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The moderating influence of variability
on belief revision

BOBREHDERand REID HASTIE
University ofColorado, Boulder, Colorado

The variability of the information on which a belief was initially based should moderate the degree
to which the belief is revised when new discontinning information is received, Reasoning from every
day intuitions, psychological theories of concept representation, and a rational mathematical analy
sis, we inferred that as variability increased, resistance to discontinning information would also in
crease. Participants' judgments of the central tendencies of distributions of numerical information
confirmed this prediction.

The traditional view of stereotypes and many other
conceptual generalizations is that they are rigidly held
and not closely connected to the real world to which they
refer (e.g., Allport, 1954; Lippmann, 1922; cf. Malt, 1995).
An alternate view is that stereotypes are useful cognitive
structures which people are usually justified in maintain
ing. McCauley, Stitt, and Segal (1980) have argued that
many social stereotypes are adaptive and reliable, and
that the absence of stereotype revision in the face ofdis
confirming evidence may be rational (see also Anderson,
1991).

Determining when a person is clinging irrationally to
a category abstraction is a complicated business. One fac
tor that should influence the strength of the link between
evidence and the stereotypic generalization and, hence,
the probability of belief revision is the variability of the
values of attributes that are the original basis of the gen
eralization (Thagard & Nisbett, 1982). We hypothesize
that the more variable a group is, the less should be and
will be the impact of disconfirming information on the
general impression of the group. For example, if a per
son's primary source ofknowledge about a group is mem
ories of individual group members, then the exemplars
of the more variable group will be more dispersed than
those of the less variable group. When a new disconfirm
ing group member is encountered, it will be similar to more
members of the highly variable group than it will be to
the less variable group, and thus will appear "less dis
confirming" for the more variable group. Alternatively,
if variability information is abstracted into a range oftyp
ical values (or most extreme values), then new discon
firming group members are more likely to fall inside the
range of the more variable group, again leading to the re
sult that beliefs about more variable groups are less likely
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to be disconfinned than beliefs about less variable groups.
(Intuitive arguments such as these are supported by for
mal analysis, but space limits preclude the publication of
our analyses in the present article. Contact the authors for
information concerning the formal analysis.)

Many empirical studies have shown that people re
member variability information and use that information
in a variety of judgments (e.g., Fried & Holyoak, 1984;
Nisbett & Kunda, 1985; Park & Hastie, 1987; Peterson &
Beach, 1967). Variability has been shown to influence the
propensity with which individuals are willing to gener
alize an attribute from a group member to the group as a
whole (Nisbett, Krantz, Jepson, & Kunda, 1983; Park &
Hastie, 1987; Quattrone & Jones, 1980) and to apply an
attribute from the group to one of its members (Lambert,
1995; Ryan, Judd, & Park, 1996). But, we know of only
one study of the effect of variability on belief revision.
Hewstone, Johnston, and Aird (1992) found more change
in trait ratings following presentation of stereotype
inconsistent information about the occupational category
"teachers" than the category "accountants." They inter
preted this as evidence that stereotype change was like
lier to occur for heterogeneous than for homogeneous cat
egories, although they were cautious about the generality
of this conclusion.

The purpose of the present study was to determine
whether variability affects the degree to which judgments
of the central tendency ofa group or concept are revised
when disconfirming information is received. Subjects
were first provided with information about a category that
they were told was collected in 1985. They were then pro
vided with descriptions of a few category members col
lected in 1995 (the "disconfirmers"), which differed sub
stantially from the central tendency ofthe category in 1985,
and were asked to judge what the mean of the category
was likely to be in 1995. We manipulated the variability
of the I985 information, and hypothesized, on intuitive
and rational grounds, that the magnitude of revision in
estimates of the mean would decrease as the variability
of the group increased.
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METHOD

Subjects
Thirty-two University of Colorado undergraduates from an intro

ductory psychology course received course credit for participating in
this experiment.

Design
A 2 x 4 x 4 x 2 factorial design was employed. The first factor,

varied between subjects, was the variability (low or high) ofthe orig
inal (1985) distribution of attribute values presented. The second fac
tor, varied within subjects, was the domain from which the distributions
were drawn, henceforth referred to as cases A, B, C, and D. The final
two factors were between-subjects counterbalancing factors; case pre
sentation order was varied and, for each case, the new (1995) discon
firming instances appeared at either the upper or the lower end of the
scale.

Materials
A case consisted of an attribute of a group, an original (1985) distri

bution of values of that attribute (low- and high-variability versions),
and a new (1995) distribution (with lower and upper end versions).
The group, attribute, units in which the attribute was presented, and
distributions for cases A, B, C, and D are presented in Table I. For
each case, the standard deviation of the high-variability version of the
1985 distribution is three times that of the low-variability version.
Within each case, the absolute distance of the mean of the new 1995
distribution from the mean of the original distribution is the same in
the low- and high-variability conditions. In units of standard devia
tions of the original distribution, however, the distance between orig
inal and new means is 3 in the low-variability condition and I in the
high-variability condition. The 1995 distributions shown in Table I
are in their upper end versions, where the new mean is greater than the
original mean (e.g., for case A, the upper end version mean was 378,
the lower end version mean was 312).

Cases A, B, C, and D represent cases of "change," where the new
distribution differs from the original one. In order to balance these
cases with cases of "no change," subjects were also presented with
four no-change filler cases; the first example case (of nine received)
was always a change case.

The subjects were presented with samples of instances drawn from
the distributions shown in Table I and those for the four filler cases
and the example case (32 instances from the original 1985 distribu
tions and 3 instances from the new 1995 distributions). Instances were
drawn at random, subject to the constraint that the resulting sample
was perfectly representative of the underlying population: The mean
and standard deviation of the sample were equal to those statistics for
the population.

Procedure
Subjects produced judgments for the nine cases presented by com

puter in the following order: The example case, filler case I, filler case
2, first target case, filler case 3, second target case, filler case 4, third

and fourth target cases. The task was to determine whether groups had
changed since 1985, and, if so, by how much. A case began with a de
scription of the group and the attribute (e.g., "Blood Potassium Lev
els of the People of Thailand"), followed by 32 examples from 1985
in the form ofnumbers followed by the unit ofmeasurement (e.g., "7.3
milligrams"). The examples were presented on the screen one at a
time, each appearing 2.0 sec with a blank screen intervening for
0.3 sec. The computer then prompted for the mean of the 1985 distri
bution and the lower and upper limits of a 95% confidence interval.

The rest of the information entered for a case concerned the new
1995 distribution. First, in order to determine subjects' beliefs about the
likelihood and direction of change over a IO-year period, the subject
was asked to estimate the 1995 distribution (the mean and lower and
upper limits of the 95% confidence interval) given no disconfirming
information. The computer also prompted for a confidence judgment
from I to 9, indicating whether or not the distribution had changed.

Next, given exposure to one 1995 individual, the subjects were
asked to estimate the 1995 distribution. This individual was presented
on the screen in the same manner as the 1985 examples had been. The
subjects were told, "We are interested in whether you think the 1995
individual is different enough to warrant the conclusion that the group
has changed, and if so by how much." The subjects then entered the
mean, the 95% confidence interval, and a confidence judgment. Then
the subjects were presented with a second and finally a third 1995 ex
ample, and were asked to estimate the distribution and produce a con
fidence judgment after each.

After completing the example case and before continuing on with
the remaining eight cases, the subjects were told that the cases were
randomly selected by computer, and that, "All eight cases might indi
cate change, or all eight might indicate no change, or some might in
dicate change and others not."

RESULTS

To make cases comparable, subjects' estimates of the
means and the lower and upper limits of the 95% confi
dence intervals were converted into z scores of the high
variability version ofthe original distributions. As a result
of this transformation, the mean of the original distri
bution for every case is assigned a value ofO. To analyze
subjects' judgments concerning 95% confidence inter
vals, the size of the interval was computed by subtract
ing the z score of the upper limit from the z score of the
lower limit. (The lower and upper limits of the 95% con
fidence intervals estimated by the subjects were approx
imately symmetrical around their estimates of means.)
There was no significant effect of presentation order of
cases in any analysis, and the results have been collapsed
over that factor.

Table 1
Group, Attribute, Unit of Measurement, and Original 1985 and

__________New 1995 Distributions for Cases A, B, C, and D

Distribution

_____Original New

Case Group Attribute Unit M LowSD High SO M SD

A Fraternity Amount of oxydilic
mineral in diet Milligrams 345 II 33 378 10.7

B Shreeble nests Diameter Centimeters 48 3 9 57 3
C New Zealanders Light sensitivity Candelas 165 8 24 189 8
D Fiction novels Length Thousands

of words 64 6 18 82 6

Note-The new 1995 distributions are shown in the upper end form.



Original Distribution Estimates
In general, estimates of the mean were fairly accurate:

For low-variability subjects, the estimates were -0.05,
-0.06, -0.03, and -0.03 for cases A, B, C, and D, re
spectively; the corresponding estimates for the high
variability subjects were -0.04, -0.17, -0.05, and
-0.07. These estimates were subjected to one-sample
t tests to determine whether or not they differed from the
true mean ofO. In only the two conditions involving case
B did the test approach or reach significance [l(l5) =
-2.28, p < .05, and l(l5) = -2.05, p < .10, for the low
and high-variability conditions, respectively].

Estimates of the size of the 95% confidence interval
were sensitive to our manipulation of the true variability
of the original distributions: For low-variability subjects,
the size estimates were 1.11, 1.05, 1.06,and 1.0I, for cases
A, B, C, and 0; for high-variability subjects, they were
3.46,3.48,3.08, and 3.13. A 2 X 4 analysis of variance
(ANOVA) on variability and case yielded a large effect
of variability [F(l,30) = n.96,p < .0001]. Estimates of
the interval sizes were relatively inaccurate, systemati
cally underestimating the true sizes, and the underesti
mation was greater in the high-variability condition (.66
of the true size) than in the low-variability condition (.81
of the true size).

Original Distribution Versus Initial Estimate
ofthe New Distribution

Subjects were asked to estimate the new 1995 distrib
ution given no information other than the passage of 10
years. These estimates did not differ significantly from
the estimates produced for the original 1985 distribution.
Thus, subjects were agnostic about whether the distrib
utions had changed over the IO-yearperiod.

New Distribution Estimates
The true mean of the new distribution was less than

the original mean in half the cases, and greater than the
original mean in the other half. To make these cases
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comparable, the z scores for the former cases were
negated (the result of this transformation is to assign a
value of 1 to the new mean in every case).

The subjects' transformed estimates of the new distri
bution are presented in Table 2 for the low- and high
variability subjects, for each of 0 (the initial estimate
based on just the passage of 10 years), 1, 2, and 3 dis
confirmers. I Estimates of the new mean are clearly in
fluenced by the amount of disconfirming evidence re
ceived (-0.02, 0.20, 0.38, and 0.51 for 0, 1, 2, and 3
disconfirming instances, respectively). In addition, esti
mates of the new mean were influenced by the variabil
ity of the original distribution (0.34 for low-variability
vs. 0.19 for the high-variability subjects). A 2 X 2 X
4 X 4 ANOVA with variability condition and lower and
upper end counterbalancing as between-subjects factors
and case and number of disconfirmers as within-subject
factors revealed statistically reliable effects of the num
ber of disconfirmers [F(3,28) = 90.20, p < .0001] and
variability condition [F(l,28) = 9.n,p < .005] and their
interaction [F(3,28) = 4.36,p < .005]. Figure 1 suggests
that the effect of the number of disconfirmers on esti
mates of the mean is linear, and that the strength of the
linear relationship is conditional on variability. This con
clusion is supported by statistical analysis: The single
degree-of-freedom test of the linear trend of the number
of disconfirmers was highly significant [F(l,28) =
129.14, P < .000 I] and interacted with variability condi
tion [F(l,28) = 5.47,p < .05]. However, there was also
a small, but significant, quadratic effect of the number of
disconfirmers [F(l,28) = 4.80, p < .05]. The quadratic
effect result reflects the fact that the magnitude of the
change going from zero disconfirmers to one (0.22) is
greater than the change going from one to two (0.18),
which is greater than the change going from two to three
(0.13). Thus, each subsequent disconfirmer carries less
weight in the revision of the estimate of the new mean.
This quadratic effect did not interact with variability
condition [F(l,28) = 2.08,p = .16].

Table 2
Mean Estimates, 95% Confidence Interval Sizes, and Confidence Judgments for

the New 1995 Distributions in tire Presence ofO, I, 2, and 3 Disconfirmers

oDisconfirmers
(Initial 1995 Estimate) I Disconfirmer 2 Disconfirmers 3 Disconfirmers

Case Mean Size Confidence Mean Size Confidence Mean Size Confidence Mean Size Confidence

Low Variability
A -0.06 1.09 5.19 0.21 1.18 5.69 0.43 1.22 5.81 0.56 1.21 6.44
B -0.02 1.27 4.94 0.32 1.44 5.81 0.56 1.54 6.31 0.73 1.31 6.50
C -0.03 1.16 5.19 0.31 1.27 6.19 0.51 1.07 6.50 0.71 1.13 7.13
D 0.02 1.06 5.13 0.26 1.28 5.75 0.45 1.28 5.94 0.52 1.26 6.25
M -0.02 1.15 5.11 0.28 1.29 5.86 0.49 1.28 6.14 0.63 1.23 6.58

High Variability

A -0.08 3.70 5.13 0.07 3.41 5.19 0.27 3.03 5.81 0.41 2.97 6.63
B 0.12 3.83 4.75 0.18 3.30 4.75 0.30 3.35 4.81 0.41 3.04 5.31
C -0.05 3.20 4.81 0.10 3.08 5.19 0.28 2.97 5.88 0.39 2.80 5.88
D -0.09 3.11 4.94 0.11 3.08 4.50 0.30 3.04 4.81 0.41 2.89 4.75
M -0.03 3.46 4.91 0.12 3.22 4.91 0.28 3.10 5.33 0.39 2.92 5.64
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Figure I. Mean estimates ofthe low- and high-variability groups as a function ofthe
number of disconfirmers.

Since the appearance of gradual updating in Figure I
might be a result of averaging over subjects, the changes
in mean estimates as a function of disconfirmers were
examined for each subject individually (averaged over the
four cases). 0f32 subjects, 21 followed a strategy ofgrad
ual updating, with each of the 3 disconfirmers causing at
least some change in the estimate of the mean in the di
rection of the true 1995 mean and only 2 subjects who
could be described as following a nonlinear strategy. Thus,
we conclude that the smooth pattern ofchange suggested
by Figure 1 is not an artifact of averaging over subjects.

The effects of disconfirmers and variability on estimates
of the mean were mirrored in subjects' confidence rat
ings: For low-variability subjects the confidence ratings
were 5.11,5.86,6.14, and 6.58 for cases A, B, C, and D,
respectively; for high-variability subjects, they were 4.91,
4.91,5.33, and 5.64. A 2 X 2 X 4 X 4 ANOYA revealed
main effects of the number of disconfirmers [F(3,28) =
14.35,P < .0001] and the variability condition [F( 1,28) =
4.51, P < .05]; their interaction was marginally signifi
cant [F(3,28) = 2.02, P < .15]. Just as for estimates of
the mean, the effect of the number of disconfirmers on
confidence judgments is largely linear, as supported by
the significant test of the linear trend [F(l,28) = 18.42,
p<.OOI].

DISCUSSION

The results of this study empirically confirm our prediction: The
more variable a group is, the less likely it is that the impression of the

group's central tendency will be revised. We obtained this result con
sistently across four content domains with I, 2, and 3 disconfirmers.
Our results are different from those reported by Hewstone et al.
(1992), but there are so many differences between the two methods
(e.g., we used numerical stimuli, while they used written descriptions
of behaviors, and we manipulated the distribution of instances initially
presented to our subjects, while they manipulated the general cate
gory label [teachers vs. accountants]) that further research will be re
quired to determine the exact sources of the discrepancies.

Our subjects were fairly accurate in judging means of distributions
of presented numbers, but relatively inaccurate in judging 95% con
fidence intervals. On average, our subjects underestimated the sizes of
these confidence intervals. In our data, the standard errors associated
with the estimates of the lower and upper limits of95% confidence in
tervals were twice as large as those for estimates of the mean, sug
gesting that our subjects were unpracticed at judging variability.

The results from the present study are consistent with an image of
belief revision as a gradually adjusting "bookkeeping" process (Roth
bart, 1981; Weber & Crocker, 1983). The updating strategies of only
2 of 32 subjects were consistent with an alternate discontinuous, all
at-once revision process. Most of our subjects exhibited patterns of
adjustment and sensitivity to variability that would fit a "qualitative
Bayesian" model (Camerer, 1994; but see Lopes, 1985).

Our demonstration of the moderating effect of variability on belief
change has a number of intriguing implications for the revision of so
cial stereotypes: (I) Beliefs about an in-group will be more resistant
to change in the presence of disconfirming evidence than are those
about an out-group. (2) Beliefs about a group learned through per
sonal experience with member exemplars will be more resistant to
change than those learned through an abstract group description. And
(3) beliefs about a group with meaningful subtypes will be more re
sistant to change than beliefs about groups without them. This re
search suggests an interesting dilemma: Complex mental representa
tions about groups that include laudable beliefs about the variability
of a group may be the reason that inaccuracies about the group are
maintained in the presence of all but overwhelming disconfirmations.
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NOTE

1. Some effects of the upper end, lower end counterbalancing fac
tor reached significance, but did not support general interpretations.
They are therefore omitted from this report.
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