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Abstract

Four experiments examined subjective experience during retrieval in the DRM false memory paradigm [Deese, J.
(1959). On the prediction of occurrence of particular verbal intrusions in immediate recall. Journal of Experimental Psy-

chology, 58, 17–22; Roediger, H. L., & McDermott, K. B. (1995). Creating false memories: Remembering words not
presented in lists. Journal of Experimental Psychology: Learning, Memory, and Cognition, 21, 803–814]. Subjects studied
lists of related words that were associated with critical non-presented words and then took a recognition test in which
they made judgments about their experience of each test item. We tested the prediction from [Whittlesea, B. W. A.
(2002). False memory and the discrepancy–attribution hypothesis: The prototype-familiarity illusion. Journal of Exper-

imental Psychology: General, 131, 96–115] discrepancy–attribution hypothesis that subjects experience critical lures as
surprising, and that the experience of surprise leads them to call the lures old. We found that subjects were not surprised
when they encountered critical lures on a recognition test and, in fact, they reported that they expected to see critical
lures more than they expected to see words that they had actually studied. When subjects did experience words as sur-
prising, they called the words new, not old. The results support the idea that false memories in the DRM paradigm
occur when critical lures are activated in memory and fluently processed on a test, leading subjects to experience critical
lures in much the same way that they experience words they actually studied. The results do not support the idea that
false memories are surprising, as stated by the discrepancy–attribution hypothesis.
� 2007 Elsevier Inc. All rights reserved.
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One remarkable aspect of false memories is the com-
pelling subjective experience that often accompanies
them. For example, in Loftus’s misinformation para-
digm (Loftus, Miller, & Burns, 1978), when subjects wit-
ness an event and then read a narrative that contains

misinformation, they falsely remember the misinforma-
tion on a later memory test (Roediger, Jacoby, &
McDermott, 1996), they attribute the misinformation
to the actual event even when told that the narrative
contained no true information (Lindsay, 1990), and they
are willing to bet money on their false memories (Wein-
gardt, Toland, & Loftus, 1994). In studies of imagina-
tion inflation, when subjects repeatedly imagine an
event, on a later memory test they will sometimes report
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that the imagined event actually occurred, even though
it did not, and moreover will claim that they consciously
remember experiencing the occurrence of the imagined
event (Goff & Roediger, 1998). False memories also
occur in laboratory tasks with relatively impoverished
materials like word lists. When subjects study lists of
related words that are associated with a critical non-pre-
sented word, they will falsely recall and falsely recognize
the critical word at very high levels, and when asked to
judge their subjective experience, they claim that they
consciously remember experiencing the word when it
was presented (Deese, 1959; Roediger & McDermott,
1995; see Gallo, 2006, for review). All of these examples
suggest that subjects often experience false memories in
much the same way that they experience true memories,
and that the compelling subjective experience associated
with memory illusions is partly responsible for leading
people to mistakenly label their illusory recollections
as memories.

One current theory suggests that two sets of processes
are involved in the arousal of false memories: Illusory
recollections occur when related concepts are activated
in memory (Anderson, 1983; Collins & Loftus, 1975),
and when monitoring processes that guide decisions
about what to call a memory fail to distinguish between
events that actually occurred in the past and events that
did not occur but were activated in memory (Johnson,
Hashtroudi, & Lindsay, 1993). This theory is known
as the activation/monitoring framework (Roediger,
Balota, & Watson, 2001; Roediger, Watson, McDer-
mott, & Gallo, 2001), similar in many ways to Johnson
et al.’s source monitoring framework. The activation/
monitoring framework proposes that when subjects
study lists of related words that are associated with a
non-presented critical word, activation spreads through-
out semantic associative networks from the studied
words to the critical word, thereby partially activating
the critical word. When memory for the words is
assessed, failures in the ability to monitor the source
of activation during retrieval lead subjects to make the
mistaken claim that non-presented critical words were
originally studied.

There is considerable support for the activation/mon-
itoring account of false memories in the DRM paradigm
(see Roediger et al., 2001; Gallo, 2006). For example,
backward associative strength, the degree to which list
items tend to evoke the critical item in association
norms, is the strongest predictor of false recall (Deese,
1959; Gallo & Roediger, 2002; Roediger et al., 2001).
Just as studying semantically related words produces
false memories for non-presented semantic associates,
studying phonologically related words derived from
the same lexical neighborhood (Luce & Pisoni, 1998)
also leads to false recall and false recognition of non-
presented phonological associates (Sommers & Huff,
2003; Sommers & Lewis, 1999). Further, lists that con-

tain both phonological and semantic associates produce
superadditive effects on false recall (Watson, Balota, &
Roediger, 2003). Finally, older adults and other popula-
tions with deficits in memory monitoring abilities at
retrieval show heightened levels of false recall and false
recognition (Balota, Cortese, Duchek, Adams, & Roedi-
ger, 1999; McCabe & Smith, 2002; Norman & Schacter,
1997). This brief review represents only a small portion
of the evidence in favor of the activation/monitoring
framework (see Gallo, 2006; for a detailed review),
although of course other theories of these phenomena
have been developed. The evidence suggests that, in
the DRM paradigm, the critical non-presented word
becomes activated in memory, and on a test, subjects
are unable to distinguish well between non-presented
critical words and words that they actually studied.
The subjective experiences of critical words and list
words seem largely isomorphic.

Another theory explaining illusory recollections is
Jacoby’s attributional theory (Jacoby, Kelley, & Dywan,
1989), which also holds that subjective experience plays
a critical role in guiding people’s decisions about what to
call a memory, sometimes leading to false memories.
The attributional view of memory proposes that people
use a fluency heuristic when deciding whether an event is
a memory, attributing the fluency of their current pro-
cessing to indicate that they had experienced an event
previously (Jacoby & Dallas, 1981). However, if process-
ing fluency is enhanced by some other means, it may be
mistakenly attributed to prior experience. For example,
Jacoby and Whitehouse (1989) primed some words in a
recognition memory test by briefly flashing the word
immediately before it was shown on the test. Priming
the words on the test enhanced the fluency of processing
those words, leading to increased false alarm rates to
non-studied words. (Rajaram, 1993; also showed that
this manipulation enhances ‘‘know” judgments, in the
procedure in which subjects are asked to judge whether
they remember or know that they had studied a word).
The effects of processing fluency are also observed in
other paradigms. Jacoby, Woloshyn, & Kelley (1989)
showed that when subjects were asked to judge whether
a name was famous, they were more likely to mistakenly
judge a non-famous name to be famous when the name
had been repeated from an earlier session, because sub-
jects attributed their fluent processing of the repeated
name to indicate that the name was famous. Similarly,
Jacoby, Allan, Collins, and Larwill (1988) had subjects
judge the loudness of a background noise in which
words were presented. When words were repeated from
an earlier experience, subjects judged the noise to be less
loud, even though the objective noise level was the same.
Fluent processing of repeated words led subjects to indi-
cate that the noise level was less loud. Just as the activa-
tion/monitoring view holds that individuals experience
illusory recollections in much the same way as they expe-
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rience their true memories, the fluency–attribution view
also suggests that processing fluency is responsible for
both true and false memories, and illusory memories
occur when subjects mistakenly attribute fluent process-
ing to the past. Roediger and McDermott (1995) sug-
gested that fluent processing of the non-studied item
associatively related to the list might also be partly
responsible for the power of the associative memory illu-
sion. Because the critical (non-studied word) is associ-
ated to the studied words, it will be processed quite
fluently and may give rise to a false sense of familiarity
or even recollection.

Recently, Whittlesea and his colleagues (Whittlesea,
2002; Whittlesea & Williams, 1998) have put forth an
attributional explanation of false memories, based on
the discrepancy–attribution hypothesis, as an alternative
to spreading activation theories and Jacoby’s fluency
theory. According to Whittlesea, Masson, and Hughes
(2005), no associative activation needs to be assumed
to explain the DRM illusion, and the critical item is
not experienced as fluently processed, but instead is
experienced as surprising. They stated that:

[The discrepancy–attribution hypothesis] provides an
alternative interpretation of the DRM effect, one that
does not involve spreading activation. According to

this account, subjective experiences such as the feel-
ing of familiarity are produced by an evaluation pro-
cess that monitors the integrity of ongoing

performance. This evaluation takes into account the
apparent quality of current processing as well as
those aspects of the current stimulus and context that
are salient to the person; it leads the person to devel-

op an attitude toward their performance. Of particu-
lar relevance to the DRM effect, this process can
sometimes cause the person to experience a percep-

tion of discrepancy, a feeling of surprise caused by
the apparent mismatch between expectations raised
by some parts of a processing experience and the

actual outcome. This perception motivates the person
to seek an explanation, attributing the surprise to
some plausible source in covert characteristics of
the current stimulus or environment, the person’s

current state (mood or disposition), or in the past.
When this perception is unconsciously ascribed to a
source in the past, the person experiences a conscious

feeling of familiarity (p. 421).

The discrepancy–attribution view states that false
memories occur when subjects experience a discrepancy
between the processing fluency that they expect to expe-
rience on a test and the actual fluency of processing that
they experience. For example, conceptual factors may
lead the subject to expect the critical item (like ‘‘sleep”

in one of the lists) but the fact that the perceptual form
of the item had not been experienced leads to the

discrepancy and the conscious feeling of surprise. The
critical aspect of the discrepancy–attribution account
hinges upon the subjective experience that occurs when
individuals have a false memory. Specifically, when a
discrepancy occurs between the expected fluency of pro-
cessing and actual fluency of processing, subjects experi-
ence surprise, and this experience of surprise leads them
to attribute their surprise to the item being old, thereby
producing false memories (see Whittlesea et al., 2005;
Whittlesea & Williams, 1998, 2001). As Whittlesea
et al. (2005) wrote: ‘‘Because they [participants] are
unable to understand the cause of variations in their per-
formance, they consciously experience surprise” (p. 422,
emphasis is ours).

Whittlesea and his colleagues have provided a range
of evidence for the discrepancy–attribution account of
false memories. For example, Whittlesea and Williams
(1998) had subjects study a list that contained words,
orthographically irregular nonwords (e.g., ‘‘stofwus”),
and orthographically regular nonwords (e.g., ‘‘hen-
sion”). On a subsequent recognition test that included
both types of items as lures, subjects showed the greatest
levels of false alarms to the regular nonwords. Whittlesea
and Williams argued that orthographic processing of the
regular nonwords was fluent, because the regular non-
words followed the orthographic patterns found in Eng-
lish, but semantic processing of those nonwords was
nonfluent, because the nonwords were meaningless. Fur-
ther, they argued that the discrepancy between ortho-
graphic processing and semantic processing led subjects
to experience surprise, and subjects then attributed their
surprise to the item being old (but see Cleary, Morris, &
Langley, 2007, for an alternative explanation).

In other experiments, Whittlesea and Williams (2001)
had subjects study a list of words and then take a recog-
nition test. Each word on the test occurred at the end of
a sentence that either predicted or did not predict the
word. For example, when the test word was ‘‘broom,”
the sentence, ‘‘She cleaned the kitchen with a broom”

predicted the occurrence of the target word better than
the sentence, ‘‘She couldn’t find a place to put the
broom.” In the latter sentence, many more words could
potentially complete the sentence stem besides ‘‘broom.”
Whittlesea and Williams also manipulated whether or
not a 250 ms pause occurred between the end of the sen-
tence stem and before the target word. They found that
false alarms to non-studied words were greater when the
words occurred in predictive sentences than when they
occurred in non-predictive sentences, but only when
there was a pause between the sentence stem and the tar-
get word. They argued that predictive sentences led sub-
jects to expect to see the target words that fit the
sentence. When a non-studied word appeared after a
predictive sentence, with a delay between the sentence
stem and the target word, processing of the entire sen-
tence was fluent but the processing of the target word
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itself was relatively nonfluent. Just as in the ‘‘hension”

experiment, Whittlesea and Williams proposed that this
discrepancy in processing fluency led subjects to experi-
ence surprise, and subjects attributed their surprise to
the word being old.

Whittlesea (2002) has also argued that the experience
of surprise is responsible for false memories in the DRM
paradigm (see also Whittlesea et al., 2005). For example,
Whittlesea (2002) wrote:

The illusion of familiarity for prototypes [the DRM
associative memory illusion] is not a direct product

of their similarity to the study set. Instead, that feeling
comes about through two additional steps. First, the
similarity causes enhanced production of some, but

only some, aspects of processing the prototypes at
test. Second, evaluation of this enhanced production
leads to the interpretation that it is discrepant with
other aspects of processing that are not enhanced. . .
The perception that aspects of a current experience
are discrepant occurs when these aspects fit surpris-
ingly well or surprisingly poorly, for a reason that is

not immediately clear (hence the surprise). . . Accord-
ing to the discrepancy–attribution hypothesis, people
experience a feeling of familiarity when certain

aspects of their current processing appear surprising,
for indefinite reasons, and the past seems to be a plau-
sible source of influence (pp. 97–98).

Thus, according to the discrepancy–attribution
hypothesis, when a non-presented critical word like
‘‘sleep” appears on a recognition test, the fluency of con-
ceptual or semantic processing is enhanced relative to
the fluency of perceptual processing of the critical word,
because words related to the critical word were seen in
the study phase (enhancing conceptual processing of
the critical word) but the critical word itself was never
seen (making perceptual processing of the critical word
relatively nonfluent). According to Whittlesea and his
colleagues, the discrepancy between conceptual and per-
ceptual fluency when processing the critical words causes
a conscious experience of surprise, and the experience of
surprise is assumed to be the basis of false memories in
the DRM paradigm (see Whittlesea et al., 2005; p. 422).
Whittlesea has proposed that the discrepancy–attribu-
tion hypothesis provides a superior account of false
memories in the DRM paradigm because it does not rely
on the concept of spreading activation in an associative
network (see Whittlesea, 2002; Whittlesea et al., 2005).

Whittlesea et al. (2005) argued that if surprise were
the basis for false memories in the DRM paradigm, then
a procedure that presumably eliminates surprise should
also eliminate the illusion. In their Experiment 3, sub-
jects were shown DRM lists and were instructed to gen-
erate the non-presented critical word after study.
Whittlesea et al. reasoned that generating the critical
word would eliminate the surprise of seeing the word

on a subsequent recognition test and, therefore, would
eliminate the illusion. Indeed, they found that generating
the critical word reduced false recognition. Of course,
this procedure does not provide any direct measure of
surprise, and there are many other possible explanations
for the reduction in false memories that occurred after
generating the critical word. For example, Libby and
Neisser (2001) also had subjects generate critical words
after studying DRM lists and also found reductions in
false memories. However, those authors made no refer-
ence to ‘‘surprise” in their analysis, instead attributing
the reduction to a shift from a gist-based strategy to a
verbatim-based strategy following generation (cf. Brain-
erd & Reyna, 2002).

We see several problems with the discrepancy–attri-
bution account of false memories in the DRM paradigm.
First, no direct evidence has been produced to indicate
that subjects experience surprise when they see non-pre-
sented critical words on a memory test, even though the
surprise is hypothesized to be conscious (Whittlesea
et al., 2005; p. 422). This claim is reasonable, because
the concept of ‘‘unconscious surprise” makes no sense;
the experience of surprise is a conscious one, by defini-
tion. Second, a variety of evidence suggests that subjects
experience false memories of critical words in much the
same way that they experience veridical memories of
words that they actually studied. The discrepancy–attri-
bution account, on the contrary, holds that the subjective
experience of critical words differs from the experience of
other words in that critical words are surprising. Third,
the idea that non-presented critical words produce sur-
prise seems inconsistent with other literature on the sub-
jective experience of surprise (for a review, see
Reisenzein, 2000). For example, research by Meyer and
colleagues, among others, typically induces the experi-
ence of surprise by establishing a schema or expectation
in the minds of subjects and then violating that expecta-
tion (e.g., see Meyer, Niepel, Rudolph, & Schutzwohl,
1991; Meyer, Reisenzein, & Schutzwohl, 1997; Schu-
tzwohl, 1998). In the DRM paradigm, studying lists of
associatively related words also establishes a schema by
activating associative networks, but non-presented criti-
cal words are consistent with the activated networks,
and the critical words are falsely recalled and falsely rec-
ognized because they are consistent with the network’s
activation pattern. Based on this prior research on the
experience of surprise, it seems plausible that critical
words are experienced as unsurprising on the test. How-
ever, no prior research has assessed the subjective experi-
ence of surprise in the DRM paradigm.

In the present experiments, we investigated whether
subjects experienced the occurrence of non-presented
critical words in the DRM paradigm as surprising by
asking them to make judgments of surprise on a recog-
nition test (Experiment 1). We followed this experiment
by asking subjects to judge other types of subjective
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experience that might, under Whittlesea’s theory, be
expected to differ for studied words and critical lures,
including the expectedness of the words on the test, their
unusualness, and their readability (Experiments 2–4).
Our goal was to investigate whether subjects experienced
studied words and critical lures associated with those
words differently, and whether their subjective experi-
ence was related to memory performance. The discrep-
ancy–attribution hypothesis suggests that critical lures
should be experienced as more surprising than other
words on the test, and that this increased surprise should
be positively correlated with the likelihood that an item
will be judged as ‘‘old.” In contrast, the activation/mon-
itoring, source–monitoring, and fluency—attribution
accounts suggest that studied words and critical lures
are both fluently processed and will be given similar sur-
prise ratings. Further, these frameworks predict that
words judged to be surprising (and therefore not fitting
the associative network activated by the studied lists and
not processed fluently) would be called ‘‘new.”

Experiment 1: How surprised are you to see this word?

In Experiment 1, subjects studied lists of associatively
related words and took a recognition test. For each word
on the recognition test, they were asked, ‘‘How surprised
are you to see this word on the test?” They made their
responses using a 5-point scale (where 1 = very surprised,
and 5 = not very surprised). After making the surprise
judgment, subjects then judged whether the word was
old or new, using a similar 5-point scale to assess confi-
dence in their recognition decision (1 = sure old, and
5 = sure new). According to the discrepancy–attribution
account of false recognition, subjects should experience
critical words as more surprising than other words on
the recognition test, and the subjective experience of sur-
prise should compel them to call the words old. This rela-
tionship between the experience of surprise and the
decision to call a word old would be reflected by a positive
correlation between the surprise judgments and the old/
new judgments.

Methods

Subjects

Twenty Washington University undergraduates, ages
18–22, participated in Experiment 1 in exchange for
course credit.

Materials and design

The 28 DRM lists used by Gallo and Roediger (2002)
were used in the present experiments. Each list contained

15 words that were associated with a non-presented criti-
cal word. Based on the probability of falsely recognizing
the critical words in Gallo and Roediger (2002), half of
the lists were labeled good lists for producing false recog-
nition, and half were labeled poor lists. For counterbal-
ancing purposes, the 28 lists were divided into 2 sets of
14, with each set containing 7 good lists and 7 poor lists.
Half of the subjects studied one set of 14 lists during the
study phase, while words from the other set served as
distracters on the recognition memory test. The order of
sets was reversed for the other half of the subjects. Words
from serial positions 2, 7, and 11, as well as the non-pre-
sented critical words, served as test items on the recogni-
tion test. The recognition test included a total of 112 trials.

Procedure

Subjects were tested in groups of 4 or fewer. They
were told that they would study a series of 14 word lists,
and that each list would contain 15 words shown simul-
taneously on the computer screen. The 15 words in each
list were shown in two rows of 8 and 7 words, respec-
tively. Although this presentation format is atypical of
DRM studies, we aimed to replicate the procedure used
by Whittlesea (2002) as closely as possible. Each list was
shown for 15 seconds, corresponding to a rate of 1 word
per second (see McDermott & Watson, 2001 for discus-
sion of presentation rate and false memory). The 14 lists
were presented in a random order for each subject, but
the words within each list were always presented in order
of forward associative strength to the critical item
(Roediger & McDermott, 1995). Subjects were told to
read each word one time, silently, and were informed
that their memory for the words would be tested later.

After the study phase, the subjects were told that they
would take a memory test in which they would see a ser-
ies of words, some of which were old words that they
had studied, and some of which were new words that
they had not studied. Subjects made two consecutive
judgments about each test word. First, they were asked,
‘‘How surprised are you to see this word on the test?”

This question was shown on the screen with the test
word and a 5-point response scale (labeled 1 = very sur-
prised, 3 = unsure, 5 = not very surprised). After mak-
ing their judgment of surprise, subjects were asked, ‘‘Is
this word old or new?” This question was shown on
the screen with the test word and a 5-point response
scale (labeled 1 = sure old, 3 = unsure, 5 = sure new).
After the recognition memory test, the subjects were
debriefed and thanked for their participation.

Results and discussion

All results, unless otherwise stated, were significant at
the .05 level. Table 1 shows the mean surprise judg-
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ments, the mean probability of calling words old, and
the mean gamma correlations between the surprise judg-
ments and the old/new judgments. The probability of
calling words old was calculated using old/new judg-
ments of 1 (sure old) and 2 (old). For each subject,
and within each item condition, we calculated the Good-
man–Kruskal gamma correlation between the 5-point
surprise judgment and the 5-point old/new judgment.
The results in Table 1 show that levels of false recogni-
tion of non-presented critical words were slightly greater
than levels of veridical recognition of studied list words.
In addition, subjects judged words from non-studied
lists as more surprising than words from studied lists,
regardless of whether the words were list words or crit-
ical words. Subjects did not rate critical words as any
more surprising than list words. In all four item condi-
tions, the correlations between the surprise judgments
and the old/new judgments were negative, indicating
that when subjects did experience a word as surprising,
they then identified the word as new, not old, in contrast
to the prediction of the discrepancy–attribution hypoth-
esis (Whittlesea, 2002; Whittlesea et al., 2005).

The recognition data (the probability of calling
words old) were submitted to a 2 (List type: studied
vs. non-studied) � 2 (Item type: critical vs. list items)
repeated measures ANOVA. There was a main effect
of list type, F(1,19) = 246.68, g2

p ¼ :93, indicating that
subjects were more likely to identify words from studied
lists as old. There was also a marginally significant main
effect of item type, F(1,19) = 2.92, g2

p ¼ :13, p = .10, and
a significant list type � item type interaction,
F(1,19) = 3.30, g2

p ¼ :15. The interaction was driven by
the difference in recognition performance for critical
words and studied list words: Subjects were more likely
to identify critical words as old than they were to cor-
rectly recognize list words that they had actually studied
(64% vs. 57%, F(1,19) = 4.59, g2

p ¼ :19).
The surprise judgment data were also submitted to a

2 (studied vs. non-studied list) � 2 (critical vs. list items)
ANOVA. There was a significant main effect of whether

or not the lists had been studied, F(1,19) = 35.35,
g2

p ¼ :65, indicating that subjects judged words from
non-studied lists as more surprising than words from
studied lists. There was no main effect of item type
and no interaction (Fs < 1). Fig. 1 shows the probability
of calling a word old (old/new judgments of 1 or 2) as a
function of the surprise judgment that the word was
given. The figure shows that for both critical words
and list words from studied lists, when subjects were sur-
prised, they were not likely to call the words old. The
pattern of results shows that subjects treated list words
and critical words virtually identically. Subjects were
more surprised to see words from non-studied lists than
they were to see words from studied lists and, moreover,
subjects were not surprised to see non-presented critical
lures on the recognition test (relative to list words) even
when the list had been presented.

The gamma correlations between the surprise judg-
ments and the old/new judgments were negative in all
four item conditions. A 2 (studied vs. non-studied
list) � 2 (critical vs. list items) ANOVA revealed no sig-
nificant effect of list type or item type nor an interaction
(all Fs < 1). The relationship between subjects’ judg-
ments of surprise and their old/new ratings did not differ
across conditions. The consistent pattern of negative
correlations indicates that when people did experience
words as surprising, they then called those words new
rather than old, regardless of whether the words were
from studied or non-studied lists and regardless of
whether they were list words or critical words.

Experiment 1 showed high levels of false recognition
of non-presented critical words, replicating the basic
DRM effect. However, subjects were not surprised when
they saw non-presented critical words on the recognition

Table 1
Results of Experiment 1: Mean surprise judgments (1 = very
surprising, 5 = not very surprising), probability of calling an
item old, and gamma correlations between the surprise judg-
ments and the old/new judgments

Condition Surprise
judgment

Probability
old

Gamma
correlation

Studied lists

List items 3.6 (.11) .57 (.03) �.70 (.07)
Critical items 3.6 (.13) .64 (.03) �.64 (.08)

Non-studied lists

List items 2.8 (.12) .18 (.03) �.64 (.07)
Critical items 2.8 (.14) .17 (.03) �.60 (.08)

Note. Standard errors are in parentheses.
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0.4
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Fig. 1. Probability of calling words old as a function of surprise
judgments in Experiment 1.
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test, just as they were not surprised to see words that
they had studied earlier in the experiment. Furthermore,
when subjects did experience surprise upon seeing a
word on the test, their experience of surprise was associ-
ated with calling the word new, not old, a pattern of
results that contradicts the discrepancy–attribution
account of false recognition.

Experiment 2: How much did you expect to see this word?

The results of Experiment 1 were opposite those pre-
dicted by the discrepancy–attribution account of false
memories in the DRM paradigm. The next three exper-
iments were conducted to investigate whether subjects
would discriminate between studied words and their
associated critical lures based on other types of subjec-
tive experience. Although surprise plays a critical role
in the discrepancy–attribution account of false memo-
ries, other aspects of subjective experience are cited,
too. For example, Whittlesea (2002) wrote:

I therefore suggest that when a subject encounters a
prototype [i.e., a critical item following a DRM list]
that was prepared by a list of associates, later pro-

cessing of that item sometimes occurs with much
greater fluency than could be expected given the flu-
ency of initial processing. . . That unexpected fluency

of later, semantic aspects of processing is experienced
as surprising, giving rise to a powerful perception of
discrepancy. In the context of a recognition judg-

ment, this perception of discrepancy is unconsciously
attributed to previous experience of the item, causing
the person to experience an illusion of familiarity (p.
104).

In Experiment 2, we attempted to explore the subjec-
tive experience of surprise again by asking subjects to
make a different judgment about their experience during
a recognition test. The discrepancy–attribution hypothe-
sis proposes that subjects form an expectation about
their processing, and when their actual fluency of pro-
cessing differs from the processing fluency that they
expect, this unexpected discrepancy leads to false mem-
ories (Whittlesea, 2002). Thus, in Experiment 2, we
assessed subjects’ experience of unexpectedness by ask-
ing, ‘‘How much did you expect to see this word on
the test?” using a judgment scale similar to the one used
in Experiment 1 (where 1 = not expected, and 5 = very
expected). In all other respects the method was identical
to that used in Experiment 1. The discrepancy–attribu-
tion account of false recognition in the DRM paradigm
predicts that people will experience critical words as
unexpected, and the experience of unexpectedness will
lead them to call the critical words old. This relationship
would be reflected by a positive correlation between the
expectedness judgments and the old/new judgments.

Methods

Subjects

Twenty Washington University undergraduates, ages
18–22, participated in Experiment 2 in exchange for
course credit. None of the subjects had participated in
Experiment 1.

Materials, design, and procedure

The materials and design were identical to those used
in Experiment 1. The only difference in the procedure
was that, for each word on the recognition test, subjects
were asked, ‘‘How much did you expect to see this word
on the test?” The subjects made their judgments of
expectedness using a 5-point scale (1 = not expected,
3 = unsure, 5 = very expected), similar to the surprise
scale used in Experiment 1. After making their expected-
ness judgment, subjects were asked, ‘‘Is this word old or
new?” and made their responses on a 5-point scale
(1 = sure old, 3 = unsure, 5 = sure new).

Results and discussion

Table 2 shows the results of Experiment 2. Data from
two subjects, who pressed only one response key when
making their expectedness judgments, were eliminated
from the analysis, and thus the final data set included
18 subjects. The overall pattern of results conceptually
replicates the results of Experiment 1. Levels of false rec-
ognition of critical words were slightly greater than lev-
els of correct recognition of studied words. In addition,
subjects judged words from studied lists as more
expected than words from non-studied lists. Most
importantly, subjects indicated that they expected to
see critical words on the test more than they expected
to see words that they had actually studied. The correla-
tions between the expectedness judgments and the old/
new judgments were negative in all four item conditions,

Table 2
Results of Experiment 2: Mean expectedness judgments
(1 = not expected, 5 = very expected), probability of calling
an item old, and gamma correlations between the expectedness
judgments and the old/new judgments

Condition Expectedness
judgment

Probability
old

Gamma
correlation

Studied lists

List items 3.3 (.12) .61 (.03) �.63 (.09)
Critical items 3.6 (.13) .65 (.03) �.52 (.12)

Non-studied lists

List items 2.4 (.12) .23 (.03) �.63 (.06)
Critical items 2.4 (.12) .23 (.03) �.57 (.08)

Note. Standard errors are in parentheses.
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indicating that when subjects experienced a word as
unexpected, they then called the word new, not old.

The recognition data were submitted to a 2 (studied
vs. non-studied list) � 2 (critical vs. list items) ANOVA.
There was a main effect of list type, F(1,17) = 132.22,
g2

p ¼ :89, indicating that subjects were more likely to
identify words from studied lists as old. There was no
main effect of item type and no interaction (Fs < 1). As
in Experiment 1, subjects were slightly more likely to
identify critical words as old than they were to correctly
recognize words that they had studied, though this dif-
ference was not significant (65% vs. 61%, F < 1).

The expectedness judgment data were submitted to a
2 (studied vs. non-studied list) � 2 (critical vs. list items)
ANOVA. There was a main effect of list type,
F(1,17) = 60.27, g2

p ¼ :78, indicating that subjects
judged words from non-studied lists as more unexpected
than words from studied lists. The effect of item type was
not significant, F(1,17) = 2.54, n.s., but there was a sig-
nificant list type � item type interaction, F(1,17) = 5.28,
g2

p ¼ :24. The interaction was driven by the difference in
expectedness judgments for studied list and critical
items: Subjects indicated that they expected to see non-
presented critical words more than they expected to
see words that they had actually studied (3.6 vs. 3.3,
F(1,17) = 5.90, g2

p ¼ :26).
Fig. 2 shows the probability of calling a word old

(old/new judgments of 1 or 2) as a function of the
expectedness rating that the word was given. The figure
shows a pattern similar to that observed in Experiment
1: When subjects experienced studied words and critical
lures as unexpected, they were not likely to call the
words old. Fig. 2 shows that subjects experienced stud-
ied words and critical lures virtually identically.

The gamma correlations between the expectedness
judgments and the old/new judgments were negative in
all four item conditions. A 2 (studied vs. non-studied
list) � 2 (critical vs. list items) ANOVA revealed a main
effect of item type, F(1,17) = 4.42, g2

p ¼ :21, but no effect
of list type and no interaction (Fs < 1). The pattern of
negative correlations in all four item conditions indicates
that when people did experience words as unexpected,
they then called those words new rather than old,
regardless of whether the words were from studied or
non-studied lists and regardless of whether they were list
words or critical words.

Experiment 2 replicated the results of Experiment 1
and generalized them to judgments of how much sub-
jects expected to see words on a recognition test. Sub-
jects did not experience critical words as unexpected
and, in fact, they indicated that they expected to see crit-
ical words more than they expected to see words that
they had actually studied previously. When subjects
did experience a word as unexpected, this unexpected-
ness was associated with calling the word new, not old,
contrary to the prediction of the discrepancy–attribution
hypothesis.

Experiment 3: How unusual is this word?

The results from Experiments 1 and 2 showed that sub-
jects do not experience the occurrence of non-presented
critical words in the DRM paradigm as surprising or
unexpected, and Experiment 2 further showed that sub-
jects expected to see critical words on the test more than
they expected to see words that they had actually studied.
In Experiment 3, we again attempted to find evidence that
subjects experience a discrepancy in their processing of
critical words that leads them to falsely recognize the
words. Recall that Whittlesea et al. (2005) wrote:

[Subjects] experience a perception of discrepancy, a
feeling of surprise caused by the apparent mismatch
between expectations raised by some parts of a pro-

cessing experience and the actual outcome. This per-
ception motivates the person to seek an explanation,
attributing the surprise to some plausible source in

covert characteristics of the current stimulus or envi-
ronment, the person’s current state (mood or disposi-
tion), or in the past (p. 421).

In Experiment 3, we asked subjects, ‘‘How unusual is
this word?” to paraphrase the idea expressed in the pas-
sage quoted above. Subjects made their judgments of
unusualness on a 5-point scale (where 1 = very unusual,
and 5 = not unusual). According to the discrepancy–
attribution account of false recognition in the DRM par-
adigm, subjects should experience critical words as more
unusual than studied words because of the discrepancy
between conceptual and perceptual processing of critical
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Fig. 2. Probability of calling words old as a function of
expectedness judgments in Experiment 2.
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words (conceptual processing of critical words should be
fluent, while perceptual processing of the words should
be relatively nonfluent; Whittlesea, 2002). Furthermore,
experiencing words as unusual should lead subjects to call
the words old, and this relationship would be reflected by
a positive correlation between judgments of unusualness
and old/new judgments.

Methods

Subjects

Twenty Washington University undergraduates, ages
18–22, participated in Experiment 3 in exchange for
course credit. None of the subjects had participated in
the previous experiments.

Materials, design, and procedure

The materials and design were identical to those used
in the previous experiments. The only difference in the
procedure was that, for each word on the recognition test,
subjects were asked, ‘‘How unusual is this word?” The
subjects made their judgments of unusualness using a 5-
point scale (1 = very unusual, 3 = unsure, 5 = not unu-
sual). After making their unusualness judgment, subjects
were asked, ‘‘Is this word old or new?” and made their
responses on a 5-point scale (1 = sure old, 3 = unsure,
5 = sure new).

Results and discussion

The results of Experiment 3 are shown in Table 3.
Once again, the overall pattern of results was similar
to the results observed in the previous two experiments.
We found robust false recognition of non-presented crit-
ical words, although levels of false recognition were not
greater than levels of veridical recognition in this exper-
iment. The unusualness judgments showed only small
differences across the four item conditions. Further-
more, for non-studied words, the correlations between
the unusualness judgments and the old/new judgments
were negative, indicating that when subjects experienced
a word as unusual, they then called the word new, not
old.

The recognition data were submitted to a 2 (studied
vs. non-studied list) � 2 (critical vs. list items) ANOVA.
There was a main effect of list type, F(1,19) = 207.64,
g2

p ¼ :92, simply indicating that subjects were more likely
to call items from studied lists old. No effect of item type
and no interaction were found (Fs < 1). Although false
recognition of non-presented critical words was high in
Experiment 3, we did not find that critical words were
called old more often than studied words, as we did in
the previous experiments.

The unusualness judgment data were submitted to a 2
(studied vs. non-studied list) � 2 (critical vs. list items)
ANOVA. There was a main effect of list type,
F(1,19) = 6.28, g2

p ¼ :25, indicating that subjects judged
words from non-studied lists as more unusual than
words from studied lists. There was also a significant
main effect of item type, F(1,19) = 25.26, g2

p =.57, indi-
cating that, overall, subjects judged critical words as
more unusual than list words. Critically though, no
interaction was observed (F < 1). Thus, although critical
words were judged as more unusual than list words over-
all, this was the case for critical words from both studied
and non-studied lists. The small difference in judgments
of unusualness appears to be related to some property of
the critical words themselves, rather than unusualness of
critical words from studied lists, per se (see also Roedi-
ger & McDermott, 1995; Whittlesea, 2002). The impor-
tant point for present purposes is that the discrepancy–
attribution framework predicts an interaction between
item type and list type, and this was not observed.

Fig. 3 shows the probability of calling a word old
(old/new judgments of 1 or 2) as a function of the
unusualness rating that the word was given. Overall,
when subjects experienced words as unusual, they were
not likely to call the words old. As in the previous exper-
iments, Fig. 3 shows that subjects rated their experiences
of studied words and critical lures virtually identically.

Finally, for non-studied words, the gamma correla-
tions between the unusualness judgments and the old/
new judgments were negative. A 2 (studied vs. non-stud-
ied list) � 2 (critical vs. list items) ANOVA did not
reveal a main effect of item type (F < 1), or a main effect
of list type, F(1,19) = 2.29, n.s., but there was a signifi-
cant list type x item type interaction, F(1,19) = 9.81,
g2

p ¼ :34. This interaction was driven primarily by a dif-
ference between studied list items and non-studied list
items (.00 vs. �.38; F(1,19) = 27.13, g2

p ¼ :59). Studied
words showed zero correlation between unusualness
judgments and old/new judgments, most likely because
subjects were able to base their recognition decisions

Table 3
Results of Experiment 3: Mean unusualness judgments
(1 = very unusual, 5 = not unusual), probability of calling an
item old, and gamma correlations between the unusualness
judgments and the old/new judgments

Condition Unusualness
judgment

Probability
old

Gamma
correlation

Studied lists

List items 3.8 (.15) .59 (.03) .00 (.09)
Critical items 3.6 (.18) .55 (.03) �.29 (.12)

Non-studied lists

List items 3.7 (.16) .20 (.03) �.38 (.07)
Critical items 3.5 (.17) .19 (.03) �.18 (.10)

Note. Standard errors are in parentheses.
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on other information (such as recollective detail for
these words) rather than how unusual these words
appeared to them. However, for the other three types
of non-studied items, when subjects experienced these
words as unusual, they then called them new rather than
old.

Experiment 3 examined the experience of discrepancy
by asking subjects to judge how unusual they thought
words were during a recognition test. Subjects judged
critical words as more unusual than list words overall,
but this difference occurred for items from both studied
and non-studied lists, indicating that the effect was a
result of pre-experimental differences between critical
words and list words, rather than a discrepancy in pro-
cessing produced by studying words associated with crit-
ical lures. Most importantly, when subjects experienced
a word as unusual, their experience of unusualness was
associated with calling the word new, not old, contrary
to the idea that the experience of a discrepancy in pro-
cessing would lead to false recognition.

Experiment 4: How easy was it to read this word?

Experiment 4 investigated a prediction derived from
the discrepancy–attribution account. The account pro-
poses that false recognition in the DRM paradigm occurs
because critical words are less fluent than subjects expect
them to be. Specifically, whereas conceptual fluency of
critical words may be enhanced by studying associatively
related words, perceptual processing may be relatively
less fluent because critical words were never seen in the
study phase. To test the idea that critical words are less
perceptually fluent than other words, we asked subjects,
‘‘How easy was it to read this word on the test?” Subjects

made their readability judgments on a 5-point scale
(where 1 = easy to read, and 5 = hard to read). The dis-
crepancy–attribution account predicts a negative correla-
tion between readability and recognition judgments:
When words are less perceptually fluent, there should
be a greater discrepancy between conceptual and percep-
tual fluency and, therefore, a greater likelihood of judg-
ing critical words as ‘‘old.” On the contrary, the
fluency–attribution account (e.g., Jacoby, Kelley et al.,
1989; Jacoby, Woloshyn et al., 1989) proposes that criti-
cal words are activated at encoding and fluently pro-
cessed in much the same way as studied words. Thus,
subjective fluency of processing studied words and criti-
cal lures should be similarly related to recognition judg-
ments, as evidenced by positive correlations between
readability judgments and old/new judgments.

Methods

Subjects

Twenty Washington University undergraduates, ages
18–22, participated in Experiment 4 in exchange for
course credit. None of the subjects had participated in
the previous experiments.

Materials, design, and procedure

The materials and design were identical to those used
in the previous experiments. The only difference in the
procedure was that, for each word on the recognition
test, subjects were asked, ‘‘How easy was it to read this
word?” The subjects made their readability judgments
using a 5-point scale (1 = easy to read, 3 = unsure,
5 = hard to read). After making their readability judg-
ment, subjects were asked, ‘‘Is this word old or new?”

and made their responses on a 5-point scale (1 = sure
old, 3 = unsure, 5 = sure new).

Results and discussion

The results of Experiment 4 are shown in Table 4.
Once again, we found robust false recognition of non-
presented critical words, and levels of false recognition
were slightly greater than levels of correct recognition
(as in Experiments 1 and 2). Subjects judged words from
studied lists (both list words and critical words) as some-
what easier to read than words from non-studied lists.
Importantly, for list and critical words from studied
lists, the correlations between the readability judgments
and the old/new judgments were positive. Subjects used
their judgments of readability when making their recog-
nition decisions, and when they experienced a word as
easy to read, they then called the word old.
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Fig. 3. Probability of calling words old as a function of
unusualness judgments in Experiment 3.
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The recognition data were submitted to a 2 (studied
vs. non-studied list) � 2 (critical vs. list items) ANOVA.
There was a main effect of list type, F(1,19) = 102.60,
g2

p ¼ :84, indicating that subjects were more likely to call
items from studied lists old. No effect of item type and
no interaction were found (Fs < 1). As in Experiments
1 and 2, critical words were slightly more likely to be
called old than studied list words, though this difference
was not significant (57% vs. 55%, F < 1).

The readability judgment data were submitted to a 2
(studied vs. non-studied list) � 2 (critical vs. list items)
ANOVA. There was a main effect of list type,
F(1,19) = 10.85, g2

p ¼ :36, indicating that subjects
judged words from studied lists as more readable than
words from non-studied lists. There was also a signifi-
cant main effect of item type, F(1,19) = 7.34, g2

p ¼ :28,
indicating that subjects rated list words as more readable
than critical words. However, the interaction was not
significant, F(1,19) = 2.25, n.s., indicating that critical
words were overall rated as more difficult to read.

Fig. 4 shows the probability of calling a word old
(old/new judgments of 1 or 2) as a function of the judg-
ments of readability. The figure shows that when sub-
jects judged studied words and critical lures as
readable or fluent, they were in fact likely to call the
words old. Fig. 4 also shows that subjects experienced
studied words and critical lures identically, conceptually
replicating the results of Experiments 1–3.

Finally, for list words and critical words from studied
lists, the gamma correlations between the readability
judgments and the old/new judgments were positive. A
2 (studied vs. non-studied list) � 2 (critical vs. list items)
ANOVA on the correlations revealed a main effect of list
type, F(1,19) = 21.71, g2

p ¼ :53, but no effect of item
type, F(1,19) = 1.06, n.s., and no interaction,
F(1,19) = 1.38, n.s. When subjects experienced words
from studied lists as easier to read, they then called those
words old.

Experiment 4 investigated perceptual processing flu-
ency by asking subjects to judge the readability of words
on a recognition test. Critical words were judged slightly

more difficult to read than list words but, as in Experi-
ment 3, this difference occurred regardless of whether
the items were from studied or non-studied lists, indicat-
ing that the readability differences were due to inherent
differences in the items, not in the experience of critical
words from studied lists. Moreover, when words from
studied lists were judged as readable, they were then
called old, a result consistent with the idea that critical
words are activated in memory during encoding and
are processed in the same way as list words, making
them subjectively fluent.

General discussion

In the present experiments, we assessed the relation-
ship between subjective experience and false recognition
in the DRM paradigm by having subjects report on their
experience before they judged whether test words were
old or new. In Experiment 1, subjects were not surprised
to see non-presented critical words on the recognition
test, and when they did experience surprise upon seeing
a word, they then called the word new, not old. In
Experiment 2, we replicated the results of Experiment
1 and also showed that subjects expected to see critical
words on the test more than they expected to see words
that they had actually studied. In Experiment 3, to assess
the experience of a discrepancy in processing words on
the test, we asked subjects to judge whether each word
was unusual. Subjects did not judge critical lures as
more unusual than studied words, and when they did
experience words as unusual, they then called them
new, not old. In short, in the first three experiments
we tried to test the subjects’ subjective experience using
three different measures, each of which accords with

Table 4
Results of Experiment 4: Mean readability judgments (1 = easy
to read, 5 = hard to read), probability of calling an item old,
and gamma correlations between the readability judgments and
the old/new judgments

Condition Readability
judgment

Probability
old

Gamma
correlation

Studied lists

List items 1.8 (.13) .55 (.03) .30 (.10)
Critical items 1.9 (.14) .57 (.03) .28 (.10)

Non-studied lists

List items 1.9 (.12) .21 (.03) .13 (.08)
Critical items 2.1 (.14) .22 (.04) �.04 (.11)

Note. Standard errors are in parentheses. 0.0
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Fig. 4. Probability of calling words old as a function of
readability judgments in Experiment 4.
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hypotheses developed in Whittlesea’s discrepancy–attri-
bution theory (Whittlesea, 2002; Whittlesea et al.,
2005). All three experiments showed evidence inconsis-
tent with the theory. Finally, Experiment 4 showed that
critical words are subjectively fluent, as evidenced by
judgments of readability; further, when subjects judged
words as readable, they then relied on their overall pro-
cessing fluency to call the words old, in line with Jacoby,
Kelley et al. (1989) and Jacoby, Woloshyn et al. (1989)
attributional theory.

The present results are problematic for the discrep-
ancy–attribution account of false recognition, which
depends upon the subjective experience of surprise as
the proximal cause of false memories in the DRM para-
digm (Whittlesea, 2002). We found no evidence that sub-
jects were surprised in processing critical lures in
Experiment 1 when we asked them directly about their
experience. Similarly, in Experiment 2, when we asked
subjects to judge how much they expected to see each
word, critical lures were more expected than list items.
Overall, subjects did not experience critical words in the
DRM paradigm as surprising or unexpected, as would
be predicted by the discrepancy–attribution account.
We further attempted to assess discrepancy by asking sub-
jects whether they thought critical words were somehow
unusual, but the results of that experiment also did not
indicate that subjects experienced a discrepancy in their
processing of critical words. Finally, the discrepancy–
attribution account proposes that false recognition in
the DRM paradigm occurs because critical words are less
fluent than subjects expect them to be, and a discrepancy
between conceptual and perceptual fluency is responsible
for false recognition. However, in Experiment 4, subjects
indicated that critical words were just as readable as stud-
ied words, and this index of perceptual/subjective fluency
was positively correlated with the decision to call words
old. These results call into question the idea that relatively
nonfluent processing of the critical words is partially
responsible for false recognition.

Instead, our results are more consistent with the acti-
vation/monitoring framework (Roediger et al., 2001),
Jacoby’s fluency–attribution framework (Jacoby, Kelley
et al., 1989; Jacoby, Woloshyn et al., 1989), and Johnson
et al.’s (1993) source monitoring framework. Specifi-
cally, our results support the idea that critical words
are activated in memory after studying lists of related
words, and on a memory test, subjects experience critical
words in much the same way as studied words, and thus
cannot distinguish between the two. The results also are
consistent with prior research on the subjective experi-
ence of surprise (see Reisenzein, 2000). This research
on the experience of surprise employs tasks that estab-
lish a schema or expectation in the minds of subjects
and then induces surprise by violating that expectation.
The DRM paradigm is similar, because studying lists of
related words activates an associative network relevant

to the list. However, the non-presented critical words
are consistent with networks activated by the lists, not
discrepant from them; thus, based on other research
on the subjective experience of surprise, critical words
should not be surprising because they are related to
the network activated by the list words. Indeed, our
research shows that critical lures are not experienced
as surprising, unexpected, or unusual when they follow
the relevant list of related words.

We believe that it is precisely because critical words
are experienced in the same way as studied words that
they are falsely recognized in such a compelling manner.
Considerable evidence suggests that subjects experience
critical words as indistinguishable from words that they
actually studied in terms of both remember/know judg-
ments and confidence ratings (Gallo & Roediger, 2002;
McCabe & Smith, 2002; Roediger & McDermott,
1995). However, imagine for a moment that critical
words were experienced as surprising, for whatever rea-
son, or that they were simply experienced in some way
that differed from other words on the test. If critical
words were surprising, why should subjects falsely rec-
ognize them? That is, why would subjects not rely on
the experience of surprise (or unexpectedness, or dis-
crepancy) to reject the non-presented critical words?
Indeed, the activation/monitoring framework suggests
that if items are discrepant from activated associative
networks they will be more likely to be rejected, but if
they are consistent with them they will be endorsed
(see McCabe, Presmanes, Robertson, & Smith, 2004).
Thus, the present finding that studied words and critical
lures were experienced similarly on several dimensions
represents further evidence of the subjectively compel-
ling nature of the DRM memory illusion.

A few other problematic aspects of the discrepancy–
attribution account of false memories in the DRM par-
adigm are worth pointing out. First, even if the experi-
ence of surprise were responsible for false recognition
in the DRM paradigm (and our results show that it is
not), it would be difficult to see how the experience of
surprise could explain the many other findings in the lit-
erature for which the activation/monitoring and source
monitoring theories provide a ready account (McDer-
mott & Watson, 2001; McCabe & Smith, 2006; Norman
& Schacter, 1997; Roediger & McDermott, 1995; Roedi-
ger et al., 2001). According to the activation/monitoring
framework, both false recall and false recognition result
from similar processes. In both cases there is repeated
spreading of activation from studied words to critical
lures during the study episode. The summation of this
spreading activation results in heightened accessibility
of the critical lures in recall, and an increased likelihood
of calling the items old, or even ‘‘remembered,” on a rec-
ognition test. Support for this idea comes from studies
showing that backward associative strength (i.e., the
likelihood of the studied words eliciting the critical lure
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in word association norms) is the most potent factor that
influences recall, recognition, and remembering of criti-
cal lures (Deese, 1959; Gallo & Roediger, 2003; Robin-
son & Roediger, 1997; Roediger et al., 2001). It is not
clear how the discrepancy–attribution account could
explain the fact that associative strength is the strongest
predictor of false recall in the DRM paradigm.

In discussing the discrepancy–attribution account of
the DRM false memory effect, Whittlesea (2002) dubbed
the effect the ‘‘prototype-familiarity” illusion. We think
this label may hinder conceptual clarity about the nature
of the effect for two reasons. First, critical words are
associates of list words – indeed, the lists were created
by using the first 15 associates of each critical lure –
but they are not prototypes in the customary sense used
in the categorization literature. Research on categoriza-
tion has traditionally defined a prototype as consisting
of the average of the features of a category (e.g., see Pos-
ner & Keele, 1968; Smith & Medin, 1981). By this defini-
tion, the critical words in DRM lists are not prototypes
of the list words. For example, the critical word ‘‘doctor”

does not represent the average of the features of the
words, ‘‘nurse, sick, lawyer, medicine, health,” and so
on. Critical lures are associatively related to list words,
but they are not prototypes.. The use of the term ‘‘famil-
iarity” in the prototype-familiarity illusion label is also
unfortunate. Although increases in the familiarity of
the critical lure may contribute to the effect, much
research has shown that a high proportion of false mem-
ories in the DRM paradigm are accompanied by the sub-
jective experience of recollection (Gallo & Roediger,
2003; Geraci & McCabe, 2006; Roediger & McDermott,
2000). In short, calling the DRM illusion the ‘‘prototype-
familiarity” illusion is misleading on both counts.

One might object to our method of assessing surprise
directly, suggesting that the attributions subjects make in
the DRM paradigm are the result of an unconscious
inference. Surprise, however, is by definition a conscious
state, and as we noted in the introduction, Whittlesea
et al. (2005) have argued that the surprise that gives rise
to false memories in the DRM paradigm is experienced
consciously:

In an ideal world, people would understand the

causes of variations in their behavior and in each case
attribute it to its actual source. . . However, the par-
ticipants in such studies are either unaware of or do
not understand the effects of such factors. Because

they are unable to understand the cause of variations
in their performance, they consciously experience
surprise. That surprise can, in principle, be attributed

to a source in the past, in the covert properties of the
stimulus or some characteristic of the person (e.g.,
mood or skill). Within the context of a remembering

experiment, it is likely to be attributed to an
unknown source in the past (p. 422).

Thus, our procedure provides a valid assessment of
the discrepancy–attribution hypothesis, which boldly
proposes that subjects consciously experience surprise
when encountering the critical lure on the recognition
test. However, subjects report experiencing no such sub-
jective state when processing critical lures and our data
show that surprise is negatively, not positively, corre-
lated with false recognition.

Another aspect of our procedure to be addressed is
whether asking subjects to rate their surprise before
deciding whether words were old or new on a recogni-
tion test had any effect on their recognition decisions.
We note that in all four experiments we reliably
observed robust false recognition of non-presented crit-
ical words; in each case false recognition of critical lures
was similar to studied items (within 7% in each case),
and was very different from false recognition of unre-
lated items (a difference of 32% or more in each case).
This is the typical pattern observed in nearly every
experiment using the standard DRM paradigm for stud-
ies of recognition memory (Roediger & McDermott,
1995; Experiment 2). Thus, asking subjects to report
on their subjective experience before making a recogni-
tion judgment did not affect the pattern of results
obtained in many prior experiments in which no subjec-
tive ratings were obtained prior to recognition. We
should also note that although asking subjects to judge
how surprising they thought a word was on a recogni-
tion test (or how expected, or unusual, or readable it
was) was an unusual procedure, subjects were easily able
to comprehend and follow the instructions. Further-
more, asking subjects to judge their level of surprise is
commonly done in other research directly assessing the
subjective experience of surprise (Reisenzein, 2000).
Finally, asking for surprise ratings is the most direct test
of the discrepancy–attribution hypothesis.

Of course, the subjective experience of surprise may
still play a role in other memory phenomena, so our cri-
tique is not aimed at the discrepancy–attribution
hypothesis per se, but at the application of the theory
to the DRM false memory effect. Indeed, surprise may
be important to explaining why isolated or distinctive
events are remembered better relative to other less dis-
tinctive events. Perhaps distinctive items are experienced
as surprising when they are encountered, and the experi-
ence of surprise has something to do with why they are
remembered better later on (e.g., see Hirshman, Whel-
ley, & Palij, 1989; but see also McDaniel, Einstein,
DeLosh, May, & Brady, 1995). Of course, distinctive-
ness effects are produced by making an item different
from other items in the same context, and this is oppo-
site from the procedure used to induce false memories
in the DRM paradigm, which occurs because critical
words are similar to other studied words. Surprise might
play a role in the false recognition experiments that the
discrepancy–attribution hypothesis was founded on

J.D. Karpicke et al. / Journal of Memory and Language 58 (2008) 1065–1079 1077



Author's personal copy

(e.g., Whittlesea & Williams, 1998, 2001). Perhaps words
like ‘‘hension” are experienced as surprising when they
are presented on a recognition test under certain condi-
tions. To our knowledge, the subjective experience of
surprise has not been assessed directly in the ‘‘hension”

experiment or others like it. Nonetheless, the present
research using the DRM paradigm points to a straight-
forward conclusion: False memories in the DRM para-
digm are not experienced as surprising, and therefore
the discrepancy–attribution hypothesis does not provide
a proper account of them.
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