate Uses Test
were designed which weve hoped to be rvelatively pure measures of either 1)
retrieval of the properties or characteristics of an object or 2) retrieval of
hypotheses from inplicit or explicit cues. The original Alternate Uses test
was assuned to involve both components to some degree. A second version of
Alternate Uses was developed which measured the ability of the subjects to
retrieve the implicit dJdimensions of an object. The third wversion of
Alternate Uses provided the dimensions of the object to the subject, thereby
making them explicit, and so measured the ability to retrieve additional
hypotheses from these dimensions. By examining the extent to which these three
versions of the Alternate Uses test predict hypothesis generation perfomance,
the relative importance of the two proposed components in hypothesis generation

can be assesséed.

A second reason for conducting Experisent 2 was to increase the reliability of
the predictor and criterion measures. The Alternate Uses test, which had been
adninistered in an abbreviated fors duving Experiment 1 was doubled in length.
Because the Alternate Uses test was found to predict performance as well as a
linear combination of all the predictovs from Experisent 1, for the second
experinent the remaining creativity tests were discarded firom the battery of

predictors. The Hypothesis Generation test was discarded from the set of

criterion variables because of low inter-item correlations; this test evadeatly




was not a pure aeasure of hypothesis qeneration. The remaaning criterion test,

the Geography task, was doubled in length, and ambiguities in sone items were

corrected.

A third rveason for conducting Experinent 2 was to examine several potential
predictors that were not included in Experiment 1 for reasons of time. These
predictors were incorporated into Experiment 2 so that their relationship to
hypothesis generation could be dJdetermined. These predictors consisted of
measures of achievesent and general ability and seasures of episodic memory.

It vas decided to include the Information scale of the WAIS &as a measure of
qeneral nmental ability and the Verbal, Quantitative, and Composite scores from
the ACT test as measures of achievement. It is possihble that these factors
alone could account for hypothesis generation performance. Although creativity
is supposed to be a process that is umelated to intelligence (Anastasi, 1948),
it has been found that correlations between Altevnate Uses and other measures
of general intelligence lie between .2 and .3 (Guilford, Christensen,

Merrifield, Wilson, 1978).

The decision to measure episodic memory was snade because of the possibility
that subjects’ perfornance on Alternate Uses was based solely on their
experiences, and that this experience was a limiting factor 1in nemory
retrieval. A search of episodic ov situational semory (Tulving, 1972), would
lead to the subjects retrieving object-uses that they have seen implemented 1in
@ particular situation. ‘On the other hand, a search of semantic memory, which
is not directly based on past expeviences with the object, should lead to the

subjects retlrieving object uses that are instead created from a composition of

ideas drawn from a nore general memovy store. A gquestion included on parts One
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and Three of the Alternate Uses lest asked the subjects to indicate whether

they had used or seen the object used in the way they had specified. Good
hypothesis generators should use both semantic and episadic retrieval.‘ Fov
this reason, we would expect that people who do well on the Geography
hypothesis generation task would show little dependence on episodic memory

relative ta thase who do poorly.

Finally, the orviginal test of information about the Geography problems was
discarded and another was created in which fifteen possible hypotheses were
presented for each of four of the Geoaraphy problems, and subjects were
vequired to judge whether those hypotheses were consistent with the wmap and

each written datum.

Method

Subrjects. The 101 subjects included 1in the experiment were introductory
psychology students who received class credit for participating in the

experinent. No data collected in this experiment were discarded.

.-

Details of the tests used in the test battlery. There were four categories
of tests administered to the subjects. These categories included 1) the
criterion measure of hypothesis jeneration performance 2) Three versions of the
Alternate Uses Test that measured rvelrieval of wuses from implicit

characteristics of the objects, retrieval of characteristics of the objects,

and retrieval of uses when characteristics of the aobjects are provided, 3)

achievement and general abilily tests, 4) a test of information about the




criterion measure.

1) The sole criterion measure was the Geography task. More discussion of this
{ Measure 1s now warranted. An example of the Geography probleas can be seen 1in
; figure 1. The naps used i1n these problems were copied from U.S. Census tracts.
i The additional written information that accompanied each map was created so
that it was oasbiguous enough to allow many hypotheses to be consistent. For
this example, the actual location in figure 1 is a county fairgrounds; however,
an anmusement park, indoor arena or fieldhouse, community college, civic center

or convention center, pavk, asphitheater or exposition center are exanples of

o

other consistent hypotheses. The expandad version of the Geography task

contained eight probleas.

- - " " - - - - -

- " o - - - . "

The Geography task was scored in the same manner as i1t was in  Experiment 1.

All responses for each problem were listed, then two experimenters rated each
response using a three point scale. A3ain 2 points were jiven for hypotheses
that were consisteat with all the data, 1 point was given for hypotheses that

were consistent with all bul awve piece of data, and zero points were gqiven for

hypotheses that were ipcounsistent with any more than one piece of data. A
subject’s score on the Geography task was the sum of the points received for

each hypothesis for all problemss.

e —————————— VT T

et e U e ot




P T g reeam 31 o

Residential
area
] a
pax Airport
Area
o |
Industrial Open ¥
area area k
t
g 1 mile 2 r
?
E ADDITIONAL INFORMATION ABOUT AREA X A
1. Area X serves a county-wide area. h
2. Seasonal events that attract a large number of people are scheduled in

area X. gA

3. A wide variety of activities take place in area X. {

Area X serves a definite purpose. Think of as many possible uses for

area X as you can that are consistent with all the information provided h
(including the map) and list those uses below. Z
‘.
t
I
Figure 1. Sample problem from the Geography hypothesis generation task ﬁ

used in Experiment 2.
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2) The three forms of the Alternate Uses test were the traditional Alternate
Uses test that wmeasured the ability to retrieve uses of comson household
objects from implicit data about those objects, another test that measured
vetrieval of characteristics of those objects, and a third that measured
retrieval of uses when the characteristics were jiven. All three tests used

the same ten common objects.

On the first Alternate Uses test (AU1) subjects qenerated as many uses as they
could for common objects that were not commonly associated with the object. To
measure the extent to which episodic memory 1is involved 1in retrieval, each
problen of this test contained a question that asked whether the subject had
used or seen the object used in the manner they had described. Subjects were
instructed to answer that guestion by marking one of two boxes labelled “Yes’

or ‘No’ followiny each response.

For Alternate Uses 2, subjects listed all the properties or characteristics
that they could for each of the same problems that appeared on the previous

test.

Sub jects were allowed to keep both of the previous forms of the Alternate Uses
Tests they had already completed when they took Alternate Uses 3. The
Alternate Uses 3 test was idemntical in form to Alternate Uses 1 except that a
list of properties and characteristics was provided for each problem. Subjects
were instructed to use the properties and characteristics listed on the test as
well as those they had generated for Alternate Uses 2 to help them think of

additional uses for the same objects they had seen on the previous two

problens. Again, the measure of episodic memovy was accomplished by asking the




subjects to mnark one of two boxes labelled “Yes’” or “No” in response to the

question “"Heve you ever used or seen the cbject wused this way?".

Tuwo experinenters independently rated responses for each of these tasks., For
the first task, a subject’s AUY score consisted of the sum of the appropriate
responses that were generated for all problens. The episodic memory score
CAUE1) was formed by computing the ratio of the number of uses on which the
subject said ‘Yes” in answer to the question desigquned to measure episodic

nenory vetrieval to the total wumber of appropriate uses for all problems.

The score for Alternate Uses 2 (AU2) consisted of the sum of the nusber of

appropriate characteristics gewnerated fTor each of the ten problems.

. The scoring used for Alternate Uses 3 (AU3) was sinilar to that used for AUT in
that it consisted of the sum of the number of appropriate uses gewerated for
@all problens. However in order for a response to be consideied appropriate on
AU3 it nmust not only be a legitimate use, but it must also be different from
all responses generated for the corresponding problem on AUL. An  episodic

wenory score identicsl to that used for AUl was also computed for AU3.

All subjects received fTive scores fTor this sevies of tests. These scores were
an Alternate Uses 1 score which measured the ability to retrieve uses using
inplicit characteristics of househtold objects, an Alternate Uses 1 Episodic

menory score which mneasured the extent to which episadic memory had a role in
this retrieval, an Alternate Uses 2 score which measured the ability to
retrieve characteristics of the objects, and an Alternate Uses 3 score which
measured the sbility to retrieve uses when the characteristics were explicit,

and @n Alternate Uses 3 Episodic wmemory score which seasured the use of
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episodic memory in the Alternate Uses 3 Llest.

3) The nmeaswres of achievement and general ability were the Information scale
of the VAIS and subjects” Verbal, Quantitative, and Composite scores on the ACI
test. The Information scale of the UAIS consists of a sevies of questions
measuring a subject’s gevneral knowledie about the world, for examsple “UWhy are
dark clothes warmer than 1light clothes? or “Houw far 1s 1t from Paris to New
York?. Tuenty five of the questions from the WAIS information scale were used.

A subject’s score on this test consisted of the total number of corrvect
answers given to all questions. The corrvect answers were obtained from the

WAIS manual (Wechsler, 1955).

The Verbal, Quantitative, and Composite scores fron the ACT test were chosen to
measure achievement, The University of Olklahoma requires students to take the
ACT test in order to be admitted to the Umversity. These scores are
considered to be predictors of qrade point averaze, a measure of achievement in
school. Subjects gave written permission during the experisent for
experinenters to gain access to their ACT scoves from school files. 4) The
Geogvaphy Information test was used to aeasure the amount of information
possessed by subjects. Problems on this test consisted of the same map and
additional information that weve found on the crviterion Geography task.
Fifteen possible hypotheses about each problen were presented to subjects. The
task of a subject was to indicate whether the hypothesis was consistent with
each 1ndividual datum (the wmap, additional anforaation 1, additional
information 2, and additional inforsation 3) by weiting a “Y7 or ‘N in @ space

next to the hypothesis that was under a column covvesponding to the particular

P e ——
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datun. Each subject thus made 40 yes or no responses vegarding their feeling
of consistency or inconsisteacy about the fifteew proposed hypotheses. Four of

this type of problen were used because the hypolheses proposed were some that

had been generated on the Geography task of Experiment 1, which contained only

f four problens. A subject’s score on this test consisted of the total number of

~pr T

correct judgments about consistency.

Testing procedure. Groups of 10 - 12 subjects were administeved the tasks

2
i

during a single two-hour session. The tasks were administered in the following

i

order: Alternate Uses Fart One (15 aminutes), Alternate Uses Part Tuo (10

minutes, Alternate Uses Part Three (15 minutes), Geography Test (30 minutes),

Geographical Inforsation Test (20 minutes).

Results and Discussion

Fredictors of hypothesis generation performamce. A correlational analysis

i
%

ezl

was performed between the predictor variables and the hypothesis generation

criterion to assess the extent to which each predictor variable was correlated

with the criterion variable. These resulls are shoun in takle 2.

- - - - - - - -

- - - -

By far the best predicter of hypothesis generation performance was the
Alternate Uses test (AU1) which had a correlation of .51 (p < .0001) with the

Geography test (GE). The increase in this covvelation (as compared to the




TABLE 2

INTERCORRELATION MATRIX FOR EXPERIMENT

w2V W20 =02 A

42 .13 .06 .18

34 11 18 08

1.0 .11 -.03 .08

o110 350 12 .89

=03 72 1.0 .01

.08 .59 .0t 1.0

'.09 ""2 .11 "02'

.19 =04 .02 -.03

21 .51 24 48
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value of .27 obtained in Experisent 1) may be attributed Lo the increase in
reliability of both Alternate Uses and the OGeoaraphy test. This result
indicoates that hypothesis generation performance can be predicted from the
Alternate Uses test, which is a simple "paper and pencil” test that can be
adninistered in 15 awinutes. With further development this correlation could

undoubtedly be increased.

Next to be addressed was whether the Allernate Uses tesl predicts hypothesis
qeneration performance over and above other potential predictors. The UAIS
Infornation scale correlated .24 (p < .014) with GE. This scale was chosen
because it is a good predictor of general mental ability, and tests of general
mental ability typically corvelate 1n the .2 to .3 range with tests of
_creativity. A partial corvelation was calculated between Alternate Uses 1 and
the OGeography test holding the WAIS Information score constant. This partial
correlation is a measuwve of the relationship betueen Alternate Uses and
hypothesis generation that 1is nol accounted for by intelligence or general
ability. The partial covrelaton was .284. An approximate test of signmificance
was perforned on that partial correlation, and was found to be sianificantly
different from 0. This result sujjests that the Alterwate Uses wmeasures the
ability to generate hypotheses and that this abilitly is different from

intelligence.

The relative contribution of the component skills in hypothesis generation.

Several versions of the Alternate Uses test were created which veflected the
snvorai proposed cowmponents of hypothesis generation. Alternate Uses 2 (AU2)
involves generating the implicit dimensions of an object, while Alternate

Uses 3 (AU3) is a relatively pure measure of menory retrieval from explicit
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retrieval cues. These tuo vevsions of the Alternate Uses test should separate
the component abilities in the original Alternate Uses test. The “retrieval of
inplicit dimensions” coaspovent of Alternate Uses (AU2) corvreluted .24 (p <
.0172) with hypothesis generation and the ‘“retrieval of uses from explicit
disensions” campaonent (AU3) corvelated .48 (p < .0001). Clearly, the ability
] to retrieve information efficiently from memory accounts for more of the
ﬁ hypothesis qeneration perfovsance than does the ability to retrieve dimvnsions,

i_ but both contribute significantly to hypothesis generation performance.

An analysis of variance was used to get a better understanding of the relative
contripution of the "retrieval of implicit dimensions” component as compared to
the retrieval of uses given dimensions" component. Subjects were assigned to
“high, wsediun and low AU2 groups by comparing their performance on AU2 to
tertile scores which partitioned the AU2 scores into thy@e equally numserous
qroups. Similarly, subjects were divided into high or low "retrieval of uses

given dimensions” Jroups by comparing their perforsance on AU3 to the wsedian

score.

A two way Analysis of Variance with these AU2 and AUJ qroupings as factors was |

fl perforned with the Geography score as the Jdependent measure. Because there vere
an unequal nusber of subjects in each cell, the amethod of nonovthogonal
Analysis of Variance sujqested by Applebaus and Cramer (1974), in which

patterns of significance are examined, was used., This sethod was inplemented

on the statistical packdge SAS 1n the manner suggested by Herr and Gaebelien

€1978). Initially the intevaction was nonstgnificawt, so the wmain effects

could then be examined by performning "eliminating and ignoring” tests on each
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variable of interest. The test of AU3 eliminating AU2, which tested whether
there was any evidence of an AU3 effect over and above the AU2 effect present
was significant (F = 29.43, p < .0001). The test of AU2 elininating AU3,
indicating any evidence of the effect of AU2 over and above the effect of AU3,
was marginally sigqnificant (F = 3.06,p < .0518). While AU2 has an effect, as
witnessed by this marginally significant result and its significant

correltation with GE v = .24, p < .017), the ‘“retrieval of uses given
dimensions * component, AU3 is by far the most important variable. Because wo
interaction was found, it c¢an be concluded that both components combine
additively. However, the main effect vesults indicate that the performance on
ALY is by far the most important predictor. The contributions of the two
proposed cognitive components to hypothesis genevation are shown in figure 2,

which plots the means from the Analysis of Variance.

- - - -

- " 1" - " -

As can be seen in this figure, subjects who scored high in both components are
substantially better hypothesis genevatovs than subjects who scoved low on both
conponents. The supevior hypothesis generator appears to be skilled in both
generating the implicit Jimensions of a problem, and in rvetrieving hypotheses
based on these dimensions. These abilities do wot appear to be related, as
witnessed by the failure to find an interaction in the ANOVA, and by the
correlation of -.04 between AU2 and AU3 (see table 2). This vesult suzaests

that these two components ave independent skills or abilities. Of the two
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LOW MED HIGH

ABILITY TO GENERATE IMPLICIT DIMENSIONS

Figure 2. Mean hypothesis generation scores of subjects who scored differently
on Alternate Uses 2 and Alternate Uses 3. Subjects were rated low,
medium, or high in the ability to gencrate implicit dimensions on
the basis of their Alternate Uses 2 score. The high '"retrieval"
group consisted of subjects who scored above the median on Alternate
Uses 3, while the low '"retrieval' group consisted of subjects who
scored below the median on Alternate Uses 3.
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conponents, retrieval of uses given dimewnsions seens to bhe the most important,

but both components contribute siquificantly to performance.

The retrieval of hypotheses from merory probably does not depend on episodic
menory, since the correlations betuween the episodic memory measures, AUE! and
AUE3, and hypothesis jeweration perfomance are -.04 and -.05, respectively.

These results suggest that the ability to retrieve hypotheses is not heavily
dependent on personal experience uwith these hypotheses in the past. A good
hypothesis generator draws on the personal experiences in episodic memory, and

on general information in semantic menory.

Finally, there was a significant correlation between the Geography Information
score and the criterion (r = .21, p £ .04). This implies that our measure of
the amount of information possessed about a problem has a weak relationship ta
hypothesis generation performance. It may tbte, however, that the test of
informnation measured the subject’s hypothesis assessment abilities in judging a
Jegree of consistency or inconsistency rather than measuring informsation alone.
To test this, a revised Geoqraphy score was computed that consisted of the
proportion of good responses, those receiving 2.points, to the total number of
respanses generated by each subject. The corvelation of the GI score with this
preditor was .27, @ slight g9ain in predictive ability. It is more likely that
this task was too difficult for the subjects, since it forced them to examine

the consistency of implicit characteristics in awn explicit situatiom. The

Geography Information task, therefore, was probably wnot a pure measure of

informnation possessed by subjects. The correlations betuween GI and the UWAIS

Infornation score [r(GI,WAIS) = .34, p < .0005], and GI and the ACT composite
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score [r(G1,ACTC)= .42, p < ,0001) provide additional evidence for this

conclusion.

Component amalysis of the predictors of hypothesis geveration performance. A
principal conponents analysis was used as a techwnique for susmmarizing the
results of Experiment 2 to obtain a more global view of the results. A
principal conponents analysis was performed on the intervcorrelation matrix of
the ten predictors and the Geoaraphy task. The purpose of this analysis was to
suanarize the nature of the abilities underlying the individual Jdifferences
produced by these 11 measures. Specifically, we anticipated Tinding that the
ability or abilities encompassing the individual differences in hypothesis
generation would be uwrelated to the =abilities measured by the general
achievenent-ability tests (ACT-V, ACT-Q, ACT-C and WAIS-INFO). Also uwe hoped
that the components structure would help clarify the nature of the

relationships between the hypothesis generation task and the various measures

based on the Alternate Uses test (AU1, AUEt, AU2, AU3, and AUE3).

Three principal components were extracted that accounted for 62 percent of the
trace of the intercorrelation matrix. The initial, unvotated solution did wot
support @ single factor solution; consequently, the thiree dominant components
were rotated both orthojonally (Varimax) and obliquely (Fromax). Inspection.of
the orthogonal and oblique solutiows clearly indicated an orthogonal structure

(i.e., uncorrelated components).

The Varimax component-structure matrix is shown in Table 3. In Table 3
conponent loadings (correlations between olserved variables and compovnents)

less than .2 in absolute value have been suppressed. The resulting components
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structure for the 11 variables has &n unusually clear and unequivocal
interpretation. Conponent 1 1is defived by the three ACT neasures, the UAIS
Infernation test and the Geographical Information test. This fTirst component
we chose to call General Ability-Achievement. Notice that neither
hypothesis generation nor the Alternate Uses measures have any appreciable
correlation with the General Ability-Achicvesent component. Component 2 is
defived by AUl (the Alternate Uses Test adninistered under original
instructions), AU3 (the Alternate Uses Test in which subjects generated uses of
properties of the abjects as well as a list of object properties explicitly
provided by the experimenters) and GE (the total hypothesis generation score).
Fron the nature of the three variables correlating most highly with Comsponent
2, it is teantatively labeled Hypothesis Retirieval. The observed variables
AU1, AU3 and GE all rvequire a search ol semantic memory for ideas cowsistent
with certain inforiation or data provided to the subjects. The Hypothesis

Retvieval component clearly does wot subsume the ACT measures or the episodic

memory abilities tapped by AUE1 and AUE3.

- " 1 1 T . o
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We suggest that Component 3 be named Episodic MHemory since the observed
variables correlating highest with this component are AUE! and AUEZ (the
measures of episodic memory derived from the Alternate Uses test). Recall that
AUET and AUEJ are simply the proportion of uses listed by subjects in AUl and

AU3 that had actually been seen implemented in real situations. Notice alse




TABLE 3 i

PRINCIPAL CONPONENTS ANALYSIS OF EXPERINENT 2 E

VARINAX ROTATED FACTOR MATRIX :

5

{

........................................................ S

FACTOR 1 FACTOR 2 FACTOR 3 %

<

GEN. ABILITY- RYPOTHESIS  EPISODIC NEMORY :

ACHIEVENENT RETRIEVAL

ACTV .81 N . ‘
ACTQ .80 s *
ACTC .94 N *
WAIS i N N

61 .53 . * 3

GE s .80 N i
AUl 3 .84 *

AU3 N .79 N i

A2 * 3 .34 4
AUE1 . N .84
AUE3 s . .82
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that AU2, a measure of the ability to discern the basic properties of objects,
correlated noderately with component 3. It may be that the determination of
the properties of objects draus more heavily upon episodic memory as opposed to

senantic menory.

The three component principal components analysis supported our prediction that
hypothesis generation skills are not significantly rvelated to general

tbilitg-achievenent. Furthermore, the results of this analysis suggest that
the ability common to successful performance cn the hypothesis generation task
and the Alternate Uses test may involve efficient searches where semantic

menory is well developed and thoroughly searched.

- Mg B L0 A 4

The purpose of these two experiments was to be3in an ingquiry into individual
differances in hypothesis generation. The Tirst experisent was a  survey
designed to identify possible predictors of hypothesis generation performance.

In this experiment, several tests of creativity which were believed to be
velated to hypothesis generation performance were examined, as well as several
other predictors measuring inductive veasoning and information. It was  found
that only the Alternate Uses test, which neasures creative thinking, was

consistently related to hypothesis generation.

A second experiment was performned to examine the Alternate Uses test more
closely, and to examine other potential predictors of hypothesis generation
including general mental ability, achievesment, and the relevance of episadic

menorvy vetvieval., It was proposed that there wre several cosponents to
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successful hypothesis genevation, one in which 1implicit disensions of the
object are retrieved, and one in which the hypothesis 1s vetrieved using data
that 1is explicitly provided., Various versions of the Alternate Uses test uwere
constructed to measure these components, and results were obtained uhich
suggest that the caaponent of vetvieving hypotheses when the information is
-provided is nore important than retrieval of implicit dimewsions, but that both

factors influence performance through an additive relationship.

A components amalysis suggested that general mental ablity and  academic
achievement are only weakly related to hypothesis generation and that
hypothesis generation ability cawmot be predicted adequately from these
varibles alone. Rather, hypothesis geveration ability seems to be more related
to the ability to search memory effectively, and hypothesis 4generation
performnance can be predicted from the Alternate Uses test uwhich measures this
ability. The results also sujgest that an individusl’s episodic memory is not

the only source of hypotheses; that hypotheses are retrieved from both episodic

and semantic menovy.

A tentative picture of hypothesis generation performance is emerging from these
results. As in other studies (Gettys and Fisher, in press, Getiys, Fisher, and
Mehle, 1978) the critical variable appears to be primarily whether information
that is stored in memory can be accessed. Hypothesis gewevation will not
succeed unless this information can be retrieved, and evidently the most

inportant variable is the efficiency of this retrieval process.
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