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Abstract

Distortions of long-term memory (LTM) in the converging associates task are thought to arise from
semantic associative processes and monitoring failures due to degraded verbatim and/or contextual
memory. Traditionally, sensory-based coding is considered more prevalent than meaning-based
coding in short-term memory (STM), whereas the converse characterizes LTM, leading to the
expectation that false memory phenomena should be less robust in a canonical STM task. These
expectations were violated in two experiments in which participants viewed lists of four semantically-
related words and were probed immediately following a filled 3—4 second retention interval or
approximately 20 minutes later in a surprise recognition test. Corrected false recognition rates,
confidence ratings, and Remember/Know judgments reveal similar false memory effects across STM
and LTM conditions. These results indicate that compelling false memory illusions can be rapidly
instantiated, and originate from processes that are not specific to LTM tasks, consistent with unitary
models of memory.

False memories refer to distortions of the source, details, or meaning of past experiences. In
the laboratory, false long-term memories (LTM) are reliably produced with the converging
associates or DRM paradigm (Deese, 1959; Roediger & McDermott, 1995), in which unstudied
semantic associates (“related lure” words) are misremembered as studied items (see Gallo,
2006 for a comprehensive review). Moreover, false memories can be accompanied by high
confidence ratings or strong feelings of recollection. Participants in DRM studies will avow
qualitative memories of having studied lure words, and may feel equally confident in their
recognition of lure and studied words (e.g., Anastasi, Rhodes, & Burns, 2000; Roediger &
McDermott, 1995). Theoretical explanations of false memory are typically framed in terms of
LTM processes, invoking associative activation and source monitoring failures (Gallo &
Roediger, 2002; Robinson & Roediger, 1997; Roediger, McDermott, & Robinson, 1998), and
further implicating variable strengths of verbatim memory traces and gist memory for semantic
content (Brainerd, et al., 2008; Reyna & Brainerd, 1995).

Recently, however, false memory effects have been reported in the domain of short-term
memory (STM). Findings of false recognition and false recall from lists of four semantically-
related words occurring after mere seconds (Atkins & Reuter-Lorenz, 2008; Coane, et al.,
2007) suggest that the processes responsible for false memories may be relatively delay-
invariant. The vulnerability of STM to such distortion contrasts with conventional models of

Correspondence concerning this article should be addressed to P. A. Reuter-Lorenz, Department of Psychology, University of Michigan,
530 Church St., Ann Arbor, MI 48109 (parl@umich.edu).

Publisher's Disclaimer: The following manuscript is the final accepted manuscript. It has not been subjected to the final copyediting,
fact-checking, and proofreading required for formal publication. It is not the definitive, publisher-authenticated version. The American
Psychological Association and its Council of Editors disclaim any responsibility or liabilities for errors or omissions of this manuscript
version, any version derived from this manuscript by NIH, or other third parties. The published version is available at
www.apa.org/pubs/journals/XLM.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Flegal et al.

Page 2

multiple memory systems which characterize semantic codes as the province of LTM
(Baddeley, 1986), but converges with evidence for a unitary memory system with delay-
invariant storage and retrieval processes (Jonides, et al., 2008). Testing the dissociability of
false memories at short and long delays is thus pertinent to elucidating the architecture of
memory.

The present report directly compares false memories in the same participants under STM and
LTM conditions. We used a novel experimental procedure that minimizes encoding differences
and honors the limited capacity and brief storage demands of canonical STM tasks, while
exploiting the large capacity and longer delays that characterize LTM. Unlike previous DRM
studies (using lists of 12-15 items) that manipulated retention interval (e.g., Colbert &
McBride, 2007; Lampinen & Schwartz, 2000; Seamon, et al., 2002; Thapar & McDermott,
2001), our approach probes four-item lists individually after 3-4 seconds, or with continuous
recognition after all lists are encoded (on average 20 minutes later). Therefore, we can compare
both quantity (the relative incidence of false recognition) and quality (the accompanying
phenomenology) of memory distortions in the context of two putatively separate memory
domains.

Several considerations predict semantic distortions to be more prevalent and compelling in
LTM than STM. First, proactive and retroactive interference in LTM should contribute to
greater decline of verbatim traces compared to STM, where retroactive interference, in
particular, is minimal. Thus verbatim memory, used to monitor and oppose false memory,
should have an advantage in STM. Second, context and source information are salient in the
short term because each probe is assessed exclusively in relation to the immediately prior
memory set. Consequently, STM conditions provide more cues for monitoring recognition
decisions compared to LTM. Third, according to traditional models of separable memory
systems, semantic coding that engenders false memories in the DRM paradigm should
predominate perceptual coding in LTM, whereas the opposite prevails in STM. Relatedly,
despite recent imaging evidence challenging separable memory systems (Ranganath &
Blumenfeld, 2005), studies continue to find more robust meaning-based encoding effects in
LTM than STM (Rose, et al., 2010). At minimum, semantic processing might be expected to
exert measurably greater influence under LTM than STM conditions.

Similar considerations predict the phenomenology of false memories to differ in the short
versus long term. The availability of verbatim traces in STM should permit diagnostic
monitoring with the relative absence of detail-rich memories for lure probes supporting their
correct rejection, or at minimum their endorsement with low confidence or a context-free sense
of familiarity. If memory distortions are not found to be more prevalent or compelling in LTM
than STM, however, process constancy would be implicated across memory domains.

As the results from two experiments reported here indicate, dissociations predicted by models
of multiple memory systems were not observed. The absolute incidence of false memories was
greater under LTM than STM conditions, but when corrected for the increased frequency of
false alarms to unrelated probes, false recognition rates did not significantly differ. Moreover,
our findings indicate the phenomenology of false memory errors is equally compelling in STM
or LTM trials, suggesting a rapid breakdown of monitoring processes.

Experiment 1

Method

Participants—27 individuals (18-20 yrs old) participated for course credit. Three
participants were excluded for recognition accuracy scores > 2.5 standard deviations from the
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mean. Research protocols were approved by the University of Michigan Institutional Review
Board, and all participants provided written informed consent.

Materials—The memory sets were 128 lists of four semantically-related words, all associates
of a common theme word. Forty-eight lists were created from published lists used in the DRM
paradigm (Roediger, et al., 2001), as previously described (Atkins & Reuter-Lorenz, 2008).
Eighty new lists were constructed by selecting theme words from the University of South
Florida (USF) Free Association Norms (Nelson, McEvoy, & Schreiber, 1998) with the
following constraints: Each new theme word (1) had frequency and concreteness values within
the range of the original 55 DRM lists; (2) had at least four semantic associates; (3) shared no
associates with any other theme word. List items were cross-checked across associative
matrices from the USF norms to minimize semantic associations between lists. Pilot testing
confirmed that the new lists induced false recognition in the Atkins and Reuter-Lorenz
(2008) STM task.

The 128 lists were divided into four groups of 32 four-word lists (Groups A-D) equated in
mean backward associative strength (M = 0.35), and containing an even distribution of old
(i.e., derived from DRM) and new lists. Each group was further divided into two subgroups of
16 four-word lists, following the same parameters, to balance the status of each list as short-
term versus long-term memoranda across participants.

The four semantically-related words in each list converged upon a theme word (e.g., SLEEP
for the associates nap, doze, bed, awake) which served as the probe on all trials. The three
probe types were: related lure, the unstudied theme word associated with a studied list;
unrelated lure, an unstudied theme word associated with a nonpresented list; and target, the
theme word associated with, and present in, a studied list (replacing one of the four associates;
ordinal position of the replaced item balanced across trials). Probe type was counterbalanced
with word lists across participants, so that for one quarter of all participants, lists in Group A
were paired with related lures, B with unrelated lures, and C with target probes. Theme words
associated with nonpresented Group D lists served as the unrelated lure probes. For half of the
participants in each of these four counterbalanced orders, the first subgroup of lists from each
group (e.g., Al) was probed during the STM trials, and the second subgroup of lists (e.g., A2)
during the LTM trials; the assignment was reversed for the other half of the participants. This
procedure ensured that all participants encountered the same probes—all theme words, but in
different contexts—as related lure, unrelated lure, or target probes, and as STM or LTM probes.
Theme words appeared only once during the experiment; no list was probed in both STM and
LTM trials.

Design and procedure—The STM task used by Atkins and Reuter-Lorenz (2008) was
modified to test recognition at both short and long delays (see Figure 1). Four-word lists were
probed either within the same trial (i.e., STM) or in a surprise recognition test following
completion of all STM trials (i.e., LTM), to compare performance across equivalent lists
without confounding long-term recognition with intervening short-term recognition of the
same lists. STM trial parameters were those used by Atkins and Reuter-Lorenz, with two
exceptions: (1) a confidence rating followed the response to every probe word; (2) two trial
types were randomly interspersed: half of the trials ended with a probe word and confidence
rating, and the other half ended with cues for arbitrary button presses with corresponding
response mappings; these memory sets were subsequently probed at LTM.

STM trials: Each STM trial began with a four-item memory set presented for 1,200 msec.
During the 3,000-4,000 msec retention interval, participants completed a math verification
problem based on the operation span task (Turner & Engle, 1989) by making a left-handed
response to indicate whether or not an equation was solved correctlyl. Next, the probe word
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appeared for 3,000 msec, and participants indicated whether it was in the memory set with a
left-handed response (yes or no). Lastly, a four-point confidence scale appeared for 3,000 msec,
and participants used their right hand to indicate their confidence in the response they just
made: very low, somewhat low, somewhat high, or very high. On trials not probed at STM, a
display of two boxes replaced the probe word, to prompt an arbitrary left-handed response, and
then a display of four boxes replaced the confidence scale, to prompt an arbitrary right-handed
response. Each participant completed 96 STM trials presented in random order. Of the 48 trials
probed at STM, 16 were of each probe type (related lure, unrelated lure, target).

LTM trials: A 2-min break followed completion of the STM trials, then participants were
informed about, and given instructions for, the LTM recognition test. Each participant
completed 96 LTM trials, 48 of which tested the memory sets that were not probed at STM
(16 of each probe type). Additionally, there were 18 trials of studied associates from memory
sets that were probed at STM (never including theme words from target probe trials), and 30
trials of unstudied, unrelated foils, matched for frequency and word length with the corpus of
theme words used in the experiment.

In each LTM trial, a probe word first appeared for 3,000 msec, and participants made a left-
handed response to indicate whether or not it was present during the STM trials. A four-point
confidence scale (as before) then appeared for 3,000 msec, and participants used their right
hand to indicate their confidence in their preceding response.

Trials without responses, with non-allowable responses or with response times under 200 msec
were excluded from all subsequent analyses. Trimming retained 93% of STM trials and 99%
of LTM trials, and did not change the pattern of results.

Results and Discussion

To assess the effects of probe type and delay on recognition accuracy and confidence, we
conducted 2x2 within-subjects ANOVAs, and paired t tests for subsequent analyses. Effect
sizes were computed using original standard deviations for each condition mean (Dunlap, et
al., 1996). Unless otherwise stated, statistical tests are significant at p < .01.

Accuracy—Mean math task accuracy during the STM trial retention interval was 0.89. The
key comparison between yes responses to unstudied, related lure probes and unstudied,
unrelated lure probes revealed a false memory effect at both STM (t(23) = 4.81, d = 1.43) and
LTM (t(23) =5.13,d =1.07; Table 1A). The lure type (related, unrelated) x delay (STM, LTM)
interaction was not significant (F(1,23) = 1.08, p = .31, ”pz =.05). Surprisingly, this result
indicates that the rate of false recognition did not increase from short-term to long-term testing.
Thus, while false alarms overall were more frequent for LTM than STM, as veridical memory
dropped over time, corrected false memory rates (i.e., corrected rates of false alarms to related
lures) were statistically indistinguishable in the short and long term. At LTM, the related lure
false alarm rate approached, but remained reliably lower than, the hit rate for target probes (t
(23) =—3.82,d =.72).

We used two approaches to obtain comparable measures of memory performance across delay
(see also Colbert & McBride, 2007; Seamon, et al., 2002): (1) true and false recognition
accuracy conditionalized by subtracting the baseline (unrelated lure) false alarm rate from
target hits and related lure “hits” (producing the discriminability index Pr), and (2) estimates

The filled retention interval parallels the additional “processing” demands that characterize working memory measures (e.g., Turner &
Engle, 1989). Atkins and Reuter-Lorenz (2008) tested both filled and unfilled intervals in the STM paradigm and verified that false
memory errors occurred reliably in both conditions. In the present paper we use the terms short-term memory and working memory

interchangeably.
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of recognition sensitivity (d") computed for item-specific memory (target hits vs. unrelated lure
false alarms) and gist memory (related lure “hits”, i.e., false alarms, vs. unrelated lure false
alarms), as proposed by Koutstaal and Schacter (1997). As shown in Table 1B, both adjusted
measures of true recognition were significantly higher at STM than LTM, while both adjusted
measures of false recognition indicate that susceptibility to gist did not change significantly
from short-term to long-term testing.

Phenomenological experience—Confidence levels were predictably higher at STM than
LTM, but critically, confidence in false alarms to related lures was equivalent across delay (t
(18) =0.01, p=.99, d < .01; Figure 2), suggesting that the illusory experience of false
recognition widely documented in LTM may in fact be established within seconds of encoding.
At STM, confidence in correct responses to all probe types was higher than confidence in all
error types. At LTM, however, confidence in related lure false alarms approached confidence
for target hits (t(23) = —1.39, p = .18, d =..20), and actually exceeded the level of confidence
in correct rejection of related lures, as shown by a significant response (yes, no) x delay (STM,
LTM) crossover interaction (F(1,18) = 30.24, rypz =.63).

Although confidence in false recognition of related lures did not change over time, the
calibration of subjective ratings may have differed when rendered in the context of other
recognition judgments at STM and LTM. Experiment 2 thus employed Remember/Know
judgments as an alternative way to assess false recognition phenomenology (Lampinen,
Neuschatz, & Payne, 1998). Remember/Know judgments specify different states of subjective
awareness during memory retrieval (Gardiner, 1988; Tulving, 1985): either remembering
vivid, specific details from the experience of a previous event (remember) or “just knowing”
with certainty that an event occurred without access to any particular details (know).

Inthe DRM paradigm, high rates of remember responses to related lures attest to the robustness,
and apparent realism, of false memories (Payne, et al., 1996; Roediger & McDermott, 1995;
Yonelinas, 2002). Although the rate of remember judgments for lures can be selectively
attenuated with warnings or modified instructions (Anastasi, et al., 2000; Geraci & McCabe,
2006; McDermott & Roediger, 1998; Neuschatz, et al., 2001), a sizable measure of “illusory
recollection” persists. Evidence in line with dual-process theories of memory suggests that the
Remember/Know distinction and self-reports of confidence represent independent constructs
(Gardiner & Java, 1991; Rajaram, 1993). Therefore, using Remember/Know methodology to
demonstrate similar phenomenology of short-term and long-term false memories would
confirm and extend the findings from Experiment 1, implicating a common processing basis
for these forms of illusory recognition.

Experiment 2

Method

Participants—32 individuals (18-27 yrs old) participated for course credit or payment. Two
participants were excluded for recognition accuracy scores > 2.5 standard deviations from the
mean. Three others were excluded for post-experiment questionnaire responses indicating they
failed to understand the Remember/Know distinction.

Design and procedure—The method was the same as Experiment 1 except that remember/
know/guess judgments replaced confidence ratings. Following each yes response to a probe
word, participants used their right hand to indicate whether they remember the probe word was
in the memory set (recollecting something distinctive about studying the word), they know the
probe word was present (recognizing the word without retrieving specific details of its study),
or their response had been a guess. Detailed instructions explaining the Remember/Know
distinction were adapted from Rajaram (1993). To equate the number of responses on each
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trial, a display of three boxes appeared following each no response to a probe word, prompting
an arbitrary right-handed response.

Trimming (see Experiment 1) retained 92% of STM trials and 98% of LTM trials and did not
change the pattern of results.

Results and Discussion

Accuracy—Mean math task accuracy during the STM trial retention interval was 0.87. As
in Experiment 1, participants made significantly more false alarms to unstudied, related lure
probes than to unstudied, unrelated lure probes, at STM (t(26) = 5.55, d = 1.26) and LTM (t
(26) =5.87,d = 1.13; Table 1A). Again the lure type (related, unrelated) x delay (STM, LTM)
interaction was not significant, showing consistency in the false memory effect from short-
term to long-term testing (F(1,26) = 1.55, p = .22, npz =.06). Notably, this interaction remains
unreliable even when the error data from Experiments 1 and 2 are combined (F(1,50) = 2.59,
p=0.11, qu =.05). The relative time-invariance in susceptibility to gist was corroborated by
both adjusted measures of overall false recognition for Experiment 2 (Table 1B).

Phenomenological experience—An overall ANOVA on the proportion of remember
responses (out of all responses) revealed a main effect of probe type (F(2,52) = 98.14, an =.
79), reflecting higher rates of “remembering” target probes than related or unrelated lure
probes. We also found a main effect of delay (F(1,26) = 12.69, qu =.33), indicating more
remember responses were made at STM than LTM, and a significant lure type x delay
interaction (F(2,52) = 29.63, npz =.53). As shown in Table 1A, the proportion of remember
responses is significantly higher for related than unrelated lures at both STM (t(26) = 2.95, d
=.85) and LTM (t(26) = 4.62, d = .98). This difference shows that the overall false memory
effect observed in yes responses (related lure false alarms - unrelated lure false alarms) is not
due solely to know responses for which verbatim memory is absent.

The rate of remember responses to related lures actually increased at later delays, although this
shift was confounded with a rising baseline (unrelated lure) false alarm rate. Normalized
estimates of false recollection, expressed as the proportion of remember responses to related
lures out of the total proportion of yes responses to related lures, did not significantly differ
from short-term to long-term testing (t(22) = 0.99, p = .33, d = .21; Table 2). In other words,
the quality of the memory illusion appears equally robust at STM and LTM, indicating that
the subjective feeling of certainty which characterizes some instances of false recognition may
be relatively time-invariant, consistent with the stable confidence in related lure false alarms
in Experiment 1.

As shown in Table 2, while the normalized incidence of remember responses to related lures
is relatively stable over time, it is lower than that for remember responses to target probes at
both STM (t(22) = —2.80, d = .65) and LTM (1(26) = —2.65, d = .65). Unlike the confidence
judgments in yes responses from Experiment 1, which did not differentiate between related
lures and targets at LTM, here a significant difference persists for remember responses to these
two probe types, suggesting that participants could still use the presence or absence of verbatim
detail to distinguish true from false memories at LTM.

In contrast to the selectivity of remember responses based in recollective experience, the
normalized incidence of know responses was equivalent for related lures and target probes at
STM (t(22) =-1.27,p=.22,d =.27),and LTM (t(26) = 1.42, p = .17, d = .33). Thus, while
remember responses comprised a smaller proportion of false recognition than true recognition
at both STM and LTM, know responses suggest the contribution of familiarity did not
differentiate between related lures and targets at either delay. These results indicate that gist
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memory exerts equivalent influences in STM and at LTM when context information is
inaccessible.

Experiment 2 replicated key similarities between memory distortions under STM and LTM
conditions, and further characterized the phenomenology of illusory recognition. As in
Experiment 1, the corrected false memory rate was stable across delay. Critically, despite
higher absolute numbers of false memory errors at LTM, the proportion of false memories
associated with “remember” phenomenology was statistically equivalent in the short and long
term. Nevertheless, while LTM confidence ratings in Experiment 1 were equivalent for falsely
recognized related lures and correctly recognized target probes, differing proportions of LTM
remember responses in Experiment 2 imply subtle qualitative differences in the content of true
and false memories that persist over time.

General Discussion

Our results extend recent findings of rapid semantic distortions (Atkins & Reuter-Lorenz,
2008; Coane, et al., 2007) and directly connect their occurrence to the well-established
phenomenon of false long-term memories (Brainerd & Reyna, 2005; Gallo, 2006). In an STM
task, we observed illusory effects that characterize LTM errors; Unstudied theme words are
falsely recognized, “remembered” as studied, and endorsed with considerable confidence.

Critically, the normalized incidence of these errors did not change from short-term to long-
term testing. The expectation that illusory recognition of semantic associates would be more
robust in LTM than STM, based on differential effects of interference, monitoring processes,
semantic codes, and access to verbatim traces, was not supported. Instead, false memory rates
and phenomenological measurements were found to be relatively stable, suggesting that
processes responsible for semantic memory errors are not unique to LTM conditions. These
commonalities favor the operation of unitary memory processes across delay..

One reasonable interpretation of our findings that is consistent with memory-based (versus
decision-based; see Gallo, 2006) accounts is that false memory errors stem from heightened
familiarity of the related lure due to semantic activation from the memory set. Indeed, we found
equivalence in the normalized incidence of know responses (associated with feelings of
familiarity that lack verbatim detail) to related lures and to target probes at both short and long
delays. As documented in LTM, the vivid yet illusory qualities of false remember responses
may result from the process of “content borrowing” (Lampinen, et al., 2005), whereby veridical
details from studied items are attributed to related but unstudied items. If so, the present results
would constitute a demonstration of this effect at the lower temporal boundary of a recognition
task (cf. Lampinen, Ryals, & Smith, 2008). Moreover, the present results indicate that illusory
recognition can be independent of the declining availability of verbatim traces: the level of
confidence and the proportion of remember judgments assigned to related lure false alarms are
equivalent at STM and LTM.

The immediate vulnerability of memory to distortion indicates the rapid activation of semantic
associations (Roediger, et al., 1998; Underwood, 1965) along with an immediate breakdown
of monitoring processes, thereby minimizing the potential contributions of decay or other time-
dependent processes as sources for these illusory phenomena. Semantic priming may
contribute to the effects we observed, as suggested by previous investigations of false memories
in implicit memory tests (Cotel, Gallo, & Seamon, 2008; McDermott, 1997; Tse & Neely,
2007); however, nonconscious processes alone offer an insufficient explanation of the
phenomenological qualities of false recognition. Furthermore, if conscious generation of the
related lure word were occurring at encoding and producing memory traces which could then
support false remember or high-confidence responses, we might expect a greater proportion
of illusory recognition at STM than LTM. However, our results were not in this direction. An
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alternative possibility is that both associative activation and monitoring operations may be
strong under STM conditions, yet counteract each other so that the false memory effect is the
same as under LTM conditions when different processes are engaged (Gallo, 2004)2. Careful
investigations varying activation and monitoring levels independently would be required to
test this hypothesis. However, the stability of false memory phenomenology across delay
supports a semantic rather than associative explanation, because the vividness of a related lure
brought to mind by associative processes during encoding, like that of an actually studied item,
would be expected to quickly decline (Brainerd, et al., 2008).

Theoretical accounts of false memories have been largely confined to LTM processes, because
even when testing is immediate, the length of studied lists typically exceeds working memory
span. Likewise, STM is rarely mentioned in theoretical discussions of false memories,
suggesting that generally, STM processes are not considered relevant to these effects (however,
see Kimball, Smith, & Kahana, 2007). The present results suggest otherwise by demonstrating
that false memory errors and associated phenomenology can arise within seconds, indicating
that explanations of false memory need not be confined to episodic long-term remembering
and should be extended to include short-term effects as well. Our findings are thus consistent
with the interpretation that false memories occurring over varying delays may emerge as a
consequence of semantic processes that can operate under STM and LTM conditions, and are
compatible with unitary models of memory.
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Related Lure Target Unrelated Lure
nap nap nap
STUDY doze sleep doze
PHASE bed bed bed
awake awake awake
(9/1)+2=11? (9/1)+2=112 (9/1)+2=11?
SHORT
TERM SLEEP  |or| [J[] SLEEP | or|  [][] cob |or| [0
Yes / No Arbitrary Yes / No Arbitrary Yes / No Arbitrary
recognition key press recognition key press recognition key press
1234 o |00O0OO 1234 1o |00O0O0O 1234 o (100
Confidence Arbitrary Confidence Arbitrary Confidence Arbitrary
judgment key press judgment key press judgment key press
o o o
o o o
o o o
LONG
TERM SLEEP SLEEP FLOWER
1234 1234 1234
Confidence Confidence Confidence
judgment judgment judgment
Figure 1.

Experiment 1 design. Each four-word list is probed only once; either immediately following a
3-4 second filled retention interval (short-term memory), or in a surprise recognition test after
all lists are encoded (long-term memory).
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Figure 2.

Experiment 1 mean confidence ratings by probe type and delay (error bars = SEM; C = correct
response). Note that confidence in related lure false alarms (“Yes” responses) is equivalent in
short-term memory trials and long-term memory trials.
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