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The Rise and Fall of False Recall: The Impact of Presentation Duration

Kathleen B. McDermott and Jason M. Watson

Washington University

The effect of presentation duration on false recall induced by presentation of semantically associated anc
phonologically associated word lists was examined. When 16-word lists comprised of semantically related words
(e.g.,bed yawn) were presented at short durations (i.e., 20 or 250 ms/word), false recall of related but nonpre-
sented words (e.gsleep increased with increasing duration. However, at longer presentation durations (i.e.,
1000, 3000, or 5000 ms/word), false recall declined with increasing presentation duration. This pattern resolves
discrepancies among previous experiments investigating the effects of presentation duration on associatively in
duced false recall. Further, these data constrain theoretical accounts of false recall in that single-process mode
cannot readily account for these effects. We propose a dual-process model that appears to account for these fin
ings and much of the extant literature. Phonologically related lists $eigep slee) exhibited a very different
pattern of results at the short presentation durations; specifically, false recall was exceedingly high at the fastes
duration and declined as duration lengthened. Similarities and differences between the mechanisms underlyin
semantically and phonologically induced false recall are considegezbo1 Academic Press
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Interest in false memory has recently led tdictable word into their recall. This word is
the introduction of new laboratory techniquestrongly associated to all the presented word
with which to study the phenomenon, which imut is not itself presented. For example, list
turn has led to significant advances in our underords might includedoor, glass pane shade
standing of the processes giving rise to faldedge sill, house open curtain, frame view,
memories. One of these new techniques, intrbreeze sash screen and shutter When pre-
duced by Roediger and McDermott (1995), is sented with such a list and asked immediatel
modification of a procedure introduced decadesdterward to recall the list words, subjects often
earlier by Deese (1959) for other purposes. Thiapproximately half the time, with the proce-
technique offers a straightforward means of reldures described above) report rememberin
ably inducing false recall and false recognitiorhaving heardvindow
The procedure is as follows: Participants are The experiment reported here was motivatec
given a short list of words to remember; typiby a desire to better understand the meche
cally, 15 words are presented auditorily at a rekism(s) underlying false recall. A number of
atively slow rate (e.g., a word every 1.5 s). Imtheoretical accounts have been forwarded to e
mediately after list presentation, subjects angain this phenomenon, and several of these at
asked to recall in any order (without guessinggviewed under Discussion. Briefly, although
as many of the words as they can remembspme researchers have argued for the impo
Subijects reliably introduce a single, highly pretance of encoding processes, others have er

phasized retrieval processes or even advocate
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than one process can reasonably be arguedtdo.32 to .34 in another condition). Arndt and
determine the likelihood with which these proHirshman (1998) showed systematic increase
cedures elicit false recall. in false recognition across durations betweel
Why did we think manipulating presentatiorBO0 and 3000 ms in four relevant conditions;
duration would produce a U-shaped pattern? Aone of the four (Experiment 1) also showed &
examination across experiments (many as yemall hint of a decline at the longest presenta
unpublished) suggested this outcome. At faibn duration (3000 ms), but this decrease wa:
presentation durations, most relevant is an e&aecompanied by baserate differences, leadin
periment by Roediger, Robinson, and BalotArndt and Hirshman to conclude that false
(2001), who showed at very rapid durations a reecognition leveled off (but did not decline).
markable positive correlation between accurate In summary, although some studies have
and false recall. They manipulated presentatia@mown increases in false recall and false recog
duration at 20, 80, 160, and 320 ms and showadtion with increasing presentation duration and
monotonic increases in false recall with increagthers have shown the opposite, cross-experi
ing presentation duration; further, these inment comparisons led us to believe that the
creases paralleled closely the increases seemiesentation parameters differed enough acros
accurate recall. That is, false recall probabilitiestudies that the results might be reconciled by ¢
increased with increasing duration (.10, .25, .3%jngle study in which presentation duration was
and .33), as did accurate recall probabilitiesanipulated across a wide range of durations
(.10, .22, .28, and .31). We chose free recall as a dependent measure
With respect to manipulation of slower presavoid baserate problems inherent in recognition
entation durations and the effect on immediagnd we note that caution should be warranted ir
free recall, the pattern of results emerging seergeneralizing our results to false recognition, es-
to suggest the opposite pattern: With lengthigrecially when given after presentation of multi-
presentation durations, false recall is attenuateule lists.
For example, Toglia and Neuschatz (1996) re- To this end, we presented subjects with se
ported decreases in false recall on tests givamantically related lists; words within the lists
immediately after list presentation when interwere presented for varying durations. The pri-
stimulus intervals (ISIs) were lengthened fronmary question was whether false recall woulc
1s (.72 false recall) to 4 s (.49 false recall). Gallshow an inverted U-shaped relation with presen
(2001) has obtained similar data, with false reation duration such that false recall would in-
call dropping with slower presentation ratessrease with increasing presentation durations e
false recall declined from .47 to .40 to .26 in onthe fast durations and then decline at the slowe
condition with ISIs of 500, 1000, and 3000 msgurations. Such a pattern, if obtained, would
respectively. constrain theoretical interpretation of the asso
Results on final recognition tests, althoughiatively-induced false recall phenomenon anc
less directly relevant to the immediate free restrongly implicate a two (or more) factor theory.
call conditions explored in the present experi- In addition, a separate set of subjects receive
ment, generally suggest similar patterns of réists comprised of phonological associates (e.g.
sults at the short presentation durationsleep weep), which converged on a phonologi-
although baserate differences across conditiooally similar nonpresented word (e.gleep.
can complicate interpretation of these result®rior work by Watson, Balota, and Roediger
Seamon, Luo, and Gallo (1998) showed thg&P001) and by Sommers and Lewis (1999) ha
across presentation durations of 20, 250, ammonstrated that robust false recall could be a
2000 ms, false recognition of the critical nontained through the presentation of phonologi-
presented items on a test given after study oélly related words; in addition, false recogni-
multiple lists tended to increase with increasingion of phonologically related words has also
duration when corrected for baserate differencégen reported (Cramer & Eagle, 1972; Schacte
(from .41 to .43 to .49 in one condition and .1&outstaal, Johnson, Gross, & Angell, 1997,
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Schacter, Verfaellie, & Anes, 1997; Wallaceassociated lists and those induced by phonolog
1968; Wallace, Stuart, & Malone, 1995; Wal-cally associated lists, we held the critical non-
lace, Stewart, Sherman, & Mellor, 1995). Al-presented words constant across list structure
though we made specific predictions with reDoing so imposed restrictions on the critical
spect to the effect of presentation duration amonpresented words we used, so we were unab
semantically induced false recall, use of th® simply adopt Roediger and McDermott's set.
phonological lists was exploratory and was peFor example, the critical nonpresented word
formed in an attempt to gain leverage on thmountaindoes not have enough phonological
question of whether similar or different mechaneighbors to participate in the phonological
nisms might underlie false recall elicited by theondition and therefore was not used in eithe
two types of lists. We performed one large besondition. Phonologically related lists were con-
tween-subjects experiment with five levels oftructed by obtaining words that differed from
presentation duration and two types of lists. the critical nonpresented item by substituting,
adding, or deleting a single phoneme (or, on oc

METHOD casion, more than one phoneme). The entire s
of 72 16-word lists appears in the Appendix of

. o . \Watson, Balota, and Roediger (2001) and is
Subjects were 350 recruits in their 6th weeky,aijahie from the present authors upon reques
of basic training at. Lackland Air Force Base. gach subject studied 36 lists, presented visu
They were tested in large groups at the Tesallly at a single presentation duration. For eacl
Development Center, operated by staff from the,piect, the order of lists was randomly deter.
Learning  Abilities Measurement  Programipineq but order of words within lists was con-
(LAMP). stant. Note that although Roediger and McDer:

Discarding subjects who did not follow direc, it (1995) and most other researchers hav

tions left at least 31 subjects in each Conditiorﬂ)'resented items in the order of strongest tc
to equate power in all conditions, we discardegesyest associates, we had no measure of ass

some additional subjects (chosen at randomhive strength for the phonological lists; there-

and analyzed data from 31 subjects in each fgre, we presented words in a single randon
the 10 conditions.

order for both semantically and phonologically
associated lists. Words in the odd-numbered s¢
rial positions were presented in uppercase lef
Presentation duration was varied betweders, and those in even numbered positions wet
subjects, with five levels of this factor (20, 250presented in lowercase; this manipulation wa:
1000, 3000, and 5000 ms). List type (semantimplemented in an effort to minimize misper-
and phonological) was also varied between subeption at the fastest presentation durations fc
jects. Thirty-one subjects contributed to each dfie phonological lists (e.gsleetandsweepnis-
the 10 between-subjects conditions of the 8 perceived asleep).
design. Because each subject received all 36
lists (either semantic or phonological) at a sirl-rocedure
gle presentation duration, no counterbalancing Subjects were seated at computer terminal
was required. with dividers separating the terminals. All in-
Seventy-two lists were constructed around 3&ructions were presented via computer. Eacl
critical nonpresented items. For the 36 semansubject received a test packet, in which they
cally related lists, list construction was modeledere to recall the lists. The instructions ap-
loosely after the procedure used by Roedigpeeared on the face page of the test packet. Ir
and McDermott (1995), whereby the top assocstructions for the “fast” presentation rates (i.e.,
ates to critical nonpresented words were cok0 and 250 ms) and the “slow” rates differed
lected. To facilitate comparisons in the false rerery slightly as necessary to prepare subjects fc
call patterns induced by these semanticallye task; these differences are presented belo

Subjects

Design and Materials



PRESENTATION DURATION 163

in brackets. The entire set of instructions was asimportant! We just want you to try to re-
follows: member as many words as you can (but

This is a test of your memory abilities. You without guessing).

will be shown words on the computer If you understand these instructions, you
screen. The words will be presented one- may press<ENTER> to see the practice
at-a-time. Your job is to try to remember as  list. If you do not understand the instruc-
many of the words as possible. The words tions, please re-read them, and then ask the
will be presented in lists (with 16 words in proctor (if you are still unsure about the
each list). Please pay very close attention procedure).

to the words as they go by on the screen be-
cause FAST the words will be presented d
VERY QUICKLY; SLOW your memory
will be tested].

Although words were presented for varying

urations, the interstimulus interval (ISI) was

held constant (at 32 ms) across all conditions.
Due to monitor refresh rates, the exact timing of
You will be shown a total of 36 lists (16 the stimuli were multiples of 16.6 ms, and

words in each list). After each list of 16 therefore although we specified 20 ms as the
words, you will take a memory test. You lowest duration, the actual presentation duratior
will have 45 seconds to write down all the for this condition approximated 32 ms; our lev-

words that you can remember FROM THE els varied widely enough that small fluctuations
LIST THAT WAS JUST SHOWN. The inthe exacttiming would not result in any over-

memory test for each list should be done on lap among conditions. Presentation of each lisi
a separate page in your booklet. It is impor- lasted just over 1 s in the 20-ms condition and
tant that you DO NOT GUESS when you about 1 min and 20 s in the 5000-ms condition.
are trying to remember the words from the Subjects initiated the beginning of list presenta-
list. Only write down those words that you tion by pressing a key. Words were presented ir
are sure you saw. If it ever happens that the center of the screen. Following the last list
you cannot remember ANY of the words, item, a message appeared on the screen, whic
just write an “X” on that page. We realize told subjects to write down the words they re-
that this is a difficult task, so please do not membered in any order but to avoid guessing:
get discouraged. We simply want you to try 45 s were allowed for the recall period, and a
as hard as you can. countdown timer was displayed on the screen
Once the 45 s had expired, the computer emit
ted a 1-s tone, and subjects then pressed a key'
see the subsequent list. Upon completion of al
36 study-test trials subjects were thanked anc
Tebriefed.

Before you begin, there will be one prac-
tice list. The practice list is similar to the
other 36 lists in that it will be presented at
the same speed. When you are ready to se
the list, you will press the ENTER key. The
computer will then make a warning sound RESULTS
to signal that the words are about to appear. Recall Probabilities

The computer will then present 16 words
one-at-a-time. The computer screen will
then tell you to start recalling. DO NOT
begin writing until the computer screen in-
structs you to do so. The computer will
also make a tone when it is time for you to
stop recalling.

The probabilities of recall of the studied
items and critical nonpresented items as a func
tion of presentation duration and list type are
depicted graphically in Fig. 1. The left panel
displays data for the semantic lists, and the
right panel displays data for the phonological
lists. Turning first to the primary question of in-
You will notice that some words are printed terest, we can see that indeed false recall of th
in uppercase letters, and some words arecritical nonpresented words in the semantic lists
printed in lowercase letters. This is NOT (left panel, open circles) exhibited an inverted



164 MCDERMOTT AND WATSON
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FIG. 1. Probability of recall of studied items and critical nonstudied items as a function of presentation du-
ration for semantically associated lists (left panel) and phonologically associated lists (right panel). Error bars
represent the 95% confidence interval. N&onstudied.

U-shaped relation with presentation durationl50) = 251.57,MS. = 2.81, which indicates
That is, false recall initially increased with in-that studied items were recalled with a higher
creasing duration, peaked, and then fell witlprobability than critical nonpresented items.
further increases in presentation duration. Thu$here was also a main effect of presentation du:
our principal hypothesis was confirmed: Falseation, F(4, 150) = 21.03,MS, = .331, which
recall of semantically related lists varied in a Uwas largely attributable to the low levels of re-
shaped relation with presentation duration.  call (both accurate and false) in the 20-ms con-
In addition, an examination of both panels oflition. The interaction of presentation duration
the figure suggests that the two list types manand item type was reliablé;(4, 150)= 41.77,
fested globally similar patterns of results, withMS, = .47. Although accurate and false recall
one striking exception. That is, recall of studiedvere highly similar at the two fastest durations,
items demonstrated steady increases with prete curves diverged after 250 ms, with accurate
entation duration for both list types, althoughrecall continuing to rise across durations and
the semantically associated lists led to superidalse recall taking a downturn. That is, the prob-
recall. With respect to false recall, at presentaability of accurate recall increased from .17 to
tion durations of 250 ms and greater, semanti@1 to .42 to .50 to .51 with increasing duration,
and phonological lists behaved very similarlyand the probability of false recall varied from
However, extreme differences were observed &t4 to .31 to .22 to .14 to .14 with increasing
the fastest presentation duration: Semantic listkiration.
showed a rise in false recall from 20 to 250 ms Phonological lists The phonologically asso-
(.14 to .31), whereas phonological lists exhibeiated lists exhibited a main effect of item type,
ited a decline over the same intervals (.49 t&(1, 150)= 4.38,MS, = .04, indicating that the
.33). These general observations were suggesitical nonpresented items were recalled with a
tive of a three-way interaction, which was in-greater overall probability than the studied
deed significantF(4, 300) = 10.32 ,MS, = items. The main effect of presentation duration
.102. (All results reported as significant met thevas marginally significantf(4, 150) = 2.17,
p < .05 criterion.) We therefore examined theMS, = .019,p = .076. The effect of most inter-
semantic lists and phonological list items in sepest was, as in the case for the semantic lists, th
arate 5 (presentation duratior) 2 (item type) interaction between item type and presentatior
ANOVAs. duration. This interaction was significar(4,
Semantic listsThe semantically associated150) = 91.00,MS, = .79. The crossover inter-
lists exhibited a main effect of item typ&(1, action demonstrates that as presentation dure
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tion increased, the probability of accurate recafDutput Position Analyses

also increased and the probability of false recall Further ana|yses to try to |dent|fy differences
decreased. Specifically, the probability of accuas a function of list structure included an exam-
rate recall increased from .12 to .21 to .29 to .3ghation of the output position of the nonpre-
to .36 across the five presentation durations; th@nted item in conditions in which it was mis-
probability of recall of critical nonpresentedtakemy recalled. We examined all cases in
items fell from .49 to .33 to .22 to .20 to .17which the critical item was inaccurately re-
with increasing durations. Note that at thealled and plotted the cumulative probability of
shortest (20 ms) presentation duration, at whickecall for the item as a function of quintile of
point accurate recall in the phonological condithat subject’s output for that list (see Roediger
tion was only .12, false recall was an impressivg McDermott, 1995, for a similar analysis).
49. That is, the probability of false recall ex-That is, we examined only critical items that
ceeded the probability of accurate recall by @ere recalled and created a ratio for each iter
factor of 4. We consider possible reasons fqiof its output position relative to the total num-
this remarkable discrepancy under Discussionper of words recalled for that list). We then tal-
lied the proportion of those ratios that fell be-
tween .00 and .20 (inclusively, the first quintile
Because the primary reason for includingf output), between .20 and .40 (the seconc
the phonological lists was to gain leverage oguintile of output), and so on. These cumulative
whether the general mechanisms underlyingcall probabilities are presented in Fig. 3. For
phonological false recall are similar to theexample, the data shown at the third quintile
mechanisms underlying semantic false recalkpresent the proportion of items that were re-
we also analyzed the serial position curves fafalled in the first, second, or third quintile (with
the two types of lists. These curves are showihe difference between the probabilities at the
in Fig. 2; the data shown here are raw (unsecond and third quintiles representing the pro-

smoothed) data, which are highly stable, witlhortion of items recalled within the third quin-
1116 observations per datapoint. The soligle of output).

lines represent accurate recall as a function of The general conclusions we draw from
serial position, and the dashed lines represefifese curves are the following. First, although
probability of false recall (where position isthere is no obvious placement of the critical
not relevant because these items were not stugbnpresented item at any certain spot in the
ied). In general, although the semantic listgutput sequence, there nevertheless is som
were better recalled than the phonologicadystematicity to output position. The straight
lists, the curves appear qualitatively similarlines shown in each graph represent the line
Both showed primacy and recency effects (fothat would be obtained if there were ab-
accurate recall), especially at the fastest preselutely no systematicity to subjects’ place-
entation durations; further, with the exceptiorment of the critical item. The finding that, in

of the 20-ms condition the probability of falsegeneral, the obtained output curves fall below
recall was generally similar for the two typesthat line indicates that subjects tended to recal
of list, although the relative probability of the critical items toward the end of their out-
false compared to accurate recall differeghut sequence more than toward the beginning
across list type and presentation durations. Ifif the critical items had tended to occur to-
general, false recall probabilities hoveredvard the beginning, the output curves would
around recall probabilities for items presentetiave fallen above the straight line.) The 5000-
in the middle of the lists (as observed byms condition is the only one suggestive of
Roediger & McDermott, 1995; Payne, Elie,nonsystematicity, as placement of both phono-
Blackwell, & Neuschatz, 1996). However,logically and semantically induced false recall
presentation duration clearly exerted an influwas distributed evenly across all output condi-
ence on this relation. tions.

Serial Position Analyses
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The 1000-ms condition represents the corfunction of presentation duration. We sugges
dition in which phonological and semanticone interpretation of the 20-ms phonological
outputs differ most with respect to output po-data below.
sition. Interestingly, this condition is the one Third, examination of serial position func-
most similar procedurally to that reported bytions and output position functions provided
Roediger and McDermott (1995), in whichsubtle hints of possible differences between the
similar results were found with respect to théwo types of lists, but no marked differences
semantic condition in that subjects tended twere manifested.
produce the critical items toward the end of We consider below the implications of these
their output sequence. The 20-, 250-, antksults for our understanding of false recall. We
3000-ms conditions show a similar, but lessliscuss first our view of the mechanisms under
pronounced, pattern. lying false recall as induced by the semantic

Taken as a whole, the output position curvdssts and how our results fit into this framework.
suggest that phonological intrusions may appe¥fe then consider what our phonological result:
in less systematic output positions than semamight mean and whether the mechanisms ur
tic intrusions, although the differences are naterlying the two types of effects can reasonably
dramatic. be argued to differ.

DISCUSSION Mechanisms Underlying False Recall

The experiment reported here provides sey2emantically Associated Lists

eral new findings. Our principal finding is that Considerable attention has been devoted tc
for semantically associated lists, the probabilityard uncovering the mechanism(s) underlying
of false recall varied in a U-shaped fashiorialse recall as induced by lists of semantic assc
across presentation duration. That is, at short daiates. We have proposed that two processe
rations, increasing the duration of presentatioseem to influence the probability with which
led to increases in false recall probabilities. Athese lists will induce false memories: activation
longer durations (i.e., greater than 1 s), the opp@nd monitoring (Roediger & McDermott, 2000;
site pattern emerged: Increasing the duration &toediger, Watson, McDermott, & Gallo, in
presentation resulted in decreases in false recplless; see Balota et al., 1999, for a similal
probabilities. This finding is important in partframework). Below we describe the two
because it helps resolve a seeming discrepangsocesses, evidence for their importance, an
in the emerging literature. More importantly, ithow the present data fit into this framework.
suggests boundaries for theoretical interpreta- Activation False recall and false recognition
tion of this false recall phenomenon: Singlemay result (at least in part) from spreading acti
process approaches cannot readily account feation (Collins & Loftus, 1975), whereby con-
these data. We return to this latter point below. cepts related in semantic memory are thought t

Our second main finding is that the phondse linked in such a way that accessing one cor
logically related lists exhibited both similaritiescept (e.g.,door) sends activation across these
and differences in false recall relative to the séinked pathways to related concepts (evgn-
mantic lists. That is, false recall was extraordidow). The spread of activation through the asso
narily robust with the rapid presentation duraeiative network primes related concepts, making
tions (.49 at the 20-ms duration compared witthem more easily accessible subsequently. Thi
only .12 accurate recall and .14 false recall factivation process is thought to occur automati
the semantic lists at this duration). Furthecally and therefore to be fast-acting, obligatory,
phonologically induced false recall showed deand not amenable to conscious control (Posne
clines across all presentation durations. Howk Snyder, 1975). By this account, the critical
ever, if one puts aside the 20-ms condition, theonpresented word is highly primed to the poin
semantic and phonological lists behaved simof being later recalled (see Roediger, Balota, &
larly with respect to recall probabilities as aVatson, 2001).
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We now consider the evidence suggesting tlznd mild DAT. Indeed, this pattern was found,;
importance of activation processes (see alsedd adults and DAT patients exhibited “intact”
Roediger, Balota, & Watson, 2001). Althoughalse recall. (Actually, the probability of false
semantic activation cannot be measured directhgcall for the young adults was slightly lower
the stronger the associative links between lihan that for the other groups, which is dis-
words and the critical words, the greater theussed with respect to monitoring below.) The
level of activation. Deese (1959) reported amportant point with respect to activation is that
strong positive correlation between the probapoups with similar activation processes (but
bility of false recall and the degree of associdreakdowns in other memory-related processes
tion between list words and the critical wordsproduce similar levels of false recall (see Wat-
Roediger, Watson et al. (in press) replicated arstn, Balota, & Sergent-Marshall, in press, for a
extended this correlation; in a large multiple-rereplication and extension).
gression analysis (with 7 factors), the associa- The present results (for the semantic lists) are
tive strength of list words to the nonpresentecbnsistent with this viewpoint; to a point, as
word was the strongest predictor of false recalpresentation duration increases, so does fals

Seamon et al. (1998) reported that falseecall. We believe that this increase is due to &
recognition persisted at very fast presentatidsuildup in semantic activation that occurs with
durations (20 ms); these researchers noted tlvatreasing presentation duration (from 20 to
at this fast rate, there was insufficient time fo250 ms). Complementing the present dataset i
subjects to elaborate upon the presented itemdinding by Roediger, Robinson, and Balota
because they simply went by too quickly. Therg2001), who manipulated presentation duration
fore, Seamon et al. argued that automatic activat four very short intervals (i.e., 20, 80, 160,
tion was responsible for the observed falsend 320 ms) and showed increases in false re
recognition effect. Robinson and Roedigecall with increasing presentation duration; fur-
(1997) manipulated list length and found that aber, these increases paralleled closely the in
the number of semantic associates within a listeases seen in accurate recall. Therefore
increased, so did the probability of false recalkemantic activation can contribute to false re-
Activation is relevant because, they argued, thall; as activation levels accumulate across in-
number of presented associates of a critical nocreasing presentation durations, so does fals
presented word should correlate positively withecall (at least at the relatively fast rates). Fur-
the activation level of that word (Balota & Paulther, our data and those of Roediger, Robinson
1996). and Balota (2001) are quite consistent, as ca

Balota et al. (1999) took a different approache seen in Fig. 4. Roediger et al.'s data augmer
instead of manipulating independent variablesurs by filling out intermediate points along the
to modulate the activation level of the criticaline drawn between our 20- and 250-ms dura-
nonpresented word, Balota et al. examined sutiens. Thus, the increase between 20 and 25
jects from five populations who were thought taas can be considered to be roughly linear, al-
be equated in their activation processes but tioough not strictly so.
differ in other, more strategic processes (e.g., at-One might argue that our (and Roediger,
tentional control, or monitoring, as is discusseRobinson, & Balota’s, 2001) data are simply an-
below). Specifically, young adults, young-oldother instantiation of the list length effect re-
adults, old-old adults, patients with very mildoorted by Robinson and Roediger (1997). This
disease of the Alzheimers type (DAT), and pasbviously would not be a complete explanation
tients with mild DAT were tested. To the extenfor our results because it (like any single
that activation processes contribute to false rprocess explanation) cannot easily accommo
call, one might expect these groups to exhibitate the U-shaped function obtained here. Nev
similar levels of false recall, even though acclertheless, one might attempt to explain two of
rate recall worsens incrementally from theur datapoints in this way. That is, in the fastest
young to young-old, old-old, very mild DAT, presentation durations, our subjects recallec
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FIG. 4. Probability of recall of studied words and critical nonstudied words as a function of presentation duration
Experiment 1 of the present article in comparison to Roediger, Robinson, & Balota’s (2001) Experiment hadStudied.

only a couple of list items (on average). As carcognitive processing (e.g., Balota, 1983; Mar-
be seen in the serial position analyses, thesel, 1980). The semantic priming literature con-
words were typically at the beginning and endains numerous reports showing that even word:
of the list. What if people only encoded thesehat are flashed too briefly to be reported entel
2-3 words, and therefore the reason recall ithe system at some level. Importantly, the
creases from 20 to 250 ms is that more lidbnger the words are shown, the more informa-
words were encoded? That is, accurate recdibn is acquired (Balota & Duchek, 1988; Neely,
rises across this interval from a probability 0fLl976). This effect may result from the con-
.17 to .31, or from approximately 2.7 words toscious apprehension of more list words and/ol
5.0 words per list, and one could argue that thide extraction of more semantic information
increase represents essentially an increase in listm those words not consciously apprehended
length, which is known to influence the probain sum, we view activation processes as the
bility of false recall (Robinson & Roediger, source of the increase in false recall as a func
1997). There are several responses to this potdien of presentation duration (and of the list
tial objection. First, the list length effect is not alength effect).
mechanism. It is our belief that the mechanism One final issue we wish to address with re-
underlying both the list length effect and thespect to activation is the following: Although ac-
presentation duration effect here (at short intetivation has typically been examined with re-
vals) is the same. Specifically, activation is thepect to encoding processes, there is nc
source of both effects. Activation is a mechanecessary alignment between activation and er
nism; another empirical effect is not. coding. Activation can influence retrieval
Further, we believe this potential objectiorprocesses, too, although attempts to demonstra
misses the point that encoding is an underspechis point empirically within this paradigm have
fied term and does not represent an all-or-nonmet met with great success (Roediger, McDer-
process. Words can be apprehended to differemiott, & Marsh, 2001). In sum, there is at least a
degrees, and even words that are not colegical possibility that semantic activation plays
sciously processed can be shown to influenaerole during both encoding and retrieval phases
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Monitoring. In addition to the importance of Converging evidence comes from the finding
activation processes, our work has pointed tthat older adults tend to produce slightly greate
ward the importance of a much more strategitgvels of false recall than young adults (Balota e
controlled process (or set of processes). Theak, 1999; Norman & Schacter, 1997).
processes, which we have often referred to asinforming people about the false recognition
“monitoring” processes (or attentional controkffect before the encoding phase and instructin
processes or strategic processes), can influerbem to attempt to avoid falling prey to recog-
whether activation is translated into a later falsgizing related, nonpresented words also allow:
memory. At this point, we are referring to monipeople to attenuate (but not eliminate) the effec
toring as representing a single concept witfGallo, Roberts, & Seamon, 1997; McDermott
multiple subprocesses, but we expect that futuge Roediger, 1998). However, Gallo, Roediger,
work will necessitate further refinement of ouand McDermott (in press) have shown that
terms. For example, monitoring (like activationyvarning people after the encoding phase and b
can take place during encoding or retrievafore the test phase does not produce a selecti
During encoding people must differentiate beattenuation in false recognition. It appears tha
tween what occurs in the environment and thtee strategic control processes facilitated by the
thoughts aroused by external events. During resarning instruction take place largely during the
trieval, monitoring involves such processes ancoding phase; providing warning instructions
disentangling prior thoughts from prior overduring the test phase alone was not sufficient t
experience. That is, people must decide whethexduce the effect.
an activated concept refers to a previously en- Watson, McDermott, and Balota (2001) have
countered event. Although this specific activarecently shown that a combination of warnings
tion/monitoring framework has a different casand multiple study-test opportunities allows
than some of the existing theories and framgoung adults to almost eliminate false recall.
works of false memories, the monitoring comHowever, older adults are unable to do so, anc
ponent of this framework draws heavily fromeven when fully informed about the nature of
existing theories, including the source monitorthe experiment and asked not to fall prey to false
ing framework (Johnson & Raye, 1981; Johrrecall, they are still unable to attenuate false re-
son, Hashtroudi, & Lindsay, 1993), dual-call with practice. Unlike young adults, older
process theories of recognition (Atkinson &adults are unable to take full advantage of the
Juola, 1973; Mandler, 1980), the attributionasynergistic effect of two aids to the monitoring
approach to memory (Jacoby, Kelley, & Dywanprocess (being fully informed and given prac-
1989), and the logic of opposition (Jacobytice).

1991; Lindsay, 1990). The present results fit cleanly into this activa-

What is the evidence that people can us®sn/monitoring framework. At the shorter pres-
strategic monitoring processes to influence thentation durations, activation builds up with in-
likelihood of false recall and false recognition ircreasing duration (as does false recall); at longe
this paradigm? Initial evidence came in the forrdurations (e.g., 1 s or more), however, subject:
of multiple study-test trials; McDermott (1996)begin to invoke strategies that can oppose the e
showed that when given a list of 45 words (fects of spreading activation. We believe our
sets of 15 associates), people were able to attelata highlight the importance of both processes
uate the probability of false recall across fivBenjamin (in press) has also demonstrated th
study-test opportunities. As they learned theeed for a two-process theory within a single
words in the list, they also learned which wordsxperiment. He presented lists to subjects eithe
were not in the list. Kensinger and Schactance or three times and then gave them a fre
(1999) further showed that older adults, who arehoice recognition test under one of two condi-
thought to suffer from difficulties in monitoringtions: a deadline condition, in which a response
processes (Hasher & Zacks, 1988), are unablettad to be made within 750 ms; and a no deac
take advantage of the multiple study-test trialdine condition, in which people were allowed as



172 MCDERMOTT AND WATSON

much time as necessary to provide their recious thought of the critical nonpresented worc
sponse. He obtained a crossover interactig®an open question.
such that when there was no time pressure, peo+Finally, we acknowledge that the evidence
ple were able to invoke attentional control tdor the importance of activation in producing
suppress false recognition in the three presenfalse memories outpaces our understanding ©
tion condition relative to the one presentatioaxactly how this process exerts its effect. We
condition. However, when placed under timéave reviewed the evidence that semantic acti
pressure, the monitoring process broke dowwmation plays an important role, and we believe
and the increased familiarity or activation of théhis evidence is compelling. Nonetheless, there
critical items in the three presentation conditioare unresolved problems with this account. Fot
resulted in an enhanced probability of falsexample, semantic activation is thought to be
recognition (relative to the one presentatioshort-lived (although perhaps not as short-lived
condition). Virtually identical data were ob-as originally thought; Balota & Paul, 1996;
tained when an age manipulation was subsGhumbley & Balota, 1984; Becker, Moscov-
tuted for the deadline independent variabléch, Behrmann, & Joordens, 1997). However,
Young adults were able to use controllefhlse recall and false recognition induced by
processes to override the additional activatidists of semantic associates has been observe
arising from three presentations (relative to orefter delays as long as 1 to 3 weeks (Thapar &
presentation); however, older adults, who ar€lcDermott, in press; Toglia, Neuschatz, &
thought to have deficits in attentional controlGoodwin, 1999), which are long after semantic
demonstrated the opposite pattern: enhancedtivation is thought to persist. It may be that
false recognition following three presentationan extraction or inferential process operates ol
(relative to a single presentation). the activated information to allow it to persist
Unresolved issuesBecause we are leavingover time (cf. Bartlett, 1932; Bransford &
open the possibility that activation and monitorFranks, 1971; Reyna & Brainerd, 1995), al-
ing play roles during both encoding and rethough we have no direct evidence for such &
trieval, further specification of these processgmocess.
will be necessary. An additional, complicating One might also wonder whether the finding
issue involves the role of conscious arousal (that level of processing can exert powerful ef-
activation, or generation, or rehearsal) of thiects on the probability of false recall and recog-
critical nonpresented word. McDermott (1997hition (e.g., Rhodes & Anastasi, 2000; Thapar &
showed that perceptual priming is obtained favicDermott, in press) is problematic for an acti-
the critical nonpresented items and argued thedtion account. One possible answer is that al
such priming was probably caused by consciotisough semantic activation was originally
thought of the critical nonpresented word durinthought to be automatic (Posner & Snyder,
encoding (not for all lists, but with some probal975), it has been shown that activation can b
bility). Roediger and McDermott (1995) made @ensitive to strategic effects (Balota, Black, &
similar point with respect teememberjudg- Cheney, 1992). That is, activation and elabora
ments; the reason people report recollectirtiye, attentional processes do not operate inde
specific aspects of the presentation of criticplendently; rather, attentional processes ca
nonpresented words may be that they are cagxert an influence on activation. Another possi-
fusing what they recollect having thought wittble explanation is that activation created durinc
what they heard (essentially a reality monitorinthe test phase plays a role in producing these e
confusion; see Johnson & Raye, 1981). Whethéscts. Yet a third possibility is that it is the mon-
(and when) conscious rehearsal of the nonpriéering component (and not the activation com-
sented word is a result of strategic, elaboratiyonent) that is affected by a level-of-processing
processing (e.g., those brought about by the imanipulation. That is, elaboration upon mean-
tent to remember) or whether simple semanting (and indeed any process that encourages a
activation can be sufficient to bring about corstract, generative, or relational processing) di
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verts attention from monitoring the objectiveor subtraction of a single phoneme. The NAM
events and thus may be thought to enhance thelds that when a word is heard, all the mem
constructive nature of later recall (by interferindpers of its neighborhood are activated, muct
with the monitoring process). In sum, not all ofike the spread of activation model posits sprea
the existing empirical findings align themselvethrough a semantic network. Although the NAM
naturally within the dual-process frameworkvas designed to explain spoken word recogni
proposed here; further conceptual developmetibn (and Sommers & Lewis used auditorily pre-
is needed before we have a complete undeented words), it seemed a reasonable hypoth
standing of these phenomena. sis that the NAM may apply to visually
In summary, we believe that postulating a sirpresented words as well when the phonologice
gle process (whether it be encoding-relateeatures of words are made salient by the pre:
e.g., in the form of gist-based processing, Reymantation of many phonologically related words.
& Brainerd, 1995; or retrieval-related, e.g., in The present data might seem to conflict with ¢
the form of a simple strategic criterion shiftpuildup-of-activation account of phonologically
Miller & Wolford, 1999) oversimplifies the phe-induced false recall because we have show
nomenon of associatively-induced false memaonsistent declines across all presentation dure
ries. Single-process theories cannot account fiions. That is, if a buildup in activation were im-
the present data or the emerging literature gortant in eliciting false recall, one would ex-
this topic. We believe, however, that some varpect increases in false recall with increasinc
ant of the dual-process approach proposed hgmesentation durations (at least to a certail
can accommodate the findings in the present eoint), much like the pattern seen with the se-
periment, in addition to much of the literaturamantic lists in the present data and in Roedigel
on associatively induced false memories. Robinson, and Balota (2001). One (admittedly
post hoc) possible explanation is that activatior
for phonological information has been argued tc
Thus far, our discussion has focused on thmiild up and dissipate rapidly such that the win-
semantic lists, for which there is a large emerglow of opportunity to observe phonological
ing literature to help frame interpretation ofriming is much earlier than that for semantic
these findings. Only a few articles are directlpriming (Lukatela & Turvery, 1994a, 1994b).
relevant to our phonologically induced false reFhis argument suggests that if one were able t
call (although false recognition of phonologicapresent words at an even faster duration tha
associates has received some attention; Scha@s used here, it might be possible to observ
ter, Verfaellie, & Anes, 1997; Wallace, 1968ithe upturn in the curve (i.e., an increase in falst
Wallace, Stewart, & Malone, 1995; Wallacerecall as presentation duration increases). Futul
Stewart, Sherman, & Mellor, 1995). research may be able to address this possibilit
On the basis of the Neighborhood Activatiomlthough, as discussed below, there may b
Model (NAM; Luce & Pisoni, 1998), Sommerscomplicating factors.
and Lewis (1999) predicted that phonologically Why was the probability of false recall so
induced false recall would occur and wouldhigh in the 20-ms condition? One possibility is
show patterns similar to those exhibited by sé¢hat the illusion obtained may not have repre:
mantic lists. The NAM holds that the mentakented a memory illusion but instead a percep
lexicon is organized not only with respect to sdual illusion, akin to illusory conjunctions that
mantics but also according to the phonologicélave been studied in the object perception do
similarity between words. Words that aremain (Treisman & Schmidt, 1982). That is,
phonologically similar are said to be in the samender conditions of limited attention and de-
phonological neighborhood. The phonologicajraded presentation, features of objects ca
neighborhood of any given word is operacombine such that a new object seems t
tionally defined by identifying all other wordsemerge. Treisman and Souther (1986) found thi
that can be created by the substitution, additiophenomenon with words, as well. When sub-

Phonologically Associated Lists
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jects were asked to try to detect a target womh accurate and false recall (as induced by se
(e.g.,but) in a quickly presented (e.g., 200 msnantically associated lists), whereas other vari
simultaneous display of four three-letter wordables produce opposite effects on accurate ar
that were phonologically similar to the targefalse recall. McDermott (1996) argued that ar
but did not contain the target (e.pud bug understanding of these patterns will be the ke
bun andbug, subjects often reported havingn uncovering the processes underlying thes
seen the nonpresented, yet similar, word. Treifalse recall effects. In the present experiment
man and Souther argued that an illusory recomve have gone further and shown that a singl
bination of letters took place such that subjectariable can both increase and decrease tf
inaccurately perceived the target word. Alprobability of false recall. That is, presentation
though we took steps to avoid such an effect lduration can elicit patterns of results such tha
alternating between lowercase and uppercagecurate and false recall vary positively anc
words within lists, we believe that this illusorynegatively with each other. This finding con-
conjunction effect may have occurred in the 2Gstrains theoretical interpretations of false recal
ms phonological condition of our experimentin that it implicates more than one factor influ-
This seems especially probable because cemcing the illusion. We have proposed two fac-:
words were presented in the center of thers (activation and monitoring) that we believe
screen. Therefore, whesheepis critical word,sl  are critical in explaining false recall, and we be-
tends to be at the beginning of the word fdieve each of them is important to varying de-
many of its neighbors (and in the identical spagrees in different situations. Future studies may
tial location for all five-letter words) areepat help elucidate the importance of these factor
the end for other neighbors (and same locati@nd the interactions between them and lead t
for five-letter words). Therefore, visual persistbetter specified classification of the relevan
ence or iconic memory may be playing a rolprocesses that influence the production of fals
here in eliciting illusory conjunctions, or visualmemories.
illusions.
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