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Intuitive covariation estimation

ROBERT A. MALMI
GTE Laboratories, Waltham, Massachusetts

Six experiments concerned people’s ability to estimate the degree and sign of covariation
represented in a bivariate distribution of stimuli with which they had just been presented as
a series of pairs of stimuli. The stimuli were pairs of numbers, pairs of lines of variable lengths,
or word-line pairs. In the latter case, subjects were asked to think of the words in terms of either
pleasantness or familiarity; hence, the covariation relationship was between the normative
pleasantness or familiarity value of the word and a line of variable length. In the sixth experi-
ment, subjects were presented with two word-line pairs and were asked to access the covariation
of both simultaneously. In most cases, the estimates reflected the sign and degree of covariation
of the stimuli quite well. The estimates did not reflect accurately the stimulus covariation when
the stimuli were numerical and the sign of the correlation of the stimuli was negative. A distinc-
tion is made between intuitive and strategic processes in the assessment of covariation.

The ability to predict and estimate characteristics of peo-
ple, events, and things would seem to be essential in
everyday interactions. Knowing that certain behaviors of
other people tend to be associated with other behaviors
allows one to prepare for the future and behave appropri-
ately. One way to view predictive ability and the
knowledge upon which it is based is to consider that it
results in part from assessments of the covariation of
stimuli derived from experience. That is, one learns from
experience that certain kinds of social signals from another
person are associated with aggression, affection, or other
tendencies. One could view these signals as being cor-
related with the tendencies. As with most correlations,
the relationship is not perfect and has some uncertainty
associated with it.

Previous research indicates that people are generally
quite poor at judgments about the actual degree of covari-
ation represented in stimuli they inspect (Nisbett & Ross,
1980). Studies have been reported in which subjects were
shown pairs of correlated stimuli, such as letters,
representing symptoms and diagnoses (Smeldelund,
1963), mood and the weather (Shaklee & Mims, 1982),
and so on. Sometimes the stimuli have been presented in
tabular form (see Beyth-Marom, 1982, for a summary).
Another popular method used to study covariation assess-
ment has been to show subjects a number, ask for a predic-
tion about the value of its pair, and then show the cor-
related pair as feedback (Birnbaum, 1976; Brehmer,
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1973a, 1973b, 1974; Slovic, 1974). These studies have
concluded that people cannot accurately assess the covari-
ation of the stimuli they have inspected.

Nisbett and Ross (1980) contended that people’s in-
ability to accrue knowledge about covariation contributes
greatly to faulty decision making. They offered little hope
for any remedy for this cognitive weakness, inasmuch as
accurate covariation estimation *‘requires mental opera-
tions that are simply beyond our intuitive, informal ca-
pacities’” (p. 286). As will be seen, the major conclusion
of the present study is that this is not the case under cir-
cumstances in which people rely on intuitive processes
to assess covariation and in which inappropriate strate-
gies are discouraged.

The experimental paradigm employed here resembles
that used by others (e.g., Birnbaum, 1976; Brehmer,
1973a, 1973b, 1974; Slovic, 1974) in some respects, but
differs in that the procedures were such that inappropri-
ate strategies for assessing the covariation of the stimuli
were discouraged. In the usual paradigm, a number is
presented, the subject makes a prediction about the value
of its pair, and then the other member of the pair is shown.
Slovic (1974) asked his subjects how they generated their
responses. The reported strategies included adding a con-
stant to the first stimulus, dividing it by something, mul-
tiplying, and so on. These strategies do not seem to con-
form to any of the three senses of the concept intuitive
described by Kahneman and Tversky (1982, p. 494): in-
formal and unstructured reasoning, a fact or rule com-
patible with a lay model, and a conduct or procedure that
is part of normal reasoning. Thus, it seems reasonable
to speculate that intuitive processes may not have been
measured in the studies of covariation estimation listed
above.

A modification of this experimental paradigm is in-
troduced in Experiment 1. As in the many studies using
the stimulus-response-feedback procedure discussed
above, the stimuli shown to subjects in Experiment 1 were
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pairs of correlated numbers. In an attempt to make it
difficult for subjects to employ such strategies as adding
or subtracting the numerical stimuli to generate responses,
the 100 pairs of stimuli were presented very rapidly (1 sec
each). Furthermore, each number consisted of three digits.
After 100 pairs were shown, 10 test stimuli which had
not appeared before were shown. Each subject was asked
to predict what the other member of the pair would be
for each test stimulus. The contention is that the present
experimental paradigm encourages the use of intuitive
covariation judgments, rather than the creative but inap-
propriate number-manipulation strategies which were
probably used by subjects in the previous research. The
empirical question was whether the subjective predictions
would reflect the correlation represented in the stimuli.

EXPERIMENT 1

The primary purpose of Experiment 1 was to map per-
formance in this task as a function of the sign and degree
of the covariation represented in the stimuli. In different
experimental conditions, the correlations of the stimuli
were .63, .41, .20, —.01, —.43, —.61, and —1.00.

Method

Design and Stimuli. The stimuli for the independent experimental
conditions was a bivariate distribution of 100 three-digit numbers.
Using standard conventions, the X variable will be considered to
be the predictor of the Y variable. The X distribution was the same
in all conditions and was generated by computer with the formula
Xi = Mx + Sx(Ei), where Mx is the mean of the X scores (400),
Sx is the standard deviation (50), and Ei is a normal deviate having
a value from zero to unity. The characteristics of the X distribution
are given in Table 1. The Y distributions were generated to have
a given correlation with the X distribution. This was done with the
formula Yi=B(Xi—Mx) + My+Sy /1—B? (Ej), where My is the
mean of the Y scores (400), Sy is the standard deviation of the Y
scores (50), and B is the correlation of the X and Y scores. The
characteristics of the seven distributions are also shown in Table 1.

The 10 test stimuli that were given to each subject for predicting
the ¥ stimulus sampled the range of the numbers subjects saw, but
they did not occur in the X distribution. These test stimuli were
the same for all subjects and were 280, 326, 401, 456, 505, 294,
333, 396, 462, and 492. The order of the stimuli within halves (first
five, second five) was randomized for each subject to facilitate as-
sessment of testing effects, but since none were found in any of
the experiments reported in this paper, this issue will not be men-
tioned further.

Procedure. Each subject sat alone in a cubicle about 50 cm away
from a monitor on which the stimuli appeared. An Apple I + gener-
ated the stimuli. Subjects entered their responses on a terminal. All
subjects were asked to imagine that they were guidance counselors
examining many pairs of aptitude test scores. The scores were called

the “‘left’” and *‘right’” scores. First a right score appeared; a short
time later the left score appeared, then the screen was blanked and
the next pair was shown. Subjects were asked to ‘‘get a general
idea about the relationship between the two tests.”

The left scores were the X distribution and the right scores were
the Y distribution. The X score appeared on the screen first and
after 500 msec the Y score appeared to the right of the X score.
After 500 msec, the screen was blanked for 200 msec, after which
another pair of X and Y scores was shown, and so on for 100 pairs.
Each subject received a different random sequence of the pairs. Im-
mediately after the last pair was shown, the test stimuli, which the
subject was told were left scores, were shown one at a time. The
subject was asked to ‘‘try to predict what the right score would be,
on the average.’’ The response to each test stimulus was typed on
the terminal. The test was subject paced. Each subject received a
randomized order of the test stimuli.

Subjects. One hundred forty-two students from general psychol-
ogy classes at the State University of New York at Binghamton
served in Experiment 1. Two students in Condition —1.00 noticed
that if the XY stimuli for each pair were summed the result was
a constant, and generated their responses accordingly. These 2 sub-
jects were replaced. Subjects were assigned to conditions with a
block-randomized schedule.

Results

Two major dependent measures were examined in Ex-
periment 1, as well as in the subsequent experiments.

1. The best fitting line for the subjective estimates and
the 10 test stimuli was calculated for each subject, using
the least squares criterion. The degree to which the slope
value of this line deviates from zero is a measure of the
degree to which the subjective estimates reflect covaria-
tion based on inspection of the stimuli.

2. A second analysis determined what correlation coeffi-
cient would be associated with the line determined by the
mean estimates given to each test stimulus and the test
stimuli. This was accomplished by first rearranging the
terms in the raw-score regression equation to solve for
r. All terms in the equation have values in the experimental
conditions (i.e., the means and standard deviations of the
X and Y stimuli) except the value of the predictor (Xi) and
the predicted value of Y given Xi (Y'). Let Xi be a test
stimulus and let Y’ be the associated point on the fitted
line based on the subjective estimates. The calculations
result in a correlation coefficient based on the subjective
predictions given the test stimuli and the statistics of the
stimuli subjects were shown. This derived measure will
be called a subjective correlation coefficient.

The slope measures from the best fitting lines for the
subjective estimates and the test stimuli in the seven ex-
perimental conditions were subjected to an analysis of
variance in which the null hypothesis was rejected

Table 1
Characteristics of the Stimuli in Experiments 1 and 2
Condition
.63 41 .20 -.01 —.43 -.61 —-1.00
Distribution X Y Y Y Y Y Y Y
Mean 401.20 394.05 39235 391.14 390.32 390.30 391.05 397.80
SD 45.52 45.83 47.19 48.44 49.58 50.50 50.15 45.52

Note—The X stimuli were the same in all conditions.



[F(6,133) = 9.03, MSe = 0.15]. A Newman-Keuls anal-
ysis revealed the following pattern, where conditions not
sharing an underscore differed reliably (p < .05):

63 41 20 -01 —-43 -—-61 -1.00

Performance in Conditions .63 and .41 will be consi-
dered together; that in Conditions .20 and —.01 together;
that in Conditions —.43 and —.61 together; and perfor-
mance in Condition —1.00 will be considered last.

Conditions .63 and .41. The mean estimates reflect
a greater degree of covariation than existed in the stimuli.
The mean slope value was .79 (SD = .17) in Condi-
tion .63 and was .60 (SD = .22) in Condition 41. The
actual slope values of the stimuli were .63 and .43 in Con-
ditions .63 and .41, respectively. The actual slope values
were less than the 95% confidence limit based on the sub-
Jective slope measure in both conditions. The slope values
associated with the best fitting line based on mean esti-
mates were .77 and .60 for Conditions .63 and .41,
respectively. When the stimuli reflected a correlation of
.63, the subjective correlation was .69. When the stimuli
were correlated .41, the subjective correlation was .60.

Conditions .20 and —.01. The estimates again tended
to reflect a greater degree of covariation than existed in
the stimuli. The mean slope value was .51 (SD = .31)
in Condition .20 and was .55 (SD = .33) in Condi-
tion —.01. The actual slope values were obviously less
than the 95% confidence limit based on the subjective
slope measures. The slope values based on the mean es-
timates were .53 and .57 for Conditions .20 and —.01,
respectively. When the stimuli were correlated .20, the
subjective correlation was .41. When the stimuli were cor-
related —.01, the subjective correlation was .51.

Conditions —.43 and —.61. The subjective estimates
did not reflect a negative relationship that was represented
in the stimuli; rather, the relationship indicated by the
mean estimates was slightly positive. The mean slope
measure was .23 (SD = .37) in Condition —.43 and was
.18 (SD = .42) in Condition —.61. The actual slope
values were not within the appropriate confidence inter-
val based on the subjective slope measures, of course. The
slope values based on the mean estimates were .24 and
.18 in Conditions —.43 and —.61, respectively. When the
stimuli were correlated —.43, the subjective correlation
was .17. When the stimuli were correlated —.61, the sub-
jective correlation was .19.

Condition —1.00. The estimates reflected virtually a
null relation of the XY stimuli even when the actual rela-
tionship was perfectly negative in a statistical sense. The
mean slope measure was —.11 (SD = .42). The slope
value for the line based on the mean estimates was —.12.
When the stimuli reflected a correlation of —1.00, the sub-
Jective correlation was —.08. Inspection of the individual
slope scores suggested pronounced bimodality with about
equal numbers of scores being positive or negative. Only
four scores were highly negative (> .70).
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Discussion

To summarize the major results of Experiment 1, it
seems that when performance in the seven experimental
conditions is considered overall, one can conclude that
the subjects were sensitive to variations in the degree of
covariation in the stimuli. The support for this statement
is that performance was different when the stimuli had
mild positive, virtually null, mild negative, and perfectly
negative degrees of covariation. Performance was differ-
ent among the conditions, but was not always consistent
with Pearsonian predictions.

When the stimuli reflected a positive correlation (Con-
ditions .63 and .41), the subjective estimates generally
reflected a greater degree of covariation than was
represented in the stimuli. Although the subjective esti-
mates were not perfectly accurate, it should be noted that
most subjects gave estimates which reflected a generally
appropriate degree of positive covariation.

When the correlation of the stimuli was virtually null
(Conditions .20 and —.01), the tendency of most subjects
was to give estimates that reflected a slightly positive
degree of covariation. There are several possible reasons
for this. One is that subjects may have a response bias
to give estimates resembling the test stimuli. Another is
that subjects may have “‘injected”’ an ‘‘illusory correla-
tion”> where none in fact existed (e.g., Hamilton &
Gifford, 1976).

Most subjects were quite unable or unwilling to give
estimates reflecting a negative correlation, even when the
correlation was perfectly negative.

EXPERIMENT 2

In Experiment 2, the hypothesis examined was that the
subjective estimates would reflect cognitive processes
analogous to the principles of statistical theory. The basic
procedures and stimuli were the same as those used in
Experiment 1, but subjects were given a second trial. The
prediction was that the subjective estimates would regress
toward the regression function of the stimuli, due to more
exposure to the stimuli. The overestimation of the degree
of covariation in Conditions .63 and .41 should decrease,
as should the *‘illusory correlation’’ in Condition —.01
on the second trial. It was also of interest to see whether
further exposure to negatively correlated stimuli would
result in more appropriate responses.

Method

Design and Procedure. Conditions .63, .41, ~.01, —.43, and
~.61 of Experiment 1 were included in Experiment 2. The proce-
dures and stimuli were the same as those described for Experiment 1,
except that after the estimates were made to the test stimuli, a
message appeared on the monitor informing the subject that the same
stimuli would be shown again and the same test given again. No
feedback was given after the Trial 1 estimates. The stimuli were
presented in a different random order on the second trial.
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Subjects. One hundred students from the same source as before
contributed data. They were assigned to conditions with a block-
randomized schedule.

Results

Conditions .63 and .41. An analysis of variance us-
ing individual slope measures showed that performance
changed very little on Trial 2 in Condition .63, but the
slope of the best fitting line decreased on Trial 2 in Con-
dition .43. The mean slope measures were .73
(8D = .18) and .78 (SD = .19) on Trials 1 and 2,
respectively, in Condition .61, and were .70 (SD = .18)
and .57 (SD = .31) on Trials 1 and 2, respectively, in
Condition .43. The interaction of condition and trial was
significant [F(1,38) = 4.95, MSe = .032]. The source
of the interaction is the lack of any decrease in the slope
measure in Condition .61 and the decrease in the slope
measure in Condition .43 from Trial 1 to Trial 2. No
other effects were significant, although the slope measures
were generally higher in Condition .61 than in Condi-
tion .43 [F(1,38) = 3.53, MSe = .068, p < .10]. The
actual slope measures did not fall within the 95% confi-
dence limits in any case. The subjective correlation coeffi-
cients were .76 and .83 on Trials 1 and 2, respectively,
in Condition .61, and were .73 and .57 on Trials 1 and
2, respectively, in Condition .43.

The distributions of slope measures looked similar (bell-
shaped around the means reported above) on Trial 1 for
both conditions. There was little change on Trial 2 in Con-
dition .61, but in Condition .43 the distribution shifted
to lower values on Trial 2. Eight of the 20 subjects in Con-
dition .61 gave estimates reflecting lower slope measures
on Trial 2 than on Trial 1. This was the case for 14 of
the 20 subjects in Condition .43. In other words, 40%
and 70% of the subjects in Conditions .61 and .43, respec-
tively, gave estimates on Trial 2 that were in the appropri-
ate direction, namely, regressing toward the regression
function of the stimuli.

Conditions —.01, —.43, and —.61. These conditions
did not differ reliably, there was no effect of trials, and
there were no interactions for the individual slope meas-
ures. The mean slope measures were .27 (SD = .34) and
.28 (SD = .43) on Trials 1 and 2, respectively, in Con-
dition —.01; .30 (SD = .38) and .17 (SD = .37) in Con-
dition —.43; and .14 (SD = .47) and .05 (SD = .48) in
Condition —.61. The subjective correlations on Trials 1
and 2 were .27 and .26 in Condition —.01, .29 and .16
in Condition —.43, and .14 and .06 in Condition —.61.

The shape of the distribution of slope measures was bi-
modal in Condition —.01, and little change was evident
between the two trials. Most slope values were low and
positive on Trial 1 in Condition ~.43, and there was lit-
tle change on Trial 2. A shift in the distribution over trials
was evident in Condition —.61, however. On Trial 1, 4
subjects gave estimates reflecting negative covariation;
8 subjects did so on Trial 2. Three of the 20 subjects had
positive slope values on Trial 1 and negative slope values

on Trial 2. One subject had a slope value of —.86 on
Trial 1, and a slope value of .38 on Trial 2.

Discussion

It appears that when confronted with positively cor-
related numerical stimuli, most subjects made estimates
that were generally consistent with the principles of
statistical theory. This was not the case when the stimuli
had a null correlation. Furthermore, performance in Ex-
periment 2 indicates that the subjects were utterly incapa-
ble of giving estimates that would reflect only the sign
of negatively correlated stimuli. These points will be dis-
cussed in turn.

The estimates most subjects gave after viewing posi-
tively correlated numbers reflected positive covariation
of a degree less than unity, so in that sense the estimates
were regressive in nature. That is, most estimates in Con-
ditions .43 and .63 in Experiments 1 and 2 were inter-
mediate in value with respect to the test stimulus and the
stimulus mean. This is always the case for statistical
predictions unless the correlation is unity. In this general
sense, then, the estimates were consistent with statistical
theory. A most critical finding was that the estimates given
in Condition .43 reflected regression toward the actual
regression function on the second trial in Experiment 2,
but this was not true of estimates in Condition .61. The
regression of the estimates observed is consistent with the
notion that the subjects had some intuitive knowledge of
statistical theory. Several points will be made about this
finding.

First, it is possible that the present experimental proce-
dures did not have sufficient power to detect regression
of the estimates given in Condition .61 in Experiment 2.
Due to the greater initial overestimation of the covaria-
tion in Condition .43, relative to Condition .61, there was
more ‘‘room’’ for regression to be observed in the former
than in the latter condition.

Second, a similar argument can be stated in psycho-
logical terms. In a statistical sense, more data are required
to detect low degrees of covariation than to detect higher
degrees of covariation. For example, about 19 degrees
of freedom are needed to decide that a correlation of .43
is not truly null, whereas 9 degrees of freedom are needed
to make this decision for a correlation of .61. Perhaps
an analogous principle applies to the cognitive processes
underlying the estimates observed in Condition .43 in Ex-
periment 2. The cognitive system may require progres-
sively more data to know about progressively lower
degrees of covariation.

The estimates given when the stimuli had virtually no
degree of covariation (Condition .20, Experiment 1; Con-
dition —.01, Experiments 1 and 2) tended to reflect
slightly positive degrees of covariation. This may have
been the result of demand characteristics. The instructions
given to the subjects requested that they ‘‘get a general
idea about the relationship of the test scores,’’ so many
subjects may have felt obligated to give estimates reflect-



ing a relationship even if they ‘‘’knew’’ that none really
existed. On the other hand, the tendency to endow a rela-
tionship between stimuli when none exists may be per-
vasive.

Most of the subjects exposed to negatively correlated
numerical stimuli did not give estimates reflecting the
sign, much less the degree, of covariation. The results
of the experiments described below suggest that this in-
ability is associated with numerical stimuli, and so is prob-
ably the result of some response bias unique to this type
of stimuli.

EXPERIMENT 3

The major purpose of this experiment was to examine
intuitive covariation estimation with nonnumerical stimuli.
The stimuli in Experiment 3 were pairs of lines differing
in length. After the presentation of 50 pairs of lines reflect-
ing a given correlation of their lengths, the subjects were
shown a series of lines and were asked to generate an ap-
propriate other member of the pair based on the covaria-
tion represented in the stimuli. There were two major rea-
sons for this procedure.

First, subjects’ inability to give appropriate estimates
after inspection of negatively correlated numerical stimuli
may be the result of a response bias or other processes
associated with numerical stimuli. Numbers may be
unique stimuli for any of several reasons: a number is ob-
viously a symbol, it has little meaning unless it is as-
sociated with something, and, at least for some people,
numbers inspire negative affect. More appropriate esti-
mates of covariation may be observed with nonnumeri-
cal stimuli.

Second, the major goal of this research was to study
the kind of intuitive judgments about covariation which
are presumably made routinely in everyday life. One
might question the ecological validity of studies about
covariation using numerical stimuli. Line lengths are per-
ceptually salient and may better represent stimulus dimen-
sions people typically encounter than do numerical stimuli.

Method

Design and Stimuli. Five between-subjects conditions were de-
fined by the correlation represented by the variable lengths of 50
pairs of lines shown to subjects. The conditions are labelled in terms
of the correlation of the stimuli: .59, .41, .01, —.41, and —.59.
After the presentation of the 50 line pairs, 8 lines were presented,
and for each of these the subject was asked to generate a line that
would go with it, based on the stimuli just seen. Each subject was
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then shown the 50 line pairs again, in a different order, and was
tested again.

The line pairs were displayed with the low-resolution graphics
of an Apple II+. The bivariate distributions of vertical lines had
a mean of about 19 in these units and standard deviations of about
9 units. On the monitor used, the lines ranged from 0.30 cm to
10.70 cm. The test stimuli ranged from .85 ¢cm 1o 10.15 cm.

Procedure. The subject was instructed to *‘try to get a general
idea about the relationship between the left line’s length and the
right line’s length.’’ The left line appeared for 250 msec, then the
right line appeared for 750 msec, then the screen was blanked for
400 msec; then the next left line appeared, and so on for 50 pairs
of lines. After the 50 pairs of lines were shown, the subject was
told that several *‘left lines’” would be shown, and for each the sub-
ject was to generate a right line that reflected the relationship present
in the stimuli. The response was made with the game paddle of the
Apple II+. A second trial was given, in which the order of the
stimuli was randomized again.

Subjects. One hundred students from the same source as before
served. They were assigned to condition randomly.

Results

The mean subjective correlation coefficients for the ex-
perimental conditions are summarized in Table 2. In each
condition, the subjective correlation coefficients seem to
reflect adequately the correlation represented by the
stimuli. Also, the subjective correlation coefficients seem
to approach the objective correlation of the stimuli from
Trial 1 to Trial 2 in each condition except Condition .01.

Conditions differed significantly {F(4,95) = 36.25,
MSe = .17]. A Newman-Keuls analysis revealed the fol-
lowing pattern, where conditions sharing an underscore
do not differ and otherwise do differ significantly:

59 4l 01 -4l -.59

No other effects were significant. In a separate (ad hoc)
analysis in which only Conditions .59 and .41 were in-
cluded, a marginally significant (p < .10) interaction of
condition and trial was found. This reflects the trend of
the subjective correlation coefficient to increase in Con-
dition .59 and to decrease in Condition .41 from Trial 1
to Trial 2. This trend reflects changes in the measure that
more adequately reflect the correlation of the stimuli.

Discussion

The results of Experiment 3 show that the estimates
reflected accurately the degree and sign of the correla-
tion of a bivariate distribution of lines varying in length.
Although the data do not allow the conclusion that sub-
jects were able to discriminate between stimuli with corre-
lations of .59 and .41 or —.59 and —.41, the trends are

Table 2
Subjective Correlation Coefficients for Experiment 3
Condition
59 41 0l -4l - .59
M SEM M SEM M SEM M SEM M SEM
Trial 1 42 .07 .45 .06 —.02 .09 —.25 .09 -.21 .09
Trial 2 58 .06 .40 .08 15 .08 -.31 .10 ~ .46 .08
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suggestive that such discrimination may have been
present. In each of these conditions, the estimates im-
proved from Trial 1 to Trial 2 (although not statistically
significantly) in that they reflected better the actual corre-
lation represented by the stimuli.

The estimates subjects made after being shown nega-
tively correlated stimuli accurately reflected the negative
relationship by the stimuli. There appeared to be no differ-
ence in performance in conditions in which the sign of
the correlation was positive or negative other than the sign
of the relationship reflected by the estimates. In Experi-
ments 1 and 2, estimates given in conditions in which the
numerical stimuli were negatively correlated did not reflect
the sign of the correlation. There are many differences be-
tween numbers and lines, of course, but it seems most plau-
sible that a strong response bias associated with numerical
stimuli may have affected performance in the conditions
representing negative correlations in Experiments 1 and 2.

EXPERIMENTS 4 AND §

A concern about ecological validity was noted earlier.
One could argue that numerical and line stimuli do not
represent adequately the kinds of stimulus dimensions im-
portant in the assessment of covariation which is thought
to be important in everyday social interaction. The pur-
pose of Experiments 4 and 5 was to examine the ability
to assess covariation of stimuli varying on affective dimen-
sions which presumably figure importantly in social cog-
nition.

Which stimulus dimensions are most important, or at
least prevalent, when an assessment of covariation may
affect social cognition and behavior? Two dimensions that
may be involved are pleasantness and familiarity. For ex-
ample, one of the important judgments one makes upon
meeting someone is whether the person is to be liked or
not. Covariations between one’s judgment of a person’s
pleasantness and one’s judgment of his/her other charac-
teristics affect social cognition. Similarly, familiarity of
stimuli plays a vital role in clinical and medical judgments
and in judgments of validity (Hasher, Goldstein, & Top-
pino, 1977).

The stimulus dimensions of pleasantness and familiar-
ity were manipulated in Experiments 4 and 5, respec-
tively, by presenting a series of word-line pairs. Subjects
were asked to think of the words in terms of their pleasant-
ness (Experiment 4) or their familiarity (Experiment 5)
and to determine the relationship of the word’s attribute
to the associated line, which varied in length. Numerical
normative ratings for pleasantness and familiarity were
used to generate line lengths associated with the words
to represent a given correlation. After inspection of 100
word-line pairs, 10 new words were shown; for each,
subjects were to generate a line length to represent the
correlation of the stimuli.

METHOD

Design and Stimuli. In both Experiments 4 and 5, five between-
subjects conditions were defined by the correlation of the words’
ratings of pleasantness (Experiment 4) or familiarity (Experiment 5)
and line length. The conditions are named in terms of the correla-
tion: .60, .40, .00, —.40, and —.60. Two trials were given. Nu-
merical normative ratings of pleasantness and familiarity were ob-
tained for two sets of 100 words from Toglia and Battig (1978).
Two sets of 10 new words were chosen as test stimuli. No word
was included in more than one set. Using the same formula as given
in Experiment 1, lines varying in length were generated for each
word in the two sets so that a given correlation was represented
between the word’s rating and the line’s length.

Procedure. Subjects were given practice thinking about the rele-
vant dimensions for words. They were asked to rate 10 words for
pleasantness (Experiment 4) or familiarity (Experiment 5). They
were then asked to ‘‘try to determine the general relationship be-
tween the word’s pleasantness (or familiarity) and the line’s length.”’
The 100 word-line pairs were displayed on the monitor at a rate
determined by the subject (by pressing a terminal key), because
pilot work showed that subjects responded at very different rates
depending on the words’ rating values (faster for words rated very
high or low, slower for words having intermediate ratings). After
the 100 word-line pairs were shown, the 10 test words appeared,
one at a time; for each, subjects were to construct a line length,
using the paddle. After the subjects had responded to the 10 words,
the word-line pairs were randomized and a second trial was given.

Subjects. One hundred students from the same source as before
served in Experiment 4, and another 90 served in Experiment 5.
They were assigned to condition randomly.

Results

Experiment 4. The subjective correlation coefficients
for each subject in the five conditions were subjected to
an analysis of variance. Conditions differed reliably
[F(4,95) = 122.59, MSe = .12]; no other effects were
significant. A Newman-Keuls analysis revealed that Con-
ditions .60 and .40 differed from Condition .00, which
differed from Conditions —.40 and —.60, which did not
differ. The mean subjective correlation coefficients for
Conditions .60, .40, .00, —.40, and —.60 were .73, .67,
.29, —.49, and —.58, respectively. The subjective corre-
lation coefficients seem to match the correlation
represented in the stimuli well when the overall pattern
is examined.

Experiment 5. The same analysis was performed on
the subjective correlation coefficients and the same pat-
tern was obtained. Conditions differed reliably {F(4,85)
= 35.84, MSe = .32], and no other factor was signifi-
cant. Conditions .60 and .40 did not differ, but they
differed from Condition .00, which differed from Con-
ditions —.40 and —.60, which did not differ. The mean
subjective correlation coefficients for Conditions .60, .40,
.00, —.40, and —.60 were .74, .61, .30, —.30, and —~.56,
respectively.

Discussion
The purpose of Experiments 4 and 5 was to examine
people’s ability to assess the degree of covariation of an



affective stimulus dimension. Normative ratings for the
pleasantness and familiarity of words were used to gener-
ate line lengths to represent a given correlation between
the ratings and line lengths. Subjects generated lines to
test words to reflect the correlation of the stimuli. For
the most part, the responses accurately reflected the corre-
lation represented in the stimuli. This was the case for
both affective stimulus dimensions. These dimensions
were examined because they presumably figure promi-
nently in social cognition.

EXPERIMENT 6

Experiment 6 was an empirical extension of Experi-
ments 4 and 5. In Experiment 6, subjects were asked to
assess the covariation of two bivariate distributions simul-
taneously. Subjects were shown 100 sets of two word-
line pairs, one pair representing covariation between the
word’s pleasantness and line length and the other pair
representing covariation between the word’s familiarity
rating and line length.

There are many combinations of correlations possible
when two bivariate distributions are involved; four pos-
sibilities are examined here.

1. Condition .60/.60. The correlation between the rat-
ings and line lengths is set at .60 for both word-line sets.
One possibility is that the subjective assessment of the
degree of the two positive relationships may be mutually
enhanced.

2. Condition .60/.00. The correlation between the
pleasantness rating and line length is .60, and that between
familiarity rating and line length is zero. If a positive rela-
tionship is detected for one pair, will it be ‘‘transferred’’
to the pair for which a null correlation exists?

3. Condition .60/~—.60. The pairs based on pleasant-
ness ratings are positively correlated and those based on
familiarity ratings are negatively correlated. Will the
difference in the sign of the correlation of the pairs en-
hance, interfere with, or have no effect on the assessment
of covariation?

4. Condition .00/.00. The correlation is set at zero for
both sets of word-line pairs.

Method

Design and Stimuli. Four between-subjects conditions were de-
fined in terms of the stimuli shown to subjects. The stimuli used
in Conditions .60, .60, .60, and .00 in Experiment 4 were associated
with the stimuli used in Conditions .60, .00, —.60, and .00 in Ex-
periment 5 to form the stimuli for Conditions .60/.60, .60/.00,
.60/ .60, and .00/.00 in Experiment 6. The test words from Ex-
periments 4 and 5 were also used for the appropriate stimuli in Ex-
periment 6.

Procedure. Subjects were given practice in rating words for
pleasantness and familiarity. They were asked to think of the words
shown on the left on the monitor in terms of pleasantness and the
words on the right on the monitor in terms of familiarity. They were
asked to assess the general relationship between the words’ attri-
butes on these dimensions and the associated line lengths. The two
word-line pairs were showr on the same line of the monitor, side
by side. The subject pressed the space bar to see a new set of pairs.
After 100 sets of pairs had been seen, the 10 test stimuli for the
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pleasantness set were shown, one at a time, and a line length was
generated for each. Then the 10 test words for the familiarity set
were shown, and a line length was generated for each.
Subjects. Seventy-two students from the same source as before
participated. They were assigned to condition randomly.

Results

It is useful to compare the subjective correlation coeffi-
cients observed in Experiment 6 with those observed in
Experiments 4 and 5. In Condition .60 in Experiment 4,
the mean subjective correlation was .73. The means for
responses to the same stimuli in Experiment 6 were .68
(SEM = .04), .73 (SEM = .05), and .58 (SEM = .07).
In Condition .60 in Experiment 5, the mean coefficient
was .74. In Condition .60/.60, the mean for responses
to the same stimuli was .64 (SEM = .04). In Condi-
tion —.60 in Experiment 5, the mean coefficient was
—.56. The mean was —.42 (SEM = .11) for responses
to the same stimuli in Condition .60/ —.60. The means
were .29 and .30 in Condition .00 in Experiments 4 and
5, respectively. The comparable means in Condition
.00/.00 were .34 (SEM = .09) and .15 (SEM = .12),
respectively.

The overall pattern of results leads to a conclusion that
performance is not greatly different whether these covari-
ation estimation tasks are presented singly or simul-
taneously.

GENERAL DISCUSSION

This research was prompted by a large number of
studies whose results led some theorists (e.g., Nisbett &
Ross, 1980) to conclude that people are utterly unable to
assess covariation adequately. The importance of this con-
clusion is that the ability to assess covariation has been
and is a critical element of theoretical approaches for the
understanding of social behavior (Kelly, 1972, 1973). Ac-
cording to attribution theory, knowledge of the covari-
ation between stimuli is a critical determinant of social
behavior. The main message of the present research is
that the conclusion stated by Nisbett and Ross (1980,
p. 286), that ‘‘under most circumstances [the ability to
assess covariation] requires menta) operations that are sim-
ply beyond our intuitive, informal capacities,’’ is not con-
sistent with the results of the experiments reported herein.
The present research shows that people can assess covari-
ation adequately.

In Experiments | and 2, the stimuli were pairs of num-
bers. Three findings emerged. First, the estimates given
in conditions in which the stimuli were negatively cor-
related did not reflect even the sign of the relationship.
Second, the estimates reflected a mildly positive relation-
ship when in fact none existed. Third, the estimates
seemed to reflect the covariation of positively related
stimuli quite well. [n Experiment 2 there was evidence
that the estimates improved from Trial 1 to Trial 2, even
with no feedback.

In Experiment 3. the stimuli were pairs of lines which
varied in length. The subjective estimates reflect relation-
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ships quite accurately when the pattern of results is con-
sidered. This suggests that the difficulties people had with
negatively correlated numerical stimuli are probably as-
sociated with some aspect of the stimuli.

The stimuli presented to subjects in Experiments 4, 5,
and 6 were meant to represent stimulus dimensions pre-
sumed to figure importantly in everyday assessment of
covariation, namely, the dimensions of pleasantness and
familiarity. Once again, when the pattern of results in
these experiments is considered, the assessment of covari-
ation seems quite adequate and in some cases remarka-
bly good.

Other studies (some mentioned in the introduction) have
resulted in an opposite conclusion. Although this is specu-
lation, it seems the methods and procedures in those
studies may have allowed or encouraged inappropriate
strategic processes. Slovic (1974), for example, reported
that subjects in his study claimed to be adding, subtract-
ing, and multiplying the numerical stimuli to produce a
response. All subjects in the six experiments reported
herein claimed that their responses were ‘‘guesses’” and
could not tell us how else they might have produced a
response. These subjects were probably not able to em-
ploy inappropriate strategies due to the rate of stimulus
presentation for the numerical stimuli in Experiments 1
and 2 and the nature of the stimuli in Experiments 3, 4,
5, and 6. Hence, subjects may be able to assess covaria-
tion well intuitively, but may falter if an inappropriate
strategy interferes with intuitive processes.

The present research does not address the processes by
which the estimates of covariation are made. Our previ-
ous research on how people estimate the average value
of a category (Malmi & Samson, 1983) suggests that peo-
ple have a representation of the distribution of stimuli in
memory. It may be that people can represent bivariate
distribution of stimuli and ‘‘fit’’ a linear function to re-
late the distributions of stimuli.

It is also interesting to speculate about the possibility
that the ability to assess covariation could be improved
by practice with feedback, using some of the tasks devel-
oped for this research. Perhaps such training would com-
plement clinical training, in which the ability to assess
covariation is critical.

In conclusion, statistical theory was developed to
describe the phenomena of nature. Statistical tools are use-
ful because they lead to generally appropriate decisions

and predictions. It would be surprising if people who have
evolved in a world where statistical principles are useful
did not have some intuitive knowledge of them. It seems
that, indeed, they do have such intuitive knowledge.
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