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Abstract

Previous studies indicated that conditional predictions—the assessed probability that a certain outcome will occur given a certain
condition—tend to be markedly inflated. Five experiments tested the effects of manipulations that were expected to alleviate this
inflation by inducing participants to engage in analytic processing. Rewarding participants for accurate predictions proved ineffec-
tive. A training procedure in which participants assessed the likelihood of each of several outcomes before assessing the probability
of a target outcome was partly effective in reducing overestimation. Most effective was the requirement to work in dyads and to
come to an agreement about the assessed likelihood. Working in dyads helped alleviate prediction inflation even after participants
made their individual predictions alone, and its debiasing effect also transferred to the estimates that were made individually on a
new set of stimuli. The results were discussed in terms of the factors that make prediction inflation resistant to change.
� 2007 Elsevier Inc. All rights reserved.
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In many situations in everyday life people need to
asses the possible consequences of various events and
developments in order to make decisions about their
actions. Such assessment may take the form of an
open-ended evaluation in which a variety of possible
outcomes are considered. Often, however, the assess-
ment may be targeted at a particular outcome and
involves predicting the likelihood of that outcome given
a specific envisioned condition. Thus, investors often
must assess the probability that the value of a certain
share will drop following a potential future event. Such
targeted predictions have been referred to as conditional
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predictions (Koriat, Fiedler, & Bjork, 2006). Condi-
tional predictions specify a particular condition as well
as a specific potential outcome, and take the form
‘‘What is the probability that a specified event will occur
given a specified condition?’’

Koriat et al. examined the idea that conditional pre-
dictions tend to be markedly inflated because the focus
on the target outcome highlights aspects of the condi-
tion that are consistent with it. Some of these aspects
are less likely to come to the fore when that outcome
is not mentioned. The backward activation process, in
which the stated outcome changes the representation
of the condition, leads to overestimation of the proba-
bility of the target outcome. It may also result in an
overprediction effect: Each of several alternative out-
comes may be judged to be very likely, as if there is little
competition between them, so that the assessed proba-
bilities of several alternative outcomes may sum up to
more than 1.0.

The procedure that was used to examine these ideas is
based on the word association task in which people are
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presented with a stimulus word and are asked to
respond with the first word that comes to mind. In our
experiments, we essentially asked participants to make
a conditional prediction: to judge the likelihood that a
person will respond with a particular target word (out-
come) when presented with a certain stimulus word
(condition). We presented participants with a list of
word-word, cue-target pairs and asked them to estimate
the percentage of people who would produce the target
word as their first response given the cue word. This task
has the advantage that norms are available for a large
number of cue-target pairs, listing the actual percentage
of responding, and that associative-semantic properties
of the pairs can be manipulated that permit investiga-
tion of the backward activation account of prediction
inflation.

The results of several experiments disclosed a perva-
sive and strong overestimation bias. That bias was par-
ticularly pronounced for pairs with low (but not zero)
actual percentage of responding. For such pairs, partic-
ipants’ estimates averaged about 62% when the actual
percentage of responding was only 4.4% (Koriat et al.,
2006; Experiment 1). A similar pattern of results was
obtained independently by Maki (Maki, 2007a,b) across
several experiments. He conducted detailed analyses of
the function relating estimated probabilities to actual
probabilities and found it to have not only an unduly
high intercept but also a very shallow slope, indicating
insufficient sensitivity to inter-item differences in actual
likelihood of responding. What is notable is that esti-
mated probabilities are very low for pairs with a zero
association, suggesting a discontinuity in the function
relating estimated probabilities to actual probabilities
(Koriat, 1981).

To examine the backward activation account of
inflated predictions, Koriat et al. (2006) used asymmet-
rically-associated pairs. For such pairs the association
in the forward direction (e.g., cheddar-cheese, associative
strength: .92) is much stronger than that in the back-
ward direction (cheese-cheddar, associative strength:
.05). The results indicated a moderate overestimation
when the pairs were presented in the forward direction
but a very marked overestimation when the pairs were
presented in the backward direction.

The inflation of conditional predictions has much in
common with two other biases that have been discussed
in the literature—confirmation bias and hindsight bias.
Confirmation bias (see Nickerson, 1998) refers to the
tendency to justify a conclusion by selectively focusing
on evidence that supports it. Such selective focusing
has been assumed to underlie the overconfidence in
one’s answers to general-information questions (see Fis-
chhoff, Slovic, & Lichtenstein, 1977; Koriat, Lichten-
stein, & Fischhoff, 1980). Koriat et al. (2006) argued
that prediction inflation also derives from a process in
which people build a scenario that leads from the condi-
tion to the outcome, focusing on supporting evidence. In
fact, Fiedler (2000) claimed that the mere specification
of a particular future event increases the perceived like-
lihood of that event. Such overestimation is particularly
strong when participants are instructed to imagine or
explain the outcome before judging its likelihood (e.g.,
Carroll, 1978; Hirt & Markman, 1995). Although in
Koriat et al’s study neither explanation nor imagination
of the target outcome was explicitly solicited, partici-
pants behaved as if they had to justify the occurrence
of that outcome (see Koehler, 1991).

Conditional predictions have also much in common
with the hindsight bias (Fischhoff, 1975; for reviews,
see Guilbault, Bryant, Brockway, & Posavac, 2004;
Hawkins & Hastie, 1990; Blank, Musch, & Pohl, 2007).
When people are asked to predict the outcome of a his-
torical event and are then required to recollect their pre-
diction after the outcome is revealed, their recollection of
their original predictions tend to shift towards the cor-
rect outcome. The prediction inflation is, in a sense, a
mirror image of the hindsight bias: Whereas in the hind-
sight bias the participant’s past predictions are distorted
in retrospect once the actual outcome is revealed, in pre-
diction inflation the participant’s predictions are dis-
torted in the direction of the stated outcome whose
future likelihood has to be assessed.

This study focuses on manipulations that may aid in
alleviating prediction inflation. How can the overestima-
tion bias be mended? Previous studies examined one
hypothesis that derives from the processes assumed to
underlie prediction inflation and the related phenomena
just discussed. One such hypothesis is that the mere pre-
sentation of the target word along with the cue word
prevents consideration of alternative responses to the
cue word (see Koriat, 1981; Koriat & Bjork, 2005).
However, several manipulations that presumably induce
consideration of alternative responses failed to improve
judgment accuracy. Maki (2007a, Experiment 6) pre-
sented the cue word for 10 s prior to seeing the target
word, and instructed participants to think about possi-
ble response words. Only then was the target word
added for rating. In another experiment (Experiment
7) each cue word was accompanied by four of its norma-
tive response words, and one of them was selected to be
judged. Neither of these manipulations improved dis-
crimination between the items. Focusing on the slope
of the function relating judged to actual probabilities
of responding, Maki (2007b) observed that manipula-
tions designed to lower the intercept of the function
did not increase the slope. For example, an error-correc-
tion feedback training did not increase sensitivity to inter-
item differences in associative strength, nor did the
instruction to rate several alternative responses under
the constraint that the ratings should total exactly 100.

Koriat et al. (2006), who focused specifically on
the overestimation bias, examined the hypothesis that
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having participants generate their own association to
the cue word should alleviate prediction inflation. Par-
ticipants first produced an association to the cue word
and only then saw the target word and assessed its
likelihood. Participants still overestimated the occur-
rence of the target response even when it differed from
the one that they had just generated (Experiment 4).
Two additional variations of the generation task also
proved ineffective: Neither the production of two asso-
ciates to the cue word prior to seeing the target
(Experiment 5) nor the production of these associates
in the presence of that target (Experiment 6) were
effective in reducing the prediction inflation markedly.
This was true even when neither of the two associates
matched the target response.

These results are surprising. The generation manip-
ulation can be assumed to give participants first-hand
experience with the task whose outcome they are sub-
sequently asked to predict, making them aware of the
likelihood of responses other than the target
response. However, for the backward-associated pairs,
participants in the generation condition produced a
different word from the target word in 95% of the
cases, but their predictions of the target (which was
revealed immediately after the generation task) aver-
aged around 50%.

This observation joins with the finding that when par-
ticipants were presented with a cue-target pair and asked
to estimate the percentage of people who ‘‘would not say
the second word in response to the first word, but will
say another word instead,’’ their estimates were unduly
low, suggesting that the occurrence of the presented tar-
get word was again overestimated (Koriat et al., Exper-
iment 2). It would seem that the presentation of the
target response along with the cue word largely pre-
empts the experience gained from consideration of other
potential responses that might be evoked by the cue
word. This is because in making conditional predictions,
people assess the strength of support for one outcome
almost independently of support for competing out-
comes (Robinson & Hastie, 1985; Sanbonmatsu, Posa-
vac, & Stasney, 1997; Van Wallendael & Hastie, 1990).
Therefore, the fact that one outcome appears quite plau-
sible does not preclude the possibility that another out-
come will also feel very plausible.

Nevertheless, the results of Koriat et al. and Maki
stand in sharp contrast with findings indicating that
inducing participants to consider alternative outcomes
can reduce inflated probabilities (see Hirt, Kardes, &
Markman, 2004; Hirt & Markman, 1995). They are also
inconsistent with the finding that having participants
explain alternative outcomes reduces their confidence
in the target outcome (Koehler, 1991). Furthermore,
previous results suggested that people tend to rely on
their own subjective experience when asked to make pre-
dictions for others (Kelley & Jacoby, 1996; Nickerson,
1999). Why then is prediction inflation relatively imper-
vious to the experience gained from generating a differ-
ent response than the target response?

In this study we attempt to address this question in
the framework of the dual-process theoretical frame-
work, which posits a distinction between two modes of
processing, labeled System 1 and System 2 by Stanovich
and West (2000); see Kahneman, 2003). The former is
assumed to be intuitive, heuristic, quick and effortless,
whereas the latter is analytic, deliberate, slow, and
effortful. Dual process theories have been used to
explain a variety of phenomena in cognitive, social
and developmental psychology (Epstein & Pacini,
1999; Kelley & Jacoby, 1996; Koriat, Bjork, Sheffer, &
Bar, 2004; Koriat & Levy-Sadot, 1999; Sloman, 2002;
Strack & Deutsch, 2004). It may be proposed that pre-
diction inflation derives largely from the type of intuitive
and automatic mode of processing that characterizes
system 1. In this mode, participants respond to the over-
all overlap between the condition and the outcome with-
out engaging in a critical, systematic evaluation of their
assessment. For example, the cue-target pair cheese-
cheddar gives rise to an immediate feel that cheddar is
a very plausible response to cheese (even though the
actual probability is only .05). In order to combat that
intuitive feeling, it is necessary to engage in a delibera-
tive, calculated assessment in which the many other
potential responses to cheese are considered, and then
rely on the output of that reasoning to overcome the
immediate intuitive feelings (see Koriat et al., 2004).
Indeed, previous results suggest that that participants
adopt an intuitive, nonanalytic mode of responding as
a default but tend to shift to an analytic, deliberate
mode when they realize that their immediate ‘‘gut feel-
ings’’ had been contaminated by irrelevant factors or
when they experience cognitive disfluency (e.g., Alter,
Oppenheimer, Epley, & Eyre, in press; Gilbert, 2002;
Jacoby & Whitehouse, 1989; Strack, 1992).

Why then did the generation of one’s own associa-
tions fail to mend prediction inflation even when these
associations differed from the target (Koriat et al.,
2006)? Possibly, the mere feedback that participants
gain from generating different responses from the tar-
get is not sufficient to overcome the immediate feeling
that the target outcome (e.g., cheese) is quite likely.
What is needed is a manipulation that not only leads
participants to engage in an analytic mode of process-
ing but also induces them to rely on that mode in
making their predictions. Indeed, the requirement to
provide reasons for the occurrence of alternative out-
comes has been found to be effective in reducing the
judged probability of future events. (Hirt & Markman,
1995). Also, results suggest that predictions that derive
from System 1 reasoning are likely to be corrected
when participants are accountable for their decisions
(Tetlock & Lerner, 1999).



64 A. Koriat / Organizational Behavior and Human Decision Processes 106 (2008) 61–76
Thus, we explored the effects of three types of manip-
ulation that were intended to induce participants to
engage in a deliberative process that might help them
overcome the immediate feelings precipitated by the
presence of the target. In Experiment 1, participants
were given special instructions to try to provide as accu-
rate predictions as they can and were also given mone-
tary incentives for predictions that were very close to
the actual percentages. In Experiment 2, participants
were given a training session in which they were pre-
sented with a series of cue words. For each cue word
they were instructed to list six responses that come to
mind and to estimate the percentage of people who
would give that word as a response in a word-associa-
tion test. Only then were they asked to assess the likeli-
hood that the target word will be given as a response to
that cue word. In Experiment 3, participants worked in
dyads and had to come to an agreement about their esti-
mate. The dyadic negotiation was expected to induce a
deliberative and critical mode of processing because
each member must defend his or her initial judgment
and try to convince the other member. Experiments 4
and 5 were designed to obtain additional insights about
the effects of working in dyads: Whereas in Experiment
4 participants first provided their independent estimates
individually before negotiating on a joint estimate, in
Experiment 5 the order of the conditions was reversed
in order to examine whether the effects of working in
dyads transferred to a situation in which each partici-
pant provided his/her own estimate. All of the manipu-
lations used in this study were intended to bring
participants, for better or for worse, to reason!
1 Hebrew is written from right to left.
Experiment 1: Inducing motivation for accuracy

The procedure of Experiment 1 was similar to that
used by Koriat et al. (2006). However, Participants were
instructed to make a special effort to provide accurate
estimates, and were told that they would receive a mon-
etary bonus for each prediction that fell within 5 per-
centage points from the actual norms. Previous
research (see Camerer & Hogarth, 1999, for a review)
indicated that monetary incentives as such do not neces-
sarily improve judgments. Here, however, the incentives
were primarily intended to induce participants to try to
provide as precise estimates as they could, under the
assumption that the focus on precision should call for
analytic reasoning.

Method

Participants

Twenty-four University of Haifa students (17 women,
7 men) participated in the experiment, four for course
credit and the rest for payment.
Materials

The materials were the same as those used in
Koriat et al. (2006, Experiment 4). A list of 90
Hebrew word pairs was used, consisting of 30 unre-
lated word pairs (for which associative strength was
zero), and 60 asymmetrically associated pairs for
which the forward and backward associative strengths
averaged .60 and .02, respectively. Half of the asym-
metrical pairs were presented in the forward direction
and the other half in the backward direction, with
the assignment to the two directions counterbalanced
across participants.

Procedure and apparatus
The word pairs were displayed on a computer

screen. Participants were informed about the proce-
dure of a word association test, and were asked to
estimate for each presented pair, the percentage of
people who would say the second word (on the left)
as the first response to the stimulus word (on the
right), in a word association test1. Participants were
instructed to say their estimate aloud. The experi-
menter entered their estimate on a keyboard, and 1 s
thereafter the next pair was presented.

Participants were instructed to make a special effort
to provide an estimate that is as close as possible to
the truth. They were told that their estimates will be
compared to the norms and that they will receive NIS
1 (about 25 cents) for each prediction that deviates from
the norms by no more than 5 percentage points in either
direction. When the experiment was completed, the par-
ticipants were interviewed about the strategy that they
had used in making predictions.

Results

We first examine the proportion of items for which
the participants’ estimates met the criterion of falling
within ± 5% from the norm. Although this proportion
averaged .25 across all items, it was high only for the
unrelated pairs (.68) whereas for the forward and back-
ward pairs it was very low, .05 (range 0–.17) and .03
(range 0–.27), respectively.

We compared these results with those of the con-
trol condition in Experiment 4 of Koriat et al.
(2006). The procedure for that condition was the same
as that of the present experiment except that no spe-
cial instructions emphasizing accuracy were used and
no incentive was included. The proportion of items
that fell within ±5% from the norms in that experi-
ment averaged .28 across all items. This proportion
amounted to .73, .10, and .02, for the unrelated, for-
ward, and backward pairs, respectively. A Condition
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Fig. 1. Mean actual and predicted response percentages for the
Incentive and Control conditions for the unrelated, backward and
forward pairs. Error bars represent +1 SEM (Experiment 1).
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(Incentive vs. No-incentive) X Associative Type (for-
ward, backward, unrelated) ANOVA on these means
yielded F(1, 42) = 1.09, ns, for condition,
F(2, 84) = 297.99, MSE = 0.021, p < .0001, for associa-
tive type, and F < 1 for the interaction. Thus, there
was no sign that the accuracy incentive was successful
in increasing the proportion of estimates that fell
within the specified range.

We examined next the estimates provided. Fig. 1 pre-
sents these estimates (predicted-incentive) as well as
those made in Experiment 4 of Koriat et al. (2006) (pre-
dicted-control). Included in this Figure are also the
actual percentages. As can be seen, the incentive manip-
ulation failed to eliminate the prediction inflation bias.
Mean predictions for the forward, backward and unre-
lated pairs, were all inflated, averaging 85.6%, 65.2%
and 10.8%, respectively, compared with 59.9%, 2.0%
and 0%, respectively, for the actual percentages. The
inflation was significant for each of the associative types,
t(23) = 10.02, p < .0001, t(23) = 15.05, p < .0001,
t(23) = 6.59, p < .0001,2 respectively, for the predicted-
actual difference.

Consistent with previous results (Koriat et al.,
2006), the inflation bias was much stronger for the
backward than for the forward pairs. For the back-
ward pairs, the estimates were inflated by a factor of
32. Because no error variance is available for the
actual percentages, we performed the analyses on the
estimated-actual differences calculated for each partic-
2 It should be stressed that the analyses of prediction inflation is
problematic in the case of the unrelated pairs, because prediction could
deviate only in one direction.
ipant. A comparison of the difference scores for for-
ward and backward pairs yielded t(23) = 10.90,
p < .0001, indicating a stronger bias for the backward
pairs.

The inordinately high estimates observed for the
backward pairs could be seen to derive from a simple
statistical regression in which small frequencies tend to
be overestimated (Fiedler & Armbruster, 1994). How-
ever, the results for the unrelated pairs argue against this
interpretation: The predictions for these pairs averaged
10.8% (when the actual percentage was zero), much
lower than what was found for the backward pairs
(65.2%).

Turning next to a comparison between the incentive
condition and the control condition, a Condition X
Associative Type ANOVA yielded a significant effect
for associative type, F(2, 84) = 605.63, MSE = 106.31,
p < .0001, but F < 1 for both condition and the inter-
action. Mean predictions across all items was 53.9% in
the incentive condition and 51.1% in the no-incentive
condition (compared with 20.7% for the norms). Thus,
the accuracy incentive introduced in Experiment 1 was
completely ineffective in alleviating prediction
inflation.

Discussion

Experiment 1 was predicated on the assumption
that the emphasis on accurate predictions and the
use of accuracy incentives might induce participants
to engage in an analytic evaluation of potential
responses and their relative probabilities. Indeed, in
the post-experiment interview, several participants
indicated that they performed the task by thinking
of responses that they or other people would be likely
to make to the cue word, and then compared the per-
ceived likelihood of these responses to that of the tar-
get word. Such analytic evaluation would be expected
to result in more realistic estimates of the likelihood
of occurrence of the target response. Surprisingly,
however, there was not even a hint that the incentive
manipulation reduced the inflation bias.

It would seem that the deliberate consideration of
alternative responses was not successful in overcoming
the inflated a-posteriori associations that are activated
by the target. Indeed, most participants mentioned in
the interview that when the cue and target words were
related, they found it difficult to ignore the target
word and its association to the cue, and a few partic-
ipants added that perhaps if they had seen the cue
alone they would have probably produced many other
responses than the target word. These reports suggest
a conflict between heuristic-driven feelings and ana-
lytic-based knowledge (see Denes-Raj & Epstein,
1994) with the former winning in influencing the esti-
mation task.
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Experiment 2: Training in estimating the occurrence of

different responses

In Experiment 2 we used a training session that was
designed to induce participants to engage in an analytic,
systematic process. In that session, participants were
required to produce six responses to a cue word and also
to assess the likelihood of each of them before estimat-
ing the percentage of participants who would produce
the target response to that cue word. Thus, unlike the
procedure used by Koriat et al. (2006), in which partic-
ipants produced one or two associates to the cue word,
here they generated 6 responses and also estimated the
percentage of people who would give each of these. This
training procedure was expected to reduce markedly the
overprediction effect for the responses generated during
training, and to eliminate or reduce the inflation bias for
the pairs that were included in the experiment proper.

The design of the experiment involved two condi-
tions. In the intervening training condition, the training
was interposed between two administrations of the esti-
mation task. The procedure for each such administra-
tion was identical to that of Experiment 1. In the prior
training condition, in contrast, participants received
the training session first, and then were administered
the estimation task.

Method

Participants
Forty Hebrew-speaking University of Haifa under-

graduates (24 women and 16 men) participated in the
experiment for course credit. They were assigned ran-
domly to the two conditions, with 20 participants in
each condition.

Materials, apparatus and procedure

The materials and apparatus were identical to those
of Experiment 1. In the intervening training condition,
participants first performed the 90-pairs estimation task
using a procedure that was identical to that of Experi-
ment 1. They then underwent a training session, and
subsequently performed the estimation task again. In
the prior training condition, in contrast, participants
received the training session before performing the esti-
mation task once.

In both conditions participants first received instruc-
tions about the word association task, and were told
that they would have to estimate the percentage of peo-
ple who will give the target word in response to the cue
word as the first association that comes to mind. In both
conditions participants were given an accuracy incentive
as in Experiment 1: They were told that they would
receive NIS 0.50 for each prediction that deviates from
the norms by no more than 5% points in either direction
(this was true for both presentations of the intervening
training condition). In the prior training condition, par-
ticipants were instructed that the training phase is
designed to familiarize them with the word-association
task and with their own task, which is to assess the like-
lihood of the target responses. Similar instructions were
given to the intervening training group just before the
training phase. In both conditions it was emphasized
that the training session is intended to improve the accu-
racy of the participants’ estimates and hence to increase
their monetary bonus.

The 10 word pairs used for training were chosen so as
to represent forward, backward and unrelated associa-
tive types. Participants were told that they would first
get a chance to practice the word association task them-
selves. They received a booklet containing 10 training
trials. The first five trials included two pages each. At
the top of the first page appeared the cue word. Then
the same cue word was repeated 6 times, each time with
a blank space next to it. Participants were instructed first
to write down six different associations that come to
mind in response to that word, one in each space. They
were then asked to estimate for each such association
the percentage of people who are likely to give that asso-
ciation as the first association in response to the cue, and
to write their estimate next to the response. When they
completed the task, they were asked to turn the page,
where the cue word appeared again together with a tar-
get response. Participants were asked to give their esti-
mate for that target word. (If the target word was
identical to one that they had provided themselves, they
were asked simply to copy their previous estimate). This
procedure was repeated for four more trials. The forms
for the final five trials were similar except that the cue-
target pair appeared at the top of a page followed by
6 cue-space pairs. Participants were asked again to give
6 different responses to the cue word, and estimate the
percentage of each. Only then were the participants
required to go to the top of the page and to estimate
the percentage of people who would give the target word
as a response.

Following the training session, the participants were
instructed to use the insight and experience that they
had gained from the training session in making their
estimates in the estimation task that followed. In the
intervening training condition, participants were shown
again the same 90 word pairs, presented in a new ran-
dom order. Participants were interviewed at the end of
the experiment about the strategy that they had used
in making predictions, and how they took advantage
of the training session.

Results

Training session
We shall examine the results for the training session

before analyzing the effects of training on the estimation
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task. Because of an error, the identity (and condition) of
the participants could not be determined for 8 training
booklets. However, the results for the remaining 32 par-
ticipants yielded little differences between the two condi-
tions, and therefore the results for the training session
were analyzed across all participants in both conditions.

The average estimates provided by participants
decreased monotonically with the ordinal position of
their response, averaging 39.2%, 25.5%, 20.4%, 18.7%,
16.4%, 16.1%, respectively, for the first to the sixth
responses, F(5,195) = 86.20, MSE = 35.67, p < .0001.

For each participant, we calculated the sum of the
estimates listed for the six responses, and averaged that
sum across the 10 training items. These means averaged
137.1% across participants, significantly higher than
100%, t(39) = 2.57, p < .05. These results indicate that
the overprediction effect reported by Koriat et al.
(2006) was obtained even during the training session.
However, although the overall magnitude of the over-
prediction effect was similar to that observed by Koriat
et al. (2006, Experiment 3b), there was a greater varia-
tion in this study: There were only 26.3% of the cases
across all participants and items in which the sum of
the 6 estimates exceeded 100%. Possibly, the provision
of the 6 estimates one after the other led some partici-
pants to deliberately ensure that their estimates do not
total more than 100%. Indeed, the sum of predictions
ranged from 57% to 470% across participants, and was
relatively reliable between the first five items and the
next five items: Of the 19 participants who evidenced
overprediction for the first 5 items, 9 exhibited overpre-
diction in the second set of 5 items as well. In contrast,
of the 21 participants who did not evidence overpredic-
tion for the first 5 items only 1 did so for the second set,
v2 (df = 1) = 9.66, p < .005.

Turning next to the estimates provided for the 10 tar-
get responses, these averaged 36.4% (SD = 15.4), in
comparison with 20.9% for the actual percentage,
t(39) = 6.51, p < .0001. Thus, although each participant
listed 5–6 responses that differed from the critical target,
the occurrence of the critical target was nevertheless
overestimated. Focusing only on the first 5 trials (for
which the critical target was revealed only after the list-
ing of 6 responses), in 5.9% of the cases the target was
the same as one of the responses that the participant
had provided. There were 36 participants who gave both
‘‘same’’ and ‘‘different’’ responses for these pairs. For
these participants, the estimated occurrence of the target
response was 38.9% (SD = 22.1), and 27.0% (SD =
16.0), respectively, t(35) = 2.94, p < .01. However, the
actual percentage for those items averaged 41.6% and
10.9%, respectively, t(35) = 4.25, p < .0001, so that it
does not seem that the inflation bias was any weaker
when none of the generated responses matched that tar-
get than when one of them matched it (see Koriat et al.,
2006).
The effects of training on the estimation task

We turn next to the results for the experiment proper.
Fig. 2 presents mean predicted percentages for the prior
training group and for the first and second presentations
of the intervening training group. Also displayed are the
corresponding actual percentages. Consider first the
results for the intervening training group. The estimates
in the first presentation display the typical inflation bias,
with the overestimation effect being most pronounced
for the backward pairs: Predicted percentages for the
forward, backward and unrelated pairs averaged
79.0%, 55.2%, and 12.4%, respectively, compared with
59.9%, 2.0%, and 0%, respectively, for the actual per-
centages. These results are quite similar to those
observed for the control condition in Experiment 4 of
Koriat et al. (2006). (The respective mean estimates in
that experiment were 81.1%, 64.0%, and 8.1%). The
inflation bias was significant for each of the associative
classes: t(19) = 8.05, p < .0001, for the forward pairs,
t(19) = 12.11, p < .0001, for the backward pairs, and
t(19) = 5.35, p < .0001, for the unrelated pairs. Because
no error variance is available for the actual percentages,
we compared the forward and backward pairs in terms
of the estimated-actual differences calculated for each
participant. This comparison yielded t(19) = 11.0,
p < .0001, indicating a stronger bias for the backward
pairs.

Did the training procedure alleviate the overestima-
tion bias? It seems that it did. A two-way ANOVA com-
paring the estimates made before and after training
yielded F(1,19) = 18.50, MSE = 264.03, p < .001,
for presentation, F(2,38) = 135.12, MSE = 276.81,
p < .0001, for associative type, and F(2, 38) = 7.57,
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Fig. 3. Mean actual and predicted response percentages for the
overprediction and no-overprediction groups, for the unrelated pairs,
backward pairs and forward pairs, plotted separately for the prior
training condition (top panel) and for the two presentations of the
intervening training condition (bottom panel). Error bars represent +1
SEM (Experiment 2).
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MSE = 66.40, p < .005, for the interaction. The overall
effect of the training procedure was to reduce estimates
by about 13%.

Nevertheless, the training procedure was successful in
eliminating the overestimation bias only for the forward
pairs, but failed to do so for the backward and unrelated
pairs. A comparison of the second presentation esti-
mates with the actual percentages yielded t(19) = 0.50,
ns, for the forward pairs, but t(19) = 7.17, p < .0001,
for the backward pairs, and t(19) = 5.62, p < .0001, for
the unrelated pairs. A comparison of the forward and
backward pairs in terms of the estimated-actual differ-
ences calculated for each participant yielded
t(19) = 10.62, p < .0001, indicating a stronger bias for
the backward pairs. In the first presentation, estimates
were inflated by a factor of 1:1.3 for the forward pairs,
and by a factor of 1:27.6 for the backward pairs. The
respective values on the second presentation were 1:1.1
and 1:18.9, respectively.

Turning next to the prior training condition, some-
what surprisingly, this training seems to have been lar-
gely unsuccessful in reducing the overestimation bias:
A two-way ANOVA comparing the estimates made in
this condition with those of the intervening training
group on the first presentation yielded F(1, 38) = 1.70,
MSE = 400.65, p < .21, for condition, F(2,76) =
316.78, MSE = 143.24, p < .0001, for associative type,
and F < 1 for the interaction.

Dividing participants in terms of overprediction in the
training session

As noted earlier, there were reliable differences
between participants in the estimates provided during
the training phase. It may be speculated that these differ-
ences reflect in part the extent to which participants
attempted to engage in an analytic process that helps
overcome the experience-based overestimation bias. If
so, participants who did not exhibit an overprediction
effect during training would be expected to provide
lower estimates for the experimental pairs. To examine
this hypothesis, the participants in each condition were
divided into those whose mean sum of estimates across
the 6 responses in the 10 training items exceeded 100%
(overprediction) and those for whom that mean was less
than 100% (no overprediction). The number of such par-
ticipants (using only the 32 participants whose condition
could be determined) was 10 and 6, respectively, in the
prior training group, and 5 and 11, respectively, in the
intervening training group. Fig. 3 presents mean esti-
mates provided by each of the two groups in the prior
training condition (top panel) and in each of the two
presentations in the intervening training condition (bot-
tom panel).

For the prior training group, indeed no-overpredic-
tion participants provided somewhat lower estimates
for the experimental pairs (38.8%) than did the overpre-
diction participants (47.6%), t(14) = 1.41, p < .20.
Although the difference was not significant, it might sug-
gest a causal influence of training: Participants who
became aware of the competition between alternative
responses during training were able to apply that knowl-
edge in making predictions for the experimental pairs.
However, this effect could also simply indicate that the
overprediction effect is diagnostic of chronic individual
differences in the tendency to rely more heavily on sub-
jective experience or on an analytic mode of processing
(see Stanovich & West, 2000). Examination of the
results for the intervening-training condition suggests
that both effects are operative. Thus, individual differ-
ences in overprediction in the training session postdicted
differences in overestimation: The estimates provided in
the first presentation by the no-overprediction and over-
prediction participants averaged 46.6% and 57.7%,
respectively, t(14) = 2.21, p < .05. The effect was signifi-
cant for both the backward pairs, t(14) = 2.17, p < .05,
and the forward pairs, t(14) = 2.56, p < .05. The inter-
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vening training, however, appeared to intensify these
differences. An Overprediction X Presentation ANOVA
on mean estimates yielded F(1,14) = 3.65, MSE =
82.29, p < .08 for the interaction. The reduction in mean
estimates from the first to the second presentation
amounted to 18.6% for the no-overprediction group
compared with 5.4% for the overprediction group.

Discussion

The results for the intervening training group disclose
the most successful means of reducing the inflation bias
that has been found so far. The training session suc-
ceeded in reducing estimations by about 13% overall,
and practically eliminated the inflation bias for the for-
ward pairs.

Nevertheless the results on the whole are quite dis-
couraging given the extensive training that was intended
to induce an analytic mode of responding. First, the
prior training group yielded no effect of training at all.
Practically all participants in this group stated in the
postexperiment interview that they had failed to see
how the training procedure could help them in providing
accurate estimates in the experiment proper. In contrast,
some of the participants in the intervening-training con-
dition reported that the training session helped them
‘‘put things in proportion’’ and led them to make lower
estimates than they would have made otherwise. Note
that indeed, the proportion of participants who exhib-
ited overprediction was smaller for the intervening train-
ing group (31%) than for the prior training group (63%),
v2 (df = 1) = 3.14, p < .08. Thus, perhaps it was neces-
sary to have participants go through the first presenta-
tion in order for them to benefit from the training
procedure.

Second, even in the intervening training group the
inflation was very marked for the backward pairs in
the second presentation, with the percentage of respond-
ing overestimated by a factor of almost 20. The impres-
sion from the post-experiment interview was that the
overestimation bias was particularly strong when partic-
ipants focused on the target word and tried to evaluate
its likelihood. In contrast, a focus on the cue word and
on the potential responses that it can induce seemed to
help participants overcome in part the a-posteriori asso-
ciations that stem from the target word.

However, the attempt to generate alternative
responses to the cue word, in itself, was not sufficient
to override the effect of the a-posteriori associations,
as suggested by the results of the training session. These
results indicate that some participants exhibited an over-
prediction effect even during that session. Although the
intervening training procedure was effective in reducing
overestimation, particularly for the no-overprediction
participants, even these participants exhibited inflated
predictions for the backward pairs in the second presen-
tation, t(10) = 6.11, p < .0001. In fact, as noted earlier,
Maki (2007b) found an overestimation bias for low-
association pairs even when participants were instructed
to rate several alternative responses under the constraint
that the ratings should total exactly 100. Thus, our
attempt to induce an analytic attitude by soliciting esti-
mates for several alternative responses was not sufficient
to overcome the inflation bias even among those who
succeeded to avoid the overprediction bias during
training.
Experiment 3: Working in dyads

Given that participants in the training session did
generate alternative responses to the target word and
also judged several of these to be quite likely, why did
they nevertheless overestimate the occurrence of the tar-
get response even on the training items? It would seem
that although the training session promoted an analytic
process that has the potential of eliminating prediction
inflation, participants did not incorporate the conse-
quences of that process strongly enough to override
the contaminated subjective experience induced by the
presence of the target. How can participants be encour-
aged to do so?

Experiment 3 examined the possibility that perhaps
asking people to work in dyads and to come to an
agreement about the estimate not only should make
participants consider rational arguments but may
motivate them to apply these arguments in producing
an accurate estimate. Indeed, the extensive research
of Tetlock and his associates on the social contin-
gency model (see Tetlock, 1992; Tetlock & Lerner,
1999) indicates that accountability to others tends
to activate effortful and systematic processing and
to reduce reliance on easy-to-execute heuristics. Thus,
when people feel accountable to other individuals
(with unknown views) they tend to engage in preemp-
tive self-criticism, to consider alternative arguments to
their own, and to incorporate potential objections
into their own position. Also, the attempt to con-
vince each other, by its nature, makes participants
appeal to reason, and may be expected to induce a
more deliberative mode of processing than when peo-
ple work alone.

Many previous studies comparing individual and
group performance indicated that cooperative groups
perform better than independent individuals on a wide
range of problem-solving tasks (see e.g., Hill, 1982;
Laughlin, Zander, Knievel, & Tan, 2003). Some stud-
ies also indicated that decisions benefit from working
in groups. For example, Allwood and Granhag
(1996) who had participants make their judgments
first alone and then in pairs, found less overconfidence
bias when working in pairs (see also Sniezek & Henry,
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1989). Thus, the hypothesis is that working in dyads
should reduce the inflation bias in Experiment 3
because it encourages a deliberative, analytic process
and because it endows the outcome of that process
with the power of overcoming the illusory convictions
generated by the target.

Method

Participants

Forty-eight Hebrew-speaking University of Haifa
undergraduates (24 women, 24 men) participated in
the experiment, 32 participants were paid for their par-
ticipation and 8 received course credit. Participants per-
formed the task in pairs and both members of a pair
were of the same gender.

Materials, apparatus and procedure

The materials and apparatus were the same as in
Experiment 1. The procedure was also the same except
that participants worked in pairs and that the estimation
task was presented twice, with a different random order-
ing of the items in each presentation. The two participants
sat side by side facing the computer screen. The instruc-
tions were the same as those of Experiment 1 but partici-
pants were required to come to an agreement about their
estimate. They were told that it is likely that their initial
estimates will differ, but they should discuss their esti-
mates, try to argue and persuade each other if necessary,
and come to an agreement about the final estimate. As in
Experiment 2, they were promised NIS 0.5 for each pre-
diction that deviates from the norms by no more than
5% points in either direction (this was true for both pre-
sentations). When the two participants agreed on the esti-
mate, the experimenter entered it on the keyboard and
initiated the next trial. When the first presentation was
over, participants were told that they will repeat the task
again using the same list of pairs, but that the pairs will be
presented in a new random order.

Results

A preliminary analysis revealed little differences
between the men and women dyads. Their estimates
averaged 35.0% and 37.6%, respectively. Also, the
results for the two presentations were very similar, and
the analyses to be reported were therefore pooled across
both presentations.

Across the two presentations, mean estimates for the
forward, backward and unrelated pairs were 73.5%,
30.4% and 5.0%, respectively (when the actual figures
were 59.9%, 2.0% and 0%, respectively). Hence the esti-
mates were still significantly inflated: t(23) = 5.01,
p < .0001, for the forward pairs, t(23) = 7.37,
p < .0001, for the backward pairs, and t(23) = 10.10,
p < .0001, for the unrelated pairs.
Nevertheless, working in dyads was quite successful
in reducing the inflation bias in comparison with the
predictions obtained in Experiment 1, in which partici-
pants performed the task individually. Fig. 4 depicts
the mean estimates made in Experiment 1 (Individual)
and Experiment 3 (Dyad) as well as the actual percent-
ages. Working in dyads had a pronounced and consis-
tent effect, reducing the estimates by 17.6% on
average. A Condition (Individual vs. Dyad) X Associa-
tive Type ANOVA yielded significant effects for condi-
tion, F(1, 46) = 31.99, MSE = 349.41, p < .0001, for
associative direction, F(2,92) = 482.90, MSE = 128.10,
p < .0001, and for the interaction F(2, 92) = 21.80,
MSE = 128.10, p < .0001. The effect of working in
dyads was significant for the forward pairs,
t(46) = 3.25, p < .005, the backward pairs, t(46) = 6.01,
p < .0001, and the unrelated pairs, t(46) = 3.42, p < .005.

Discussion

Working in dyads was successful in reducing overes-
timation, and did so across all three types of pairs. In
fact, it was no less effective than the manipulation used
in Experiment 2 even though participants in Experiment
3 were not induced explicitly to adopt an analytic mode
of processing. Possibly, the need to justify one’s estimate
(Tetlock, 1992) and to convince the other partner inher-
ently results in a greater emphasis on rational, analytic
considerations as against emotional considerations that
call for reliance on each member’s immediate subjective
experience. Perhaps, in this respect dyadic interaction is
similar to receiving advice from others, which has been
assumed to help overcome self-confirmation tendencies
(Yaniv, 2004). Furthermore, the active attempt to con-
vince others would seem to increase the likelihood that



Table 1
Mean actual percentages, averaged individual estimates (first presenta-
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the voiced arguments will impact judgments and
decisions.
tion) and joint estimates (second presentation) in Experiment 4, and
mean estimates in Experiments 1 and 3 listed for each associative type
and across all items

Experiment condition Associative type

Forward Backward Unrelated All

Actual 59.9 2.0 0.0 27.0
Experiment 4—Individual 82.1 58.1 9.8 50.0
Experiment 4—Joint 83.3 44.9 5.6 44.6
Experiment 1 85.6 65.2 10.8 53.9
Experiment 3 73.5 30.4 5.0 36.3
Experiment 4: Working in dyads after working alone

Experiment 4 attempted to obtain some insight into
the process underlying the effectiveness of the dyadic
condition in reducing conditional inflation. In this
experiment, participants worked also in dyads, but in
the first presentation they provided independent esti-
mates individually and only in the second presentation
were they asked to negotiate about a joint estimate.
The question of interest was whether in making a joint
estimate, participants indeed consistently shifted their
individual estimates downward.

Method

Participants

Thirty-two Hebrew-speaking University of Haifa
undergraduates (22 women, 10 men) participated in
the experiment for payment. They performed the task
in pairs and both members of a pair were of the same
gender.

Procedure apparatus and materials

The apparatus and materials were the same as in
Experiment 3. The procedure was also the same except
that in the first presentation each member of the pair sat
in front of a different computer and made his or her esti-
mate individually under accuracy incentive instructions.
When both participants completed the task, one of them
was asked to join the other’s computer, and they were pre-
sented once again with the list of pairs and asked to come
to an agreement about a joint estimate. The procedure
was the same as that of Experiment 3 except that the
two individual estimates from the first presentation, each
in a different color specific to each member, appeared
below the cue-target pair. After reaching a joint estimate,
each participant was asked to judge whether that estimate
will be rewarded, and if the answer was ‘‘no’’, to indicate
whether the estimate provided should have been lower or
higher in order to be rewarded. These judgments were
reported orally, and were entered by the experimenter.
In the first presentation, the two participants received
the word pairs in the same random order, but in the sec-
ond presentation the pairs were presented in a new ran-
dom order.

Results

The absolute discrepancy between the individual esti-
mates provided by the two members of a dyad in the first
presentation averaged 19.8% across items and partici-
pants. The average of the two individual estimates for
each item was compared to the joint estimate. Table 1 pre-
sents the means of the averaged individual estimates (first
presentation), the means of the joint estimates (second
presentation), and the actual percentages. Presented also
for comparison are the means from Experiment 1 (indi-
vidual) and Experiment 3 (joint).

The mean individual estimates in the first presenta-
tion were very similar to those obtained in Experiment
1. An Experiment (1 vs. 4) X Associative Type ANOVA
yielded significant effects for associative type,
F(2,76) = 565.49, MSE = 101.59, p < .0001, but not
for experiment or the interaction, F(1, 38) = 1.34, ns,
and F < 1, respectively.

Turning next to the second presentation, mean joint
estimate (44.6%) was lower than the mean of the individ-
ual estimates (50.0%), but was still higher than the mean
obtained in Experiment 3 (36.3%). Thus, comparing the
individual estimates to the joint estimates, a Condition
(Individual vs. Joint) X Associative Type ANOVA (treat-
ing condition as a repeated measure) yielded significant
effects for condition, F(1,15) = 23.01, MSE = 30.37,
p < .0005, for associative type, F(2, 30) = 285.32,
MSE = 159.28, p < .0001, and for the interaction,
F(2,30) = 22.71, MSE = 18.94, p < .0001. The effect of
condition was significant for the backward and unrelated
pairs t(15) = 5.34, p < .0001, t(15) = 3.28, p < .01, respec-
tively, but not for the forward pairs, t(15) = 1.52.

Thus, once again, working in dyads proved effective
in reducing prediction inflation. Although participants
first made their estimates individually, and although
these estimates were in front of them during the dya-
dic interaction, the requirement to reach a shared esti-
mate resulted in a reduction in the estimates provided.
In fact, across all items, mean joint estimate was lower
than the average of the individual estimates for 56.1%
items, and was higher for 28.6% items (and equal for
the remaining 15.3% items). The respective percentages
for the backward pairs were more impressive: 73.3%
and 16.0% (and equal for 10.6%), respectively. Thus,
possibly working in pairs induced participants to rea-
son about the estimate, and this led them to reduce
their estimates in the majority of cases, although it
did not do so in all cases. It should be noted that only
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in 1.3% of the cases was the joint estimate higher than
the highest individual estimate, suggesting that
although, in principle, the dyadic negotiation could
have led both members to increase their estimate, this
happened very infrequently. Note also that in 12.1%
of the cases, the joint estimate was lower than both
of the individual estimates.

Recall that after making their joint estimate, both
participants were asked to judge whether they will
receive a bonus for making an accurate estimate. In
92.1% of the cases they judged that they will. In fact,
however, they won a bonus only in 32.1% of the cases.
For the remaining 7.9% cases in which they thought that
they will not win a bonus, in 63.0% of them they judged
that their estimate should have been lower to win a
bonus. This figure was significantly higher than 50%,
t(28) = 2.19, p < .05 (based on 29 participants, because
3 participants indicated that they will always win a
bonus), suggesting that participants were partly aware
of the conflict between the estimate that was based on
their subjective feelings and the one that follows from
analytic considerations, which called for lower estimates
than what they made.

Turning next to a comparison of the results for the
dyadic conditions in Experiments 3 and 4, a two-way
ANOVA, Experiment (3 vs. 4) X Associative Type
yielded significant effects for experiment, F(1,38) =
7.80, MSE = 256.10, p < .01, for associative type,
F(2,76) = 417.77, MSE = 123.83, p < .0001, and for
the interaction, F(2,76) = 3.89, MSE = 123.83, p < .05.
The effect of experiment was significant for the back-
ward and forward pairs t(38) = 2.41, p < .05, and
t(38) = 2.51, p < .05, respectively, but not for the unre-
lated pairs, t(38) = 0.76, ns. Clearly, the effectiveness
of working in dyads was more pronounced in Experi-
ment 3, when participants did not make their estimates
alone before working in dyads. This observation sug-
gests that working in dyads reduces the tendency to
engage in a self-confirmation process, and this reduction
is stronger when participants do not commit themselves
first to their individual estimates.

Discussion

Experiment 4 replicated the observation that working
in dyads helps alleviate prediction inflation. What is
impressive is that this alleviation occurred even though
participants made their individual estimates first and
were presented with these estimates when working in
dyads. Examination of the results across items con-
firmed that indeed in most cases the dyadic discussion
resulted in reduced estimates in comparison with the
estimates made by each person alone. The observation
that such was not the case for all items is noteworthy,
suggesting that group discussion may not always help
to overcome prediction inflation.
This conclusion, however, must be taken with caution
because of the differences observed between the dyadic
conditions of Experiments 3 and 4. These differences
suggest that the conclusions drawn from the results of
Experiment 4, in which participants first worked alone,
may not generalize to a situation in which participants
work in pairs from the beginning. Indeed, examination
across items revealed that for 94.4% of the items, mean
estimate in Experiment 3 was lower than the average of
the individual estimates in Experiment 4, and was higher
only for 5.6% of the items. The respective percentages
for the backward pairs were more impressive: 100%
and 0%! These results suggest that the dyadic situation,
in itself, consistently leads people to reduce their esti-
mates. The comparison of the results of Experiment 3
and 4 has important practical implications, suggesting
that working in pairs is more effective in alleviating pre-
diction inflation when participants work together from
the beginning than when each of them first makes his/
her own estimate.
Experiment 5: Working alone after working in dyads

The primary aim of Experiment 5 was to test the
hypothesis that the beneficial effects of working in dyads
transfer to a situation in which participants work indi-
vidually.3 Evidence consistent with this hypothesis will
support the idea that dyadic interaction indeed affects
mode of reasoning. Therefore, after working in dyads,
each participant provided his/her own estimate on a
new set of items. A secondary aim of Experiment 5
was to obtain some preliminary information about the
nature of the arguments that are raised during the dya-
dic interaction. Therefore the conversation between the
two participants during the dyadic session was tape
recorded.

Method

Participants

Twenty Hebrew-speaking undergraduates (all
women) participated in the experiment for payment.

Apparatus and materials

The apparatus was the same as in previous experi-
ments. The 60 related pairs used in the previous experi-
ments were divided into 4 sets of 15 pairs each that were
closely matched in terms of forward and backward asso-
ciative strengths. These were combined to form two lists
of 30 pairs each, such that in each list one set was pre-
sented in the forward direction and one in the backward
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direction, with direction counterbalanced across partici-
pants. Each list included also 15 different unrelated pairs
from the original list, so that there were 15 pairs of each
associative type in each list. One list was used for the
dyadic session and the other was used for the individual
session, with the assignment of the lists to each session
counterbalanced across participants. The pairs were ran-
domly ordered for each participant for each session.

Procedure

The procedure for the dyadic session was the same as
in Experiment 3, with the exception that the conversa-
tion between the two participants was recorded. The
procedure for the individual session that followed was
similar to the individual condition in Experiment 4. As
in Experiment 4, participants in both sessions also indi-
cated at the end of each trial whether they expected to
receive a bonus, and if not whether their estimate should
be lower/higher to be rewarded. (The results from these
questions were not informative and will not be
reported.)

Results

We first examine the joint predictions made in the
first session. The estimates for the forward, backward
and unrelated pairs averaged 69.5%, 30.6% and 4.5%,
respectively (when the actual percentages were 59.9%,
2.0% and 0%). Estimates for the backward and unre-
lated pairs were still inflated, t(9) = 6.04, p < .001, and
t(9) = 5.12, p < .001, respectively. However, they were
numerically lower even than the joint estimates of
Experiment 3 (73.5%, 30.4%, and 5.0% for the forward,
backward and unrelated, respectively). In fact, the esti-
mates for the forward pairs did not differ significantly
from the actual percentages, t(9) = 1.36, ns. Perhaps
the fact that participants knew that they were recorded
increased their need to be accountable, resulting in lower
estimates than in Experiment 3.

Did the beneficial effect of working in dyads transfer
to the task of working alone? To compare the joint and
individual estimates, we first averaged the individual
estimates made by the two members of each dyad in
the second session. The means of the averaged estimates
were 69.9%, 32.7% and 5.3%, for the forward, backward
and unrelated pairs, respectively. These means were very
similar to those obtained for the dyadic condition.
Indeed, a 2-way ANOVA, Condition (Dyad vs. Individ-
ual) X Associative Type yielded, F(2,18) = 90.76,
MSE = 233.79, p < .0001, for associative type, but
F(1, 9) = 1.36, MSE = 13.91, p < .28, for condition,
and F < 1 for the interaction.

We also compared the individual estimates made in
the second session (without averaging them) to the indi-
vidual estimates observed in Experiment 4 (which were
made prior to the dyadic condition). (The latter, it
may be recalled, averaged 82.1%, 58.1%, and 9.8%, for
the forward, backward and unrelated pairs, respec-
tively). A 2-way ANOVA, Experiment (5 vs. 4) X Asso-
ciative Type, yielded, F(1,50) = 17.08, MSE = 425.61,
p < .0001, for experiment, F(2, 100) = 433.08,
MSE = 134.31, p < .0001, for associative type, and
F(2,100) = 10.31, MSE = 134.3, p < .0001, for the inter-
action. The estimates of Experiment 5 were lower than
those of Experiment 4 for the forward, backward and
unrelated pairs, t(50) = 2.48, p < .05, t(50) = 4.70,
p < .0001, and t(50) = 2.50, p < .05, respectively. The
interaction suggests that the strongest difference was
observed for the backward pairs.

We will comment only briefly on the impressions
gained from examination of the recorded dyadic conver-
sations. These impressions should be treated with cau-
tion in the absence of similar data from a condition in
which participants work alone. As might be expected,
the majority of the arguments involved rational consid-
erations. Many of these were objections by one member
to the high estimate proposed by the other members
(‘‘10% is a lot; that means that 10 people out of 100 will
respond with that word’’). In many cases participants
listed their own personal associations, and then tried
to infer the percentage of participant who would
respond with the target word (‘‘how many other associ-
ations did we mention? Five? and some people may give
other associations that we did not even think of. So we
must reduce the estimate’’). Some participants com-
mented that the presence of the target makes the estima-
tion task difficult (‘‘It is a problem that we see the target
word, because it is difficult to get it out of your mind’’).
For a few of the (backward associated) pairs, some par-
ticipants explicitly stressed the asymmetric association
(‘‘If it were cradle-baby then perhaps many people
would respond with baby to cradle but not many will
say cradle in response to baby’’). It is interesting to note
that some participants stated that perhaps they should
not give estimates lower than 5% for some (unrelated)
pairs in order to maximize their chances to win a bonus
(but nevertheless, as noted earlier, mean estimates for
the dyadic condition were lower than that in the individ-
ual condition of Experiments 1 and 4 even for the unre-
lated word pairs, see Table 1). In most cases, then,
participants appealed to reason and attempted to argue
for lowering the initial estimates.

Discussion

The results of Experiment 5 are analogous to those of
Hirt et al. (2004). In their study they found that consid-
ering an alternative in one domain had the subsequent
effect of reducing likelihood estimates in a completely
unrelated domain. They interpreted this result as indi-
cating that the generation of alternatives induces a men-
tal simulation mind-set that generalizes to another
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domain. Similarly, the transfer of debiasing from the
dyadic condition in Experiment 5 to the individual con-
dition also indicates that working in dyads does not
merely affect overt responding but results in a change
in mode of reasoning. A similar argument has been
made with regard to the effects of accountability: It
was proposed that accountability can produce a qualita-
tive change in mode of processing (Tetlock & Lerner,
1999).
General discussion

There has been some interest in recent years in evalu-
ating the efficacy of judgments and decisions that are
made automatically and immediately as against those
that are based on a deliberate and careful analysis (see
McMackin & Slovic, 2000). Several researchers pro-
posed that nonconscious information processing is often
more efficient than conscious analysis (Lewicki, 1986)
and that thinking about reasons for decisions can some-
times lead to decisions of poorer quality (Wilson &
Schooler, 1991). For example, Dijksterhuis and his col-
leagues (Dijksterhuis, Bos, Nordgren, & van Baaren,
2006; Dijksterhuis & Nordgren, 2006) reported several
experiments suggesting that it is not always advanta-
geous to engage in thorough deliberation before choos-
ing, and that in fact a deliberation without attention
yields better decisions. These suggestions run counter
to the conventional wisdom that careful analysis leads
to decisions of better quality (Janis & Mann, 1997; Kori-
at et al., 1980).

Clearly, whether an intuitive, non-deliberative mode
of processing yields better decisions and judgments than
an analytic mode of processing depends on the nature of
the task (Dijksterhuis & Nordgren, 2006; Dijksterhuis
et al., 2006; McMackin & Slovic, 2000). In fact, studies
in metacognition have documented many situations in
which illusions of competence and illusions of knowing
derive precisely from reliance on one’s own immediate
subjective experience. These studies, suggest that in
some cases intuitive feelings can lead metacognitive
judgments astray (Benjamin, Bjork, & Schwartz, 1998;
Chandler, 1994; Fischhoff et al., 1977; Jacoby & White-
house, 1989; Koriat, 1998; see Koriat, 2007 for a
review). In such cases, faulty metacognitive judgments
can be alleviated either by educating subjective experi-
ence itself or by inducing a shift to an analytic mode
of processing (Koriat & Bjork, 2006; Koriat et al., 2004).

In the task that we used in this study—predicting the
occurrence of targets as responses to cues in a word-
association task—the inflated estimates seem to derive
from uncritical reliance on the illusory feelings that are
produced by the presence of the target. Hence, one
potential way for alleviating inflated predictions is to
induce participants to engage in a deliberative mode of
processing that may override or reduce the effects of
contaminated subjective experience. In fact, the task
used in this study is similar to the numerical estimation
task for which McMackin and Slovic (2000) expected
deliberate reasoning to improve the quality of judg-
ments, in contrast to ‘‘intuitive’’ tasks for which reason-
ing was expected to disrupt judgments. In the former
task, participants were required to estimate various
quantities (e.g., ‘‘How many cigarettes are consumed
in the US each year?’’). It was observed that participants
who were asked to think about the reasons for their esti-
mates provided estimates that were generally closer to
the truth than control participants who were not explic-
itly required to do so. Thus, we expected that in a similar
manner any manipulation that induces an analytic mode
of processing should help improve the accuracy of con-
ditional predictions.

Three such manipulations were explored: Motivating
participants to provide as accurate and precise estimate
as they could and rewarding them for accurate predic-
tions, providing training designed to induce an analytic,
systematic analysis, and having participants work in
pairs. Two conditions proved effective in reducing pre-
diction inflation, first, intervening training when this
was introduced between two administrations of the pre-
diction task (Experiment 2), and the requirement to
work in dyads and to come to an agreement regarding
the prediction (Experiment 3–5). The benefits from both
manipulations were clearly more marked than those
achieved by the manipulations that were included in
the previous investigation (Koriat et al., 2006). How-
ever, the magnitude of the prediction inflation remained
high even in these conditions, and furthermore, little
benefit was observed in Experiment 1and in the prior-
training condition of Experiment 2.

Perhaps the most important conclusion from this
study and from previous attempts to alleviate the infla-
tion of conditional predictions (Koriat et al., 2006;
Maki, 2007a,b) is how difficult it is to mend convictions
that stem from the presence of the outcome whose like-
lihood is to be assessed. This difficulty seems to derive
not only from the failure to engage in the kind of ana-
lytic reasoning that has the potential of producing more
accurate estimates but also from the failure to benefit
from the outcome of that reasoning in overcoming
immediate subjective feelings. This conclusion is based
on several observations. First, merely motivating partic-
ipants to be accurate and rewarding them for estimates
that are close to the norms had no effect whatsoever
(Experiment 1). Presumably, the accuracy instructions
did influence participants’ mode of processing, as sug-
gested by their post-experimental verbal reports, but this
was not effective enough to affect their predictions.

Second, the results of the training procedure used in
Experiment 2 clearly indicate that participants were able
to engage in a detailed and careful analysis of the task,
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and that their analyses could have easily led them to
make more realistic predictions. Surprisingly, however,
even during the training session itself participants
tended to commit overpredictions and to overestimate
the likelihood of the target response. Furthermore,
despite the beneficial effects of intervening training, the
magnitude of overestimation remained marked for the
backward pairs, suggesting that analytic reasoning was
not sufficient to eliminate the effects of a-posteriori
activations.

Finally, the dyadic condition of Experiments 3–5
proved the most effective. Presumably, dyadic interac-
tion induces a change in mode of reasoning, as suggested
by the transfer effect observed in Experiment 5. In addi-
tion, however, the considerations that emerge in the con-
text of that interaction are more likely to impact the
ultimate prediction than when such considerations are
raised when working individually on the task. Presum-
ably, the need to justify one’s estimate and the attempt
to convince each other not only activate a mode of
reasoning in which an appeal is made to rational, verb-
alizable considerations, but also endows these consider-
ations with the power to overcome biased subjective
convictions.

The results of Experiments 4 are instructive, suggest-
ing that group discussion has a directional effect, induc-
ing participants to relinquish their earlier (individual)
predictions in favor of lower predictions. Nevertheless,
the effects on prediction were more modest than those
observed in Experiment 3 in which participants worked
in pairs without first committing themselves to their
individual predictions. In fact, the results of Experiment
3 suggested that practically in every case the require-
ment to come to a joint prediction resulted in lower pre-
dictions for the backward pairs than the average of the
predictions that participants would have likely provided
when working alone.

Most impressive are the results of Experiment 5 indi-
cating transfer of debiasing from a dyadic condition to
an individual condition. These results are perhaps the
most direct support for the claim that dyadic interaction
results in a shift in mode of reasoning. Although several
observations suggest that this shift is indeed from system
1 towards system 2 processing, more direct evidence for
this claim is needed.

It is of interest to inquire whether dyadic interaction
can prove beneficial in other situations in which people
tend to fall prey to illusions and biases that stem from
contaminated subjective feelings (e.g., Koriat & Bjork,
2006; Koriat et al., 2004). It may be speculated that
working in dyads should be particularly effective in
improving the quality of decisions in tasks that were
defined by McMackin and Slovic (2000) as ‘‘analytic’’
in contrast with those classified by them as ‘‘intuitive.’’
They found that thinking about reasons before deciding
improved decision quality for the former tasks but dis-
rupted that quality for the latter tasks. Perhaps a similar
interactive pattern will be observed in comparing a con-
dition in which participants work in dyads with one in
which they work individually.

In conclusion, the present study provided some clues
regarding the procedures that are likely to help in allevi-
ating prediction inflation. A comparison of these proce-
dures with those that proved ineffective in previous
studies (Koriat et al., 2006; Maki, 2007a) suggests that
the key to mending inflated predictions lies in endowing
analytic-based reasoning with the power to overcome
heuristic-driven feelings. The present study suggests
some of the ways in which this can be achieved.
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