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A Western traveler encounteringan Oriental philosopher
asks him to describe the nature of the world:

“It is a great ball resting on the flat back of the world
turtle.”

“Ah yes, but what does the world turtle stand on?”

“On the back of a still larger turtle.”

“Yes, but what does he stand on?”

“A very perceptive question. But it’s no use, mister; it’s
turtles all the way down.” (Sagan, 1979, p. 293)

Like Pezdek and Eddy (2001), we begin our reply with
an instructive quote. This well-known parable, here told
by Carl Sagan, illustrates the dangers of buildingan argu-
ment by stacking faulty thinkingon top of faulty thinking.
Although Pezdek and Eddy do raise some valid points, in
the end their criticisms of imagination inflation are a tur-
ret of turtles.

Let us begin with their very first sentence. Contrary to
Pezdek and Eddy’s claims, their paper does not address
“the conditionsunder which false autobiographicalevents
are likely to be planted in memory” (p. 707). Imagination
inflation is not about implanting memories. Pezdek and
Eddy still continue to assert that it is, even though we
have stressed this point with them before (Garry & Lof-
tus, 2000). Imagination inflation is an increase in confi-
dence that a fictional or hypotheticalevent that was merely
imagined was actually experienced. This point is not triv-
ial, because other imagination inflation researchers have
been careful to distinguishbetween imagination inflation
and an implanted memory. For instance, in two different
papers, Heaps and Nash (1999, in press) described imag-

ination inflation variously—and accurately—as a change
in subjective likelihood; a false belief about the past; or
a mechanism by which “imaginationcan serve to raise sub-
sequent likelihood judgments” (Heaps & Nash, in press).
Mazzoni (2001) has clearly captured the difference be-
tween confidence that an event actually happened and a
memory for that event. We are all confident, they note, that
our births occurred as our mothers have explained them
to us, althoughwe do not actually have memories for them.

When we change people’s confidence that an event
might have happened to them, have we affected their
memory? We think the answer is yes, because we have
changed the way they think about and report their past.
But is that an implanted memory? No, because the imag-
ination inflation effect does not meet the criteria others
have proposed for implanting a false memory. Take Hy-
man and colleagues’ (Hyman & Kleinknecht, 1999; Hy-
man & Loftus, 1998) proposal that implanting false
memories involves three conditions. First, subjects must
accept that the event is plausible. Second, they must con-
struct details about the false event that include an image
plus a narrative. Finally, subjects must misattribute the
source of that information, wrongly ascribing the mental
information to genuine experience rather than to their
own imagination. Increased confidence that the target
event did happen—the definition of imagination infla-
tion—meets the first criterion, but there is no evidence
that it meets the remaining two. Of course, this is not to
say that some subjects who participate in an imagination
inflation experiment do not develop false memories about
the events they imagine, but our aim has been to examine
only the change in confidence.

The title of the original paper, “Imagination Inflation:
Imagining a Childhood Event Inflates Confidence That
It Occurred” (Garry, Manning,Loftus, & Sherman, 1996),
makes the definition of imagination inflation clear, and
so does quoting Garry and Polaschek (2000) more accu-
rately than Pezdek and Eddy did. Pezdek and Eddy wrote:
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Pezdek and Eddy (2001) claim to prove that imagination inflation is a spurious effect caused by re-
gression to the mean (RTM). They make four predictions about what patterns of data would demon-
strate a genuine effect for imagination versus those that would be explainable by RTM. We review each
of those predictions, and demonstrate significant problems with them. We conclude that imagination
inflation is a genuine effect, and that Pezdek and Eddy’s work has contributed to the growing research
showing that when people imagine fictitious events from long ago, they become more confident that
those false events were genuine experiences.
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In summarizing the results of this experiment and several
others using the imagination inflationparadigm,Garry and
Polaschek (2000) concluded that “a growing body of lit-
erature shows that imaginingcontrary-to-truth experiences
can change memory” (p. 6). Furthermore, “when people
think about or imagine a false event, entire false memories
can be implanted. Imagination inflation can occur even
when there is no overt social pressure,and when hypothet-
ical events are imagined only briefly.” (p 708–709)

While Garry and Polaschek’s (2000) review paper fo-
cused on imagination inflation, it did so in the context of
a larger review on imagination and memory. In that
larger context, the few specific lines Pezdek and Eddy
quoted from the Garry and Polaschek abstract make sense.
Thus, when the Garry and Polaschek abstract foreshad-
ows that “when people think about or imagine a false
event, entire false memories can be implanted,” it refers
to the opening section of the Garry and Polaschek paper,
which reviews what we might call the “Lost in the Mall”
genre of studies:Loftus (1993), Loftus and Pickrell (1995),
and Hyman and Pentland (1996). Later on in the paper,
when the focus is on imagination inflation, Garry and
Polaschek refer only to the “effect of imagination on
memory” (p. 7) and even define imagination inflation
rather tightly as the “confidence-boosting effect of imag-
ination” (p. 7).

Now that we know what effect we are talking about, let
us turn to the heart of Pezdek and Eddy’s argument. Put
bluntly, they assert that Garry et al.’s (1996) results might
not show any confidence-inflating effect of imagination
at all. Instead, Pezdek and Eddy say these “findingscould
be explained as simply a case of regression toward the
mean” (p. 709; hereafter RTM). Pezdek and Eddy put
forth a number of arguments as evidence of their claim,
but we believe each argument is flawed. Below we sum-
marize Pezdek and Eddy’s experiment, review their four
predictions, and examine the strength of their arguments
in light of the evidence. First, however, we begin with a
basic overview of RTM.

REGRESSION TO THE MEAN:
THE (VERY) SHORT COURSE

Every time researchers measure some construct, they
unwittinglydrag some error into their measurement. Take,
for instance, the case each of us might face when ad-
ministering an Introductory Psychology exam. There are
students for whom error depresses their score, and stu-
dents for whom error inflates their score. So what is the
conscientious college professor to do? Suppose you gave
the exam again, to the whole class. Of course, you would
give a parallel form of the exam, but it would not be per-
fectly correlated with the first exam. What might hap-
pen? The end result would be that some students would
find that their retest scores increased, while others would
f ind that their scores decreased. The mean, however,
would stay the same, as would the standard deviationand

the shape of the distribution in general. With each retest
students would change and test scores would change, as
long as tests were not perfectly correlated. In short, with
subsequent tests, error would be shuffled around differ-
ently. The shuffling around would tend to work so that
scores farther away from the mean moved closer to the
mean on a retest. Instead of referring to this shuffling
around under the curve by a tedious name such as “shuf-
fling around under the curve,” we call it RTM.

Several other interesting features of RTM are outside
the scope of this article, and the reader wanting more than
this (very) short course could do no better than to read
Campbell and Kenny’s (1999) book.

Before we turn our attention to Pezdek and Eddy’s spec-
if ic predictions, there is an important point to note.
Throughout their paper, Pezdek and Eddy seem to mis-
take regression to the mean of the items with regression
to the midpoint of the scale, and this confusion under-
pins much of their thinking.

PEZDEK AND EDDY’S PREDICTIONS

Pezdek and Eddy hypothesize that if imagination in-
flation is a real effect, we should expect to see the follow-
ing pattern of results.

1. The residuals between actual posttest scores and
RTM-adjusted (predicted) posttest scores should be
greater than zero.

2. There should be a test occasion 3 condition inter-
action.

3. All mean likelihoodratings should increase from the
pre- to posttest, not just those initially rated as 1–4.

4. There should be a time 3 imagination 3 age inter-
action.

Below we examine the logic behind each prediction,
the data on which Pezdek and Eddy rely, and the various
conclusions that can be responsibly drawn.

1A. The Prediction: Actual Versus RTM-
Adjusted Residuals Should Be Greater Than Zero

Pezdek and Eddy argue that if imagination inflation is
a real effect, posttest confidence for imagined events will
be above and beyond the increase in confidence produced
by RTM alone. To analyze their data according to this
hypothesis, they did the following analysis.

First, they found the correlation between pretest and
posttest scores for not imagined (control) target events,
and used the correlation to estimate the effects of RTM.
In other words, they constructed a regression line to pre-
dict the change in posttest confidence scores that are at-
tributable only to RTM. Second, Pezdek and Eddy used
this regression line to predict the posttest scores for the
imagined events, again assuming that only RTM was re-
sponsible for changing these scores. Finally, they com-
pared the predicted imagined posttest scores with the ob-
tained imagined posttest scores to produce residual scores.
Where the residuals are positive, there is undoubtedly an
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effect over and above RTM. However, what does it mean
when the residuals are not different from zero? Pezdek
and Eddy argue that it means imagination has no effect,
and that imagination inflation is nothing more than RTM
disguised as imagination inflation. But they are wrong.

1B. The Turtle: Their Analysis Does Not Work
Contrary to Pezdek and Eddy’s claim, their residual-

ized change scores analysis is not a strong statistical basis
for drawing any conclusion. There are two broad prob-
lems with the attempt to predict—and then correct for—
RTM using residualized change scores. The first is a
general problem: Several researchers have noted that the
method is fraught with difficulties (Campbell & Kenny,
1999; Rogosa, Brandt, & Zimowski, 1982; Rogosa &
Willet, 1985). In the end, Campbell and Kenny recom-
mend that if the purpose of the research is to examine
causes of change, then “it is inadvisable ever to use resid-
ualized change scores or estimated true scores” (p. 99).
The second problem is specific to imagination inflation:
Pezdek and Eddy’s use of residualized change scores just
does not work. Because this article is about imagination
inflation in particular, let us concentrate on the second
problem. We shall see that their formula actually fails to
detect imagination inflation in some circumstances.
Below, we illustrate this problematic situation.

Hypothetical situation: Failing to detect imagina-
tion inflation. Suppose we give a sample of people the
same test on two different occasions. If there is no inter-
vening treatment, no measurement error, and no other
behavioral change among our subjects, then each per-
son’s pretest score and posttest score should be the same.
In other words, pretest and posttest scores would be per-
fectly correlated (r 5 1), as in Figure 1A. However, a
more realistic scenario is that our measurements will in-
clude some error, and/or some of our subjects’ behavior
will change over time. Therefore, we actuallyexpect a shift
away from the perfect correlation line and toward the
mean. Figure 1A shows how the predictedy line shifts tow-
ard the mean. The amount of regression can be estimated
by looking at the distance between the perfect correlation
line and this predicted line (Campbell & Kenny, 1999).

Suppose we now assume, in this hypotheticalexample,
that imagination inflation has a consistent and genuine
effect on confidence. Indeed, such an effect is Pezdek
and Eddy’s fundamental thesis, that imagination should
increase all scores by the same amount, not just low
scores. Such a constant effect would produce a parallel
line above the predicted y line.1 Let us consider the first
of Pezdek and Eddy’s recommended analyses, that a test
occasion 3 imaginationcondition interaction is evidence
of imagination inflation. In our hypothetical example,
there will be a significant interaction. Now let us con-
sider the second—and what Pezdek and Eddy claim is
their most sensitive technique—the residualized change
scores analysis. What will this analysis f ind? It will
never be able to find the effect, because it is unable to de-

tect imagination inflation when the shape of the distrib-
utions does not change from pretest to posttest.The effect
becomes clear if we replot Figure 1A and use standard-
ized scores to produce Figure 1B. What will happen to
the plot? The regression and imagination inflation lines
will, in fact, collapse on top of one another and both go
through the y-intercept at zero. In short, no matter how
large the effect size, the technique touted by Pezdek and
Eddy as very sensitive to RTM is insensitive to imagination
inflation if imagination inflation is a homogenouseffect.

In sum, Pezdek and Eddy claim that their residual
analysis “provides the strongest statistical basis for con-
cluding that regression to the mean—not imagination in-
flation” (p. 715)—caused their results. However, we
have demonstrated that when the shape of the distribu-
tion does not change from pretest to posttest, the analy-
sis will not actually detect an effect.

2A. The Prediction: There Should Be a Test
Occasion and Condition Interaction

According to Pezdek and Eddy, the mean change in
confidence ratings for imagined events should be greater
than the mean change for not imagined events, from pre-
test to posttest. A lack of interaction would signify no ef-
fect over and above RTM.

2B. The Turtle: An ANOVA Is Not Always
the Best Way to Go

In some ways, the interaction between test occasion
and imagination condition is intuitively appealing. In-
deed, the difference between the imagined and not imag-
ined change scores is what is evaluated in the interaction
term: When it is different from zero, there is an inter-
action. However, the extent to which the analysis of vari-
ance (ANOVA) reveals an interaction depends not only
on whether there is an interaction, but on other factors as
well. It matters, for example, to what extent the data meet
the ANOVA assumptions. When some assumptions are
violated, the ANOVA will not reveal an effect that is there,
but when other assumptions are violated, it might signal
an effect that is not really there. For example, if the data
are not normally distributed, the ANOVA will be less able
to fit a model to the data, and it may not be sensitive to
an effect should one exist. In imagination inflation re-
search, target events are deliberately constructed so that
the majority of subjects rate them low at pretest; thus,
the data are skewed. Outliers pose an additionalproblem,
as does a change in variance between pre- and posttest
and across event(s). If the variance changes dramatically,
the ANOVA copes by fitting a common, interpolated
variance. If, for instance, one set of measurements has a
large variance and the other has a small variance, the
ANOVA assumes a moderate variance overall. This mod-
erate assumption causes the ANOVA to assume a lower
variance than is true in one of the subsets, which might
produce false significance for effects in these parts of
the data. In addition, it will assume a higher variance than
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is true in the other subset, which might fail to detect gen-
uine effects found in the other parts of the data. Take, for
example, Pezdek and Eddy’s own Table 2, where their
standard deviationsvary by about a factor of 10. In short,
evaluating the interaction term in an ANOVA might be a
good choice in some situations, but not in others.

One solution to the violationsof the ANOVA assump-
tions is the “proportion increase” analysis that Garry et al.
(1996) used (reproduced below as Figure 2). It elimi-
nates the problems caused by changing variance; across
events, the standard deviations in Garry et al. varied by

a factor of nearly 5; thus, their choice of dependentmea-
sure (treating events as subjects) made the heterogeneity
of variance across events irrelevant. As a reminder, Fig-
ure 2 shows the percentage of subjects inflating for each
event, classified according to whether that event was or
was not imagined. A paired t test treating events as cases
showed that events were more likely to show inflation
when subjects imagined them than when they did not
imagine them [t(7) 5 5.48, p < .001]. The effect size
(J. Cohen, 1988) was 1.94.2 Garry et al. relied mainly on
a categorical dependentmeasure—the percentage of sub-

Figure 1. (A) Perfect correlation line, imagination inflation line, and regression line. (B) Fig-
ure 1A replotted with standardized scores.
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jects who inflated on each event—and then compared
that categorical change using a parametric t test.

Pezdek and Eddy seem to argue that the pattern demon-
strated in Figure 2 is somehow less interesting or mean-
ingful than if Garry et al. (1996) had shown evidence of
a test occasion 3 condition interaction. In fact, for some
research questions, the Garry et al. type of analysis is the
one that answers the research question best. Take, for in-
stance, a pharmaceutical company that believes it has
developed a new hand cream designed to prevent hands
from drying and cracking in the winter cold. To gather
data about the hand cream’s safety and efficacy, the com-
pany begins trials with human subjects. Suppose one as-
pect the company needs to evaluate is the nature and ex-
tent of side effects, such as the incidence and severity of
allergic reaction in the population. One kind of allergic
reaction it might look for consists of swelling of the hands.
Thus, the company will gather wrist measurements for
all its subjects before applying the hand cream to half of
them, and a placebocream to the other half. Then they will
wait one hour and measure everyone’s wrists again. If the
hand cream groups’ wrists inflate more than the control
groups’ do, that is evidence of an allergic reaction.

What kind of data analysis would be more meaningful
in this example: the time 3 condition interaction, or the
proportion of subjects in each condition who showed in-
flated wrists? The time 3 condition interaction would be
uninformative if a sizeable minority of subjects showed
an allergic reaction, because the substantial number of
subjects who showed no change in wrist size would over-
shadow the minority of those who might have shown size-
able reactions. By contrast, looking at the data to see the
proportion of subjects in each conditionwho experienced

some wrist inflation is much more informative—and is
analogous to what Garry et al. (1996) did.

In fact, the parallels with the hand cream example are
numerous. In the hand cream trials, the most common
change in wrist size should be no change. Likewise, in
the imagination inflation paradigm, the most common
change is no change. Such a finding makes sense in light
of Heaps and Nash’s (1999) work. They found a predis-
position to hypnotic suggestion and dissociation—ten-
dencies held by a minority of the population (Waller &
Ross, 1997)—predicted imagination inflation, a finding
supported by the work of Paddock et al. (1998). In both
instances, the “inflaters’” mean scores are already heav-
ily affected by the zero scores. These zero scores mask
the change whether one analyzes the data using subjects
as cases or events as cases (subjects 3 critical items in
each condition), yet in both instances the minority “in-
flaters” are the more interesting group to study. Finally,
there is another obvious and important parallel here.
Clearly, some subjects in the hand cream trial who re-
ceive only a placebowill still show inflated wrists, because
their hands swell as the day goes on, or because of some
expectancy effect, and so forth. But the key question is
this: When people experience an allergic reaction to the
hand cream, by how much do their wrists inflate in com-
parison with those of controls? Similarly, if we ask the
analogous question of the Garry et al. (1996) data, we
find that 42/152 imagined events inflated, with a mean
inflation of 3.00 (1.98), and 38/152 not imagined events
inflated with a mean inflation of 2.50 (1.35).

The problem, as we see it, is to find the right combi-
nation of design, measures, and analytical technique to
detect the influence of imagination.On that count, the pa-

Figure 2. Percentage of subjects who increased on each item (adapted from Garry et al., 1996).



724 GARRY, SHARMAN, WADE, HUNT, AND SMITH

pers by Garry et al. (1996), Heaps and Nash (1999), and
Pezdek and Eddy all fall short, and future research on
imagination inflation should look at ways to increase the
size of the effect, modify the method, and come up with
better ways of analyzing the data.

3A. The Prediction: All Mean Likelihood Ratings
Should Increase From the Pretest to Posttest

If imagination inflation is a real effect, all mean con-
fidence ratings for imagined events, including those rated
5–8, should inflate from pretest to posttest.

3B. The Turtle: There Is No Basis
for the Prediction

To address this third prediction, Pezdek and Eddy an-
alyze their data in several different ways. First, for each
critical event, they split the data into two groups, based
on pretest responses. Events that were initially rated 1–4
were put into one group, and events initially rated 5–8
were put into the other. For the sake of simplicity, let us
refer to these two groups as the low and high pretest
groups, respectively. Then, for each event in each group,
Pezdek and Eddy calculated the percentage of subjects
whose confidence increased, decreased, or stayed the
same from the pretest to posttest Life Events Inventory
(LEI). Within each group, they collapsed these change
scores across all subjects and all events and classified
them according to whether the event was imagined or not
imagined. This analysis is what Garry et al. (1996) did,
but they confined their analysis to low events, explaining
that the purpose of their study was to examine what hap-
pens when people imagine an unlikely event, not recall a
likely one.

Pezdek and Eddy’s analysis of their data, and the com-
parable analysis of the Garry et al. (1996) data can be
summarized into three broad findings.

Finding 1: For low pretest events, ratings increased
for both imagined and not imagined events. Garry
et al. (1996) found that for low events, confidence rat-
ings inflated when they were imagined and when they
were not imagined; 34% of imagined events showed in-
creased confidence, and 25% of not imagined events
showed increased confidence. Pezdek and Eddy found a
similar pattern in their data, as did Heaps and Nash (1999);
although Heaps and Nash did not present their findings
this way in their paper, we have reanalyzed their data
along similar lines, shown in Figure 3.

Pezdek and Eddy say that “regression toward the mean
might explain the upward shift in scores that occurred in
both conditions” (p. 709). Of course, they are absolutely
correct on this point. RTM is almost certainly moving
low scores upward in both conditions. However, they go
on to say that “if the results simply reflect regression to-
ward the mean, then (1) likelihood ratings for events ini-
tially rated 1–4 would be more likely to increase and
likelihood ratings for events initially rated 5–8 would be
more likely to decrease from Time 1 to Time 2” (p. 709).
This prediction is an example of Pezdek and Eddy’s ten-
dency to confuse the event mean with the scale midpoint.
In fact, RTM would move confidence to less than 4—be-
cause the critical events have overall means of less than
4—and an analysis purporting to detect RTM effects needs
to take as its reference the mean, not 4.

Finally, the alert reader will note that all three experi-
ments had both a control and a treatment group. Thus,
the difference between the upward shifts in the two
groups constitutes an effect. We are heartened to see that
Pezdek and Eddy’s findings contribute to the growing
list of those who have replicated imagination inflation

Figure 3. Direction of change for subjects who initially re-
sponded 1–4, across three studies.
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(Heaps & Nash, 1999; Paddock et al.,1998; Paddock
et al., 1999).

Finding 2: For high pretest events, ratings were
more likely to decrease than do anything else. Con-
sider now the top and middle panels of Figure 4. Both
Garry et al. (1996) and Pezdek and Eddy found that when
high pretest events were imagined, confidence tended to
decrease, or stay the same. How are we to make sense of
these results? Pezdek and Eddy make sense of them by
saying “these findings are exactly what would be pre-
dicted by regression toward the mean” (p. 709). It is true
that RTM predicts that high scores should move closer to
the mean on retesting (as should low scores). However,
if we now add Heaps and Nash’s (1999) reanalyzed data

into the equation—on the bottom of Figure 4—the pic-
ture gets cloudier, because in their experiment, confi-
dence rarely decreased.

Let us return to the behavior of high pretest events and
ask another question. If we assume that imagination in-
flates confidence that the low, “probably didn’t happen”
events did happen, what should be the effect of imagina-
tion on confidence for the high, “probably did happen”
end of the scale? We might make a number of predic-
tions. On the one hand, Read and Lindsay (2000) have
shown that when people think about genuine events, they
remember more about them over time. On the basis of
their research, we might expect that if high pretest con-
fidence events indicate recall of genuine experiences,
imagining these events will cause subjects to become
even more confident about them than about high pretest
events that are not imagined. On the other hand, it might
well be the case that imagining counterfactual details
about genuine experiencesultimately makes subjects less
confident about what is real and what is imagined. The
issue of how imagining “probably did happen” events af-
fects memory for those events is a question worthy of
study in its own right, and it is unlikely to be answered
by post hoc analysis and speculation. As matters stand
now, we have no idea what might be the effect of imag-
ining events that subjects believe were probably genuine
experiences. Pezdek and Eddy’s assertion that if imagi-
nation inflation is a real effect, it should affect confidence
about events no matter what their pretest ratings, is un-
tenable given how little we know about the effects of
imagination on memory.

A concrete example should make this point clearer.
An antidepressant might work systematically to elevate
the mood of depressed people, but might have a range of
effects on the already well adjusted. If the drug works by
somehow suckingup a bit of a biochemical that depressed
people have in excess, most well-adjusted people will
not have that excess biochemical, and the drug will not
affect them. If, however, the drug works by bringing
everyone who takes it up to some level of general good
mood, perhaps some well-adjusted people might become
even happier, whereas the chronically happy might al-
ready be at ceiling. The point is, we have no idea which,
if any, of these mechanisms drives imagination inflation.

Of course, lookingonly at the decreasing scores in Fig-
ure 4 gives an incomplete picture. We should return to
Figure 3 and see what happened to low pretest events.
When they changed, were they more likely to increase
than do anythingelse? The answer of course is “no.” Garry
et al. (1996), Pezdek and Eddy, and Heaps and Nash’s
(1999) data all show that the most common change for
low pretest scores is no change. Here Pezdek and Eddy
want it both ways: They assert that imagination inflation
is really RTM dressed up as an effect, and as evidence,
they show that the most common change for high pretest
events is a decrease. Yet they do not expect the most
common change for low pretest events to be an increase.
Moreover, although Figure 3 shows a consistent pattern

Figure 4. Direction of change for subjects who initially re-
sponded 5–8, across three studies.



726 GARRY, SHARMAN, WADE, HUNT, AND SMITH

across low pretest items for Garry et al., Heaps and Nash,
and Pezdek and Eddy, Figure 4 shows no consistent pat-
tern across high pretest items. We might conclude, there-
fore, that imaginationoperates more consistentlyon low-
confidence events to produce imagination inflation than
it does on high-confidence events. This is not to say that
imaginationhas no effect on some high-confidenceevents;
it is merely to say that the data across the three studies
are inconclusive.

Finding 3: Items tend to move toward the mean at
posttest. Pezdek and Eddy examined their data accord-
ing to the following rationale: “if regression toward the
mean is operative in the imagination inflation paradigm,
it should be evidenced with the nontarget events, as well
as with the target events” (p. 711). On this point, we have
no dispute with Pezdek and Eddy. On the contrary, we
believe that of course the data show evidence of RTM.
Indeed, interpretation of any pretest–posttest design
must take into account RTM. The best way to take RTM
into account is to use a control group, or control items,
that “can be used to estimate the effect of regression to
the mean” so that “any difference observed between the
two groups can be attributed to the treatment” (Kotz &
Johnson, 1982, p. 707). This interpretation also accounts
for the results Pezdek and Eddy found when they looked
at change in confidence ratings for events rated 1–2,
3–4, 5–6, and 7–8 at pretest. They found that extreme
scores showed more change than did scores already closer
to the mean. Again, we are unsurprised by this pattern of
data, and we agree with Pezdek and Eddy’s claim that
these results support “the significant role of regression
toward the mean in accounting for the results of the
imagination inflation paradigm” (p. 712), because re-
gression to the mean plays a role in the overall results.
However, their results do not account for the imagination
inflation effect.

Finding 4: Only the low pretest group showed in-
flation. We were also heartened to see that Pezdek and
Eddy replicated another of Garry et al.’s (1996) findings.
That is, when low events were treated as cases, there was
more inflation (the percentage of positive change) for
imagined events than for not imagined events. It is inter-
esting to note that even though Pezdek and Eddy used
fewer critical items—and thus had fewer degrees of free-
dom in their t test—they still showed imagination infla-
tion. Pezdek and Eddy then did the same analysis for
high pretest events and found no evidence of imagination
inflation. We agree with part of their conclusion, that
“these results suggest a role of imagination inflation over
and above the effect of regression toward the mean”
(p. 712). However, they temper their conclusion by say-
ing that it does not square with their magnitude of
change analysis, part of which appears in their Table 2.

Pezdek and Eddy’s Table 2 presents the magnitude of
change in confidence ratings for low events. They con-
clude that because the increases are small, and because
“large” changes were more likely to occur for not imag-
ined events than for imagined events, the changes are

“not a product of the subjects’ imagining the target events”
(p. 713). We disagree with this conclusion. Yes, the
changes are small, but they are consistent. A paired t test
treating these four events as cases showed more inflation
for imagined events (M 5 1.20, SD 5 0.60, SEM 5
0.30) than for not imagined events (M 5 0.76, SD 5
0.55, SEM 5 0.27). This difference was significant with
a one-tailed test [t(3) 5 2.56,p 5.04]. In fact, in J. Cohen’s
(1988) terms, the effect is not small; it is an impressive
d 5 1.26.

4A. The Prediction: There Should Be
an Age and Imagination Interaction

On the basis of G. Cohen and Faulkner’s (1989) find-
ing that older adults perform more poorly than younger
adults at distinguishing between externally and inter-
nally generated information (watched vs. imagined
events), Pezdek and Eddy claim that if imagination in-
flation is a real effect, there should be an age 3 imagi-
nation interaction when one compares the effects of
imagination on college aged and on older adults. How-
ever, if RTM is behind imagination inflation, there will
be no interaction, because RTM will affect both age
groups equally.

4B. The Turtle: Pezdek and Eddy Failed
to Consider Other Mechanisms

Although Pezdek and Eddy describe their prediction
in a couple of sentences, we think it is worth more than
a brief overview. There is nothing wrong with this predic-
tion per se, but in focusing on the source-monitoring ex-
planation(Johnson,Hashtroudi,& Lindsay, 1993), Pezdek
and Eddy have failed to take into account other equally
likely explanations, such as a familiarity-based explana-
tion. Imagination inflation can also occur if the famil-
iarity of an event is misattributed to the actual occurrence
of the event rather than the imagining of the event.

Although the source-monitoring account suggests that
the poor perceptual qualities of an imagined event are
easily confusable with a long-ago faded memory of a
real event, and that source judgments become less accu-
rate with age (Schacter, Koutstaal, Johnson, Gross, &
Angell, 1997), a familiarity account of imagination in-
flation makes no such prediction. Familiarity does not
change with age. With the use of Jacoby’s (1991) process
dissociation procedure, it has been shown in many stud-
ies that the effects of familiarity (an automatic process)
are not influencedby age, whereas the effects of the search
component (a controlled process) are (Jennings & Jacoby,
1993; Schmitter-Edgecombe, 1999; Titov & Knight,
1997). Therefore, if familiarity is the main contributor
to imagination inflation,we would expect to see no age 3
imagination interaction, because both younger and older
adults are able to use familiarity judgments equally well.

Pezdek and Eddy’s failure to consider other mecha-
nisms for imagination inflation is not the only possible
reason why they found no age 3 imagination interaction.
Along with her colleagues,Pezdek herself has shown that
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event plausibility is a crucial factor in changing what
people believe about their past (Pezdek, Finger, & Hodge,
1997; Pezdek & Hodge, 1999). Furthermore, Anderson
(1983) and Sherman, Cialdini, Schwartzman, and Rey-
nolds’s (1985) research on imagination and future likeli-
hood judgements suggest that imagination is more likely
to affect judgments about easy-to-imagine events than
about hard-to-imagine ones; therefore, it might be rea-
sonable to assume that implausible events are also diffi-
cult to imagine. Thus, we should expect imagination in-
flation to be influenced by the plausibility of an event.

Pezdek and Eddy failed to take plausibility into ac-
count when they included “Found a $10 bill in a parking
lot” as one of only two critical events imagined by half of
the subjects. Their college subjects (mean age, 20.9 years)
probably believed that finding a $10 bill in the parking
lot in 1988 (when these subjects were approximately 10
years old) was quite plausible. However, consider the sit-
uation for the older adults (mean age, 75.7 years). Find-
ing a $10 bill in 1933 (when the older subjects were ap-
proximately 10) would be the equivalentof finding nearly
$120 today according to the Bureau of Labor Statistics’
Consumer Price Index (2000). Finding such a significant
sum of money is not very plausible at all, particularly
during the Great Depression. A second plausibility prob-
lem caused by using the “$10 bill” event is the frequency
with which subjects might have been in a parking lot.
When the college students were 10 years old, there were
approximately137 million cars in the United States (Bu-
reau of the Census, 1988). However, when the older adults
were 10, there were only about 1 million cars, and—pre-
sumably—not as great a need for somewhere to park them
(Bureau of the Census, 1934). Thus, we may conclude
that Pezdek and Eddy’s older adults might have found the
idea of being in a parking lot as a child to be a rather un-
usual event. The conjunction of these two situations—
finding the equivalent of $120 and finding it in a park-
ing lot—would be even less likely than either one alone.

In short, we believe that the 50% of older subjects who
imagined finding a $10 bill in a parking lot may well
have found the experience implausible, and/or difficult
to imagine. These factors might have offset any tendency
of these older subjects for increased source confusion
(which by itself might have caused more imagination in-
flation), resulting in no effect for age on imagination in-
flation. Therefore, Pezdek and Eddy’s claim that no age
3 imagination interaction shows that imagination infla-
tion is nothing more than RTM is premature.

OTHER TURTLES

Do Pezdek and Eddy offer imagination inflation re-
searchers a way out of the methodological quagmire?
No. In fact, their discussion forecasts doom for any re-
searcher who uses a pretest–posttest design. Note their
treatment of Paddock et al.’s (1998) imagination infla-
tion research. Paddock et al. extended the Garry et al.
(1996) analysis by not examining the low pretest sub-

jects separately from the high pretest subjects. In other
words, they simply compared posttest means overall
(having removed subjects whose pretest responses were
8) for imagined and not imagined events. Paddock et al.
found that imagined events inflated more than not imag-
ined events. However, Pezdek and Eddy suggest that be-
cause imagination inflation studies tend to rely on pretest
distributions that are loaded heavily with low confidence
ratings, “analyses that combine results for all events are
not sensitive to the direction of effect for events with ini-
tial high likelihood ratings” (p. 717).

Although at face value that statement is true, Pezdek
and Eddy seem to use it to prop up two claims that are
not true. The first is that because the overwhelming ma-
jority of pretest scores are low, RTM will cause the over-
whelming majority of scores to go up. The second is that
because only a tiny portion of the pretest scores are high,
RTM will cause only a tiny portion of the scores to go
down. The net effect is an increase in mean confidence,
or a spurious imagination inflation result.

Their warning reveals a misunderstanding of RTM for
several reasons. First, if there is no effect for imagina-
tion, their scenario should apply to the control condition
as well. After all, RTM should not be promoted by imag-
ination; indeed, Pezdek and Eddy’s fundamental thesis is
that imagination has no effect. Second, when we con-
sider only the effect of RTM on pretest and posttest scores,
what should happen to the mean? Nothing. The overall
mean stays the same. Third, when we consider only the
effect of RTM on pretest and posttest scores, what should
happen to the shape of the distribution? Nothing. Does it
matter that the pretest confidence ratings are not nor-
mally distributed? No. If it were the case that repeated
administrations of a test caused a mean increase in any
distributionthat was heavilyweighted toward lower scores,
we would find that the massive increase in the incidence
of depression (Weissman, Livingston-Bruce, Leaf, Flo-
rio, & Holzer, 1991) could be attributed to repeated ad-
ministrations of the Beck Depression Inventory.

Moreover, their warning assumes yet again that RTM
operates to cause regression to the midpoint of the LEI
scale, not to the mean of items. It is important for us to
note here that for theoretical reasons, imagination infla-
tion researchers sometimes analyze data by splitting it at
the LEI scale midpoint. A midpoint split, we think, cor-
responds to confidence that the event probably did not
happen (1–4) or probably did happen (5–8). However,
Pezdek and Eddy continue to disregard the theoretical
basis for the split, and throughout their paper they assume
that splitting data on the midpoint is the equivalent to
splitting data on the mean. Of course, these are not the
same thing.

In short, an analysis that combines data points from
subjects, without considering separately high and low
scores, can be a reasonable approach if researchers use a
control versus experimental design to control for RTM
and other factors, such as time effects. Even if imagina-
tion operates mostly on low pretest scores, combining
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data affords the researcher a wider range of statistical
techniques, with the downside probably limited to a loss
of statistical power, which can usually be compensated
for by boosting the sample size. Besides Paddock et al.
(1998), others have taken this approach (Garry, Frame,
& Loftus, 1999; Hayes, 1999). As an alternative to sim-
ply increasing sample size, researchers might consider
using Heaps and Nash’s (1999) findings showing which
factors predispose people to imagination inflation, to
screen potential subjects’ involvement in an imagination
inflation experiment. Such an approach would boost the
effect size, permitting combined data analysis with a
smaller n.

FINAL COMMENTS

We have illustrated several shortcomings in Pezdek
and Eddy’s paper. These shortcomings range from the
relatively minor instances of misrepresenting what imag-
ination inflation is and what others have said about it, to
major problems with their predictions. Perhaps the most
important problem in their arguments is the lack of ap-
preciation that comparisons between control and exper-
imental conditionsare used to adjust for a variety of pos-
sible factors, includingRTM. Still, we believe that Pezdek
and Eddy have made a contribution to the research on
the effects of imagination and memory, in much the
same way as McCloskey and Zaragoza (1985) did for
misinformation research (Loftus, Miller, & Burns, 1978).
McCloskey and Zaragoza attempted to demonstrate that
there was no evidence that misleading postevent infor-
mation had an effect on memory. Although they did not
claim that previous evidence of postevent memory dis-
tortion was simply RTM disguised as an effect, they did
claim something similar: that the standard forced-choice
memory test Loftus and colleagues used biased subjects
to respond in such a way as to give the appearance of an
effect. Later, Belli (1989) showed that McCloskey and
Zaragoza’s modified test was actually insensitive to mem-
ory impairment. In many ways, McCloskeyand Zaragoza’s
most important contribution was to spark renewed inter-
est in the area, the end result being that this new research
advanced our knowledge of how postevent suggestions
affect memory (Abeles & Morton, 1999; Belli, 1989;
Frost, 2000; Lindsay, 1990; Loftus & Hoffman, 1989;
Zaragoza & Lane, 1998; Zaragoza & McCloskey, 1989).
What we discovered grew quickly, and by leaps and
bounds. We are grateful to Pezdek and Eddy for provid-
ing researchers with a similar opportunity to discover the
ways in which imagination can influence our sense of
ourselves and our past. Let us hope our research advances
faster than a turtle does.
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NOTES

1. Although the scenario that we describe is obviously possible yet
extreme, we would not expect a parallel line when pretest scores were
above 4, because we do not know how imagination affects confidence
ratings for events judged as probably having happened. However, the
issue of high pretest ratings is not a problem in our scenario, because
Pezdek and Eddy included only scores below the mean. For those
scores, we assume that the line might be parallel.

2. Garry et al. (1996) reported effect size using a different formula,
the mean difference/SDnot imagined .
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