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Abstract
We report 4 experiments investigating auditory hindsight bias — the tendency to overestimate
the intelligibility of distorted auditory stimuli after learning their identity. An associative
priming manipulation was used to vary the amount of processing fluency independently of
prior target knowledge. For hypothetical designs, in which hindsight judgments are made for
peers in foresight, we predicted that judgments would be based on processing fluency and
that hindsight bias would be greater in the unrelated- compared to related-prime context
(differential-fluency hypothesis). Conversely, for memory designs, in which foresight
judgments are remembered in hindsight, we predicted that judgments would be based on
memory reconstruction and that there would be independent effects of prime relatedness and
prior target knowledge (recollection hypothesis). These predictions were confirmed.
Specifically, we found support for the differential-fluency hypothesis when a hypothetical
design was used in Experiments 1 and 2 (hypothetical group). Conversely, when a memory
design was used in Experiments 2 (memory group), 3A and 3B, we found support for the
recollection hypothesis. Together, the results suggest that qualitatively different mechanisms
create hindsight bias in the two designs. The results are discussed in terms of fluency
misattributions, memory reconstruction, anchoring-and-adjustment, sense making, and a

multi-component model of hindsight bias.

Keywords: auditory hindsight bias, fluency attributions, hypothetical design, memory design,

associative priming
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Statement of the Public Significance of the Work
This study was aimed at uncovering the basic cognitive mechanisms of auditory hindsight
bias, the finding that people informed about the content of a distorted audio signal prior to
hearing it subsequently overestimate how objectively intelligible the signal actually is. The
study suggests that the bias is not produced by a unitary cognitive mechanism, but is based on
different mechanisms depending on whether one focuses on the past (i.e., trying to remember
how intelligible a signal seemed earlier before learning the content) or on a hypothetical
scenario (i.e., estimating how intelligible the signal would be for naive others who are
unaware of the content). Specifically, in the context of remembering, knowledge of content
can distort how memories are reconstructed. Alternatively, in a hypothetical scenario,
knowledge of content enhances perception of the signal which is not properly discounted

when estimating for naive others.
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Auditory Hindsight Bias:
Fluency Misattributions versus Memory Reconstruction

Hindsight bias is a common judgment error that occurs when people who are
knowledgeable of an outcome overestimate its probability. For example, the attacks on the
World Trade Center in 2001 might seem predictable to most of us now even though, prior to
the attacks, many people did not expect them. Hindsight bias, first documented by Fischhoff
in the 1970s (e.g., Fischhoff, 1975, 1977; Fischhoff & Beyth, 1975), occurs across the
lifespan and in different cultures (e.g., Bayen, Erdfelder, Bearden, & Lozito, 2006; Bernstein,
Erdfelder, Meltzoff, Peria, & Loftus, 2011; Pohl, Bayen, & Martin, 2010; Pohl, Bender, &
Lackman, 2002). It affects many situations, including medical and legal decisions, business,
consumer satisfaction, sporting events, and election outcomes (Arkes, Wortman, Saville, &
Harkness, 1981; Blank, Fischer, & Erdfelder, 2003; Giroux, Coburn, Harley, Connolly, &
Bernstein, 2016; Harley, 2007; Leary, 1981; Zwick, Pieters, & Baumgartner, 1995).
Investigating Hindsight Bias: Hypothetical versus Memory Designs

There are two common designs used to investigate the hindsight effect: hypothetical
and memory. With the typical hypothetical design, participants rate the likelihood of an event
having a particular outcome (e.g., “How likely is it that the British won the British - Gurkha
war of 18147?”; Fischhoff & Beyth, 1975). Participants in foresight make this rating with no
knowledge of the event’s actual outcome. Participants in hindsight learn the outcome to the
event (e.g., “The British won the war.”) and then rate how likely the outcome would seem to
participants in foresight who do not share this knowledge. The hypothetical judgments of the
hindsight groups are then compared to the actual judgments made by participants in foresight.

With the typical memory design, participants first make a judgment about the
likelihood of an outcome in foresight. Then, after a delay, they learn the outcome and try to

remember their previous foresight ratings (e.g., Wood, 1978). Regardless of the design used,
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there is usually evidence of a failure to discount outcome knowledge because likelihood
estimates made in hindsight exceed those made in foresight. For example, participants told
that the British won the war overestimate how likely foresight participants rate that outcome
(hypothetical design) and overestimate their own previous foresight ratings (memory design).

Generally speaking, hindsight effects are larger with hypothetical designs than
memory designs (e.g., Campbell & Tesser, 1983; Davies, 1992; Fischhoff, 1977; Wood,
1978). This difference is thought to derive from the fact that some participants in memory
designs may be able to accurately recollect their earlier foresight rating, which would result
in bias-free hindsight ratings. Indeed, longer retention intervals between the original
foresight ratings and the later hindsight ratings have been shown to increase hindsight bias in
memory designs (e.g., Blank et al., 2003; Fischhoff & Beyth, 1975; Hell, Gigerenzer,
Gauggel, Mall, & Muller, 1988; Pennington, 1981), presumably because fewer participants
are able to accurately recollect their previous ratings. Conversely, because participants only
make one rating in hypothetical designs, they do not have foresight ratings to recollect.
Consequently, all ratings are potentially open to bias, resulting in more hindsight bias in
hypothetical compared to memory designs. Thus, the larger hindsight bias in hypothetical
designs compared to memory designs may be more apparent than real. To accurately
compare the size of the bias in the two designs, it is necessary to carefully consider whether
ratings can be recollected in memory designs and remove such cases prior to making the
comparison (see Pohl, 2007 for discussion).

The fact that veridical recollection of prior ratings partly determines the size of
hindsight bias in memory designs but not hypothetical designs suggests that the bias is not
based on a unitary mechanism (although see Schwarz & Stahlberg, 2003). Consistent with
this idea, Blank, Nestler, von Collani and Fischer (2008) have argued that there are actually

three components to hindsight bias: memory distortions, impressions of foreseeability, and
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impressions of necessity. In support of these distinctions, they found that certain variables
affected one component but had no effect, or even the opposite effect, on another. For
example, in their Study 2, participants rated prior to an election the percentage of votes that
various political parties would obtain. These ratings were completed either 10 weeks or 6-10
days before the election. After the election, participants in hindsight tried to remember their
earlier percentage estimates and also rated how foreseeable the outcome was. Blank et al.
found that there was hindsight bias as measured by memory distortion; that is, memory for
earlier percentage ratings was biased toward the winner. Furthermore, hindsight bias was
greater following a long retention interval (i.e., for participants who completed the foresight
ratings 10 weeks prior to the election) compared to a short one (i.e., for participants who
completed the foresight ratings 6-10 days prior to the election). In contrast, participants in
hindsight indicated that, overall, the election outcome was not foreseeable. Moreover,
participants who made hindsight judgments after a short retention interval rated the outcome
as slightly more foreseeable than participants who made judgments after a long retention
interval. In other words, foreseeability ratings responded to changes in retention interval in a
manner that was opposite to how memory distortion responded. Blank et al. argued that
dissociations such as this suggest that hindsight bias is not a unitary phenomenon and that
different mechanisms support the different components.
Auditory Hindsight Bias

In contrast to the classic demonstrations involving event scenarios described above,
more recently, various classes of perceptual hindsight bias have been reported in the
literature. These cases, which include visual, auditory, and gustatory judgments, typically
challenge the perceptual system in some way by requiring participants to identify
perceptually degraded stimuli (e.g., Bernstein & Harley, 2007; Bernstein, Wilson, Pernat, &

Meilleur, 2012; Calvillo & Gomes, 2011; Harley, Carlsen, & Loftus, 2004; Pohl, Schwarz,
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Sczesny, & Stahlberg, 2003; Wu, Shimojo, Wang, & Camerer, 2012). In this paper, we focus
on one particular type of bias on perceptual judgments: auditory hindsight bias.

Bernstein et al. (2012) recently reported four hypothetical-design experiments in
which they aurally presented participants with word targets. The words were perceptually
degraded with a low-pass filter, which removes high frequencies from the signal, making the
words sound muffled and difficult to identify. On foresight trials, participants attempted to
identify the words. On hindsight trials, participants received knowledge of the targets’
identities (i.e., prior target knowledge) before they were asked to estimate the percentage of
foresight participants who would be able to identify the muffled words. The authors found
that participants in hindsight overestimated identification performance in foresight.
Furthermore, this overestimation occurred despite instructions to avoid it, demonstrating that
it was difficult to overcome the effect that prior target knowledge had on judgments. These
experiments extend other demonstrations that people have difficulty discounting “top-down”
effects on the perception of degraded auditory stimuli (e.g., Epley, Keysar, Van Boven, &
Gilovich, 2004; Lange, Thomas, Dana, & Dawes, 2011; Vokey & Read, 1985).

Currently, very little is known about the underlying mechanisms of auditory hindsight
bias and the primary purpose of the research reported here is to fill this gap in the literature.
Like Blank et al. (2008), we suspect that different mechanisms underpin auditory hindsight
bias when tested in the context of remembering versus in the context of hypothetical
scenarios. To understand hindsight bias in the latter scenario, it is worth considering the
basic problems people experience when trying to identify degraded stimuli in foresight. In
our view, there are two such problems. The first problem is that there are too many
possibilities to consider (stimulus ambiguity). For example, a degraded auditory target such
as long is easily confusable with strong or wrong. The second problem is that there are too

few possibilities to consider (generation difficulty). People in foresight may hear a degraded
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stimulus and may not be able to generate any candidates at all (“What was that?”). Prior
target knowledge solves both these problems: it disambiguates cases for which there are too
many possibilities and it provides an option for cases when there is none.

We suggest that when prior target knowledge solves either the problem of stimulus
ambiguity or generation difficulty, there is facilitated processing of the degraded target which
participants experience as high subjective fluency; that is, prior target knowledge makes
processing the degraded target feel relatively easier. A body of research has suggested that
when participants experience subjective fluency, they (consciously or unconsciously)
attribute its cause to a source (e.g., Bernstein & Harley, 2007; Higham & Vokey, 2000;
Jacoby & Dallas, 1981; Jacoby, Kelley, & Dywan, 1989; Jacoby, Woloshyn & Kelley, 1989;
Lloyd & Miller, 2011; Olds & Westerman, 2012; Werth & Strack, 2003; Westerman, 2008;
Whittlesea, 1993, 2011). The chosen source may or may not be the true cause of subjective
fluency, and if fluency is attributed to the wrong source, then a fluency misattribution has
occurred. Fluency misattributions can result in illusions of memory as well as other types of
illusions of subjective experience. For example, briefly presented old words that appeared in
a list shown earlier in the experiment were judged to have longer display durations than new
words, presumably because they were processed more fluently (Witherspoon & Allen, 1985).
In the case of auditory hindsight bias in the hypothetical scenario, fluency resulting from
prior target knowledge may be misattributed to target clarity, creating the illusion for
hindsight participants that the target is objectively easier to hear than it actually would be for
foresight participants.

Although fluency misattributions provide a reasonable account of auditory hindsight
bias in hypothetical designs, it is less clear how fluency might play a role in a memory
design. In memory designs, the focus of attention is on the past rather than current

processing because participants face a recall problem (i.e., recollecting their previous
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foresight ratings). Although some types of memory decisions such as recognition judgments
may be based on the fluency of processing the recognition stimulus (e.g., Whittlesea, 1993),
subjective fluency offers no assistance toward veridical recall. Consequently, participants in
hindsight may essentially ignore their current processing experience with the muffled target
in the memory design and instead focus on the past in an attempt to recollect their prior
ratings.
Experimental Predictions and Rationale

To help us learn more about the mechanisms of auditory hindsight bias, we examined
how the bias responds to a priming manipulation that, along with prior target knowledge,
likely affects the fluency of processing the degraded target. Specifically, before hearing a
perceptually degraded target word and either trying to identify it or judge its clarity,
participants heard a clear prime word that was either associatively related to the target (e.g.,
reflect-mirror) or not (e.g., humid-guard). Prime relatedness was then factorially combined
with a manipulation of prior target knowledge: on half the trials, the target was presented in a
clear form prior to it being played in a distorted form. On the remaining trials, a neutral
stimulus was presented in place of the clear target. This procedure created four within-
subjects experimental conditions: unrelated-foresight (UF), unrelated-hindsight (UH),
related-foresight (RF), and related-hindsight (RH). These four conditions, schematically
depicted in Figure 1, form the core of our design and they are present in all our experiments.

We assume that related primes increase the fluency with which participants process
target words for reasons very similar to prior target knowledge; that is, related primes help
solve the problems of stimulus ambiguity and generation difficulty. If both related primes
and target knowledge affect processing in a similar manner, they should have similar effects
on subjective experience (i.€., both produce qualitatively similar types of subjective fluency).

This similarity allowed us to generate our main prediction for the hypothetical design: the
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subjective fluency that is created by enhancing participants’ processing of degraded targets
by providing them with target knowledge will be less on related-prime trials (when fluency
for the trial is already high due to the prime) than on unrelated-prime trials (when fluency is
low).! This hypothesis is based on a generalization of the psychophysical law relating
subjective intensity and stimulus intensity: greater change in stimulus intensity is needed with
high compared to low stimulus intensities to achieve the same change in subjective intensity.
This basic psychological principle is found with many different types of stimuli and
subjective states and it is the essence of Weber’s fraction, Fechner’s logarithmic law, and
Steven’s power law (see Stevens, 1957 for a review). Applying this principle to auditory
hindsight bias would mean that subjective fluency caused by prior target knowledge would be
greater on low-fluency, unrelated-prime trials than on high-fluency, related-prime trials.
Empirically, we predict that this differential fluency, in turn, will lead to an interaction
between prime relatedness and prior target knowledge, with greater hindsight bias for
unrelated- compared to related-prime trials. Hereafter, we refer to this hypothesis as the
differential-fluency hypothesis.

Assuming veridical recollection does not occur, judgments in the memory design may
also be subject to hindsight bias. However, the nature of this bias derives from the attempt to
reconstruct the prior rating rather than fluency. We believe the nature of hindsight bias in
memory designs is similar to other well-documented memory distortions in the memory
literature such as the misinformation effect (Loftus, Miller & Burns, 1978). New knowledge
can affect people’s schemata (i.e., cognitive frameworks), whether that knowledge is

misleading details about a witnessed event or target knowledge in a perceptually demanding

1]t is important to note that it is specifically the processing of the target in its degraded form that is
critical here, not the processing of the target in its clear form that occurs only on hindsight trials. It is
the target in its degraded form that presents a perceptual challenge to participants and there are
variables that may facilitate processing (such as prior target knowledge) that must be discounted to
achieve an unbiased rating.
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task. Schemata, in turn, can bias how people reconstruct past events (e.g., Bartlett, 1932).
However, if schemata alteration rather than fluency is the basis of hindsight bias in the
memory design, then there is no reason to assume that it will be moderated by prime
relatedness in the same way as with the hypothetical design. Thus, in contrast to the
hypothetical design, our empirical prediction for the memory design is two independent main
effects of prime relatedness and prior target knowledge. Hereafter, we refer to this
independence pattern in the memory design as the recollection hypothesis.

A Word About Baselines

In experiments on auditory hindsight bias, there is a choice about which baseline
should serve as a control. One obvious option is the foresight identification rates. That is,
participants can be instructed to try to identify the distorted targets and then hypothetical or
memory hindsight ratings can be compared to the successful identification rates (e.g.,
Bernstein et al., 2012). Alternatively, in a memory design, hindsight ratings in Phase 2 might
be compared to foresight ratings in Phase 1 as is done in most memory-design experiments
investigating non-perceptual hindsight effects.

However, in our view, there are potential problems with both these baselines. First,
although it is tempting to directly compare ratings on a 0-100 scale to actual levels of
performance (e.g., percentage of successful identifications) to infer whether participants were
overconfident in their ratings (i.e., showed hindsight bias), this process completely ignores
how participants map internal or subjective feelings of certainty onto the particular scale
values, a mapping that can have profound effects on the conclusions drawn (e.g., see Higham,
Zawadzka, & Hanczakowski, 2016 for details; see also Hanczakowski, Zawadzka, Pasek &
Higham, 2013 and Zawadzka & Higham, 2015, 2016). A second problem is that comparing
ratings between different phases potentially introduces confounding variables such as

familiarity with the stimuli. For example, by comparing foresight ratings in Phase 1 against
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hindsight ratings in Phase 2 in memory designs, one is also comparing stimuli presented for
the first time (in Phase 1) with stimuli presented twice (in Phase 2). Consequently, hindsight
ratings in Phase 2 could be higher than foresight ratings in Phase 1 not because of outcome
knowledge, but because of fluency from target familiarity being misattributed to target
clarity.

To avoid both these problems in all the experiments that we report here, we used
foresight ratings made in the same phase as hindsight ratings to serve as a control. Unlike
comparison with identification performance, comparing same-phase hindsight and foresight
ratings makes no assumptions about the absolute meaning of scale values; the comparison
only leads to conclusions about relative differences. Furthermore, by ensuring that the
ratings being compared are always made in the same phase, we also ensure that the level of
exposure to the word pairs is the same between the hindsight and foresight conditions.
Power Analysis

We based our sample size on the observed effect size for auditory hindsight bias
obtained in Bernstein et al. (2012) as it provided one of the few previous examples of this
type of bias in the literature. For a within-subjects F test based on power (1 — ) = .99, alpha
= .05, one degree of freedom in the numerator, and their observed effect size of R*= .63, the
estimated sample size was seven. We tested a minimum of 20 participants in all conditions
reported in this manuscript, which far exceeded the estimated number needed to detect an
effect of this size.

Experiment 1

Experiment 1 was our initial test of the differential-fluency hypothesis for the
hypothetical design. It consisted primarily of our core 2 (knowledge: hindsight, foresight) x
2 (prime status: related, unrelated) repeated-measures design (Figure 1) conducted within a

single experimental phase. Participants listened to muffled target words that were preceded
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by clearly presented prime words that were either related or unrelated to the target words.
Half the prime-target pairs were preceded by a clear presentation of the target, which
provided prior target knowledge (hindsight condition), whereas the other half were not
(foresight condition). Participants’ primary task was to judge how easy it would be for
foresight peers (i.e., those without prior target knowledge) to identify the target words. The
foresight and hindsight ratings were then compared to determine whether there was auditory
hindsight bias, and if so, whether it was moderated by the priming manipulation. As
explained in detail above, the differential-fluency hypothesis for the hypothetical design is
that hindsight bias will be greater on unrelated- compared to related-prime trials.

We also included some foresight trials for which participants tried to identify the
target words rather than to rate them. As with the trials requiring a rating, the distorted target
was preceded by either a related or unrelated prime word. We operationalized high fluency
as enhanced ability to identify the primes. Consequently, successful identification rates on
these trials provided an independent measure of processing fluency and allowed us to test our
assumption that related primes enhance fluency relative to unrelated primes.

Method

Participants. Participants were 24 students (six male) from the University of
Southampton (age: M =21.08, SEM = 0.62). One participant was dropped because English
was not their native language. They participated for course credits or £4.50 cash.

Design and materials. Two test lists of 120 word pairs each were created for
Experiment 1. To create the lists, 120 related word pairs were selected from the Nelson,
McEvoy, and Schreiber (2004) word-association norms. In the Nelson et al. norms, the
forward association is the proportion of people that would respond with the target word when
given the prime word. The 120 word pairs were randomly split into two sets of 60 highly

related word pairs, with the restriction that the pairs in each set of 60 had the same mean
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associative strength of 0.50, with no word pair having an associative strength of less than
0.35. Two different test lists of 120 word pairs were created, one of which was used with a
particular participant. To create the first test list of 120 word pairs, we assigned one set of 60
related word pairs to the list with their original pairings (e.g., annual-yearly), whereas the
remaining set was transformed into 60 unrelated word pairs by randomly reassigning the
prime words of the word set to different targets (e.g., digit-hungry). Re-pairing the first half
of the pairs while leaving the second half intact created the second test list of 120 word pairs.
Thus, each test list contained the same target and prime words, with the assignment of primes
to targets defining whether a word pair was related or unrelated. Assignment of test list to
participant was counterbalanced.

Audio recordings of all the word pairs in each test list were then created using an
Apple Macintosh computer and Audacity software. A second, distorted recording of each
target word from each pair was then created using a low-pass filter, which blocked any
frequency above 48 Hz. This created a set of distorted target words that sounded muffled, as
if the speaker was talking through a pillow. To homogenize volume levels across the
stimulus set, all recordings were subjected to a compressor and a limiter using Logic Pro.
Each sound file ended with silence for 0.5 seconds. The experiment was programmed and
administered using LiveCode.

A 2 (relatedness: related, unrelated) X 2 (knowledge: foresight, hindsight) repeated-
measures design was used. The design also included an additional set of items reserved for
identification attempts. To achieve this design, the two test lists were split into thirds, with
each third containing 20 related and 20 unrelated word pairs. One third was assigned to the
hindsight condition, with the task being to provide a hypothetical rating (see below) for these
word pairs (the RH and UH conditions). The second third was assigned to the foresight

condition with the task again being a hypothetical rating task (RF and UF conditions). The
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final third was assigned to the foresight identification task during which participant were
simply required to type in an identification attempt. Word pairs were rotated through
conditions and task following a Latin-square design, such that all target words appeared in
each condition equally often, and each test list had 20 items in each of the RH, UH, RF, UF
conditions as well as 40 identification trials (20 related; 20 unrelated). All stimuli in the
experiment were administered to each participant individually using an Apple iMac with the
words being played through headphones and responses being entered using a keyboard and
mouse.

Procedure. Experiment 1 consisted of one phase only. Participants heard the 120
word pairs played in a random order. Each test trial started with the word “ready” appearing
on screen for 1.5 seconds. For 40 hindsight trials, this prompt was followed one second later
by the clear (i.e., undistorted) target word being played through the headphones. After a
pause of 0.25 seconds, the prime word was played.”> After another pause of 0.25 seconds, the
muffled target word was played through the headphones. Once the muffled target word had
finished playing, a “rate” prompt appeared on screen, along with text asking participants to
judge the number of people out of 100 who would be able to identify the target word. It was
emphasized that this estimate should be based on everything that they heard on the trial
except the clear target at the beginning of the trial. In other words, it was necessary to
assume that the 100 hypothetical people heard the prime word before the muftled target, but
that they did not hear the clear target presented at the beginning of the trial. They made their
response by typing a number between 0% and 100% into the computer. The next trial began
once participants had pressed the continue button (self-paced).

For the 40 foresight trials, the order and timing of events on each trial was the same,

but instead of the clear target word playing at the beginning of the trial, participants heard a

2Note that the pause was actually 0.75 seconds due to the 0.5 seconds of silence at the end of each sound clip.
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neutral stimulus (beep). As with hindsight trials, in response to the “rate” prompt,
participants rated how many others with prime knowledge would be able to identify the target
word.

The remaining 40 trials were the same as the foresight trials except that participants
tried to identify the muffled target by typing a response into a text box. So that participants
knew to identify rather than to rate the muffled target, an “identify” prompt was used instead
of a “rate” prompt. No feedback was provided.

Results and Discussion

All tests were conducted with an alpha level of 0.05 for this and all subsequent
experiments.

Identification decisions. Mean identification accuracy (%) for related- and
unrelated-prime trials is shown in Table 1. Identification performance was much better for
related- (M = 57, SEM = 4) than for unrelated-prime trials (M = 12, SEM = 3), F(1,22) =
158.37, p <.001, n,° = 0.88. This difference is consistent with our expectation that
participants processed related-prime targets more fluently than unrelated-prime targets.

Auditory hindsight bias. Mean ratings on the rate trials are shown in Figure 2. To
test for an auditory hindsight effect, we conducted a 2 (knowledge: hindsight, foresight) X 2
(relatedness: related, unrelated) repeated-measures ANOVA on the ratings. The results of
this analysis revealed main effects of prime relatedness, F(1,22) = 40.69, p <.001, #,° = 0.65,
and knowledge, F(1,22) = 13.02, p =.002, #,° = 0.37. Ratings were higher for related- (M =
51, SEM = 3) than unrelated-prime trials (M = 37, SEM = 3) and they were higher in
hindsight (M = 48, SEM = 3) than in foresight (M = 40, SEM = 3). The interaction was also
significant, F(1,22) = 6.22, p = .021, 5,°= 0.22. The interaction reflected the fact that the

hindsight effect was greater for unrelated- than for related-prime trials, although both effects
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were significant, F(1,22) = 14.71, p = .001, 77,,2 =0.40 and F(1,22) =4.33, p =.049, np2=
0.16, respectively.

Summary. The results of Experiment 1 are consistent with the view that fluency
misattributions were the cause of auditory hindsight bias in the hypothetical design.® First,
related primes increased both the chances of successfully identifying the muffled targets on
identify trials, and ratings assigned on rate trials, suggesting that related primes enhanced the
fluency of processing the degraded target. We suggest that prior target knowledge also
enhanced the fluency of processing the degraded target and participants were unable to fully
discount this fluency despite instructions to do so. The failure to discount fluency was
particularly evident on unrelated-prime trials, which provided empirical support for the
differential-fluency hypothesis. According to the differential-fluency hypothesis, subjective
fluency caused by prior target knowledge was greater and harder to discount on low-fluency,
unrelated-prime trials than on high-fluency, related-prime trials.

Although the data from Experiment 1 were consistent with the differential-fluency
hypothesis, we considered it important to replicate the results and contrast them to an
experimental group undergoing a similar procedure but given memory instructions rather
than hypothetical instructions. As explained above, we did not expect prime relatedness to
moderate auditory hindsight bias if judgments are based on recollections rather than fluency
(recollection hypothesis). Experiment 2 tested this prediction.

Experiment 2

Experiment 2 included a group of participants that received hypothetical instructions
(hypothetical group, similar to Experiment 1), and a group that received memory instructions
(memory group). As noted, our aim was to directly compare performance in the two groups,

but we faced a problem: there are a different number of phases between the two designs (one

3We consider some alternative explanations of our results in the General Discussion.
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in the hypothetical design; two in the memory design). The critic could argue, therefore, that

any differences observed in the results obtained between the designs were due to confounding
factors introduced by the varying number of phases (e.g., more familiarity with the items, and
hence more fluent processing, with two phases compared to one).

To address this issue, both the hypothetical and memory groups in Experiment 2
completed a two-phase experiment in which the first phase consisted of foresight ratings
regarding the percentage of peers who would be able to identify the muffled targets with the
assistance of the prime word. However, in Phase 2, the procedure for the two groups
diverged. In particular, the hypothetical group was told to ignore their earlier ratings and
focus on their experiences in Phase 2 to make their judgments. In contrast, the memory
group was told to focus on the past and try to remember their previous ratings.

As stated above, we hypothesized that the basis of responding may be different when
participants focus on the past in the memory design rather than on current processing fluency
as in the hypothetical design. If so, and if our instructional manipulation is effective, then we
predict independent main effects of prime relatedness and prior target knowledge in the
memory group, but an interaction between these variables in the hypothetical group.

In addition to adopting a two-phase design and including two experimental groups
instead of one, there were a few other methodological changes between this experiment and
the last. First, to ensure that all participants were aware of which primes were related to
targets and which were not, even on trials for which the muffled targets could not be
identified, the word “related” or “unrelated” appeared on the screen as the prime word
sounded. We considered this addition to be important because knowledge regarding the
relationship between the prime and target could affect the strategy adopted (e.g., participants
may only rely on the prime for assistance in identifying the target if they are aware that the

two are related). Second, because our baseline was Phase-2 foresight ratings rather than
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foresight identification performance, and because Experiment 1 established that prime
relatedness had a large effect on identification likelihoods, there were no trials in the
experiment for which participants were required to explicitly identify muffled targets. Third,
to simplify the auditory aspects of the task on hindsight trials, the clear target word appeared
visually on the computer screen rather than being played through headphones. The visually
presented target word remained on the screen until participants made a response to ensure
that it was encoded prior to hearing the muffled version. Fourth, we dropped some items in
this experiment, eliminating those that had identification rates near the floor. Fifth, following
each rating in Phase 2, participants were asked to indicate whether they were confident in
their response (Y/N). These data were used to ascertain whether the auditory hindsight effect
still occurred when only high-confidence responses were analyzed. One possibility is that
people only turn to fluency-based responding when more reliable bases of responding (that
likely lead to higher confidence) are unavailable. For example, Johnston, Dark, & Jacoby
(1985) found that participants only responded to processing fluency when making recognition
memory judgements if their ability to recollect the items from a previously presented list was
poor. If something similar occurs in our paradigm, then we may find that the differential-
fluency hypothesis does not apply if the analysis is restricted to high-confidence responses.
Finally, as a manipulation check, we included a third phase at the end of the
experiment to ensure that participants in the hypothetical and memory groups were following
our instructions. Specifically, participants in each group were shown all the word pairs on
the screen along with their ratings and confidence levels and were asked whether the rating
for each item was based on current impression, remember, or don’t know. If our instructional
manipulation was successful, then compared to the memory group, participants in the

hypothetical group should respond current impression more often and remember less often.
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Method

Participants. Participants were 67 students from Kwantlen Polytechnic University
who participated in exchange for course credit. One participant was removed after reporting
that she closed her eyes to avoid reading the clear target word. Thirty-five (six male) of the
remaining 66 participants were randomly assigned to the hypothetical group (age: M =21.77,
SEM = 0.54) and 31 (four male) to the memory group (age: M = 21.87, SEM = 0.66).

Design and materials. A 2 (relatedness: related, unrelated) X 2 (knowledge:
foresight, hindsight) x 2 (instructions: hypothetical, memory) mixed design was used, with
instructions as the only between-subjects factor.

Eighty related word pairs were selected from the pairs used in Experiment 1, omitting
any single-syllable targets because, in a distorted form, they were virtually impossible to
identify. The 80 word pairs were randomly split into four sets of 20 pairs, with the restriction
that each set of 20 had a mean associative strength of 0.50 and no word pair had an
associative strength of less than 0.35. To create a test list, a procedure similar to that in
Experiment 1 was used. Specifically, the related pairs in two out of the four sets remained
intact (e.g., annual-yearly), with one set assigned to the RH condition (20 pairs) and the other
to the RF condition (20 pairs). The remaining two sets of 20 related pairs were transformed
into unrelated word pairs (e.g., digit-hungry) by swapping the prime words between the sets;
one set was assigned to the UF condition and the other to the UH condition. Using four test
lists, word pairs were rotated through the UF, UH, RF, and RH conditions in their sets of 20
following a Latin-square design, such that all target words appeared in each condition equally
often across participants. Thus, each test list contained the same target and prime words,
with the assignment of prime to target defining whether a word pair was related or unrelated.
Assignment of test-lists to participants was counterbalanced. Clear and muffled audio

recordings were created in the same manner as Experiment 1.
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Procedure. The experiment was administered to each participant individually using
an Apple iMac with the words being played through headphones and responses being entered
using a keyboard and mouse. Experiment 2 consisted of a familiarization phase, two main
experimental phases, and a final judgment-basis selection phase. The purpose of the
familiarization phase was to give the Canadian participants an opportunity to become
accustomed to the English accent of the speaker. Familiarization took the form of a set of
participants passively listening to a set of eight words (not used in the later phases) played
one after another and then repeated.

Following familiarization, all participants read the Phase-1 instructions, which were
the same for all participants. Each participant heard 80 word pairs (40 related; 40 unrelated)
played in a random order. Word pairs were played in the same manner as the pairs in the
identification and foresight conditions from Experiment 1, with one exception. For each pair,
the phrase “The two words on this trial were related [unrelated]” appeared on screen after the
muffled target was played (i.e., at the time of the judgment) so that there was no ambiguity
about the nature of the prime-target relationship. Participants’ task was to judge the
percentage of other people who would be able to identify the target word with the help of the
prime word. Unlike Experiment 1, participants were not required to explicitly try to identify
the muffled targets themselves. They made their response by typing a number between 0%
and 100% into the computer. The next trial began once participants had pressed the continue
button (self-paced).

Phase 2, which was also self-paced, ensued immediately after Phase 1 and realized
our 2 X 2 core design (Figure 1). There were 80 test trials in Phase 2 (20 RF, 20 RH, 20 UF,
and 20 UH) that were similar to “rate” trials in the single phase of Experiment 1, barring
several minor changes. First, as in Phase 1, participants were informed on the screen whether

the prime and target were normatively related or unrelated at the time of making their
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judgment. Second, instead of hearing the clear target at the beginning of the trial in the
hindsight condition, the target word appeared visually on screen one second before the
muffled target was played and remained there until a response was made. This change was
meant to ensure that participants knew the identity of the target on hindsight trials prior to
making a rating. In the foresight condition, the target word displayed on the computer screen
was replaced with “XXXX.” Third, after making a rating, participants were asked to indicate
whether they were confident that their rating was correct with a yes/no (Y/N) response.

Participants in the hypothetical group were instructed to rate on each trial the
percentage of other people who would be able to identify the muffled target word with the
help of the prime word, but without any prior target knowledge. The instructions also made
it clear that participants should ignore their Phase-1 ratings, and even forget what the words
sounded like in Phase 1. To emphasize this point, participants were told that in previous
studies, relying on Phase-1 memory resulted in 50% worse performance compared to not
relying on Phase-1 memory. Conversely, participants in the memory group were instructed
to try to remember their Phase-1 rating and to ignore how the words currently sounded in
Phase 2. To emphasize these instructions, participants were told that relying on how the
words sound now would result in 50% worse performance compared to relying on memory
for Phase-1 ratings.

Finally, all participants completed an additional selection task after Phase 2.
Participants were shown the word pairs on the screen along with their rating and Y/N
confidence responses. For each word pair, they were asked to indicate the basis of their
judgment by selecting one of the following options: remember, current impression, or don’t
know. Participants were told that remember indicated that they remembered their Phase-1
judgment and used that information to make the Phase-2 judgment. Current impression

indicated that they ignored their Phase-1 judgment and instead used their current experience
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with the words to make their Phase-2 judgment. If the participant could not remember or did
not know how they made their judgment, they could select don 't know. No information was
provided in this final phase about whether the word pairs were normatively related or
unrelated, or whether the pair corresponded to a foresight or hindsight trial.
Results and Discussion

Phase-1 identification estimations. The mean Phase-1 identification estimations are
presented in Table 1. These ratings were analyzed with a 2 (relatedness: related, unrelated) X
2 (instructions: hypothetical, memory) mixed ANOVA. There was only a main effect of
relatedness, F(1,64) =209.25, p <.001, #,° = 0.77, with related-prime trials (M = 63, SEM =
2) having much higher ratings than unrelated-prime trials (M = 30, SEM = 2). There were no
other effects, largest F(1,64) = 1.06, p = .306, 1,°=.016.

Auditory hindsight bias. The mean Phase-2 ratings in the hypothetical group are
shown in the top panel of Figure 3. As in Experiment 1, the ratings were analyzed with a 2
(knowledge: hindsight, foresight) X 2 (relatedness: related, unrelated) repeated-measures
ANOVA . There were main effects of relatedness, F(1,34) = 81.08, p <.001, #,°= 0.70, and
knowledge, F(1,34) =29.81, p <.001. ,°= 0.47, and an interaction between relatedness and
knowledge, F(1,34) =7.39, p =.010, 5,°= 0.18. The interaction arose because the hindsight
effect was greater for unrelated- than for related-prime trials, although both effects were
significant, F(1,34) =31.38, p <.001, ,°=0.48 and F(1,34) = 18.14, p < .001, #,° = 0.35,
respectively. The pattern of data in the hypothetical group (two main effects and an

interaction) replicated that observed in Experiment 1 in which participants also received

#Conceivably, group (hypothetical, memory) could be included as a factor in this analysis. However,
as will become apparent, the data file for the memory group needed to be cleaned prior to analysis to
remove exact Phase-1/Phase-2 matches reflecting veridical recollection. This cleaning meant that the
group means were based on different items, potentially compromising direct statistical comparisons.
Consequently, we considered it more appropriate to analyze the groups separately.
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hypothetical instructions (cf. Figure 2 and the top panel of Figure 3). Similar results were
obtained when the analysis was restricted to high-confidence responses.

Turning to the memory group, we first cleaned the data file by removing exact
matches between Phase-1 and Phase-2 ratings to eliminate cases of veridical recollection. As
others have noted (e.g., Coolin, Bernstein, Thornton, & Thornton, 2014; Blank et al., 2003;
Pohl, 2007; Schwarz & Stahlberg, 2003), veridical recollection of prior ratings in memory
designs essentially protects participants from bias and can potentially distort the pattern of
results (e.g., artificially decrease or eliminate hindsight bias; see Erdfelder & Buchner, 1998
for a multinomial model of this process). On average across participants, 35% (SEM = 5%)
of Phase-2 ratings matched earlier Phase-1 ratings. No participants were eliminated (i.e., no
participant had matching Phase-1/Phase-2 ratings on 100% of trials). The mean Phase-2
ratings after matches were removed are shown in the bottom panel of Figure 3.

A 2 (knowledge: hindsight, foresight) X 2 (relatedness: related, unrelated) repeated-
measures ANOVA on the remaining Phase-2 ratings revealed main effects of both
relatedness, F(1,30) =47.70, p <.001, 5,2 = 0.61, and knowledge, F(1,30) = 8.00, p =.008,
n,°=0.21. Phase-2 ratings were higher for related- (M = 53, SEM = 3) than unrelated-prime
trials (M = 30, SEM = 3) and they were higher in hindsight (M = 46, SEM = 3) than in
foresight (M = 38, SEM = 3). However, unlike the previous analysis on the hypothetical
group, the interaction was not significant, ' < 1. Analogous results were obtained when the
analysis was restricted to high-confidence responses.

Judgment-basis selections. The similarity of the pattern of results between
Experiment 1 and the hypothetical group of this experiment, and the dissimilarity of this
pattern to that observed in the memory group, suggests that our instructions were successful.
Thus, the hypothetical instructions persuaded participants to focus on current processing and

to ignore their previous ratings whereas the memory instructions persuaded participants to
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focus on the past and to ignore their current processing. To confirm this conclusion, we
analyzed the judgment bases that participants selected at the end of the experiment. In
particular, the proportion of remember and current impression selections were analyzed with
a 2 (instructions: hypothetical, memory) x 2 (judgment basis: remember, current impression)
mixed ANOVA to confirm that participants were performing the hypothetical and memory
tasks as instructed. These mean proportions, along with the mean proportion of don 't know
responses, are presented in Table 2.° The ANOVA revealed a main effect of judgment basis,
F(1,64)=11.47, p=.001, 5,*= 0.15, but no effect of instructions, F < 1. There were more
remember ratings (M = 0.44, SEM = 0.03) than current impression ratings (M = 0.29, SEM =
0.02) overall. More critically, the interaction was also significant, F(1,64) = 14.16, p <.001,
1, = 0.18. The interaction reflected the fact that the selection rate of current impression was
higher in the hypothetical group than the memory group, F(1,64) = 6.97, p = .010, 5,°= 0.10,
whereas the opposite was true with the selection rate of remember, F(1,64) = 13.96, p <.001,
1> =0.18. Hence, the pattern of judgment-basis selections indicates that participants in the
two experimental groups followed their respective instructions reasonably well.

Summary. Instructing participants in the hypothetical group to focus on their current
processing when making ratings for others produced a pattern of results which closely
resembled that obtained in Experiment 1. That is, we observed a hindsight effect, but it was
larger in the unrelated-prime condition than in the related-prime condition, which confirmed
the differential-fluency hypothesis. This replication occurred despite several methodological
changes between the experiments, which attests to the robustness of the results.

Participants in the memory group also demonstrated a hindsight effect when they
were instructed to try to remember their Phase-1 foresight ratings rather than to focus on their

current Phase-2 experience. However, consistent with the recollection hypothesis, the

S Don’'t know responses were equivalent across the different instructions and excluded from the
analysis.
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hindsight effect observed in the memory group was independent of the effect of prime
relatedness. Together, the two experimental groups in Experiment 2 have demonstrated that
a simple instructional manipulation regarding what to base judgments on can modify the
pattern of results obtained. Furthermore, the different data patterns that we observed could
not be attributable to differential exposure to the stimuli between the groups (i.e., two
exposures to the stimuli in the memory design but only one exposure in the hypothetical
design). As noted above, differential exposure to the stimuli could be particularly
problematic if participants are basing judgments on fluency.

Because cases of veridical recollection can confound the results if they are left to
contaminate the data (e.g., Erdfelder & Bucher, 1998; Pohl, 2007), we removed perfect rating
matches between Phases 1 and 2 prior to analyzing the data. However, there was a
significant proportion of such cases (35%), most likely due to the fact that Phase 2 followed
immediately after Phase 1, which would have allowed veridical recall of prior ratings. The
necessary elimination of so many items raises concerns that the different pattern of results
obtained in the memory and hypothetical groups was attributable to an item-selection artifact.
The question remains, therefore, as to whether an auditory hindsight effect (with or without
an interaction with prime relatedness) would be obtained with a memory focus if
remembering the Phase-1 ratings was made more difficult, thereby allowing more items to be
included in the analysis. We tested this possibility in Experiments 3A by including a two-day
retention interval between Phases 1 and 2.

Experiment 3A

Experiment 3A consisted of two phases as in Experiment 2, although participants
received only memory instructions. Other aspects of the procedure were also similar to the
memory group in Experiment 2, except that the second phase ensued two days after Phase 1

instead of immediately afterwards. Our primary interest was to determine whether we would
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observe hindsight bias with a memory focus when the rate of veridical recall was less (due to
the longer retention interval) and the data set was more complete, compared to the memory
group in Experiment 2. Our secondary interest was to determine whether prime relatedness
and hindsight bias, if found, would be independent as we observed in the memory group of
Experiment 2. Finding independence in a more complete data set would provide stronger
support for the recollection hypothesis. Furthermore, it would suggest that the different
pattern of results obtained in the memory and hypothetical groups of Experiment 2 was not
attributable to item differences but rather that the mechanisms underlying hindsight bias in
the two designs are qualitatively different.

Method

Participants. Participants were 20 students (nine male) from the University of
Southampton (age: M =20.8, SEM = 0.19). They participated for course credits or £4.50
cash.

Design and materials. As in previous experiments, a 2 (relatedness: related,
unrelated) X 2 (knowledge: foresight, hindsight) repeated-measures design was used.
However, unlike Experiment 2 which had both memory and hypothetical groups, only one
group with memory instructions was tested in Experiment 3A. The materials were the same,
and counterbalanced in the same manner, as in Experiment 2. Counterbalanced assignment
of test list to participants was also the same as in previous experiments.

Procedure. The procedure was similar to the memory group of Experiment 2 except
for the following. The most important difference was that Phase 2 ensued two days after
Phase 1 rather than immediately afterwards. Second, there was no familiarization phase (as
the participants were English) or final judgment-basis selection phase. Third, because the
results of the hypothetical groups of Experiments 1 and 2 were similar, explicit indication of

whether the prime and target words were related was considered superfluous and removed
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from both Phases 1 and 2. Fourth, participants were instructed to read the visually-presented
target aloud before making their memory judgment. This aspect of the procedure ensured
that participants encoded the clear, visually-presented version of the target word (rather than,
for example, closing their eyes to avoid being biased by it, a strategy adopted by at least one
participant in Experiment 2). For the foresight trials, the order of events on each trial was the
same, but instead of the target word appearing onscreen, XXXX appeared, and the participants
were instructed to say “Xs” before making their judgment. Finally, although the instructions
still emphasized the importance of remembering previous ratings rather than relying on
current processing, the wording was slightly different from the memory group of Experiment
2. In particular, participants were told, “You may be tempted to write down what you think
now rather than how you responded during part 1. However, the correct response is to write
down your response from part 1 because it shows that your memory is accurate.” All other
aspects of the procedure were the same as for the memory group in Experiment 2.
Results and Discussion

Phase-1 identification estimations. Mean identification estimations, shown in Table
1, were much higher for related-prime trials (M = 61, SEM = 3) than for unrelated-prime
trials (M = 31, SEM = 3), F(1,19) = 168.29, p < .001, #,>= 0.90.

Auditory hindsight bias. Mean Phase-2 memory judgments are shown in Figure 4.
As in Experiment 2, the data file was cleaned prior to analysis to remove exact Phase-
1/Phase-2 matches, a large portion of which would have represented veridical recollection.
As expected, there were far fewer such cases in this experiment (M = 14%, SEM = 2% versus
M =35%, SEM = 5% in the memory group of Experiment 2), most likely due to the longer
retention interval (two-days versus immediate). To test for auditory hindsight bias, we
conducted a 2 (knowledge: hindsight, foresight) X 2 (relatedness: related, unrelated)

repeated-measures ANOVA on the identification-rating memories in Phase 2. The results of
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this analysis revealed main effects of prime relatedness, F(1,19) = 110.58, p <.001, 17,,2 =
0.85, and knowledge, F(1,19) =29.13, p <.001, 5,°= 0.61. Ratings were higher for related-
prime trials (M = 59, SEM = 3) than unrelated-prime trials (M = 32, SEM = 4) and they were
higher in hindsight (M = 51, SEM = 3) than in foresight (M = 40, SEM = 3). The interaction
was not significant, F < 1, indicating that prime relatedness did not moderate the effect of
prior target knowledge. As in Experiment 2, similar results were obtained when the analysis
was restricted to high-confidence responses.

Summary. Participants in Experiment 3A showed a bias toward higher memory
ratings in Phase 2 (regarding their Phase-1 likelihood ratings about identification success for
others) if they were armed with prior target knowledge (hindsight) than if they were not
(foresight). In other words, an auditory hindsight effect occurred. Moreover, in contrast to
the interactive patterns observed with hypothetical instructions in Experiments 1 and 2, but
consistent with the recollection hypothesis, hindsight bias in Phase 2 of this experiment was
not moderated by prime relatedness. This independence pattern was obtained despite the fact
that, compared to the memory group in Experiment 2, fewer than half the number of trials
needed to be removed because Phase-1/Phase-2 matched ratings. The fact that we observed
the independence pattern in this experiment on 85% of items suggests that the analogous
pattern observed in the memory group of Experiment 2 was not attributable to an item-
selection effect.

Experiment 3B

Although the implementation of a two-day retention interval in Experiment 3A meant
that fewer trials needed to be removed prior to analysis (due to Phase-1/Phase-2 rating
matches), it would be preferable if no trials were removed. If an independence pattern was

obtained with memory instructions on the full set of items rather than a subset of them, we
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could be more confident that different mechanisms are causing auditory hindsight bias in
hypothetical versus memory designs and that the dissociation is not due to item differences.

To achieve this end in Experiment 3B, we again used a memory design, but we
altered the information that participants needed to remember in Phase 2. In the memory
groups of both Experiment 2 and 3A, participants in Phase 2 were attempting to remember
previous identification estimations for others (i.e., numbers on a scale). This methodology
allowed for exact Phase-1/Phase-2 rating matches because participants sometimes recollected
the particular rating value they assigned on an earlier trial. To sidestep this issue in
Experiment 3B, we instead had participants attempt to identify the muffled targets in Phase 1,
but no feedback was provided. Later in Phase 2, participants rated the probability that their
Phase-1 identification attempt was correct. Because no rating was provided in Phase 1,
participants could no longer recollect the particular scale value assigned to any Phase-1 trial.
This alteration to the methodology allowed us to test whether auditory hindsight bias and the
recollection hypothesis still hold in the memory design if all trials are included in the
analysis.
Method

Participants. Participants were 20 students (six male) from the University of
Southampton (age: M =20.65, SEM = 0.15). They participated for course credits or £4.50
cash.

Materials and design. The materials and design used in Experiment 3B were
identical to Experiment 3A.

Procedure. The procedure was identical to Experiment 3A in all regards except for
the judgments that participants made. In Phase 1, rather than rating identification success for
others, participants attempted to identify the stimuli themselves with or without the assistance

of a related prime word. They made their response by typing their identification attempt into
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a textbox on the computer. No feedback was provided. In Phase 2, after reading the target
aloud (hindsight) or saying “Xs” (foresight), participants were instructed to judge the
likelihood that they correctly identified the muffled target word in Phase 1. They did so by
entering a number between 0% and 100%. This rating was thus a memory-based probability
judgment because participants were required to remember whether their previous
identification attempt was correct or not.

Results and Discussion

The analyses conducted on the Experiment 3B data were the same as for Experiment
3 A except that there was no analysis of Phase-1/Phase-2 correspondence. Because the data in
Phase 1 were binary (yes/no identification success) whereas the Phase-2 judgments were
made on a 0-100% likelihood scale, there was no simple method of identifying exact
matches.

Phase-1 identification. As in Experiment 1, the presence of a related prime
substantially improved identification performance, F(1,19) = 165.48, p <.001, 5,°= 0.90 (see
Table 1). This result again confirms that prime relatedness enhances processing fluency.

Auditory hindsight bias. Mean ratings in Phase 2 are shown in Figure 5. To test for
an auditory hindsight effect, we conducted a 2 (knowledge: hindsight, foresight) X 2
(relatedness: related, unrelated) repeated-measures ANOVA on the memory judgments made
in Phase 2. It revealed main effects of prime relatedness, F(1,19) = 118.42, p < .001, 5,> =
0.86, and knowledge, F(1,19) =25.17, p <.001, 5,°= 0.57. Ratings were higher for related-
prime trials (M = 69, SEM = 3) than unrelated-prime trials (M =31, SEM = 3) and they were
higher in hindsight (M = 56, SEM = 3) than in foresight (M =44, SEM = 3). Prime
relatedness did not moderate the effect of prior target knowledge, F < 1 for the interaction.

These results replicate almost exactly those found in Experiment 3A. As in previous
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experiments, similar results were obtained when the analysis was performed on only those
trials assigned high-confidence.

Summary. Experiment 3B established that prior target knowledge biased Phase-2
memory judgments even though those judgments were about previous identification
performance rather than ratings for others. Hence, the results of Experiment 3B attest to the
robustness of the biasing effect that prior target knowledge has on memory. Additionally,
prime relatedness had a large effect on identification success in Phase 1 and, analogous to
Experiment 3A, on the ratings in Phase 2. However, it did not moderate the size of the
hindsight effect, confirming the recollection hypothesis. This independence pattern is
consistent with those obtained in the groups given memory instructions in Experiment 2
(memory group) and 3A and it stands in contrast to the interactive pattern found with
hypothetical instructions in Experiments 1 and 2 (hypothetical group). Moreover, it was
obtained on the full set of items rather than a subset, thereby eliminating potential item-
selection problems. As noted above, the different data patterns associated with memory and
hypothetical designs suggest different underlying mechanisms, a point we elaborate on in the
General Discussion.

General Discussion

In four experiments, we investigated the underlying mechanisms of auditory hindsight
bias in both hypothetical and memory designs. We hypothesized that judgments for foresight
peers in the hypothetical design would be based on processing fluency. Furthermore, we
hypothesized that the fluency derived from prior target knowledge would be greater and
harder to discount in the context of a low-fluency trial than a high-fluency trial (the
differential-fluency hypothesis). To test this prediction, we independently manipulated the
fluency context by introducing an associative priming manipulation. As expected, in the

hypothetical groups of Experiments 1 and 2, auditory hindsight bias was greater in the
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context of unrelated primes (low fluency) than related primes (high fluency). This finding
resembles analogous results obtained in psychophysical experiments that have shown that a
change to a stimulus’ intensity brings about smaller subjective effects if the stimulus intensity
is already high versus low (see Stevens, 1957 for a review). This principle applied to
auditory hindsight bias suggests that the same facilitation to processing brought about by
possessing target knowledge has less of a subjective impact, and is therefore more easily
discounted, when fluency on the trial is already high (because of a related prime) than when it
is low (because of an unrelated prime).

In contrast to the results obtained with the hypothetical design, those for the memory
design used in Experiments 2, 3A, and 3B revealed no evidence of prime relatedness
moderating hindsight bias, which supported the recollection hypothesis. Instead, similar-
sized hindsight biases were obtained between all the related- and unrelated-prime conditions
in those experiments. In Experiment 2, for which the retention interval between the foresight
ratings and the subsequent memory task was short, hindsight bias was observed after
eliminating cases of exact veridical recall (i.e., when memory for ratings in Phase 2 matched
the actual ratings in Phase 1). However, the proportion of cases of veridical recall was high
(35%), which potentially meant that the independence pattern observed in that experiment
was due to item-selection artifacts. To reduce the rate of veridical recollection in
Experiments 3A, we implemented a two-day retention interval. The longer retention interval
reduced veridical recollection to 14% and we observed the same independence pattern again.
Finally, in Experiment 3B, using a methodology that did not allow veridical recollection to
play a major role, we again observed hindsight bias and an independence pattern in the
complete data set. Together, the results of Experiments 2, 3A, and 3B suggest that the
independence pattern is real and the recollection hypothesis has some validity rather than

being based on item selection.
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Alternative Accounts of Auditory Hindsight Bias

In this section, we consider some alternative explanations of auditory hindsight bias
and demonstrate that they are insufficient to account for our full set of results. In particular,
we first focus on two scaling accounts (the ceiling-effect and anchoring-and-adjustment
accounts). We then consider sense making and, finally, a multi-component model of
hindsight bias.

Scaling accounts. The results from the memory groups eliminate a host of potential
“scaling” accounts of the interactive pattern observed in the hypothetical groups. For
example, one account might be that the high baseline performance in the related-prime
conditions caused the interaction. Stated simply, there was less “room” for prior target
knowledge to increase ratings in the related-prime conditions compared to the unrelated-
prime conditions because baseline (foresight) performance was already near the top of the
judgment scale. However, counter to this hypothesis, examination of Figures 2-5 indicates
that no condition had near-ceiling performance. Moreover, the ratings were comparable
between the memory and hypothetical designs (e.g., baseline differences were present in both
designs). This account fails to explain, therefore, why the difference in baseline performance
between the related- and unrelated-prime conditions produced an interaction in the
hypothetical groups but not in the memory groups.

Another scaling account of hindsight bias is anchoring and adjustment. Several
theorists have suggested that outcome knowledge provides a judgment anchor reflecting
certainty (100%). In an attempt to discount outcome knowledge, participants in hindsight
must adjust their rating downward to match foresight ratings that are more uncertain.
However, in most cases, the adjustment is insufficient to reach the level of uncertainty that
exists in foresight, which results in hindsight bias (e.g., Hawkins & Hastie, 1990; Epley &

Gilovich, 2006). To extend this logic to our methodology incorporating related- and
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unrelated-prime trials, one might propose that the interactive pattern observed in the
hypothetical design was due to the vastly different foresight baselines. That is, the
adjustment necessary to achieve an unbiased judgment was far less for related- compared to
unrelated-prime trials, which resulted in less hindsight bias.

However, just as with the ceiling-effect account, it is not clear why we found
independent main effects of prime relatedness and prior target knowledge in the memory
design in Experiments 2, 3A, and 3B if anchoring-and-adjustment was the primary
mechanism. The foresight baselines in those conditions were also drastically different
between the related- and unrelated-prime conditions and so a similar interactive pattern
would be expected there as well. The question remains, therefore, as to why participants use
the anchoring-and-adjustment heuristic in hypothetical designs but not in memory designs
because the heuristic should be equally applicable to both designs.

Sense making. Pezzo (2003) proposed a sense-making model of hindsight bias in
which outcomes that provide high initial surprise invoke a process of trying to make sense of
how the outcome could have happened. If that process is successful, then the outcome seems
obvious and hindsight bias results. If it is not, then hindsight bias can be reduced or even
reversed (“No one would have predicted that!”). Unsurprising outcomes do not invoke the
sense-making process and therefore do not produce much hindsight bias either. More
recently, Calvillo and Gomes (2011) successfully applied Pezzo’s sense-making model to a
perceptual hindsight-bias paradigm involving predictions about the inevitability of animated
automobile accidents.

Although the distorted word identification task like that used in our experiments is not
as conducive to sense-making processes as more traditional hindsight-bias paradigms
involving event scenarios, one might still reason that the related prime helps participants

make sense of prior target knowledge. That is, on related-prime trials, participants could
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have crosschecked target candidates against the prime. For example, after being told that the
muffled target is doctor (hindsight), participants might make better sense of this knowledge if
the prime word was nurse (related) than if it was table (unrelated). However, if such a sense-
making process is occurring, then it makes the prediction that hindsight bias will be larger
with related- compared to unrelated-prime trials. This result was not confirmed in any of our
experiments with either the hypothetical or memory design suggesting that this form of sense
making was not producing our effects.

This post hoc application of Pezzo’s (2003) sense-making model to our auditory
hindsight paradigm is speculative at best. The model was designed to explain hindsight bias
in scenarios involving narratives or general knowledge that might be made sense of using
pre-existing schematic knowledge, semantic memory, and reasoning processes rather than
perceptual processes. Moreover, even if the model can explain the interactive results pattern
we observed in the hypothetical design, like the other accounts we have considered, it is not
clear why sense making did not also occur in the memory design to produce an analogous
interactive pattern.

Blank et al.’s (2008) three-component model of hindsight bias. As discussed in
the Introduction, Blank et al. (2008) have argued that hindsight bias is not a unitary construct
but consists of three components: memory distortion, impressions of foreseeability, and
impressions of necessity. We agree wholeheartedly with making a distinction between
hindsight judgments that are memory based versus those based on the subjective aspects of
current processing. Indeed, that distinction is the crux of the contrasting predictions of the
differential-fluency and recollection hypotheses. However, it is not clear to us how the
distinction between impressions of foreseeability and impressions of necessity might apply to
our auditory hindsight bias paradigm. According to Blank et al., impressions of

foreseeability pertain to subjective predictions and they are influenced by metacognition. For
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example, a person may judge that that they foresaw a particular election result because they
knew the results of certain opinion polls prior to the election. In contrast, impressions of
necessity pertain more to objective states of affairs and are based on causal attributions. For
example, knowing that a pre-election debate went well for one candidate in particular, her
winning the election may seem inevitable. While this distinction is useful in the context
event-based scenarios such as election outcomes, there does not seem to be any
straightforward way of making this distinction when it comes to identifying distorted words
with or without prior target knowledge. However, the model may be useful in accounting for
perceptual hindsight bias in other paradigms (e.g., the inevitability versus foreseeability of
simulated car accidents; Calvillo & Gomes, 2011).
Conclusions

Together, the results from the current set of experiments suggest strongly that
different mechanisms were driving auditory hindsight bias in the hypothetical and memory
designs. Consequently, we believe that no account involving only a unitary mechanism will
suffice. In our view, the most parsimonious explanation of our results as a whole is that
hypothetical designs engender fluency attributions whereas memory designs engender
reconstructive recall processes. Since its inception, the fluency-attribution framework has
emphasized flexibility of processes; that is, the framework assumes that there are multiple
bases of judgments and that processing fluency may be utilized or ignored by participants
depending on the stimuli and context. For example, Johnston et al. (1985) observed that
participants were less likely to use fluency as a judgment basis for recognition judgments if
recollection was made easier by having participants study words instead of nonwords. In the
same way, compared to hypothetical designs, we assume that memory designs cause

participants to rely less on fluency and more on recollection. However, by switching their
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focus to the past, our participants faced a new problem: bias in memory reconstruction that
worsened as the retrieval conditions worsened (i.e., longer retention intervals). ¢

The fact that auditory hindsight bias was evident in two different designs and driven
by two completely different mechanisms demonstrates its robustness. Auditory hindsight
bias remains a fascinating but largely understudied phenomenon. Our hope is that our current
research provides a modest step toward filling a gap in the literature by providing a
theoretical foundation. Future research might concentrate on topics such as debiasing and
discovering how widespread the bias is. For example, do singers who are familiar with their
own lyrics overestimate how easy it is for others to hear the words in their songs? Do police
investigators who view suspect interviews with transcripts overestimate how intelligible the
voices would be for a jury viewing the interview without the transcript (e.g., Lange et al.,
2011)? In our view, these and other topics related to auditory hindsight bias are worthy of

more attention so that the true scope of the bias can be determined.

¢ One potential criticism of “flexible” theories is that they are irrefutable and therefore not of much
value to scientific progress. We recognize that the fluency hypothesis is potentially open to this
criticism and hope that future research might better identify the parameters that determine whether
fluency is or is not the primary basis of decisions in auditory-hindsight paradigms.
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Table 1
Mean Actual (Experiments 1 and 3B) and Mean Estimated (Experiments 2 and 3A)
Percentage of Correctly Identified Muffled Targets of in Experiments 1-3 as a Function of

Prime Relatedness. Standard Errors Are Shown in Parentheses.

Prime Type

Experiment and Group Unrelated Related
Experiment 1 (Identification trials) 11 (3) 57 (4)
Experiment 2

Hypothetical Group (Phase 1) 31 (3) 65 (3)

Memory Group (Phase 1) 29(3) 60 (3)
Experiment 3A (Phase 1) 31 (3) 61 (3)
Experiment 3B (Phase 1) 24(2) 69 (4)

Note. Both identification attempts and identification estimates for peers were performed

without prior target knowledge
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Table 2
Mean Rates of Selecting Each Judgment Basis as a Function of Experimental Group in

Experiment 2. Standard Errors Are Shown in Parentheses.

Judgment Basis

Group Current Impression Remember Don’t Know

Hypothetical 37 (.04) .35(.03) 25 (.03)

Memory 22 (.04) 53 (.03) 25 (.04)
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Design Overview

Unrelated Related Unrelated Related
Foresight Foresight Hindsight Hindsight
neutral stimulus/ ¢ » « s «“ » . 9
clear target: XTX X)fX doitor dO(flOI‘
clear 113 EE) 113 £ (13 29 e ’9
prime: grass nurse grass nurse
muffled 13 [X) 113 ” 113 b2 13 2
e dOCToOR dOcToR dOcToR dOcToR
judgment judgment judgment Judgment
Hyoothetical: “How many people out of 100 (without prior target knowledge) would be able to
- ' identify the muffled target word given the prime word that preceded it”?
N “Previously you rated this muffled target/tried to identify the muffled target
emory:

without knowing its identity. What was your prior rating/performance”?

Figure I: The core 2 (knowledge: foresight, hindsight) x 2 (prime relatedness: related,
unrelated) within-subjects design used in all experiments. Details regarding how the different
stimuli in the design were presented to participants across experiments vary, but the
important design feature is that participants made either a hypothetical or memory judgment
about each muffled target either after being made aware of its identity (hindsight) or not
(foresight) and after it was preceded by either a related or unrelated prime word.
“Hypothetical” and “memory” refer to the judgment that participants were required to make
about the muffled target. The alternating upper and lower case letters for the muftled target

1s meant as a visual depiction of auditory target distortion.
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Figure 2. Mean ratings of the percentage of people who would be able to correctly identify
the muffled target without prior target knowledge, but with the help of the associative prime
on “Rate” trials in the hypothetical design of Experiment 1. The data are plotted as a
function of prime relatedness (related, unrelated) and prior target knowledge (foresight,
hindsight). Error bars represent standard error of the mean.
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Figure 3. Mean ratings in Phase 2 in the “Hypothetical” (top panel) and “Memory” (bottom
panel) groups of Experiment 2. Participants in the Hypothetical group rated the percentage of
their peers who would be able to correctly identify the muffled target without prior target
knowledge, but with the help of the associative prime. Participants in the Memory group
tried to remember analogous judgments made previously in Phase 1. The data are plotted as

a function of prime relatedness (related, unrelated) and prior target knowledge (foresight,
hindsight). Error bars represent standard error of the mean.
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Figure 4. Mean Phase-2 memory estimates for Phase-1 muffled-target identification
estimates in Phase 2 of Experiment 3A as a function of prime relatedness and prior target
knowledge. Error bars represent standard error of the mean.
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Figure 5. Mean Phase-2 memory estimates for Phase-1 muffled-target identification attempts
in Experiment 3B as a function of prime relatedness and prior target knowledge. Error bars
represent standard error of the mean.
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