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Overconfidence in Estimation: Testing the
Anchoring-and-Adjustment Hypothesis
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People are frequently overconfident in the accuracy of their estimates of
uncertain quantities. The present study requested 50%- or 90%-confidence
ranges. Overconfidence is shown when less than the target percentage of
ranges include the true value. Tversky and Kahneman (1974) proposed that
people use an anchoring-and-adjustment heuristic: They begin with a starting
value, one supplied to them or generated by them, and insufficiently adjust
their estimates around this anchor. The present data support the proposed
anchoring process. If subjects receive another person’s point estimates, their
own implicit point estimates are correlated with these values. However, an-
choring-and-adjustment processes do not invariably produce overconfidence.
Subjects who receive anchors are no more overconfident than are those who
do not receive anchors. If subjects are required to produce a point estimate
first, overconfidence decreases; processes involved in explicitly displaying the
point estimate are implicated. Overconfidence may occur because people do
not realistically assess their estimation ability. © 1991 Academic Press, Inc.

A person usually does not obtain all of the relevant information before
making a judgment or decision. Even if the information is potentially
available, such as in reference books, a person may not invest the time
and energy needed to obtain it. Cognitive conceit—that is, overconfi-
dence in personal cognitive attributes, such as knowledge and decision-
making abilities—may also decrease the likelihood that someone will seek
potentially important information. Instead, a person may simply estimate
relevant quantities, such as numerical attributes of objects and probabil-
ities of events. Difficulties may ensue if a person has only imprecise
information available in memory concerning these objects or events.

Alpert and Raiffa (1982) conducted an important study in which sub-
jects estimated ten uncertain quantities, such as the total US egg produc-
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tion in 1965. Alpert and Raiffa explained in detail how the subjects should
assess probability distributions for these quantities. They used the
method of direct fractile assessment; for example, a person gives a lower
quartile estimate (i.e., a .25 fractile) and an upper quartile estimate (i.e.,
a .75 fractile). These two estimates define a 50%-confidence interval, or a
range that the person thinks is as likely to include the true value as to
exclude it. If a person estimates several quantities, the percentage of
ranges that include the true value can be compared to the target percent-
age, which in this example is 50%. If someone realistically assesses the
extent of his or her knowledge concerning the quantities, in the long run
exactly 50% of the ranges should contain the true value. Alpert and Raiffa
found, instead, that only about 33% of the ranges did. This is a classic
overconfidence effect, since people appear to be unjustifiably confident in
the accuracy of their ranges (cf. Adams & Adams, 1961). Pitz (1974)
obtained similar data showing what he called a hyperprecision effect.' He
also found that subjects are less overconfident when they estimate quan-
tities about which they presumably have greater knowledge. Lichten-
stein, Fischhoff, and Phillips (1982) concluded that ‘‘the most pervasive
finding in recent research is that people are overconfident with general-
knowledge items of moderate or extreme difficulty’” (p. 314) and that
“‘overconfidence is most extreme with tasks of great difficulty”’ (p. 315).

Tversky and Kahneman (1974) suggested that a person performing this
kind of task implicitly uses a heuristic called anchoring and adjustment.
Along with two more well-known heuristics (representativeness and
availability), people are assumed to use this heuristic in the process of
making judgments under conditions of uncertainty. Tversky and Kahne-
man reported an anchoring effect in an experiment in which subjects
received arbitrary starting values. Each subject estimated various quan-
tities, such as the percentage of African countries belonging to the United
Nations. Before each estimate, the experimenter spun a ‘‘wheel of
fortune’” in the subject’s presence, and the subject first judged whether
the resulting number was higher or lower than the true value of the quan-
tity. Then the subject estimated the quantity by adjusting upward or
downward from the starting value. Median estimates of the percentage in

! Peterson and Pitz (1988) recently studied how subjects use information in a prediction
task. They preferred the term uncertainty to the ones used in previous articles, hyperpre-
cision (Pitz, 1974) and overconfidence (Peterson & Pitz, 1986). In this usage, the term
uncertainty refers to a belief about possible values of a quantity, and confidence refers to a
belief that a previously stated prediction is accurate. Thus, greater overconfidence reflects
less uncertainty. We prefer the term confidence, rather than uncertainty, in the context of
the present task because of the abundant historical precedents to use the term overconfi-
dence effect to describe the phenomenon being investigated.
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this example were 25 and 45 for subjects that received anchoring values of
10 and 65, respectively. This demonstrates that a supplied anchoring
value influences point estimates. However, it does not directly test the
hypothesis that people use anchoring-and-adjustment processes when
they are not given an anchor, when they are producing confidence ranges,
or both. In addition, this finding may not directly relate to the phenom-
enon of overconfidence.

Tversky and Kahneman claimed, however, that subjects use an anchor-
ing-and-adjustment heuristic when making direct fractile assessments of
subjective probability distributions (as well as other kinds of estimates).
They conducted an additional demonstration which used two conditions.
In one condition, subjects estimated quantities (e.g., the Dow-Jones av-
erage on a future date) by producing .10 and .90 fractiles. These subjects
‘‘were too extreme. . . . Events that they defined as having a probability
of .10 actually obtained in 24 percent of the cases’’ (Tversky & Kahne-
man, 1974, p. 1130). We can calculate that these subjects’ mean
80%-confidence range (the interval between their .10 and .90 fractiles)
included the true value in only 52% of the cases. Thus, these subjects
showed a classic overconfidence effect.

In another condition, subjects were given each median judgment by
subjects in the first condition. The experimenter asked them to judge the
odds that each of these values exceeded the true value of the quantity.
These subjects ‘““were too conservative. Events to which they assigned an
average probability of .34 actually obtained in 26 percent of the cases”
(Tversky & Kahneman, 1974, p. 1130). We can calculate that these sub-
jects’ mean 32%-confidence range (the interval between their .34 and .66
fractiles) would have included the true value in 48% of the cases. A
natural anchor (i.e., a .50-probability judgment) apparently influenced
subjects, and an underconfidence effect resulted. Tversky and Kahneman
concluded that *‘the degree of calibration [i.e., confidence effect} depends
on the procedure of elicitation’ (p. 1130).

Tversky and Kahneman also said that ‘‘subjects state overly narrow
confidence intervals which reflect more certainty than is justified by their
knowledge . . . This effect is attributable, in part at least, to anchoring”
(p. 1129). If there is a natural starting value for the estimation process or
if an experimenter provides a starting value, this self-generated or exter-
nally supplied anchoring value presumably influences the person. If the
person must provide a point estimate, it may be closer to the anchoring
value than it would be if no anchor were generated or supplied. If a person
must produce a confidence range, he or she may insufficiently adjust the
limits of this range away from the anchoring value. Tversky and Kahne-
man did not discuss effects of supplied anchors on confidence ranges;
however, they suggested that this anchoring-and-adjustment process oc-
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curs even if someone is not supplied an anchoring value and is not re-
quired to produce a point estimate.

Consider a hypothetical example. Here are the thoughts of a person
attempting to produce a 98%-confidence range concerning the number of
foreign cars imported into the United States in 1968:

I think there were about 180 million people in the U.S. in 1968; there is about one
car for every three people thus there would have been about 60 million cars; the
lifetime of a car is about 10 years, this suggests that there should be about 6 million
new cars in a year but since the population and the number of cars is increasing
let’s make that 9 million for 1968; foreign cars make up about 10% of the U.S.
market, thus there were probably about 900,000 foreign imports. . . .

The person has now generated a point estimate, or anchoring value. This
leads the person insufficiently to spread the lower and upper estimates:

To set my 98% confidence band, I'll add and subtract a few hundred thousand cars
from my estimate of 900,000 (Slovic, Kunreuther, & White, 1974, p. 195).

Thus, the person produces a confidence range from about 600,000 to
about 1,200,000, an insufficiently wide range.

Most researchers ignore the finding that underconfidence may also be
a result of anchoring processes and discuss only how anchoring-
and-adjustment leads to the more typical finding of overconfidence in
estimation. Researchers have interpreted various kinds of overconfidence
in terms of anchoring and adjustment (e.g., Davis, Hoch, & Easton
Ragsdale, 1986; Einhorn & Hogarth, 1985; Lopes, 1987; Lovie, 1985;
Slovic, Fischhoff, & Lichtenstein, 1977). Anchoring-and-adjustment ex-
planations also appear widely in books on organizational behavior and
management science (e.g., Bazerman, 1986), cognitive psychology (e.g.,
Matlin, 1989), and even introductory psychology (e.g., Bootzin, Bower,
Zajonc, & Hall, 1986).

The present study provides the first direct test of an anchoring-
and-adjustment explanation for overconfidence and thereby confronts the
issue of what judgment and decision processes this kind of estimation task
involves. Experiment | replicated typical findings regarding two major
variables that influence overconfidence: whether or not subjects have
personal familiarity with or knowledge about the quantities and whether
or not the experimenter warns subjects not to be overconfident in the
accuracy of their estimates. Experiments 2-6 directly tested the anchor-
ing-and-adjustment hypothesis to determine whether it, or some alterna-
tive explanation, characterizes the processes involved in producing con-
fidence ranges. To our knowledge, no researchers have directly tested
whether anchoring-and-adjustment processes produce overconfidence (or
underconfidence) in a situation in which a person does not receive an-
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choring values, but in which it is assumed that the person generates
anchors nevertheless.

Although most researchers have been primarily concerned with 90%-,
95%-, and 99%-confidence ranges (a notable exception being Murphy &
Winkler, 1977), for several reasons Experiments 1-4 used 50%-con-
fidence ranges. First, the concept of a 50%-confidence range is relatively
easy to explain, and the participants (few of whom presumably had much
statistical training) seemed to easily grasp the concept. Second, using
50%-confidence ranges helps avoid potential floor and ceiling effects.
Finally, with 50% confidence as a target there is considerable sensitivity
to find potential underconfidence (in which more than 50% of the ranges
include the true value). In Experiments 5 and 6, 90%-confidence ranges
were used to extend the generality of the findings.

EXPERIMENT 1

Because this relatively simple confidence-range task had not been used
much, we started by replicating two major findings. Several of our ex-
periments, including Experiment 1, replicated the finding that subjects are
less overconfident when they estimate familiar quantities than when they
estimate unfamiliar quantities (e.g., Pitz, 1974). One can view this inde-
pendent variable in other ways, however. For example, people presum-
ably find unfamiliar quantities more difficult to estimate than familiar
quantities. If subjects realistically assess their knowledge, they should
produce wider confidence ranges for unfamiliar items than for familiar
ones. If subjects do increase their ranges, an additional question is
whether they will increase them enough to compensate for their relative
lack of knowledge about unfamiliar quantities compared to their relative
abundance of experience concerning familiar quantities. In a preliminary
experiment, we found overconfidence in 50%-confidence ranges on un-
familiar quantities, but no significant overconfidence on familiar quanti-
ties.

In another preliminary experiment, we found that simply informing
subjects about the overconfidence effect did not decrease it. In Experi-
ment 1, some subjects were not only informed about the effect, but also
warned not to be overconfident. This is an example of a debiasing pro-
cedure (for reviews, see Fischhoff, 1982; Winterfeldt & Edwards, 1986),
which also include giving subjects extensive training with feedback (e.g.,
Alpert & Raiffa, 1982; Lichtenstein & Fischhoff, 1980; Sharp, Cutler, &
Penrod, 1988) and giving subjects an algorithm to structure their estimates
(e.g., MacGregor, Lichtenstein, & Slovic, 1988). Alpert and Raiffa (1982)
gave some subjects extensive feedback describing typical overly confi-
dent performance. Subjects were also told: ‘‘For heaven’s sake, Spread
Those Extreme Fractiles! Be honest with yourselves! Admit what you
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don’t know!”’ (p. 301). With this admonition, the percentage of
50%-confidence ranges that included the true value increased from 33 to
43%. So overconfidence decreased, but it was not eliminated.

Method

Materials and procedure. Each subject was asked to produce a
50%-confidence range for each quantity. We explained that this is ‘‘a
range of possible values’’ such that for each item the person ‘‘believes the
range is as likely to include the true value as it is to not include the true
value.”” Thus, each subject provided both a lower estimate and an upper
estimate. (Note that .25 and .75 fractiles were not explicitly requested; the
instructions were simpler than those used in most previous experiments.)
Subjects received a page of instructions. It contained four sample esti-
mates, two of which included the true value and two of which did not, and
a brief commentary on each.

Uninformed subjects received no additional information. Warned sub-
jects, however, also read the following, which was printed in capital
letters on a separate page: ‘‘When people make estimates like these, they
are usually too confident that their estimates are accurate. . . . Be sure
not to be overly confident in your knowledge.”’

Half of the subjects estimated 12 familiar quantities, and the other half
estimated 12 unfamiliar quantities. Familiar quantities are those that sub-
jects presumably had perceptually experienced. For example, subjects
estimated the number of spokes on a single wheel of an adult bicycle, as
well as the height of a standard soft-drink can (in inches). Unfamiliar
quantities are those that subjects could not have (or probably never had)
perceptually experienced. For example, subjects estimated the area (in
square miles) of the island of Singapore, as well as the number of US
states that voted to ratify the Equal Rights Amendment. To eliminate any
possible scaling bias, the true value of each unfamiliar item was closely
matched with that of a familiar item. True values ranged from 4.0 to 228.9,
and across items the logarithms of these values were spaced fairly evenly
from .60 to 2.36.

Subjects. A total of 100 introductory psychology students volunteered
for the experiment in exchange for course credit. We randomly assigned
25 participants to each combination of conditions in a 2 x 2 (Information
x Item Type) factorial design. Subjects participated in one of several
sessions, and approximately the same number of subjects in a session
served in each condition.

Results

Table 1 shows means on three measures, each of which provides an
informative index of performance (cf. Peterson & Pitz, 1986).
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TABLE 1
MEANS ON CONFIDENCE-RANGE MEASURES IN EXPERIMENT 1
In-range Range Error
Condition n percentage” ratio ratio

Familiar quantities

Uninformed 25 49.3 £ 4.2 1.7 33
Warned 25 543+29 1.8 3.6
Unfamiliar quantities
Uninformed 25 28.7 £ 3.5 3.6 6.5
Warned 25 38.3 = 4.1 4.4 6.5

% Each mean in-range percentage is shown with its standard error.

In-range percentage. The in-range percentage is the percentage of
ranges that included the true value. A 2 X 2 analysis reveals that the
in-range percentage was greater for familiar than for unfamiliar quantities
[F(1,96) = 24.4, p < .001]. Warned subjects had a greater in-range per-
centage than did uninformed subjects {F(1,96) = 3.93, p < .05]. The two
variables did not interact (F < 1).

Overconfidence is revealed if the mean in-range percentage is signifi-
cantly less than 50%. Subjects who estimated familiar quantities were not
significantly overconfident (or underconfident) in either the uninformed
or the warned condition [#(24) = .16 and 1.48, respectively]. Subjects who
estimated unfamiliar quantities were overconfident in both the unin-
formed [#(24) = 6.14, p < .001] and the warned condition [¢(24) = 2.88,
p < .01].

Confidence range. Subjects tended to produce lower and upper esti-
mates in a way based on ratios of numbers (see later). Thus, the geometric
mean (across items and subjects) of the ratio of the upper estimate to the
lower estimate provides a measure of the width of the confidence range.?
The middle column of Table 1 shows this measure, hereafter called the
range ratio.

Item type influenced subjects’ confidence ranges [F(1,96) = 82.4,p <
.001]. On familiar quantities, the mean upper estimate is only 1.8 times the
mean lower estimate; on unfamiliar quantities, the mean upper estimate is
4.0 times the mean lower estimate. Information condition did not signif-
icantly influence confidence ranges [F(1,96) = 2.47], and item type and
information condition did not interact significantly (F < 1).

2 A few subjects gave an occasional lower estimate of 0. To avoid an undefined ratio in
these cases, we first added 1 to all estimates. (This is a common practice when using
logarithmic transformations.)
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Estimation error. To measure the absolute error in subjects’ estimates,
we first calculated what we call the implicit point estimate of each quan-
tity. It is the geometric mean of the lower and upper estimates (after 1 is
added to each value; see Footnote 2). Each implicit point estimate was
then compared to the actual value of the quantity (plus 1) by taking the
ratio of the higher value to the lower value. This so-called error ratio is
shown in the right-hand column of Table 1.

Item type influenced estimation error [F(1,96) = 121.6, p < .001].
Estimates of familiar quantities are in error by a factor of 3.5, whereas
estimates of unfamiliar quantities are in error by a factor of 6.5. Neither
the effect of information condition nor its interaction with item type is
significant (both F < 1).

Discussion

Experiment 1 replicated some classical findings on overconfidence.
Subjects are less overconfident on familiar than on unfamiliar quantities
(e.g., Pitz, 1974). On familiar quantities, subjects produced narrow con-
fidence ranges and (at least in Experiment 1) were not significantly over-
confident. On unfamiliar quantities, subjects produced wider confidence
ranges, so they apparently were somewhat aware of their limited knowl-
edge about the quantities. However, they did not increase their ranges
enough to compensate for their limited knowledge. Experiment 1 also
replicated the finding that warned subjects are less overconfident, but
they are still overconfident on unfamiliar items (e.g., Alpert & Raiffa,
1982).

EXPERIMENTS 24

Experiment 2 directly tested the anchoring-and-adjustment hypothesis.
If subjects begin the estimation process by implicitly generating a point
estimate, even though the instructions do not request one, then requiring
subjects to begin by generating a point estimate should not greatly influ-
ence their overconfidence. In other words, a strict version of the anchor-
ing-and-adjustment hypothesis says that subjects who are not required to
provide a point estimate should be as overconfident as subjects who are
required to do so. Although Tversky and Kahneman (1974) did not dis-
cuss this issue, if an explicit point estimate is required, it may produce a
more salient anchoring effect; hence, overconfidence may be somewhat
greater than in a no-anchor condition. The data of the present Experiment
2 revealed, instead, that subjects are less overconfident in a self-anchor
than in a no-anchor condition.

Experiment 3 tested two possible reasons for this decreased overcon-
fidence in the self-anchor condition. One possibility is that the mere pres-
ence of an explicit point estimate is responsible. Another is that subjects’
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awareness of the processes (or of the results of processes) involved in
generating a point estimate is responsible. To test between these possi-
bilities, subjects were paired: Each person in an other-anchor condition
received the point estimates of a self-anchor subject. If the mere presence
of anchoring values influences subjects to decrease their overconfidence,
the two conditions should not differ in overconfidence. If, instead, pro-
cesses involved in generating a point estimate are necessary, self-anchor
subjects should be less overconfident than other-anchor subjects. (The
other-anchor condition is also interesting in that it reveals something
about judgment processes in a social context.) The data of Experiment 3
revealed less overconfidence in the self-anchor than in the other-anchor
condition.

Experiment 4 replicated various findings of Experiments 2 and 3 in a
single experiment so that additional comparisons could be made. In par-
ticular, if the presence of a salient anchor invariably leads to insufficient
adjustment of lower and upper estimates, then other-anchor subjects
should be more overconfident than no-anchor subjects.® The data of Ex-
periment 4 rejected this notion.

Method

Materials and procedure. Experiments 2—4 all used similar materials.
Item type (i.c., familiarity) was manipulated in the same way as in Ex-
periment 1. The other variable, anchoring condition, involved a change in
instructions and judgment format. For no-anchor subjects, the instruc-
tions and judgment sheet were like those in Experiment 1. Self-anchor
subjects were instructed to write a point estimate of each quantity before
giving the lower and upper values defining the 50%-confidence range.
Each other-anchor subject received the point estimates that a self-anchor
subject had generated. Instructions said that these estimates were another
person’s estimates of the quantities, and that the subject was free to
consider or to ignore them when producing the lower and upper values.

Subjects. In Experiment 2, 76 volunteers were recruited from an intro-
ductory psychology class, and 19 of them were randomly assigned to each
of four combinations of conditions. The 2 x 2 (Item Type X Anchoring)
factorial design used unfamiliar versus familiar items and no-anchor ver-
sus self-anchor conditions.

In Experiment 3, 46 subjects were recruited from the university com-

3 Independently of any proposed anchoring-and-adjustment process, other-anchor sub-
jects may display more overconfidence than no-anchor subjects if they consider the other
person’s estimate to be credible information that they combine with their own estimate in a
Bayesian way. The present data reveal, however, no significant difference in overconfi-
dence (see General Discussion).
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munity and were paired. One subject of each pair was randomly assigned
to the self-anchor condition, and one was assigned to the other-anchor
condition. All subjects estimated unfamiliar items.

In Experiment 4, 120 volunteers were recruited from an introductory
psychology class, and 20 of them were randomly assigned to each of six
combinations of conditions. The 2 x 3 (Item Type X Anchoring) factorial
design used familiar versus unfamiliar items and no-anchor, self-anchor,
and other-anchor conditions.

Results

Table 2 shows means on the three measures in each combination of
conditions.

In-range percentage. In Experiments 2 and 4, the mean in-range per-
centage is greater for familiar than unfamiliar quantities [F(1,72) = 11.7
and F(1,114) = 15.2, both p < .005]. All three experiments show an effect
of anchoring condition [F(1,72) = 6.42, #(22) = 3.63, and F(2,114) = 3.11,
respectively, all p < .05]. The interaction of item type and anchoring
condition is not significant in Experiments 2 or 4 (both F < 1.15).

Three comparisons, combining results across experiments (whenever

TABLE 2
MEANS ON CONFIDENCE-RANGE MEASURES IN EXPERIMENTS 24
In-range Range Error
Condition Experiment n percentage? ratio ratio

Familiar quantities

No anchor 2 19 49.6 = 4.0 1.8 35
4 20 47539 1.9 35
Self anchor 2 19 58.3 + 4.6 2.0 34
4 20 52939 1.9 3.6
Other anchor 4 20 50.8 + 4.6 1.7 3.5
Unfamiliar quantities
No anchor 2 19 34.6 = 3.1 33 5.7
4 20 350+ 3.8 4.0 6.9
Self anchor 2 19 46.1 = 3.7 39 6.3
3 23 41.7 = 3.7 4.2 5.5
4 20 46.7 £ 4.1 4.3 5.5
Other anchor 3 23 26.8 = 2.0 2.6 5.5
4 20 32924 2.8 5.6

2 Each mean in-range percentage is shown with its standard error.
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possible), clarify the effect of anchoring condition.* The in-range percent-
age is greater for self-anchor than no-anchor (Z = 3.16, p < .001) and
other-anchor conditions (Z = 2.74, p < .01), which do not differ signifi-
cantly [#(78) = 0.15].

On familiar quantities, subjects are not significantly overconfident (or
underconfident) in any of the anchoring conditions [Z = .53, Z = 1.74,
and #(19) = .18, respectively]. On unfamiliar quantities, estimates of no-
anchor, self-anchor and other-anchor subjects are all overconfident (Z =
5.06, 2.35, and 6.88, all p < .02).

Confidence range. As in Experiment 1, subjects in Experiments 2 and
4 produced wider confidence ranges on unfamiliar than on familiar quan-
tities [F(1,72) = 99.2 and F(1,114) = 106.5, both p < .001]. Anchoring
condition did not influence confidence ranges in Experiment 2 [F(1,72) =
3.35], but it did in Experiments 3 and 4, which both included an other-
anchor condition [#(22) = 3.83 and F(2,114) = 6.55, both p < .005].
Familiarity and anchoring condition did not interact significantly in Ex-
periments 2 or 4 (both F < 1.62).

Several comparisons clarify the effect of anchoring condition. Confi-
dence ranges of no-anchor and self-anchor subjects did not differ signif-
icantly (Z = .42). Other-anchor subjects, however, produced narrower
ranges than both no-anchor [#(78) = 2.09, p < .05] and self-anchor sub-
jects (Z = 3.27, p < .005).

Estimation error. As before, absolute estimation error calculations
used implicit point estimates.® In Experiments 2 and 4, subjects estimated
familiar items more accurately than unfamiliar items [F(1,72) = 75.7 and
F(1,114) = 114.9, both p < .001]. Anchoring condition did not signifi-
cantly influence estimation error in any of the experiments [F < 1, #(22)
= 1.06, and F(2,114) = 2.04, respectively]. Familiarity and anchoring
condition did not interact significantly in Experiments 2 or 4 (both F <
2.23).

Additional analyses. Self-anchor subjects’ data allow us to assess their
interpretation of instructions and their production of lower and upper
values. Assume that when subjects give a 50%-confidence range, they
produce approximately the .25 and .75 fractiles and that they do so in a
way based on ratios of numbers rather than in a way based on differences
between numbers. If this is the case, self-anchor subjects should produce

* The method of adding weighted Zs was used to combine results across experiments (see
Rosenthal, 1978).

3 If the actual point estimates made by self-anchor subjects are used, the mean error ratio
on cach item type is not appreciatively different, no significant effects become nonsignifi-
cant, and no nonsignificant effects become significant.
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a mean ratio of the point estimate to the lower value that is approximately
equal to the ratio of the upper value to the point estimate. Averaged
across experiments, on familiar items the mean ratio of the point estimate
to the lower value is 1.4 and that of the upper value to the point estimate
is also 1.4. These ratios are not significantly different (Z = 1.08). On
unfamiliar items, the mean ratio of the point estimate to the lower value
is 2.1 and that of the upper value to the point estimate is 2.0. These ratios
are also not significantly different (Z = .62).

Several correlational analyses reveal that supplied anchors influenced
other-anchor subjects’ implicit point estimates.® For other-anchor sub-
jects, the mean correlation between the log of the supplied anchoring
value and the log of the implicit point estimate is .40 on unfamiliar and .38
on familiar quantities. In contrast, for no-anchor subjects the correlation
between logs of randomly-paired, but unsupplied, values and logs of im-
plicit point estimates is close to zero, .02 on unfamiliar and —.01 on
familiar quantities.

Discussion

Experiments 2-4 reveal several findings. Most importantly, requiring
subjects to provide explicit point estimates decreases overconfidence.
(This is the case even though neither their confidence ranges nor their
estimation accuracy is significantly greater than that of no-anchor sub-
jects. Apparently the combination of a slight increase in confidence range
and a slight increase in accuracy was enough for the self-anchor subjects’
in-range percentage to increase relative to that of no-anchor subjects.)
This finding does not support a strict interpretation of the anchoring-and-
adjustment hypothesis, which says that self-anchor subjects should be at
least as overconfident as no-anchor subjects.

Self-anchor subjects were also less overconfident than other-anchor
subjects, a finding that implicates processes involved in generating and
displaying the point estimate, not merely the presence of an already-
generated anchoring value. Compared to other-anchor subjects, self-
anchor subjects produced wider confidence ranges, but their implicit
point estimates were no more accurate.

Other-anchor subjects were no more overconfident than no-anchor sub-
jects. In Experiment 4, other-anchor subjects did produce slightly nar-
rower confidence ranges than did no-anchor subjects; however, the re-
sults of Experiment 6 did not replicate this finding (see later). Although
the nonsignificant in-range percentage difference was in the predicted

¢ These correlations were calculated for each item, then averaged across items and,
finally, across experiments.
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direction in Experiment 4, the results of Experiment 6 also showed no
significant difference between these two conditions. This finding rejects
the notion that anchoring-and-adjustment processes invariably produce
overconfidence.

Ancillary data are consistent with the notion that subjects produce
lower and upper estimates in a way based on ratios of numbers. Subjects
did not simply add and subtract a constant number from their point esti-
mate as the quotation cited earlier implies (Slovic et al., 1974). In addi-
tion, other-anchor subjects’ implicit point estimates were closer to the
supplied anchoring values than would be expected by chance, so supplied
anchors influenced implicit point estimates.

EXPERIMENTS 5 AND 6

Experiment 5 attempted to clarify the processes responsible for the
reduced overconfidence of self-anchor subjects compared to no-anchor
subjects. Experiments 2—4 had revealed that this decreased overconfi-
dence cannot be attributed to the mere presence of a point estimate—the
source of the point estimate matters. Experiment 5 tested whether pro-
cesses involved in generating point estimates are responsible or whether
processes involved in explicitly displaying point estimates on the judg-
ment sheet are responsible. To do this, we used an implicit-anchor con-
dition in which subjects were told to make a point estimate before per-
forming the confidence-range task, but in which they were not instructed
to record the point estimate on the judgment sheet. The results reveal that
the performance of implicit-anchor subjects does not differ from that of
no-anchor subjects. A possible explanation is that no-anchor subjects
generate an implicit point estimate at the start of the estimation process,
just as the anchoring-and-adjustment hypothesis suggests. The results
also showed that overconfidence in self-anchor subjects does not de-
crease simply because they implicitly generate point estimates. Only if
subjects also explicitly display their point estimates do they show less
overconfidence.

Experiment 6 tested the notion that in the process of generating and
displaying an explicit point estimate subjects realize how poorly they are
able accurately to estimate the quantity, and so they widen their confi-
dence ranges. Some subjects rated their ability to accurately estimate
each quantity before they generated a confidence range. The ability rating
followed one of three anchoring conditions: a no-anchor condition, an
explicit-anchor condition, and an other-anchor condition.

In contrast to Experiments 14, in Experiments 5 and 6 all subjects
were asked to produce 90%-confidence ranges. We switched to this range
partly to ascertain the generality of our findings (that is, to determine
whether earlier findings would be replicated with a different confidence
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range). In addition, research on calibration reveals that people are more
overconfident at higher confidence levels, such as 90%, than at lower
confidence levels, such as 50% (Lichtenstein et al., 1982).

Method

Materials and procedure. Experiments 5 and 6 used four anchoring
conditions. For no-anchor subjects, the instructions and materials were
like those given to no-anchor subjects in Experiments 2 and 4. For ex-
plicit-anchor subjects, the instructions and materials were like those pre-
viously given to self-anchor subjects. Implicit-anchor subjects, like ex-
plicit-anchor subjects, were told to ‘‘start by guessing the actual value of
the answer.”’ In contrast to explicit-anchor subjects, implicit anchor sub-
jects were told merely to ‘‘keep this best-guess estimate in mind as you
adjust it to write your low estimate and your high estimate.”” As in Ex-
periments 3 and 4, the judgment sheets of each other-anchor subject
displayed the point estimates that an explicit-anchor subject had gener-
ated, and these subjects were so-informed. For all subjects, the examples
and instructions described 90%-confidence ranges, and 10 unfamiliar
quantities were estimated.

Experiment 6 used two other conditions, a rating condition and a no-
rating condition. In the rating condition, immediately above each line
requesting a 90%-confidence range was a line reading, *‘I would rate my
ability to accurately estimate this quantity as . . .”’, followed by a 10-point
scale in which 1 was labeled very poor and 10 was labeled very good. This
rating came after explicit-anchor subjects had generated a point estimate
and after other-anchor subjects had read the supplied point estimate; for
no-anchor subjects, it was the first task. In the no-rating condition, as in
all previous experiments, no ability rating was requested.

Subjects. In Experiment 5, there were 120 participants, some recruited
from an introductory psychology class and some from the university com-
munity. We randomly assigned 40 participants to each of three anchoring
conditions, the no-anchor, implicit-anchor, and explicit-anchor condi-
tions. Data of an additional 3 subjects in the implicit-anchor condition
were discarded because they wrote point estimates on the judgment
sheet.

In Experiment 6, 150 volunteers were recruited from introductory and
advanced psychology classes at two universities. Then 25 students were
randomly assigned to each combination of conditions ina 3 X 2 (Anchor-
ing x Ability Rating) factorial design that used no-anchor, explicit-
anchor, and other-anchor conditions, along with rating versus no-rating
conditions.
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Results

Table 3 shows means on the three measures in each combination of
conditions.

In-range percentage. Anchoring condition influenced subjects’ in-
range percentage in both experiments [F(2,117) = 3.29 and F(2,144) =
4.72, both p < .05]. In Experiment 6, neither the effect of rating condition
nor its interaction with anchoring condition significantly affected the in-
range percentage (both F < 1.18).

Five comparisons, combining results across both experiments (when-
ever applicable) and across rating conditions (in Experiment 6) clarify the
effect of anchoring condition. The in-range percentage is greater for ex-
plicit-anchor subjects than for both no-anchor (Z = 3.19, p < .001) and
other-anchor subjects [#(98) = 2.94, p < .005], which do not differ sig-
nificantly [#(98) = .47]. The in-range percentage of implicit-anchor and
no-anchor subjects is not significantly different [#(78) = .13]. Explicit-
anchor subjects show a greater in-range percentage than implicit-anchor
subjects [#(78) = 2.12, p < .05].

All four conditions display overconfidence (all ¢ > 14.2, p < .001). It is
interesting that the overall mean in-range percentage is not substantially
different from what it was in Experiments 1-4, which requested a 50%-
rather than a 90%-confidence range.

Confidence range. In Experiment 5, anchoring condition influenced
confidence ranges [F(2,117) = 3.60, p < .05]. In Experiment 6, the main
effect of anchoring condition is not significant (F < 1), but rating condi-
tion influenced confidence ranges [F(1,144) = 4.31, p < .05]; the inter-

TABLE 3
MEANS ON CONFIDENCE-RANGE MEASURES IN EXPERIMENTS 5-6

In-range Range Error

Condition Experiment n percentage” ratio ratio
No anchor 5 40 345+28 3.9 5.4
6 25 348+ 34 3.5 5.6
6 25 344+ 3.5 4.7 6.2
Implicit anchor 5 40 35.0x 2.6 3.7 5.5
Explicit anchor b 40 43.8 = 3.2 5.6 5.0
6 25 45229 4.2 5.4
6 25b 396 + 3.1 4.6 5.6
Other anchor 6 25 30.8 = 3.0 33 5.1
6 255 352+ 3.6 4.7 5.5

¢ Each mean in-range percentage is shown with its standard error.
% Subjects who provided an ability rating.
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action of anchoring condition and rating condition is not significant
F<.

Combining across experiments (whenever applicable) reveals the fol-
lowing pattern of findings. Explicit-anchor subjects produced wider
ranges than did both no-anchor (Z = 3.19, p < .001) and implicit-anchor
[#(78) = 2.26, p < .05] subjects. There is no significant difference between
the explicit-anchor and other-anchor conditions [#(98) = .68], the no-
anchor and other-anchor conditions [#(98) = .17], and the implicit-anchor
and no-anchor conditions [#(78) = .29].

Estimation error. Anchoring condition did not significantly influence
estimation error (see Footnote 5) in either experiment (both F < 1). In
Experiment 6, the estimation-error data show neither a significant effect
of rating condition nor a significant interaction of rating condition and
anchoring condition (both F < 1).

Additional analysis. Averaged across explicit-anchor subjects in both
experiments, the mean ratio of the point estimate to the lower value is 2.2
and that of the upper value to the point estimate is 2.1. These two ratios
are not significantly different (Z = 1.04). The results of this analysis, like
those in Experiments 2—4, are consistent with the notion that subjects
produce estimates in a way based on ratios of numbers.

As before, correlational analyses reveal that supplied anchors influ-
enced other-anchor subjects’ point estimates (see Footnote 6). Across
other-anchor subjects in Experiment 6, the mean correlation between the
log of each supplied anchoring value and the log of the implicit point
estimate is .53. In contrast, the mean correlation between logs of ran-
domly paired, but unsupplied, values and logs of implicit point estimates
is —.01 for no-anchor and .03 for implicit-anchor subjects.

Ability rating. In Experiment 6, the mean ability rating is 4.30 in the
no-anchor condition, 3.52 in the explicit-anchor condition, and 5.12 in the
other-anchor condition. Anchoring condition influenced this rating
[F(2,72) = 6.72, p < .005]. A Newman-Keuls test clarifies this effect.
Compared to no-anchor subjects, explicit-anchor subjects were less con-
fident in their ability accurately to estimate the actual values of the quan-
tities (p < .05). Also compared to no-anchor subjects, other-anchor sub-
jects were more confident in their ability (p < .01). Other-anchor subjects
(who had the same anchors, but who obtained them differently) were also
more confident in their ability than were explicit-anchor subjects (p <
.01).

Discussion

Experiments 5 and 6 replicate and extend certain findings of Experi-
ments 2—4: (1) Requiring subjects to provide explicit point estimates de-
creases their overconfidence compared to a no-anchor condition. (2) Ex-
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plicit-anchor subjects are also less overconfident than are other-anchor
subjects. (3) Supplied anchors influence implicit point estimates, but
other-anchor subjects are no more overconfident than are no-anchor sub-
jects. (4) The overconfidence of implicit-anchor subjects is about the
same as that of no-anchor subjects. (5) Compared to implicit-anchor sub-
jects, explicit-anchor subjects show wider confidence ranges and less
overconfidence. Taken together, this pattern of results reveals that over-
confidence decreases only if a person must explicitly generate and display
a point estimate before producing the confidence range. No-anchor sub-
jects, like implicit-anchor subjects, may generate an implicit point esti-
mate at the start, but this alone is not sufficient to reduce overconfidence.

As in Experiments 24, in-range percentage differences between an-
choring conditions cannot be attributed to any significant difference in
accuracy of implicit point estimates. The decreased overconfidence of
explicit-anchor subjects compared to all other subjects is reflected simply
in their production of wider confidence ranges.

In Experiment 6, subjects who rated their ability accurately to estimate
the quantities produced wider confidence ranges than did those who did
not rate their ability. A possible explanation is suggested in the General
Discussion.

GENERAL DISCUSSION

Experiment 1 replicated previous findings regarding overconfidence in
estimation. When people estimate unfamiliar quantities, their confidence
ranges are too narrow, a classic overconfidence effect. Performance on
familiar quantities is better: Confidence ranges are narrower, and yet
overconfidence decreases. If people receive a salient warning that they
should not be too confident in their knowledge, overconfidence on unfa-
miliar items decreases, although it is not eliminated.

Results of Experiments 2-6 support the notion of anchoring. Supplying
a person with someone else’s point estimates influences the person’s
point estimates. However, the mere presence of an anchoring value does
not invariably produce insufficient adjustment of estimates and overcon-
fidence. Combining data across experiments, confidence ranges were no
more narrow for other-anchor than for no-anchor subjects (Z = 1.41,p =
.16), and other-anchor subjects were no more overconfident than were
no-anchor subjects.

Tversky and Kahneman (1974), as well as Slovic and his colleagues
(Slovic et al., 1974; Slovic & Lichtenstein, 1971), claimed that people
implicitly generate and use an anchoring value at the start of an estimation
process (such as producing a confidence range), even if the task does not
explicitly require one. If this is the case, asking subjects explicitly to
provide a point estimate before giving a confidence range should not
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influence (or should actually slightly increase) their overconfidence com-
pared to subjects who are not asked to provide a point estimate. In con-
trast, the present data show that requiring subjects to provide an explicit
point estimate reduces their overconfidence. These findings suggest that
anchoring-and-adjustment processes do not inevitably operate in the sim-
ple way previously thought to produce overconfidence in estimation. Ex-
plicit self-anchoring decreases overconfidence; it does not produce it.

The mere presence of an anchoring value at the start of an estimation
process is not the critical factor underlying this reduced overconfidence.
A person who receives someone else’s point estimates is more overcon-
fident than is a person who must generate and explicitly display his or her
own point estimates. However, simply requiring a person to generate an
anchoring value at the start of an estimation process is not sufficient.
Instead, subjects must generate and explicitly display an anchoring value.

Experiment 6 interposed an ability rating between the hypothesized
anchoring and adjustment stages to clarify a possible way in which an-
choring may influence adjustments. When a person receives someone
else’s point estimates, he or she reports an increased ability to estimate
the quantities accurately. Under these conditions, the person does not
realistically assess his or her ability, as revealed by the relatively high
ability ratings and yet considerable overconfidence. However, if a person
must generate and explicitly display a point estimate, confidence in esti-
mation ability decreases markedly. The difficulty of having to provide
this estimate may make the person realize that his or her estimation ability
is limited, as revealed by the relatively low ability ratings and less over-
confident estimates.

These findings have implications for improving the ability of estimators
or forecasters to give accurate confidence ranges. Someone who is esti-
mating a familiar quantity will show little or no overconfidence (or un-
derconfidence), at least for moderate (e.g., 50%) confidence ranges. Be-
cause overconfidence in estimating unfamiliar quantities is especially per-
vasive at higher confidence levels (e.g., 90%), even experts may need to
take steps to decrease such inappropriate confidence. Other research
suggests that improved forecasting results from such relatively time-
consuming methods as: thinking of reasons why a point estimate might be
inaccurate (Hoch, 1985; Koriat, Lichtenstein, & Fischhoff, 1980), giving
people relatively easy practice items followed by discouraging feedback
(Arkes, Christensen, Lai, & Blumer, 1987, Experiment 1), and leading
people to expect a group discussion of their estimates (Arkes et al., 1987,
Experiment 2). It is nevertheless true that many efforts to decrease over-
confidence have failed to do so (see Fischhoff, 1982). The present study
suggests that a relatively simple method can be effective: Require a per-
son explicitly to display a point estimate before giving a confidence range.
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However, if the situation calls for a high confidence level (e.g., 90%), a
person may still be overconfident. This method may be more practical if
it is used along with other debiasing techniques.
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