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Sounds of the Neighborhood: False Memories and the Structure of the
Phonological Lexicon

Chris Westbury, Lori Buchanan, and Norman R. Brown
University of Alberta, Edmonton, Alberta, Canada

The development of a well-formulated view of the memory storage systems (lexicons) involved in word recog-
nition is a central goal of research on language processes. Assumptions about the organizing characteristics ar
structures of these memory systems are found in various discussions of lexical neighborhoods (Coltheart, Dave
laar, Jonasson, & Besner, 1977) or cohorts (Johnson & Pugh, 1994; Marslen-Wilson, 1990). The focus of neigh-
borhood research in visual word recognition has been primarily at the orthographic level. Several articles have
discussed how orthographic neighborhood effects provide insight into the manner by which visual words are
translated into sound and meaning during reading. In this article, we move the investigation to the phonological
lexicon in an attempt to establish the word characteristics that best reflect phonological lexical organization. We
describe two phonological false memory experiments that demonstrate that the initial two phonemes of phono-
logical CVC words play a central role in predicting false memories for unpresented items. We also provide evi-
dence of sustained and complementary activation when lists of items provide converging information about the
unpresented critical lure.© 2002 Elsevier Science (USA)
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Research on word recognition has a necessdtaut, McLelland, & Seidenberg, 1996). A full
and fundamental relationship with memory prospecification of such models requires some stip
cessing. Discussions of word recognition must heéation of the properties by which this spread or
founded on some implicit or explicit theoreticakharing of activation occurs. In Coltheart et al.'s
commitment regarding the means by which word4993) dual route cascade (DRC) model, the
are represented, stored, and retrieved during reasrangement of the various lexicons reflects sim
ing. Despite this necessary connection, there higrity along the defining dimension of each lexi-
been little explicit interaction between the memeon. For example, in the orthographic lexicon,
ory and word recognition research domains. Theords that share many letters with a stimulus
purpose of this study is to establish the guidingord are more likely to receive spreading activa-
properties of spreading activation in the phondion on presentation of that word than are words
logical lexicon during word reading and, therebythat share fewer letters. In Plaut et al.’s (1996)
to constrain our understanding of the functionglarallel distributed processing (PDP) model,
layout of phonological neighborhoods resident isimilar words share common sublexical nodes
memory. To get at these issues, we used an that become active during word reading. Words
creasingly popular memory paradigm—the falsthat have many letters in common with a targe
memory or the Deese (1959)/Roediger & McDemord have more of their constituent representa
mott (1995) (D/RM) paradigm. tions active than do words with little overlap.

The most influential models of word recogni- The different assumptions about whole-word
tion assume that relationships between differemérsus subword activation underlie the manne
words or their components determine the spreagt which these two models process single writ-
of activation (e.g., Coltheart, Curtis, Atkins, &ten words and form the basis of investigations o
Haller, 1993) or the extent of shared activationeighborhood (e.g., Jacobs & Grainger, 1992
between memory representations of words (e.fpr a review, see Andrews, 1997) and priming ef-

fi .g., Neely, 1991) in word r nition. In
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often assume a cohort or neighborhood activa- The Role of the IP
tion spread similar to that for orthography in vi- Evidence implicating the IP in spreading acti-

sual word recognition models (e.g., Newman,,sion petween entries comes mainly from the
Sawusch,&L_uce, 1997.)' . . auditory domain. Studies of the “tip of the
Fewer studies have investigated phonologlc&;ngue,, (TOT) phenomenon show that some

neighborhood effects during visual word reCOgnEarticipants report that they feel almost able tc

tion, as we I(_jo_;ntj[ms StUd>t/'hA p::orl, t:‘efet_afe t?] e%call a low-frequency word that they cannot ac-
ne%esst?]ry mi a(;(_)ns ofn ? Ct' arag erstics %ally produce (Brown & McNeill, 1966; Cara-
guige the spreading ot activation dunng Worg,.,;, g Miozzo, 1997; Miozzo & Caramazza,
reading between phonologically related word

Activation from one entry in the phonological lex- 997). These participants were sometimes abl
Y P 9 to produce the first phoneme of a word that the)

icon to other entries might _spread by as Mmaere unable to produce in its entirety, thus sug
routes as there are phonological features—or even

combinations of features—in the initial entry.ges'[ing that activation from the unretrieved
However, it is more likely that some propertie . - . . .
play a greater role than do others. We use the fa Qg IP'.Th'S set of fmdmgs is primarily r.ele.vant
memory paradigm (Deese, 1959; Roediger & Mép auditory word pr_oductlon. However, indirect
Dermott, 1995) and adopt a simple familiarity-suPp_ort for J_[he claim that the _IP _also_ pl"f‘ys a
based recognition account with two assumptiongP€cial role in phonological activation in visual
First, we assume that spreading activation bg0rd recognition comes from the work of
tween related phonological representations giva&eiman, Mullennix, Bijeljac-Babic, and Rich-
rise to familiarity with unpresented but relatedinor_‘dfwelty (199,5)' In thglr examination of the
items (Collins & Loftus, 1974; Under\Nood,Stat'St'Cal properties of printed words, Tre|m§1n
1969). Second, we assume that this increased #d her colleagues showed that word-naming
miliarity makes participants more likely to pro_react|on_t|r_nes are _S|gn|f|cantly correlated with
duce false memories (Brown, Buchanan, gronunciation consistency (compared to ortho-
Cabeza, in press). Many experiments have shofiPhic neighbors) of the first phoneme (but no
that false recognition increases as a function of tee first two phonemes) in three-phoneme
extent of the relation between unpresented luré®rds.
and the words presented in the study list. This ap- i
pears to be true regardless of whether the relation The Role of the Rime
is semantic (Buchanan, Brown, Cabeza, & Mait- In the same study, Treiman and her col-
son, 1999; Deese, 1959; Read, 1996; Roedigerl@agues (1995) also showed that naming reac
McDermott, 1995) or phonological in naturetion times for low-frequency words correlated
(Schacter, Verfaellie, & Anes, 1997; Sommers &ignificantly with pronunciation consistency
Lewis, 1999; Wallace et al., 1995; Wallace, Stewmeasures of the rime but not of the head. Thi:
art, Shaffer, & Wilson, 1998). finding is consistent with claims by Patterson
Using this paradigm, we investigate the exand Morton (1985) that the rime is an impor-
tent to which activation sharing/spreading fotant feature for phonological assembly.
phonetic CVC words, as measured by falséreiman et al. (1995) argued that one reasol
memories, is predicated on three features: (fr the importance of the rime in phonological
the initial phoneme (IP), (b) the first twoassembly is that the final consonant in a
phonemes (head), and (c) the final twphonological CVC string places stronger con-
phonemes (rime). Evidence suggests that alfraints on the pronunciation of the vowel than
three of these features play a role in phonologioes the initial consonant (Stanback, 1992). Thi
cal activation, although direct comparisons afuggests that the rime may have a better likeli
their contributions are rare. We begin with &ood of activating neighbors than the heac
brief review of the evidence implicating each ogimply by virtue of its greater pronunciation
these three features. consistency. Evidence supporting this positec

ord made contact with the representation of
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role for rime activation has been reported bysing the false memory paradigm for a numbel
some researchers (Andruski, Blumstein, &f years. Wallace et al. (1998) investigated the
Burton, 1994; Connine, Blasko, & Titone,extentto which early (i.e., melancholy belan-
1993; Magnuson, Tanenhaus, Aslin, & Dahargholy) versus late (i.e., melancholy melan-
1999; Slowiaczek, Nusbaum, & Pisoni, 1987)choby) phonemic changes in auditorily pre-
However, arguments against the activating rokented nonwords would result in later
of the rime have also been presented. Marlsefamiliarity (as measured by the number of false
Wilson and his colleagues examined the primmemories) for unheard items. Although both
ing effect of rimes in several different ways beearly and late phonemic changes resulted ir
tween modalities and within a single modalitysome false memories compared to control items
(Marlsen-Wilson, van Halen, & Moss, 1988changes at the end of the letter string were mor
[as reported in Marslen-Wilson, 1990];likely to produce false memories than were
Marslen-Wilson & Zwitserlood, 1989; Moss & changes at the beginning of that string. Greate
Marslen-Wilson, 1989 [as reported in Marsleneverlap resulted in more false memories thar
Wilson, 1990]). The results of this series of exeonditions in which items had fewer phonemes
periments were uniformly negative; none oin common. The results of these experiments
the experiments found any priming effect atsupport the notion that any phonological overlar
tributable to rimes. can result in some increase in subjective famil-
iarity for unpresented items, a notion that is con-
The Role of the Head sistent with a spreading activation view of lexi-
Earlier work by Jakimik, Cole, and Rudnickycal access. However, the fact that late change
(1985) and by Marlsen-Wilson and his colproduced more false memories than early
leagues (reported in Marlsen-Wilson & Zwitserehanges suggests that activation is most likely tc
lood, 1989) also used priming to show a role fapread as a function of phonemes at the begir
the head in the spread of activation betweering of the word.
phonological representations. Jakimik et al. Wallace, Stewart, Sherman, and Mellor (1995)
(1985) found that priming in an auditory lexicaincluded one experiment that looked at visually
decision task occurred, for both word and norpresented words. They showed that such word
word targets, only when part of the prime shargdllowed the same pattern as the auditorily pre-
both the same sound and the same spelling wilnted words, with more false memories occur:
the probe. This finding underscores the need ing for words with overlap in the early
analyze both orthographic and phonologicgthonemes than for words with overlap at the end
overlap in activation studies. Recent work itdowever, that experiment lacked control for
lexical decisions (Monsell & Hirsh, 1998) hasmany word characteristics (word frequency, word
provided further evidence that the head playsmorphology, number of orthographic neighbors,
primary role in the spread of phonological actidegree of orthographic overlap between study
vation. The results of that set of experimentgnd test items, and phonological length), render
which systematically manipulated the intervaihg the results difficult to interpret.
between presentation of the prime and probe, To summarize, studies of the TOT phenome-
suggest that head-related activation remains fon suggest that phonological activation may
the lexicon for up to 5 min. spread by the IP, data from word-naming reac:
Evidence from the false memory paradignion times suggest that the rime of a word en-
supports the role of the head in spreading activjays special status in phonological assembly tc
tion (Wallace, Stewart, & Malone, 1995; Wal-the extent that it is considered as a single unit
lace, Stewart, Sherman, & Mellor, 1995; Waland work using the false memory paradigm
lace et al., 1998). Wallace and his colleaguesiggests that activation spread within the
have been investigating the claims of cohort thghonological lexicon for spoken words is
ory (e.g., Johnson & Pugh, 1994; Marslen-Wilstronger when the heard and unheard word
son, 1984, 1987) in spoken word recognitioshare early phonemes.
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False Memory Experiments first phoneme (e.ghakeis a critical lure for a

The assumption that false memories for critfiSt that includesall, binge andbelt). Our goal
cal lures arise because those unpresented woftsS t0 determine the extent to which the instan
have been strongly primed suggests that diﬁqute_d relationship _gwdes_spreadlng activation
ences in false recognition rates have implici¥ithin the phonological lexicon, as measured by
tions for theories of word recognitionfalSe memory rate. _
(Buchanan et al., 1999). It is possible to pre- e conducted two experiments, based on pre
cisely control the number of phonemes in cont/ous pilot studies. Participants were randomly
mon between the critical lure and studied li¥SSigned to one of the two experiments.
items. It is alsq .possible t_o se_\lect WorQS th_at.re- EXPERIMENT 1
semble the critical lure in different, linguisti- ) ) )
cally meaningful ways while holding the num-_The first experiment addresses two issues
ber of overlapping phonemes constant. Thiirst, we d|rectly_test the prediction Fhat in-
level of control makes it possible to directly tes¢reased phonological overlap produces increase
hypotheses about the structure of the phonolod@lse memory rate. Second, we contrast hea
cal lexicon. The cohort model (Johnson & pugﬁ),verlap with rime overlap to determine whether
1994; Marslen-Wilson, 1990) predicts that exbead overlap produced more false memorie
perience with head-related word sets will priméhan rime overlap, as the Marslen-Wilson cohort
related words more strongly than will experilheory predicts. In this experiment, therefore, we
ence with rime-related word sets. Treiman élirectly compare the extent that shared head:
al’s (1995) view that the rime plays a specidimes, or IPs produce false memories during
role in word recognition suggests the oppositilent reading of study lists.
prediction.

The issue of which part of the word plays the
most important role in phonological access has . .
not been specifically addressed in the literaturgarticipants
despite the presence of a handful of phonologi- A total of 49 undergraduate participants par-
cal false memory experiments. Schacter et dicipated in this study to receive course credit.
(1997) and Sommers and Lewis (1999) both rédl were native English speakers.
ported relatively high false memory rates for
their phonological lists, but their lists mixed”rocedure
heads with rimes. Wallace et al. (1998) differen- In this experiment, we manipulated the rela-
tiated heads from rimes but did not control fotion of words in a study list to words in a recog-
syllable or phoneme length or for number ofition list, using the number of false memories
overlapping and nonoverlapping phonemes. to stimuli on the recognition list as the main de-

In the current study, we address the limitggendent measure of interest. Although the
tions of previous studies with a stringently conmethodology is quite simple, the stimulus sets
trolled set of word lists. We restricted ourselveare complex. We begin by outlining the method-
to phonological CVC words and manipulatedlogy. In the following section, we explain in
phonological overlap of the nonpresented critdetail how the stimulus sets were constructed.
cal lure to studied words in three ways. In the The experiment consisted of 10 cycles
Rime overlap condition, the list items shared thgarough three phases: the study and test phas
final two phonemes with the critical lure (e.g.separated by a 2-min distractor task. Both the
bakeis a critical lure for a list that includesexperimental and distractor tasks were ex:
wake make andsakg. In the Head overlap con-plained to participants before they began.
dition, the list items shared the same two initial The first cycle was a practice list, using test
phonemes (e.ghakeis a critical lure for a list and study lists containing items that did not ap-
that includesbade bane andbeigg. In the IP  pear in the other lists. Results from this cycle
overlap condition, the list items shared only thevere discarded.

Method
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During the study phase, each participant stud-3. Words in the IP condition shared the same IP.
ied the 10 words in the study list. The words 4. Wordsinth_e Unrela_tgd condition had no phonemes in
. . common with the critical lure.
were presented on a PC-controlled video moni-
tor for 2,000 ms. Each presentation was pre- The total number of stimuli in all 9 sets was
ceded by a fixation cross for 500 ms and foROO, not including the 9 critical lures. This num-
lowed by a blank screen for 500 ms. ber is greater than the product of 9 lare4 cat-
After all 10 words had been displayed, the€gories * 8 members per category 288. The
participant was instructed to begin a distractéeason is that when we were able to find more
task via a message appearing on the computean 8 words fit into a condition, those additional
screen. The task required the participant to trag@rds were also included. No set contained ho-
a path between two points on a paper maze. Thiwphones or words that the authors identified as
task was explained to each participant before thaving strong emotional connotations. We
experiment began. Each participant was supiiereby excluded expletives, words connectec
plied with a pencil and more mazes than he with sexual or expulsive bodily functions, and
she could possibly complete during the coursgords with strong religious connotations.
of the experiment. Our method of item inclusion strays from
Two minutes after instructing participants testandard practice. Because this is so, we tak
begin the maze task, the computer soundedime here to describe and justify our inclusion
beep to signal that the test phase was to begfmlicy.
In this phase, participants saw each word in the In creating word lists for the D/RM paradigm,
test list. They were instructed to decide a®ost researchers limit the related items to the
quickly and accurately as possible wheth@rumber required to provide lists of equal length
they had seen each word previously in thand then expose all participants to the sam
study list. They signaled their decision byists. The problem with this policy is that indi-
pushing one of two specified keys on the keyidual words have many specific qualities that
board. Right-handed participants used the “Aré known to play a role in word recognition
key to signal a “yes” response (indicating thafor reviews, see Coltheart et al., 1993; Plaut e
they had previously seen the word) and used, 1996). It is well established, for example,
the “z” key to signal a “no” response (indicatthat the frequency with which a word is encoun-
ing that they had not previously seen the word‘)‘?red is inversely correlated with word access
To ensure that the “yes” response was alwa ighes in both lexical decision and naming (e.g.,
under the control of the dominant hand, leftBalota & Spieler, 1999; Coltheart et al., 1993;
handed participants used the reverse respodgd’and & Grainger, 1996; Gerhand & Barry,
pattern. 1998; Lukatela, Frost, & Turvey, 1998; Lupker,
Stimulus set constructiohe test and study Brown, & Colombo, 1997; Plaut et al., 1996;
lists were composed of words drawn from giegler & Perry, 1998). Similarly, the number of

stimulus sets. The lists were constructed, Words that share all but a single letter with the
computer-aided dictionary search, around @rget word (orthographic neighborhood size)
English CVC critical lures identified in thenas been shown to have an impact on word ac
WordMine database (Buchanan & Westburf:€SS times (e.g., Johnson & Pugh, 1994; Sear
2000) as having a large number of phonologich|in0: & Lupker, 1995, 1999; Sears, Lupker, &

neighbors. These stimulus sets are reproducgif!®: In Press). Even syllable frequency plays

in Appendix A. Along with the critical lure, each€0Mplex role in determining reading speed anc
stimulus set contains at least 8 English thre@Scuracy (Perea & Carreiras, 1998). The rela

phoneme words related to that Iure in each §Pn Petween lexical access times and spreadin
four ways: activation is not clearly specified. However, ac-

1 Words in the Head condition shared th w IPcess time effects are usually assumed to refle

. oras In the Head conaiti . . .

With the 1ure on shared the same two Fayical organization. Therefore, they must be

2. Words in the Rime condition shared the same two tak?n Into acqount n StUd|95 that purport to ex:
final phonemes. amine spreading lexical activation.
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Unfortunately, it is very difficult (and often Among the remaining 294 words, the four
demonstrably impossible by an exhaustive dicategories of words did not differ significantly
tionary search) to systematically control for alin terms of the average orthographic frequency
of these variables, especially when other cowf the words or the number of orthographic
straints on word selection are imposed by an emeighborsf(3,294)< 1,p > .05 in all cases.
perimental design. There are simply too many Words in the Head and Rime categories nec
dimensions of variation spread across too feassarily differed from at least 16 words (the crit-
available words. To limit the potential problemical lure plus the 15 other words in the Head anc
of word-specific effects, therefore, we opted t®ime categories for that critical lure) by only
control for their effects in the experiments reene phoneme in a specified location. Because
ported here by randomizing across the variablésis, they necessarily have a high number of
to the greatest extent possible. To do so, we iphonological neighbors. As a result, there was :
cluded every potential candidate we could finsignificant difference between the groups in
in the Head and Rime categories in the initiderms of the number phonological neighbors,
stimulus set and devised an algorithm to assi@i{3,294)= 10.4,p < .001.
items randomly to their relevant lists for individ- For comparison purposes, we calculated ar
ual participants. The result is that not every paaverage population estimate of phonological
ticipant in the experiment saw exactly the sanmeeighborhood size (Fig. 1). We randomly se-
list of words associated with each critical lurdected exactly 20 times as many words of eacl
Every participant did, however, see lists of théength (three to six characters) as appeared i
same length that were related to the critical lurélse experimental stimulus set and used the ave
by exactly the same overlap relations. By inage number of phonological neighbors of that
cluding all available words, defining all overlagarge length-matched set as a population esti
relations for every critical lure, and randomlymate. Our definition of the phonological neigh-
selecting from this pool for each participant, wé&orhood allows multiple word entries if they ap-
increased the likelihood that our results reflegear as distinct entries (because of belonging t
language functionality in general rather than redifferent syntactical categories) in our diction-
flecting an effect specific to one particular list ofry including multiple entries of the target word.
words (Clark, 1973). Stimuli from the Unrelated category were the

Although a few words appeared more thaanly stimuli not required by their very definition
once in different categories, no participant sato have a large number of phonological neigh-
the same word twice. This control was imposeldors. Their average number of phonological
by eliminating any stimulus sets in which, fomeighbors was 0.5 standard scores above th
example pail was a head neighbor foakeand population estimate. All other stimuli categories
a rime neighbor forail . had a high average number of neighbors and

Statistical properties of the stimulus .sAh small standard deviation compared to the popu
analysis was conducted on the statistical propdation average. Most important for the analyses
ties of the stimulus set by word category (Heaslye present here is that there was no significar
IP, Rime, and Unrelated). Six (2%) of the worddlifference in the average number of phonologi-
(wiff, kook tad, peet gail, andgeeR did not ap- cal neighbors of words in the Head and Rime
pear in the WordMine database (Buchanan &ategoriest(70) = .05,p > .50.

Westbury, 2000) that we used for the analysis Each participant studied three lists from eact
and so could not be entered into the analysis. Wethe Head, Rime, and IP categories. The list:
conducted three sets of analyses: one lookingwére randomly assigned to each participant
the orthographic neighborhood, one looking aubject to two constraints. The first constraint
the phonological neighborhood, and one comvas that every one of the nine critical lures was
paring the orthographic and phonological overssed exactly once for each participant. The sec
lap of the critical lures to the stimuli in their re-ond constraint was that the order of the lists wa:
lated categories. blocked into triplets so that each participant saw
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Number of Phonological Neighbours (PN),

By Stimulus Category
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PHOMNEME ESTIMATE
Category

FIG. 1. Average number of phonological neighbors (PN), by stimulus category. For comparison, a popula-
tion estimate has been added (see text for details). Bars are standard errors.

the same list category (Head, Rime, or IP) in theonsisted of 2 unrelated stimuli and 3 relatec

first, fourth, and seventh places; in the seconstimuli.

fifth, and eighth places; and in the third, sixth, Each test list also consisted of 10 items. It in-

and ninth places. Because of the random assigmided 3 related and 2 unrelated items from the

ment for every participant, no participant savgtudy list as well as 2 related and 2 unrelatec

exactly the same stimulus set as did any othigems that did not appear on that list. These ¢

participant. words were ordered so that roughly half of eact
Note that because all nine critical lures had dtind of stimulus was present in the first and sec

three list categories defined, there are 3! catend “half’ (4- or 5-item sublist, randomly con-

gory orderings * 9! stimulus set orderings, for §oined) of the list. These sublists were randomly

total of 2,177,280 possible high-level orderingsappended to each other (i.e., half of the time th

There were many more possible stimulus-levékitem sublist was appended before the 5-iten

orderings nested within each of these high-levsublist, and half of the time it was appended

orderings. The actual stimulus sets used were

randomly drawn from this huge possibility

Space. 3 RELATED
The composition of the test and study lists i:; unreLATED

illustrated in Fig. 2. As the figure shows, 6 of the

10 items in each study list were related items

that is, they were related to the critical lure

defining the set for whichever one of the thre

relations (Head, Rime, or IP) was currently it

being used. The figure also shows that 4 unn

lated items had no phonological overlap witt

that lure. The 4 unrelated stimuli were distrib-

uted roughly equally among the 6 related stim- FiG. 2. Diagrammatic illustration of list structure for

uli in such a way that each half of the study ligixperiment 1. See text for details.

2 SEEN RELATED

1 SEEN UNRELATED

1 UNSEEN UNRELATED
| UNSEEN RELATED

- { TEST
1 TARGET

1 SEEN RELATED

1 SEEN UNRELATED

1 UNRELATED UNSEEN
1 UNSEEN RELATED
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TABLE 1

Examples of Two Stimulus Sets (study and test lists) from Experiment 1: A Head List for the Criticsgdlared a Rime
List for the Critical Lurecone

List Stimulus Target Relation Seen? Stimulus Target Relation Seen?
Study seed seal Head Seen loan cone Tail Seen
Study big seal Unrelated Seen date cone Unrelated Seen
Study seize seal Head Seen file cone Unrelated Seen
Study gone seal Unrelated Seen shown cone Tail Seen
Study seethe seal Head Seen bone cone Tail Seen
Study seek seal Head Seen gauge cone Unrelated Seen
Study can seal Unrelated Seen hone cone Tail Seen
Study seat seal Head Seen phone cone Tail Seen
Study fan seal Unrelated Seen soup cone Unrelated Seen
Study scene seal Head Seen tone cone Tail Seen
Test seek seal Head Seen zone cone Tail Unseen
Test seam seal Head Unseen game cone Unrelated Unsee
Test seed seal Head Seen date cone Unrelated Seen
Test both seal Unrelated Unseen shown cone Tail Seen
Test big seal Unrelated Seen hawk cone Unrelated Unseer
Test seal seal Target Unseen cone cone Target Unseel
Test seep seal Head Unseen file cone Unrelated Seen
Test fan seal Unrelated Seen hone cone Tail Seen
Test seize seal Head Seen loan cone Tail Seen
Test den seal Unrelated Unseen sewn cone Tail Unseer

after). The critical lure was randomly inserted ifures were entered into a one-way within-sub-
the middle triplet of the resulting 9-word list,jects analysis of variance (ANOVA). There are
ensuring that it appeared somewhere betwesignificant differences in the false memory rates
the fourth and seventh place of the final 10-worak a function of list type;(2,96) = 3.37,p <
test list. .05. This difference is attributable to a greater

Table 1 provides examples of two stimulusikelihood of false alarms to lures drawn from
sets: a Head list for the critical lubakeand a the Head (27.9% false recognition) and Rime
Rime list for the critical lureseal The first part (27.2% false recognition) conditions than to
of Appendix B contains a sample of an entire sétres drawn from the IP condition (17.7% false
of nine test and study lists that were shown tecognition) p < .05 by LSD test). The num-
one participant for Experiment 1.

Results TABLE 2

fProbabiIity of “Old” Responses as a Function of List Type

We discarded words with reaction times o ) | )
for Experiment 1: Unmixed Lists

less than 250 ms (48 or 1.1% of all responses).or

greater than 5,000 ms (16 or 0.4% of all re Probability of saying “old”
sponses). .
. - . cat u ted it P ted It
The analysis takes two distinct paths. Fwst,aegory npresented fems resented ftems

because all items were selected so that the crifiarelated .09 (.01) .73 (.03)

cal lure could be presented in each of the thr%?rﬁg I':':g: 22;3 (('gj)) 'N\‘//:
(Head, Rime, and IP) list conditions, we treajp |yres 18 (03) N/A

that lure as special and analyzed the differencasHeads .28 (.03) .86 (.02)
between false memory rates for the critical luréll Rimes 24 (.02) .81 (.02)

as a function of list type. The results are prél IPs 19 (.02) 81 (.02)

sented in Table 2. Each participant's within-_c_at— Note Standard errors are in parentheses. N/A, not appli:
egory average false alarm rates for the criticahble; IPs, initial phonemes.
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bers of false alarms made to words drawn from To assess the possibility that the results wer
the Head and Rime categories did not diffeelated to phonological neighborhood size, we
from each othermy(> .05). correlated the false memory rate for each word
The second analysis was undertaken becawseeraged across all relation conditions anc
the first analysis treats critical lures as specibdlocked by whether or not they were seen, witt
within lists. However, in this experiment all ofthe size of that word’s phonological neighbor-
the related words in each test list are similar onood. For the seen words, the correlation wa:
precisely the same dimension as (and therefonet significant R = —.05, p < .05). However,
functionally equivalent to) the critical lure. Foramong the unseen words, there was a significar
example, the wordbakeis classified as a criti- positive correlationR = .23,p < .01) between
cal lure because it was used to define one settbk size of a word’s phonological neighborhood
words in each of the Head, Rime, IP, and Unreand the error rate. Participants were more likely
lated categories. However, the stimulbake to incorrectly judge that they had seen a worc
shares a relevant structural relation (in this exsefore if that word had a large phonological
ample, a rime) with the unstudied wordske neighborhood.
and take which could also appear on the test Orthographic and phonological neighborhood
list. Because of this identity of form, all itemssizes are significantly correlateR € .27,p <
with the same relation to the study list as théd1 across all words in the stimuli set). The pat-
critical lure should be expected to produce sintern of correlations of error rate with ortho-
ilar false memory rates. To examine this possgraphic neighborhood size is similar to that with
bility, we combined the critical lures with theirphonological neighborhood size. To ensure tha
appropriate unpresented category items in tloair results were due only to phonological (and
Head, Rime, and IP categories. The within-catiot only to orthographic) effects, we conducted
egory average correct recognition rates for alvo additional analyses.
unseen words (including Unrelated words) In the first additional analysis, we looked at
were entered into a within-subjects ANOVAthe orthographic overlap within our stimulus
As would be expected, these data, presentedsat. We computed an orthographic similarity
Table 2, mirror the lure results very closelymeasure of every stimulus string to its critical
There is a significant difference among the fodure. We did so by computing the proportion of
(Head, Rime, IP, and Unrelated) conditiondetters that the stimulus had in common with
F(3,144)= 22.44,p < .001. Post hoc contraststhe lure. The algorithm for computing this pro-
(LSD test) indicate that the words from theportion compared the stimulus string letter by
Head and Rime categories resulted in signifletter with the critical lure, first from the back
cantly more false memories than did the wordasnd then from the front, taking the average of
from the Unrelated{ < .0001 in both cases), these two counts. For example, if the stimulus
and IP (Headp < .005; Rime:p < .05) cate- is shinand the lure igin, then the proportion of
gories, but there was no significant differencketters in common counting from the front is O,
in the number of false memories between thehereas the proportion of letters in common
Head and Rime conditiong (= .15). The IP counting from the back is 2/3. The average
condition resulted in significantly more falsesimilarity count, therefore, is (2/3+ 0)/2 =
memories than the Unrelated conditiop € .33. There are differences in this measure.
.0001). Stimuli from the Rime category were signifi-
In sum, all experimental manipulations reeantly more orthographically similar to the crit-
sulted in increased false memory rates cortal lure than stimuli from the Head condition
pared to the unrelated unseen words, with a twe0 vs .49, respectively)}(148) = 3.6, p <
phoneme overlap (in the Head and Rim®O01. This overlap was not reflected in our find-
conditions) resulting in more false memorieggs (the higher orthographic overlap in the
than a single phoneme overlap (in the IP cond®ime condition did not produce a higher false
tion). memory rate), suggesting that orthographic
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overlap does not account for the false memomnyhat is expected. Seen presented items in th
findings. activated (Head, Rime, and IP) categories “ben
A more direct comparison may be obtainedfit” from an increased likelihood of rating even
by comparing the amount of left-to-right overunseen items as seen in those categorie
lap of stimuli from the Head category to theitvhereas seen Unrelated items do not receiv
critical lures to the amount of right-to-left over-any such benefit.
lap of stimuli from the Rime category to their
critical lures, that is, by comparing the different
loci of overlap directly. This measure mirrors This experiment addressed two questions
the global measure. The right-to-left overlap ofhe first question was as follows: Does in-
words from the Rime category (average64) creased phonological overlap produce increase
is significantly higherf(148) = 2.31,p < .05, false memory rates? The most direct answer t
than the left-to-right overlap of words from thehis question is found in the contrast of false
Head category (average.57). memory rates for words from the IP category to
In a final analysis of the effect of ortho-those from the Head category. Both of these cat
graphic overlap, we ordered all unseen stimuéigories contained words that overlapped with
from the Head and Rime categories by the avehe lures at the onset stage of the words, thu
age ([right-to-left + left-to-right]/2) ortho- maintaining location of overlap. They differed
graphic overlap of the stimuli in those catein that words from the IP category shared only
gories to their respective critical lures. We thethe first phoneme with the lures, whereas word:
conducted a median split. This gave us twivom the Head category shared the first two
groups that had phonological overlap held cophonemes with the lures. The larger false alarn
stant (because items from the Head and Rimates for words from the Head category shows
categories are defined as having identictthat the extent of phonological overlap does
phonological overlap with their lures) but thamake a difference. We return to this issue in the
differed in the amount of orthographic overlapGeneral Discussion at the end of this article.
There was no significant difference in the num- We presented two analyses above that sugge
ber of false memories to critical lures reportethat orthographic overlap alone could not ac-
in the high (73.1% correct) versus low (75.3%ount for the results of this experiment. How-
correct) orthographic overlap groupéh76) = ever, those statistical analyses cannot rule oL
0.56,p > .05. This result further buttresses théhe possibility that some degree of orthographic
claim that the results cannot be due only to dibverlap between seen words in the study list:
ferences in orthographic overlap of the stimulind unseen words in the test lists played a rol
in the Head and Rime categories with their rén the results. Previous work using an auditory
spective critical lures. lexical decision priming paradigm (Jakimik et
The above analyses focus only on the erroad., 1985) showed that both orthographic anc
made to unpresented stimuli. There were alghonological overlap between a prime and &
significant differences in the error (false neggrobe are required to get a priming effect.
tive) rate for presented items in each of the Un- The second question of interest was as fol
related, Head, Rime, and IP categori€%3, lows: Do the Head and Rime overlap conditions
144) = 8.86, p < .001. The differences areproduce different rates of false memories? The
roughly inversely proportional to the likelihoodMarslen-Wilson cohort model of auditory word
of false memory. Participants were more likelyecognition would suggest that overlapping IPs
to incorrectly reject a seen Unrelated iterplay a greater role than do overlapping final
(27%) than a seen item from one of the activatgthonemes in the organizational structure of the
categories (Head: 14%; Rime: 19%; IP: 19%])exicon. That theory, therefore, would predict
Because the activated categories bias partitiat words in the Head category should produc
pants toward a “yes” response, as reflected more false memories than words in the Rime
their increased false positive rate, this pattern éategory. However, Treiman and colleagues ar

Discussion
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gued that in written word processing, the rimenay be that our experiment differed from these
enjoys a special status. If that special statashers in important ways.
translates into an increased role in the organiza-A methodological difference between our ex-
tional structure of the phonological storage gueriment and those of Schacter et al. anc
lexicon, then the words in the Rime categorghiffrin et al. was that both of these studies
should be expected to produce the larger rate@mpiled individual study lists into one large
false memories. Our findings do not stronglgtudy list that was followed by a single test. In
support a view that gives special status to headsr experiment, the study lists were centered ol
or to rimes. We found no significant differencéndividual words, and corresponding test lists
in the number of false memories to words frorfollowed each of these pure lists. Differences in
the Head or Rime category, although a norhe magnitude of the false memory effects migh
significant p = .15) trend toward increasedmerely indicate that longer lists are harder to re:
memories for words from the Head categorgnember than shorter lists. If this were true, ther
was observed. we should also see lower rates of veridical
Marslen-Wilson and colleagues reported thanemory in those experiments. Schacter et al
rime seems to play no role in the spread ofl997) reported average veridical rates betwee
activation (Marslen-Wilson, 1990; Marslen-73% and 83%, and Shiffrin et al. (1995) re-
Wilson & Zwitserlood, 1989) when measuredoorted rates between 76% and 80%. By compal
via a priming effect. However, more recently ason, the veridical recognition rates in Experi-
role for rime activation has been reported bynent 1 ranged between a low of 73% and a hig|
other researchers (Andruski et al., 1994; Corof 86%. Our experiment did produce the best
nine, Blasko, & Titone, 1993; Magnuson et al.performance. Because these veridical memor
1999). The results reported here buttress the rates mirror the false memory rates, these result
cent claim that there must exist some degree tdnd some credence to the hypothesis that fals
rime-related spreading/shared activation benmemory rates may reflect general task difficulty.
cause words from the Rime category resulted iNote, however, that the magnitude of the differ-
significantly more false memories than did thence in veridical rates is not as large as that o
control words from the Unrelated categorythe differences in false memory rates betweel
Words from the IP category also resulted irour experiment and these others. There is likel
greater than control rates of false recognitioran additional factor contributing to the differ-
thus buttressing claims for a role for the IP irence in false memory rates.
the spread of activation in the phonological The second difference between Experiment !
system. and previous experiments is of more theoretica
interest. The two previous experiments just de:
EXPERIMENT 2 scribed and Sommers and Lewis (1999) all use
Experiment 2 follows from our observationstudy lists containing a mix of heads and rimes
that the false memory rates were much lower of the critical lures. For example, in Schacter ef
Experiment 1 than in similar studies conductedl.s (1997) experiment, the woldtight was a
by Schacter et al. (1997); Shiffrin, Huber, andritical lure in a list that contained the words
Marinelli (1995); and Sommers and Lewidright andbrain, and in Sommers and Lewis’s
(1999). We found a maximum of 27.9% fals€1999) experiment, the worchat was a critical
memories in the Head condition. Shiffrin et allure in a list that contained the wordab and
(1995) reported a false memory rate for phondat. This mixing of words with overlapping
logical/orthographic lures as high as 38%heads and rimes in a single list produced a con
Schacter et al. (1997) reported false memojynction critical lure. Experiment 1 showed that
rates of 38% in Experiment 1 and 43% in Expeboth head and rime overlap resulted in more
iment 2. Sommers and Lewis (1999) reportefdlse memories than in control conditions. Other
false memory rates as high as 64%. The explstudies have shown that feature conjunction:
nation for our relatively low false memory rateproduced greater false memories than did over
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lap of one feature (e.g., Reinitz, Lammers, &

. T ATION 2 SEEN RELATION A
Cochran, 1992). Therefore, we decided to teREHATONA I SEEN UNRELATED
the hypothesis that the differences in false mer2 UNRELATED I

ory rates between our study and these earli
ones reflect the presence of conjunction lists
those studies versus our use of pure lists.

Although an increase in false memories fo -
critical lures in the conjunction condition would éﬁ&i”gﬁﬁ
not be surprising, this effect would have sever; 2 UNRELATED
important implications for models of word
recognition. The primary implications would be
that subword phonological overlap plays an im- FIG. 3. Diagrammatic illustration of list structure for
portant role in the spread of activation. Thi&xperiment 2. To make the lists as similar in composition a:

. . ossible to those of Experiment 1, a different number of
would be consistent with a PDP account cJztimuli related to the lure by each of the two (Head/Rime)

phonological processing. Another implicationejations had to be included in the study list. The role of eacl
would be that activation is maintained acrosglation was randomized for each individual list that was
more than one trial. This would be less consigsonstructed. In the diagram, therefore, Relation A and Rela
tent with a PDP account in which patterns of adion B serve as variables to refer (randomly) to items from

S - . either the Head or Rime category. Note that participants sa\
tivation lead to the recognition of a single Word'exactly the same number of items related to the critical lure

in Experiments 1 and 2. See text for details.

1 TARGET {

| SEEN RELATION B

1 SEEN UNRELATED

1 UNRELATED UNSEEN
1 UNSEEN RELATION B

Method

Participants (Head and Rime), each list randomly included 2
A total of 49 native English-speaking underwords from one of those categories and 1 worc
graduates participated in this study to receiiiom the other category. The test list also con-

course credit. tained 1 unseen word from each of the Head an
o Rime categories, 2 seen words from the Unre
Stimuli lated category, 2 unseen words from the Unre

The stimuli used in this experiment werdated category, and the conjunction critical lure.
drawn from the same pool of 300 stimuli used t8s in Experiment 1, these words were organizec
construct the stimulus sets for Experiment B0 that roughly half of each word type was in
However, both the study and test lists differedach half of the list, with the Critical Lure in-
from the first experiment’s lists. The mairserted randomly between the fourth and sevent
change is the manipulation of interest; wordglace of the final 10-word test list.
with overlapping heads and rimes occur in the This procedure of creating study and test lists
same study list. The composition of the lists iwas repeated nine times for each participan
illustrated in Fig. 3. For each of the nine criticatintil all nine critical lures had been used. The
lures, 3 words from the Head and Rime cat@ntire procedure was repeated until sufficient in-
gories were mixed with 4 words from the Unredividual lists had been generated. Note that be
lated category. So far as possible, each of thegguse we used only mixed lists of heads an
three word types was represented equally ofteimes, all nine lists seen by participants in Ex-
in the first and second halves of the list to forraeriment 2 instantiated the same relationship o
the study list. The result was a list of 10 worderitical lure to the study list. This contrasts with
containing 2 words from the Unrelated categorgxperiment 1, in which participants saw three
in each half and (randomly) either 1 or 2 worddifferent relationships three times each.
from each of the Head and Rime categories. ~ The second part of Appendix B contains a

The test list of 10 words was constructed byample of an entire set of nine test and stud
including 3 of the seen related words. Becau#sts that were shown to one participant for Ex-
these 3 words were drawn from two categoriggeriment 2.
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Procedure tion of the orthographic overlap (larger average

The experimental procedure was identical Jthographic overlap with the Critical Lure in
that of Experiment 1. The same unanalyzdf® Rime category than in the Head category)

practice list was included in this experiment. 1NiS dissociation lends further support to the
claim that orthographic overlap cannot accoun

Results for the findings.

The nu_m_ber of false memorie§ produced _tE’etween—Experiment Analyses
each participant was averaged within each stim- ) .
ulus category (Unrelated, Head, Rime, and Crit- To test the effect of the conjunction, we also
ical Lure, which has a unique character as a cdiMPared the number of false memories genel
junction item in this experiment). The meafted for critical Iurgs in Experiments 1.and 2. We
false memories for each condition are reportdg2de the comparison with a 2 (Experiments 1 0

in Table 3. The differences evident in this tabf@) < 4 (Head, Rime, Critical Lure, or Unrelated
were examined in a within-subjects ANOvACategory) —between/within-subjects = ANOVA.

and were statistically significanE(3,144) = 1he results are graphed in Fig. 4. There was n
43.96,p < .001. significant difference in the number of false
LSD post hoc contrasts indicate that the Criftémories generated by the different experi-
ical Lures resulted in significantly more fals&"€ntsF(1, 96)=0.16,p > .05. The main effect
memories than did unstudied words from tH¥f category was significant, as it had been in bott
Unrelated jp < .00001), Headg(< .00001), and EXPerimentsi(3, 288)= 49.3,p < .0001. There
Rime categoriesx< .00001). Words from both Was a significant Experiment Category inter-
the Head§ < .0001) and Rime categorigs ¢ 2ction,F(3, 288)=19.5,p < .0001, due to an
.05) resulted in significantly more false memdncrease in false memories for the critical lures
ries than did words from the Unrelated categor§} EXPeriment 2 over those in Experiment 1.
There were significantlyp(< .05) more false !N contrast to Experiment 1, there were no

memories to words in the Head category than ignificant differences in Experiment 2 in the
the Rime category. false negative rate to seen stimi{(2,96) =

The stimulus set and randomization proc@-47,P > -05. The false negative rate was higher
dures in this experiment were identical to thod the activated categories than in Experiment !
of Experiment 1. Therefore, there is no reason {g&ad: 25% compared to 14% in Experiment 1;
expect a different average orthographic overlggMe: 27% compared to 19% in Experiment 1)
between lures and stimuli in the two experPUt was almost identical in thg Unrelqted cate-
ments. The false memory results (more fal§9"Y (25% compared to 27% in Experiment 1).
memories for words in the Head category tharf'ticipants in Experiment 2 apparently were

in the Rime category) are in the opposite direless confident in relying on a bias toward saying
“yes” to all stimuli than were participants in Ex-

periment 1. This may reflect the fact that Exper-
iment 1, by activating only a single relationship
Probability of Saying “Old” as a Function of List Type for of seen words to the critical lure in each list, in-

TABLE 3

Experiment 2: Mixed Lists cluded twice as many stimuli instantiating that

Probability of saying “old” relationship as did Experiment 2. In each Exper-

iment 1 block, six seen words were related tc

Category Unpresented items Presented iteme |ure by either a Head, Rime, or IP relation.

Unrelated 10 (.02) 75(03) In Experiment 2, only three seen words in eact

Head .22 (.03) .75(.03)  block were related to the lure by each of a Hea

Rime 16 (.02) 73(.03)  or Rime relationship. This difference in the
Critical Lure .40 (.03) N/A

number of seen words sharing the same relatio
Note Standard errors are in parentheses. N/A, not appmay be reflected in differences in the false nega
cable. tive rates between the experiments.
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QEXP. 1
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mEXP. 2
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False memory rate

0.1

005 +—
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UNSEEN UNSEEN HEADS UNSEEN RIMES UNSEEN LURES
UNRELATED

CATEGORY

FIG. 4. False memory rates, by experiment. Bars are standard errors. The value for the lures in Experiment :
is the average false memory rate of the Head and Rime lures. The value for the lures in Experiment 2 is the fals
memory rate for combined Head and Rime lures.

Discussion three times in the study list) plus a middle

We hypothesized that false memory rate,g_hm_weme that was gctivated twi_ce as much (see
would increase for the critical lures in ExperiSiX times because it appeared in both Head ar
ment 2 over Experiment 1 because they repr8ime study words). In addition, those Experi-
sent a conjunction of head and rime overlafient 2 lures contained no unique (unactivated
Our data are consistent with this notion. AlPhonemes. This analysis implies that it might be
though Experiments 1 and 2 had an identic© sim_plis_tic to thin_k of_Experim_ent 2 critical
formal structure with exactly the same numbéHre activation as being simply twice as much a
of items in the study list that were related to thExperiment 1 critical lure activation. Our resu_lts
critical lure (six in each), the false memory ratg© not allow us to tease apart these potentiall
in Experiment 2 was 175% higher than that iftdependent —and/or differentially - weighted
Experiment 1. sources of information t_h_at part_ic_ipants may

Experiment 2 was designed to increase tf¥ing to bear on a recognition decision.
phonological overlap between the studied words
and the critical lure from that of Experiment 1. GENERAL DISCUSSION
However, the form of the stimuli—with three The experiments described here examined
phonemes each—introduces potential additionatimber of issues in the visual word recognitior
sources of information that may also be rditerature and provided some insight into ques
flected in the results: the presence or absencetions in the false memory literature. We first
a unique phoneme and the degree of activatibfiefly consider the relevant false memory find-
of phonemes in different positions. In Experiings before discussing the more central finding:
ment 1, a critical lure in the Head or Rime conwith respect to theories of visual word recogni-
dition had two highly activated phonemes (sedfon.
six times each in the study list) plus a single ,
unique phoneme (i.e., one that had never belisues in False Memory
seen in that position in the study list). In Experi- We have based our examination of phonolog
ment 2, critical lures contained two partially acical activation on the assumption that spreadin
tivated phonemes (the first and last, each seactivation in the phonological system during the
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study phase results in increased familiarity faaction between category and list position,
related unpresented items. We recognize, hoWw{6,390)= 0.27,p > .05. These effects suggest
ever, that because the items also appeared dilnat test list effects may be analogous to list
ing the test phase, it is possible that we exartength effects, making recognition errors of all
ined the spread of activation during the te&inds more likely.

phase as well as (or perhaps even rather than)rhis increasing false memory effect suggest:
during the study phase. We examined this possiat the uncertainty (or mistaken certainty) that
bility using an analysis of list placement ands manifested in false memories can be effectes
false memory rates for stimuli from Experimenin real time during the few seconds that elaps
1. Recall that in that experiment, there is nbetween presentations of words on the stud
functional difference between the critical luredjst. However, not all of the false memory effect
which can only appear in the fourth through sevs attributable to this “acute” activation from the

enth places of the test list, and unseen stimuést list. There is a significant effect of studying
from the Head, Rime, and IP conditions, whichhe test list in the Early position only by four-

may appear anywhere in the test list. Thereforeay repeated measures ANOVK(3,144) =

we are able to conduct an analysis of false me®-25,p < .001. The false memory effect, there-
ory rate to unseen stimuli by position of thoséore, also has a strong long-term component car
stimuli in the test list. If false memories ariseied over from the study list, which is sufficient

due to activation spread at test time, then wte clearly set the pattern that is deepened acros
would expect that items further down in the lisall categories by the study list activation.

would result in more false memories than would A related possibility is that the false memory
items early in the list. We divided up the list intoates also reflect an increase during the course
three positions—1st through 4th places (Early)he experiment due to lingering sublexical acti-
5th through 7th places (Middle), and 8thvation from exposure to words seen earlier in
through 10th places (Late)—and calculated thibe experiment. Because there are many fewe
false recognition rate in each category of wordhonemes in the English language than there al
(Head, Rime, IP, and Unrelated) by place catevords in this experiment, it is unavoidable that
gory. The results are shown in Table 4. Falgerticipants were exposed in later lists to
memories do increase with list position. There ighonemes or sublexical phoneme combination:
a small increase (5% increase between Eatlyat they had seen earlier. It is possible that thi:
and Late positions) for words from the Unrewould be reflected in an increasing likelihood of
lated category. There are larger increases foraking errors in later lists compared to earlier
words from the Head (12% increase from Earllysts due to phonological activation carried over
to Late), Rime (13% increase from Early tdrom exposure to earlier lists. To examine this,
Late), and IP categories (17% increase). The ime collapsed Experiment 1 lures into their cate-
crease was analyzed using a 3 (Early, Middle, gories, as above. We then analyzed the fals
Late Position)xX 4 (Head, Rime, IP, or Unre- memory rates in each category by whether the
lated Category)  within/between-subjectaippeared in the first, second, or third triplet of
ANOVA. There is a main effect of list position,lists seen by each participant, using a 3 (Lis
F(2,130)= 5.5,p < .01, but no significant inter- Third: first, second, or third)x 4 (Category:

TABLE 4

Probability of False Memory by Location in Test List in Experiment 1 for Unseen Stimuli Only

Position Unrelated Head Rime 1P

Early (1st-4th) .07 (.02) .24 (.04) .20 (.04) .12 (.04)
Middle (5th—7th) .08 (.02) .30 (.05) .26 (.05) .18 (.04)
Late (8th—10th) .12 (.02) .36 (.04) .33 (.04) .29 (.04)

Note Standard errors are in parentheses. IP, initial phoneme.
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TABLE 5 the double-phoneme overlap Head and Rim¢

Probability of Experiment 1 False Memory for Unseen categories) indicate that the amount of overlay
Items by List Location is important. However, the results of Experi-

Third Unrelated Head Rime IP  ment 2 suggest to us that the head of a CVC |
the best predictor of activation spread to a lure

First A11(02)  .31(04) .23(04)  .23(.04) This finding supports the special status of the

Middle .06 (.02) .25(.04) .24(.04) .21(04)

Last 08(02) 27(04) 26(04) .14(04) head over the rime in phonological lexical

arrangement. The conclusion that the head play
Note Standard errors are in parentheses. IP, initial a special role in spreading activation during
phoneme. phonological processing is based on the in
crease of false alarms for words in the Head ca
Head, Rime, IP, or Unrelated) between/withinegory over words from the Rime category in Ex-
subjects ANOVA. The results are shown iperiment 2. A similar nonsignificant trend of
Table 5. There was no main effect of list-thirdincreased false memories for Head-activate
F(2, 144)= 0.06,p > .05. Furthermore, there lures was seen in Experimentd = .15 in post
was no List ThirdX Category interactior-(6, hoc comparisons of the greater unseen Hea
432)= 0.88,p > .05. These results suggest thatalse memory rates to the lesser unseen Rim
there was no false memory effect attributable false memory rates).
list position. Part of the advantage for heads may arise b
Another issue of relevance to the false meneause the head contains the IP—a special part
ory literature is the question of whether inthe word. This position is consistent with the
creased overlap results in increased false megiaim in Treiman et al. (1995) regarding the spe
ory rates. Wallace and colleagues showed thaal status of the IP. However, in Treiman et al.’s
increased phonological overlap results in inargument, the IP has special status becaus
creased false memory rates. We replicate th@V/C words are parsed into IP—rime units, pre-
finding here with a more stringently controllectluding a role for the head in processing of &
test. This suggests to us that false memory ragggnted word. To the extent that we show a dis
are a useful index of the relative similarity of dinct increase in false memories in one experi
critical lure to items in a study list. Our findingment for words from the Head category over
that false memories rise in concert with theords from the Rime category and greater fals
overlap of the critical lure to the study list promemories for words from the Head category
vides some support for our assumption that wban for words from the IP category, the specia
are, in fact, obtaining information about whastatus of the IP cannot be due only to an IP—rim
features are important in decisions about phonparsing of the word. Rather, it appears as thoug

logical similarity. activation spreads in a serial manner, with more
) N emphasis on the beginning of the word than ol
Issues in Visual Word Recognition the end. By the time a word is read (i.e., the en

Our primary goal was to establish the chara®f the word has been processed), activation i
teristics that guide the spread of activatiolikely to have settled on a word set, with the re-
among phonological cohorts during visual worgult that the shared activation is reduced for fina
processing. In the introduction, we cited eviconsonants relative to initial consonants.
dence in support of the IP, head, and rime all The strong conjunction effect in Experiment
playing a role in phonological activation. Our2 demonstrates that heads are not the only fe:
results are consistent with these findings givédre by which activation may spread. False
that we found significant effects of all threememories for lures increased dramatically wher
overlap types on false memory rates. Other datath heads and rimes appeared on the same li
from this study (i.e., the difference in falsgoroducing a phonological conjunction. We ar-
memory rates for words from the singlegued that this conjunction increased the activa
phoneme overlap IP category as compared tion of the unseen critical lure and producec
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much higher false alarms for those words thanemory rate for the critical lures in Experiment
for words in the other conditions. The finding® over those in Experiment 1 is difficult to rec-
in Experiment 2, therefore, are consistent witbncile with such a whole-word view of the
previous work with nonwords (e.g., Reinitz ephonological lexicon. That finding seems neces:
al., 1992). The conjunction effect in Experimensarily to implicate subword spreading of activa-
2 suggests that the memory representation fion. A strictly whole-word view does not allow
linguistic items must exist in units smaller thaifior unequal activation contributions of same-
the whole word. Input from these smaller unitiength subword elements because it does nc
can spread to related items. The findings that valow for subword activation at all. Whole-word
report also suggest that activation received Wypodels, therefore, predict that six CVC words
these units remains in the system for severahding inat should activate the wordat as
minutes and is subject to additional boosts whenuch as three CVC words ending wahand
other related items are presented. three CVC words beginning witlea. There

It may be argued that we have not examineghould be no distinction between activation due
the spread of activation within the phonologito overlapping heads and activation due to ar
cal lexicon at all given that we presented orequal amount of overlapping heads and rimes
thographic items. Perhaps the findings we rédowever, this is not what the data show; there
port may best be considered an assessmentw#s a marked increase in false memory rates fc
the spread of activation within the ortho-Critical lures in the conjunction condition over
graphic lexicon (cf. Coltheart et al., 1993) oithe pure conditions.
layer (cf. Plaut et al., 1996) of the word recog- PDP models of phonological activation may
nition system. We counter that argument withprovide a better account for the current findings
our orthographic analysis of the items in thesbecause they do not assume that activatio
experiments. Overall, heads have more effespreads to and from whole words. This view car
than do rimes or IPs in activating entries oeasily accommodate the finding that the phono
producing familiarity. This finding, which is logical entries for rimes are activated separately
consistent with prior evidence (e.g., Wallace érom phonological entries for heads. When both
al., 1995), cannot be attributed to orthographithe rime and the head of a critical lure are acti-
overlap. In our stimuli, words that share a headated during study (as in Experiment 2), the crit-
with a critical lure have less orthographic overical lure is also activated, resulting in the in-
lap with that lure than do words that share greased sense of familiarity (e.g., Brown et al.,
rime. in press) that leads to a false memory. Howevel

i . in this view, the entry for a rime must remain ac-

False Memories and Word Recognition Modelsjyated until the entry for the head becomes ac

We now consider these findings within thdive in order for the conjunction of the two to be-
context of the two models of word recognitiorcome activated at an increased rate. Thi
outlined in the introduction, namely the DRCsuggests that activation of one item must remait
model (Coltheart et al., 1993) and the PDHespite activation of a second item.
model (Plaut et al., 1996). Although the possibility of maintained activa-

The DRC model of word reading assumeson exists in current PDP instantiations (for a
that lexical entries are represented at a wholdiscussion of semantic priming across items, se
word level. Under this view, whole-word repre-Plaut, 1995), it does not fit comfortably within a
sentations receive spreading activation froDP account that relies on the identification of
word entries that share phonological featurepatternsof activation for reading. For example,
resulting in increased familiarity during testingin models that assume recognition of patterns o
For example, the entigat would receive activa- activation, the (phonemic) entries foa andat
tion spreading from all whole-word neighborsvould be activated to indicate that the wosd
ending inat as well as from all neighbors begin-is being considered. Recognition of the woadl
ning with ca. However, the increased falsedepends on the pattern of activation and not sim
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ply on the activation of individual entries. Wherfamiliarity for an unpresented word. We have
badis presented, thea andad entries are acti- also shown that for CVCs, the head predicts
vated. Ifcaandat entries from the wordatre- spread/shared activation better than does the |
main active wherba and ad are being consid- or the rime. The results suggest that lexical acti
ered, then the overall pattern of activation igation spreads by both whole-word and sub-
muddied. The activation pattern includes at, word units. We argue that the findings do not fit
ba, andad, resulting in an incorrect (and, in thiscomfortably within current instantiations of ei-
case, an unrecognizable) pattern. However, it iser the DRC or PDP model of word recogni-
precisely this simultaneous activation thation. We will take these findings as a guide for
would lead to the blend or conjunction that, ifuture examinations of the organizational prop-
this example, leads to later increased familiaritgrties of the phonological lexicon. Our current
for a related item such &t Plaut (1995) was view is that activation is sustained across sever:
able to show that such carryover effects caresentations and that it spreads at both subwor
occur in semantic priming. The same effect magnd whole-word levels.
be possible with respect to phonology. However, Our findings imply that subword phonological
the precise mechanisms by which this couldomponents may be active for some time. Thic
occur are unspecified in the current descriptiorm®uld create a problem for text comprehension i
of the PDP model. it produced a number of conjunction errors. How-
ever, the phonological/orthographic complexity
CONCLUSION of text or discourse combined with the constraints
We have examined a series of conditions asf semantics should make such errors unlikely
sumed to reflect levels of activation in théhe notion of sustained activation is consisten
phonological layer (Plaut et al., 1996) or thevith the evidence that people do maintain verba
phonological lexicon (Coltheart et al., 1993)tim information for some time and points to the
We have shown that any amount of phonologimechanism that supports sound-based poetic d
cal overlap appears to result in some feeling efces such as rhyme and alliteration.

APPENDIX A

All Stimuli
Stimulus Lure Category Stimulus Lure Category
bake bake Critical Lure beat bake IP
fake bake Rime boat bake 1P
lake bake Rime bull bake P
make bake Rime bush bake IP
rake bake Rime bath bake IP
sake bake Rime bell bake P
shake bake Rime cash bake Unrelated
take bake Rime chip bake Unrelated
wake bake Rime seal bake Unrelated
babe bake Head dune bake Unrelated
bail bake Head fuzz bake Unrelated
bait bake Head doll bake Unrelated
bane bake Head fool bake Unrelated
base bake Head kiss bake Unrelated
beige bake Head knife bake Unrelated
bade bake Head laugh bake Unrelated
bathe bake Head rap rap Critical Lure
bite bake 1P cap rap Rime

beach bake P chap rap Rime



640 WESTBURY, BUCHANAN, AND BROWN

APPENDIX A—Continued

All Stimuli
Stimulus Lure Category Stimulus Lure Category
gap rap Rime catch cone IP
lap rap Rime call cone P
map rap Rime cape cone IP
nap rap Rime care cone IP
sap rap Rime case cone 1P
tap rap Rime cause cone IP
yap rap Rime cave cone IP
zap rap Rime deaf cone Unrelated
rack rap Head dash cone Unrelated
rag rap Head date cone Unrelated
ram rap Head soup cone Unrelated
ran rap Head file cone Unrelated
wrath rap Head game cone Unrelated
rash rap Head gauge cone Unrelated
rat rap Head haul cone Unrelated
rang rap Head hawk cone Unrelated
roll rap IP rail rail Critical Lure
roof rap P bail rail Rime
rare rap P gail rail Rime
rot rap IP tail rail Rime
rhyme rap IP hail rail Rime
rich rap P jail rail Rime
run rap IP nail rail Rime
rice rap P mail rail Rime
site rap Unrelated sail rail Rime
soar rap Unrelated shale rail Rime
toss rap Unrelated race rail Head
touch rap Unrelated rage rail Head
join rap Unrelated raid rail Head
goat rap Unrelated rain rail Head
foul rap Unrelated raise rail Head
cube rap Unrelated rake rail Head
bomb rap Unrelated rate rail Head
cone cone Critical Lure rave rail Head
bone cone Rime rib rail P
hone cone Rime rub rail P
known cone Rime roam rail 1P
loan cone Rime roar rail P
zone cone Rime rock rail P
moan cone Rime root ralil P
tone cone Rime rush rail P
phone cone Rime rude rail 1P
sewn cone Rime scent rail Unrelated
shown cone Rime sip rail Unrelated
coach cone Head term rail Unrelated
coal cone Head thumb rail Unrelated
coat cone Head tide rail Unrelated
code cone Head pick rail Unrelated
coke cone Head sat rail Unrelated
comb cone Head yolk rail Unrelated
cope cone Head tote rail Unrelated
cove cone Head soak rail Unrelated

cage cone IP roll roll Critical Lure
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APPENDIX A—Continued
All Stimuli

Stimulus Lure Category Stimulus Lure Category
bowl roll Rime sad seal IP

coal roll Rime sash seal IP

dole roll Rime sage seal P

foal roll Rime sane seal IP

goal roll Rime sing seal P

hole roll Rime sit seal IP

mole roll Rime big seal Unrelated
soul roll Rime both seal Unrelated
pole roll Rime can seal Unrelated
roan roll Head chose seal Unrelated
robe roll Head kook seal Unrelated
rode roll Head den seal Unrelated
rogue roll Head fan seal Unrelated
rope roll Head gone seal Unrelated
rose roll Head will will Critical Lure
rote roll Head bill will Rime

rove roll Head chill will Rime

rum roll IP dill will Rime

rug roll P fill will Rime

rip roll P gill will Rime

rut roll IP kill will Rime

red roll IP mill will Rime

reap roll P sill will Rime

rim roll P which will Head

rig roll P wiff will Head

ban roll Unrelated whim will Head

bin roll Unrelated wit will Head

beg roll Unrelated whiz will Head

cane roll Unrelated whip will Head

chin roll Unrelated wick will Head

lathe roll Unrelated wig will Head

mash roll Unrelated wail will P

wash roll Unrelated wan will IP

seal seal Critical Lure wheat will IP

feel seal Rime weep will P

deal seal Rime wipe will IP

reel seal Rime wag will IP

peel seal Rime watt will P

heal seal Rime wing will P

meal seal Rime bought will Unrelated
wheel seal Rime bag will Unrelated
keel seal Rime chase will Unrelated
scene seal Head cop will Unrelated
seam seal Head hot will Unrelated
seize seal Head keen will Unrelated
seat seal Head lag will Unrelated
seed seal Head mat will Unrelated
seek seal Head pack pack Critical Lure
siege seal Head back pack Rime
seep seal Head hack pack Rime
safe seal P jack pack Rime
sin seal P knack pack Rime
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APPENDIX A—Continued

All Stimuli
Stimulus Lure Category Stimulus Lure Category
lack pack Rime beak leak Rime
shack pack Rime meek leak Rime
sack pack Rime peak leak Rime
wack pack Rime reek leak Rime
pad pack Head seek leak Rime
pa| pack Head weak leak Rime
pan pack Head geek leak Rime
pap pack Head leach leak Head
pat pack Head lead leak Head
pass pack Head leaf leak Head
patch pack Head league leak Head
path pack Head lean leak Head
pout pack P leap leak Head
ping pack P leave leak Head
leash leak Head
pale pack P
lad leak P
peet pack P lash leak P
ppt pack P loam leak P
pit pack P leg leak P
peeve pack P log leak P
peg pack 1P lob leak P
beef pack Unrelated lug leak P
boil pack Unrelated lout leak P
came pack Unrelated zoom leak Unrelated
check pack Unrelated white leak Unrelated
dig pack Unrelated tad leak Unrelated
fail pack Unrelated soot leak Unrelated
gain pack Unrelated sag leak Unrelated
hag pack Unrelated ring leak Unrelated
leak leak Critical Lure fun leak Unrelated
cheek leak Rime fog leak Unrelated
APPENDIX B
Sample Set of Test Stimuli Seen by One Participant
Experiment 1
Block Stimulus Target Relation Seen? List type
1A gail rail Rime Seen Study
1A tide rail Unrelated Seen Study
1A scent rail Unrelated Seen Study
1A nail rail Rime Seen Study
1A pick rail Unrelated Seen Study
1A ball rail Rime Seen Study
1A sail rail Rime Seen Study
1A mail ralil Rime Seen Study
1A thumb rail Unrelated Seen Study
1A jail rail Rime Seen Study
1A tide rail Unrelated Seen Test
1A sat rail Unrelated Unseen Test
1A gail rail Rime Seen Test
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APPENDIX B—Continued
Sample Set of Test Stimuli Seen by One Participant
Experiment 1

Block Stimulus Target Relation Seen? List type
1A rall rail Target Unseen Test
1A tail rail Rime Unseen Test
1A shale rail Rime Unseen Test
1A bail rail Rime Seen Test
1A scent rail Unrelated Seen Test
1A nail rail Rime Seen Test
1A term rail Unrelated Unseen Test
1B chase will Unrelated Seen Study
1B keen will Unrelated Seen Study
1B wail will P Seen Study
1B wing will P Seen Study
1B cop will Unrelated Seen Study
1B wan will P Seen Study
1B weep will P Seen Study
1B watt will P Seen Study
1B lag will Unrelated Seen Study
1B wheat will 1P Seen Study
1B weep will P Seen Test
1B bag will Unrelated Unseen Test
1B wipe will P Unseen Test
1B wing will P Seen Test
1B keen will Unrelated Seen Test
1B will will Target Unseen Test
1B hot will Unrelated Unseen Test
1B wail will P Seen Test
1B wag will P Unseen Test
1B chase will Unrelated Seen Test
1C ring leak Unrelated Seen Study
1C leave leak Head Seen Study
1C league leak Head Seen Study
1C tad leak Unrelated Seen Study
1C lead leak Head Seen Study
1C leaf leak Head Seen Study
1C soot leak Unrelated Seen Study
1C leash leak Head Seen Study
1C fun leak Unrelated Seen Study
1C lean leak Head Seen Study
1C leach leak Head Unseen Test
1C fog leak Unrelated Unseen Test
1C leave leak Head Seen Test
1C fun leak Unrelated Seen Test
1C leak leak Target Unseen Test
1C zoom leak Unrelated Unseen Test
1C leap leak Head Unseen Test
1C league leak Head Seen Test
1C leaf leak Head Seen Test
1C ring leak Unrelated Seen Test
2A ban roll Unrelated Seen Study
2A pole roll Rime Seen Study
2A lathe roll Unrelated Seen Study
2A bowl roll Rime Seen Study
2A doze roll Rime Seen Study
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APPENDIX B—Continued

Sample Set of Test Stimuli Seen by One Participant

Experiment 1

Block Stimulus Target Relation Seen? List type
2A bake roll Unrelated Seen Study
2A hole roll Rime Seen Study
2A mole roll Rime Seen Study
2A cane roll Unrelated Seen Study
2A dole roll Rime Seen Study
2A mash roll Unrelated Unseen Test
2A lathe roll Unrelated Seen Test
2A coal roll Rime Unseen Test
2A roll roll Target Unseen Test
2A pole roll Rime Seen Test
2A bowl roll Rime Seen Test
2A wash roll Unrelated Unseen Test
2A soul roll Rime Unseen Test
2A ban roll Unrelated Seen Test
2A hole roll Rime Seen Test
2B beach bake P Seen Study
2B chip bake Unrelated Seen Study
2B laugh bake Unrelated Seen Study
2B bush bake P Seen Study
2B doll bake Unrelated Seen Study
2B bite bake P Seen Study
2B bath bake P Seen Study
2B bull bake IP Seen Study
2B bell bake IP Seen Study
2B kiss bake Unrelated Seen Study
2B boat bake P Unseen Test
2B fool bake Unrelated Unseen Test
2B bush bake P Seen Test
2B bake bake Target Unseen Test
2B laugh bake Unrelated Seen Test
2B beat bake P Unseen Test
2B knife bake Unrelated Unseen Test
2B chip bake Unrelated Seen Test
2B beach bake P Seen Test
2B bite bake P Seen Test
2C pal pack Head Seen Study
2C dig pack Unrelated Seen Study
2C pad pack Head Seen Study
2C hag pack Unrelated Seen Study
2C fail pack Unrelated Seen Study
2C pap pack Head Seen Study
2C patch pack Head Seen Study
2C beef pack Unrelated Seen Study
2C pass pack Head Seen Study
2C path pack Head Seen Study
2C pat pack Head Unseen Test
2C check pack Unrelated Unseen Test
2C pad pack Head Seen Test
2C pack pack Target Unseen Test
2C dig pack Unrelated Seen Test
2C pal pack Head Seen Test
2C pan pack Head Unseen Test
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APPENDIX B—Continued

Sample Set of Test Stimuli Seen by One Participant

Experiment 1

645

Block Stimulus Target Relation Seen? List type
2C patch pack Head Seen Test
2C hag pack Unrelated Seen Test
2C gain pack Unrelated Unseen Test
3A loan cone Rime Seen Study
3A date cone Unrelated Seen Study
3A file cone Unrelated Seen Study
3A shown cone Rime Seen Study
3A bone cone Rime Seen Study
3A gauge cone Unrelated Seen Study
3A hone cone Rime Seen Study
3A phone cone Rime Seen Study
3A soup cone Unrelated Seen Study
3A tone cone Rime Seen Study
3A zone cone Rime Unseen Test
3A game cone Unrelated Unseen Test
3A date cone Unrelated Seen Test
3A shown cone Rime Seen Test
3A hawk cone Unrelated Unseen Test
3A cone cone Target Unseen Test
3A file cone Unrelated Seen Test
3A hone cone Rime Seen Test
3A loan cone Rime Seen Test
3A sewn cone Rime Unseen Test
3B sing seal P Seen Study
3B gone seal Unrelated Seen Study
3B sad seal P Seen Study
3B sit seal P Seen Study
3B big seal Unrelated Seen Study
3B kook seal Unrelated Seen Study
3B sin seal 1P Seen Study
3B chose seal Unrelated Seen Study
3B sage seal P Seen Study
3B safe seal P Seen Study
3B den seal Unrelated Unseen Test
3B sing seal P Seen Test
3B sane seal P Unseen Test
3B seal seal Target Unseen Test
3B big seal Unrelated Seen Test
3B sash seal P Unseen Test
3B sad seal P Seen Test
3B gone seal Unrelated Seen Test
3B can seal Unrelated Unseen Test
3B sit seal P Seen Test
3C rat wrap Head Seen Study
3C site wrap Unrelated Seen Study
3C rash wrap Head Seen Study
3C wrath wrap Head Seen Study
3C bomb wrap Unrelated Seen Study
3C rag wrap Head Seen Study
3C join wrap Unrelated Seen Study
3C cube wrap Unrelated Seen Study
3C rack wrap Head Seen Study
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APPENDIX B—Continued

Sample Set of Test Stimuli Seen by One Participant

Experiment 1

Block Stimulus Target Relation Seen? List type
3C ram wrap Head Seen Study
3C soar wrap Unrelated Unseen Test
3C ran wrap Head Unseen Test
3C rash wrap Head Seen Test
3C bomb wrap Unrelated Seen Test
3C site wrap Unrelated Seen Test
3C wrap wrap Target Unseen Test
3C toss wrap Unrelated Unseen Test
3C rang wrap Head Unseen Test
3C rat wrap Head Seen Test
3C rag wrap Head Seen Test

Experiment 2

Block Stimulus Target Relation Seen? List type
1 bin roll Unrelated Seen Study
1 rove roll Head Seen Study
1 rose roll Head Seen Study
1 cane roll Unrelated Seen Study
1 bowl roll Rime Seen Study
1 soul roll Rime Seen Study
1 roan roll Head Seen Study
1 beg roll Unrelated Seen Study
1 goal roll Rime Seen Study
1 ban roll Unrelated Seen Study
1 goal roll Rime Seen Test
1 chin roll Unrelated Seen Test
1 coal roll Rime Unseen Test
1 cane roll Unrelated Seen Test
1 mash roll Unrelated Unseen Test
1 roll roll Target Unseen Test
1 rode roll Head Unseen Test
1 beg roll Unrelated Seen Test
1 soul roll Rime Seen Test
1 rose roll Head Seen Test
2 coal cone Head Seen Study
2 sewn cone Rime Seen Study
2 dash cone Unrelated Seen Study
2 hawk cone Unrelated Seen Study
2 date cone Unrelated Seen Study
2 loan cone Rime Seen Study
2 file cone Unrelated Seen Study
2 tone cone Rime Seen Study
2 coat cone Head Seen Study
2 comb cone Head Seen Study
2 tone cone Rime Seen Test
2 soup cone Unrelated Unseen Test
2 code cone Head Unseen Test
2 coal cone Head Seen Test
2 hawk cone Unrelated Seen Test
2 cone cone Target Unseen Test
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APPENDIX B—Continued

Sample Set of Test Stimuli Seen by One Participant

Experiment 2
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Block Stimulus Target Relation Seen? List type
2 file cone Unrelated Seen Test
2 game cone Unrelated Unseen Test
2 loan cone Rime Seen Test
2 zone cone Rime Unseen Test
3 sill will Rime Seen Study
3 which will Head Seen Study
3 bill will Rime Seen Study
3 lag will Unrelated Seen Study
3 whiz will Head Seen Study
3 bag will Unrelated Seen Study
3 hot will Unrelated Seen Study
3 whim will Head Seen Study
3 chase will Unrelated Seen Study
3 kill will Rime Seen Study
3 wick will Head Unseen Test
3 which will Head Seen Test
3 bought will Unrelated Unseen Test
3 bag will Unrelated Seen Test
3 kil will Rime Seen Test
3 will will Target Unseen Test
3 hot will Unrelated Seen Test
3 cop will Unrelated Unseen Test
3 whiz will Head Seen Test
3 dill will Rime Unseen Test
4 jack pack Rime Seen Study
4 pass pack Head Seen Study
4 beef pack Unrelated Seen Study
4 hag pack Unrelated Seen Study
4 pan pack Head Seen Study
4 shack pack Rime Seen Study
4 boil pack Unrelated Seen Study
4 gain pack Unrelated Seen Study
4 knack pack Rime Seen Study
4 path pack Head Seen Study
4 hack pack Rime Unseen Test
4 fail pack Unrelated Unseen Test
4 path pack Head Seen Test
4 hag pack Unrelated Seen Test
4 pap pack Head Unseen Test
4 came pack Unrelated Unseen Test
4 pack pack Target Unseen Test
4 boil pack Unrelated Seen Test
4 jack pack Rime Seen Test
4 pan pack Head Seen Test
4 bade bake Head Seen Study
5 shake bake Rime Seen Study
5 cash bake Unrelated Seen Study
5 chip bake Unrelated Seen Study
5 laugh bake Unrelated Seen Study
5 make bake Rime Seen Study
5 bane bake Head Seen Study
5 fuzz bake Unrelated Seen Study
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APPENDIX B—Continued

Sample Set of Test Stimuli Seen by One Participant

Experiment 2

Block Stimulus Target Relation Seen? List type
5 bait bake Head Seen Study
5 lake bake Rime Seen Study
5 lake bake Rime Seen Test
5 dune bake Unrelated Unseen Test
5 babe bake Head Unseen Test
5 bade bake Head Seen Test
5 fuzz bake Unrelated Seen Test
5 shake bake Rime Seen Test
5 bake bake Target Unseen Test
5 rake bake Rime Unseen Test
5 fool bake Unrelated Unseen Test
5 chip bake Unrelated Seen Test
6 cube rap Unrelated Seen Study
6 zap rap Rime Seen Study
6 rash rap Head Seen Study
6 toss rap Unrelated Seen Study
6 goat rap Unrelated Seen Study
6 cap rap Rime Seen Study
6 rat rap Head Seen Study
6 bomb rap Unrelated Seen Study
6 ram rap Head Seen Study
6 nap rap Rime Seen Study
6 site rap Unrelated Unseen Test
6 toss rap Unrelated Seen Test
6 rack rap Head Unseen Test
6 nap rap Rime Seen Test
6 rash rap Head Seen Test
6 goat rap Unrelated Seen Test
6 rap rap Target Unseen Test
6 sap rap Rime Unseen Test
6 rat rap Head Seen Test
6 soar rap Unrelated Unseen Test
7 heal seal Rime Seen Study
7 both seal Unrelated Seen Study
7 seat seal Head Seen Study
7 kook seal Unrelated Seen Study
7 feel seal Rime Seen Study
7 seize seal Head Seen Study
7 wheel seal Rime Seen Study
7 scene seal Head Seen Study
7 chose seal Unrelated Seen Study
7 can seal Unrelated Seen Study
7 kook seal Unrelated Seen Test
7 keel seal Rime Unseen Test
7 seize seal Head Seen Test
7 gone seal Unrelated Unseen Test
7 seal seal Target Unseen Test
7 chose seal Unrelated Seen Test
7 scene seal Head Seen Test
7 heal seal Rime Seen Test
7 den seal Unrelated Unseen Test
7 seek seal Head Unseen Test
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APPENDIX B—Continued
Sample Set of Test Stimuli Seen by One Participant
Experiment 2

Block Stimulus Target Relation Seen? List type
8 tide rail Unrelated Seen Study
8 jail rail Rime Seen Study
8 pick rail Unrelated Seen Study
8 raise rail Head Seen Study
8 term rail Unrelated Seen Study
8 race rail Head Seen Study
8 rave rail Head Seen Study
8 tote rail Unrelated Seen Study
8 bail rail Rime Seen Study
8 nose rail Rime Seen Study
8 nose rail Rime Seen Test
8 nail rail Rime Unseen Test
8 pick rail Unrelated Seen Test
8 scent rail Unrelated Unseen Test
8 jail rail Rime Seen Test
8 rail rail Target Unseen Test
8 rave rail Head Seen Test
8 rage rail Head Unseen Test
8 yolk rail Unrelated Unseen Test
8 tide rail Unrelated Seen Test
8 weak leak Rime Seen Study
9 fun leak Unrelated Seen Study
9 geek leak Rime Seen Study
9 leave leak Head Seen Study
9 leap leak Head Seen Study
9 fog leak Unrelated Seen Study
9 cheek leak Rime Seen Study
9 white leak Unrelated Seen Study
9 zoom leak Unrelated Seen Study
9 leash leak Head Seen Study
9 lean leak Head Unseen Test
9 soot leak Unrelated Unseen Test
9 white leak Unrelated Seen Test
9 leap leak Head Seen Test
9 weak leak Rime Seen Test
9 leak leak Target Unseen Test
9 leave leak Head Seen Test
9 peak leak Rime Unseen Test
9 fun leak Unrelated Seen Test
9 ring leak Unrelated Unseen Test
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