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Apoproaches to spoken word recognilion differ in the importance they assign to word onsets
during lexical access. This research contrasted the hypothesis that lexical access is strongly
directional with the hypothesis that word onsets are less imporiant than the overall goodness of
{it between input and lexical form. A cross-nodal priming technigue was used to investigate the
extent to which a rhyyme prime (a prime that differs only in iis first segment from the word that
is sermantically associated with the visual probe) is as effective a prime as the original word iself.
Earlier research had shown that partial primes that matched from word onset were very effective
cross-modal primes. The present results show that, irvespective of whether the rhyme prime was
a real word or not, and irrespective of the amount of overlap between the rhyme prime and the
original word, the rhymes are much less effective primes than the full word. In fact, no overall
priming effect could be detected at ali excepl under conditions in which the competitor
environtnent was very sparse. This supgests that word onsets do have a special status in the lexical
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access of spoken words.

A fundamernital property of the speech signal is its intrinsic
directionality in time. Spoken utterances are spread out along
the time line, moving necessarily from beginning to end, in &
way that is not true of written language. This directionality of
the speech input #s strongly reflected in the claims made by
the cohort model of spoken word recognition for the manner
in which speech inputs are mapped onto the represeniations
of word forms in the mental lexicon (Marsten-Wilson, 1984,
1987; Marsten-Wilson & Tyier, 1980; Marslen-Wilson &
Welsh, 1978; Tyler, 1984; Tyler & Wessels, 1983; Warren &
Marslen-Wilson, 1987).

The cohiort model of word recognition stresses the sequen-
tial and continucus nature of the mapping between the speech
input and mental representations of word forms. This empha-
gis is closely tied up with the concept of a cohort and #s
implications for the properties of the on-kEne lexical decision
space. 1n particular, according to the cohort model, the deci-
sion space is determined by the beginnings of words. The
speech input at the beginning of the word maps onto all
lexical items that share the same initial sequence. This initial
set of candidates is termed the word-initial cohort, and the
subsequent process of word recognition is determined by the
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way in which different sources of constraint-both sensory
and contextual--operate on the membership of this set.

This emphasis on the beginnings of words has been widely
disputed. The criticisms have been developed along two
fronts, The first kind of criticism is based on the belief that
the sensory input in fluent speech cannot gudrantee the system
rehable information about word onsets. A cohort-based rec-
ognition process woukd run into trouble whenever the infor-
mation at word beginnings was inadequate, and this wouid
happen far too often for such a system to be workable, A
favorite example 1s the system’s difficulties with items like
“shigarette™ or “dwibble,” in contrast to the alleged ability of
human hsteners to recognize such items with no frouble at all
{e.g., Grosjean, 1985; Nosmis, 1981; Salasoo & Pisoni, 1985).
Furthermore, as Marcus and Frauenfelder (1985) pointed out,
the mental lexicon may in any case be siructared to provide
maximum distinctiveness rnot at the beginnings of words, but
rather as more of the word is heard.

The second line of criticism derives from connectionist
models of the mapping process, in which the directionality of
the mapping is less crucial. Tn these models, what is most
important is the overall goodness of fit between the complete
stimuluas and a given lexical representation, relative to the
input’s goodness of fit {o other potential candidates. The
major representative of these models in the auditory domain
is the TRACE model devetoped by Elman and McClelland
{1986; McClelland & Elman, 1986). Directionality, in this
madel, is not an explicit condition on the possibility of lexical
access, although there may be implicit effects of the temporal
sequence in which information arrives over time, given that
the word onseis are processed first. Such a model, as Me-
Clelland and Elman {1986) demonstrated in some detail, will
identify an input like “bleasant™ as the word “pleasant,”
because the degree of overlap with the form representation of
“pleasant” is high and there ¥ no other word form in the
exicon to which “bleasant™ is a better fit.
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Contrasts between the cohort model and models like TRACE
raise general guestions about the directionality of lexical
access. The purpose of the present research was 1o answer
these questions—to find out whether there is g sirong tem-
poral directionality in lexical access and whether the on-line
decision process does tolerate the late entry into the decision
space of candidates that mismatch early in the word To
answer these questions we evaiuated the consequences of
partial matches between inputs and represemiations for two
kinds of cases. We contrasted cases in which the partial match
included the bepinning of the word and cases in which it did
not, that is, when there was a rhyme match. For each instance
of partial match between an acoustic inpui and a lexical form
representation, our question was the same: To what extent
does this partially maiching input produce activation of the
word in question, and how does this activation compare with
the activation of the word when there is a complete match
between the stimulus and the relevant lexical form?

Previous Research

We already have information from our carber research
{Marslen-Wilson, Brown, & Zwitserfood, 1989; Zwitserlood,
1985, in press} aboui ihe effects of word-initial partial
matches, that is, cases in which the input matches a given
lexical representation fromn word onset. This research, as well
as the present experiment, used a cross-modal priming task
(Swinney, 197%) to measure the degree of lexical activation
during the processing of spoken words, In this task subjects
listen to spoken words, heard either in isolation or in sentence
contexts, and simultancously see visual probe words, which
stand in some relation {usually semantic in nature} o the
spoken word of interest in the experiment {e.g., Seidenberg,
Tanenhaus, Leiman, & Bienkowski, 1982; Swinney, 1979).
The spoken word is intended to prime the visual probe word.
The subjects” task is to make some response to this visual
probe-ysually a lexical decision judgment—and the fiming
of this response is compared with a control or baseline con-
dition.

Qur reasons for using this task were twofold. First, the use
of a visual probe allowed us to test during the processing of
the spoken word, whereas an auditory probe could be pre-
sented only after the offset of the word. Second, the use of a
cross-modal semantic probe ensured that what we were testing
was activation at the lexical level, and not activation at
sublexical levels of representation. For example, in the phon-
ological priming study reported by Slowiaczek, Nusbaum,
and Pisont {1987), in which stimuli like dress were used as
primes for words like dread in a perceptual identification task,
any resulting priming effect could be located either lexically
or sublexically. Because the initial auditory sequence for the
prime word is identical to the initial auditory sequence for
the probe word, any facilitation in response to the probe could
be duc to repetition priming at the phoneme or feature level,
without implicating the lexical level at all. In contrast, if an
auditory prime, such as dog, facilitates responses 1o a visual
probe, such as CAT, this can only be because of phenomena
cocutring at the lexical semantic level, because i1 is only at
this level that dog and cat are related; they have no form

parameters in common that might cause priming at a sublex-
ical level, It is worth noting that, although the TRACE model
has no semantic level of representation, McClelland and
Eiman (1986} recommended the cross-modal priming para-
digm as a means of tracing the activation of lexical elements
in a model of the type they deseribed.

in our ecarlier research investigating word-initial partial
maiches, we used two different versions of the cross-modal
priming task. In the first sequence of experiments {Marslen.
Wilson et al,, [989), we presented subjects with complete
spoken words, such as kapitein (meaning capfain in Dutch)
which shared a large initial overlap with words like kapitaal
{meaning capital). The mean amount of overlap, estimated
by counting the number of shared initial segments, was 3.3

Concurrent with these spoken words, the subjects also saw
visual probes, to which they were required to make Iexical
decision responses. In the critical conditions, the visual probes
were presented at a point at which the input was still compat-
ible with both possible words, for example, before the release
of the {t] in kapitein or kapitagl, The probe was either
assoctatively related to kapitein (e.g., BOOT, meaning ship)
or to kapitaal {e.g., GELD, meaning money). Reaction fimes
to make lexical decisions to these visual probes were compared
with response times to the same probes presented in the
middie of control words to which they were not associatively
related. In addition, the probes were also presented at the
ends of the critical words and their controls.

The results showed that both probes were facilitated, rela-
tive to the control condition, when they were presented in the
middle of the spoken word. When either GELD or BOOT
was presented during the [t} of kapitein, not onfy was the
probe related to kapitein facilitated, but so also was the probe
(GELD) related 1o the other word that was still possible at the
moment that the probe was presented (ie., kapiteal. In
comndrast, when the probes were presented at the end of the
word, only the probe related to the word actuaily presented
was facilitated. Thus, at the end of kapitein, BOOT was
facilitated but not GELD.

This research (Marslen-Wilson et al., 1989) was originally
conducted to provide evidence for the multiple activation of
semantic codes early in the word recognifion process, as
specified in the cohort model {(¢.f. Marslen-Wilson 1984,
1987). From the perspective of the current research, what this
rescarch demonstrates is that a partial word-initial match
between an input and a lexieal representation is sufficient to
activate this representation to the degree necessary o produce
priming in & cross-modal task of this nature. A second set of
experiments (Zwitserlood, 1985, in press) makes this poing
even more clearly.

These experiments also used cross-modal semantic priming
to investigate multiple lexical activation during the processing
of a spoken word. But they differed from the first study by
presenting the spoken words in a sentence context and by
presenting only fragments of these words. Subjects would hear
a fragment, for example, of the word kapitein, preceded either
by a constraining sentential context or by a neutral carrier
phrase. We cite here only the resulis for the carrier phrase
condition for cases in which the fragment heard (e.g.,
{kapi:1} was still short enough to be compatible with two
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possible words (such as kapitein and kapitaal).! The average
overlap hetween input and target lexical representation was
2.9 segments, counting from word onset. Under these condi-
fions, Zwitserlood obtained a mean facilitation effect of 29
ms for the probe related to the word actually occurring
(BOOYT, in the kapitein case) and 36 ms for the probe (e.g.,
GELD) related to its close competitor {e.g., kapitaal). This
compares favorably with the effect of 46 ms for probes occur-
ring after all of the word had been presented, in which only
the probe refated to the word actually heard was facilitated.

We 1ake Zwitserlood’s result as confirming the effectiveness
of word-initial partial matches in activating lexical represen-
tations, and we will take the size of the effect she obtained as
an appropriate estimnate of the sort of effect that should be
looked for in a eross-modal priming experiment involving
partial matehes between inputs and lexical representations.
We turn now to the description of such an experiment.

Experimental Considerations

The question at issue is whether directionality of map-
ping--that is, whether or not inpuis match from word onset-—
is as important ia lexical access as the total amount of input
that matches a given lexical form representation. We tested
this in the present study in three ways. Let us fake as an
example the word honing (meaning honey), which has as a
close associate the word bif (meaning bee). In the first exper-
imental condition, called the original-word condition, there
was a complete match between acoustic stimulus and lexical
element: Subjects heard the word honing, and at its offset saw
the visual probe word BIJ, to which they made a lexical
decision response. The depree of facilitation of this response—
that is the amount fo which the spoken word cross-mmodatly
primed ihe visual probe word--was assessed relative to re-
sponse times to BIJ when it followed a word that was both
semantically and phonetically unrelated to honing, for ex-
ample, the word pakker {meaning parcel). This was the real-
word control. The amount of facilitation induced by the
original word, relative to this control word, was the baseline
for assessing the effects in the partial match conditions.

In the first pariial match condition, called the real.word
rhyme condition, the target word BLJ was presented following
a spoken word that rhymed with Aoning, in this case the word
woning (meaning dwelling). The question here concerns the
relation between this rhyme prime and the form representa-
tions of woning and hening. The representation for woning
will be fully activated. But will Aoning, which maiches the
input perfectly except for the initial segment, be activated as
well? i honing is activated, then it will prime the visual probe
BlJ and therefore facilitate the lexical decision response 1o
this probe.

For the real-word rhyme condition as a whole, the average
amount of overlap between the stimulus word and the word
related 1o the visual probe was 4.5 segments, counting from
the second segment on. I the simple amount of matching
input is the critical variable in determining amount of acti-
vation, then a rhyming stimulus like woning should facilitate
responses to BEY at feast as much as a stimulus like [kapi}
should facilitate responses o GELD and BOOT. The com-

parison condition for the realword rhyme was, as before,
responses to BiJ folowing the realwword control.

The experiment also needed to include 2 second partial
match condition, using rhyvme primes that are not reab-words,
This is because models kke TRACE allow elements at the same
level of the system io inhibit cach other. When the lexical
nodes in the system are activated on the basis of input from
the phoneme level, and when this level of activation exceeds
a ceriain threshold, they begin to inhibit their neighbors in
the network. The more strongly an #em is activated, the more
it inhibits the level of activity of its closest competitors, This
means that if a stimulus ke woning is heard, it will inhibit
competitors like soning. Even if the input to the lexical level
is sufficient to activate the lexical nodes corresponding to both
honing and woning, the inhibition from the item that best fits
the input will reduce the level of activation of ifs competitors.
This means that BLI would only be weakly facilitated, if at
all, following woning,

Because of this possibility of interlexical inhibition, we
needed 1o fnclude a nonword rhyme condition, in which the
rhyming stimulus 1s itseif not a real-word. In the Aoning case,
for example, we used the nonword thyme foning. Because by
definition there 1s no lexical node corresponding to a non-
word, and there is no inhibition between levels, the presen-
1ation of foning cannot inhibit the bottom-up activation of
honing. H lexical access is nondirectional, then a nonword
rhyme like foning should facilitate responses 1o visual probes
like BIJ, given the amount of matching input involved.

Two additional points need 1o be made. The first concerns
the role of mismatch information in lexical aceess. A prime
iike foning not only partially matches a2 word like Aoning but
also pariially fails to match with it, since it begins with an [f]
rather than an [h]. We assumed in the present study (as in
TRACE and in recent versions of the cohort model, Marslen-
Wilson, 1987) that this mismatch has no negative or inhibi-
tory consequences for the representation of Aoning. Note that
when there is mismatch late in a word, as in the kapitein/
kapitaal cases, the mismatch does not itself directly inhibit or
suppress the mismatching candidate. When the final syliable
of, say, kapitein is heard, 1ts effect is to boost the activation
of kapitein, whereas the activation of kapitaa! immediately
starts 1o decay. In a model ke TRACE, lateral inhibition from
kapitein may then accelerate the decay of activation for
kapitaal, but this is an effect that is mediated through the
lexicon. It is not a direct effeet of the mismaich on the
representation with which it mismatches. What these assump-
fions meant for the present experiment was that nonword
thyme primes like foning were directly comparabie, as far as
the activation of their target representations was concerned,
with word-initial primes Eke kapi.

The second point is that il cannot be the case, given the
results we aiready have, that partiaily matching nonword
inputs like foning can cause sufficient mutual inhibition be-
tween competing candidates (such as foning and woning) to

' In Zwitserlood’s version of the task, the spoken input terminated
at the end of the word fragment. In different conditions, of course,
subjects heard fonger or shorter fragments {of. Zwitserlood, 1985, in
oress).
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prevent priming of semantically related visual probes. The
fact that an input like [kapi] can prime the visual probes
associated with both kapitein and kapitaal means that repre-
sentations activated hy partial inputs do not cancel cach other
out at the lexical level, If the generation of inhibition is based
on a threshold, then partial inpuis may not be sufficient to
1ake the activation level above this threshold. There is there-
fore no reason, for a primanly nendirectional model, why a
nonword rhyme should not prime the semantic fields associ-
ated with the lexical forms with which it partially matches,

Finally, the use of a nonword prime raises the possibility
that the real-word control will not be the appropriate baseline
for evaluating effects in the nonword rhyime condition. Hear-
ing a nonword may have effects on performance over and
above those of partial matching with lesical representations.
Fo allow for this possibility, we included an additional base-
line condition, the nonword cortrol condition, Subiects also
saw visual probes like Bl presented at the offset of nonwords,
such as dakker, which have no phonetic similarities with their
paired nonword rhymes.

In summiary, the present experiment contrasted the hypoth-
esis that lexical access is strongly directional, so that the
beginnings of words determine the entry of word candidates
into the decision space, with the hypothesis that word onsets
do not have a special status and that overall goodness of fit is
the most important determinant of the system’s behavior. To
do this, we examined the priming of a visual probe in three
prime conditions: the original word condition, in which the
match between the input and the prime word was compiete,
and two partial match conditions, calied real-word rhyme and
nonwoerd rhyme, Lexical decision times in these three condi-
tions were compared with two baseline conditions {real-word
control and nonword control) in which there was no maich
at all with the original word.

Method

Subjects

Sixty subjects participated in the experimens. They were all native
speakers of Dutch and were paid for their participation, The subjects
were randomiy assigned to one of the experimental versions, six
subjects per version.

Materials

Test jtems, Fhbe materials were constructed around 30 sets of
rhyming pairs (such as Aoning/woning) and their associated visual
probes. These 50 pairs were selected from a larger set of 264 words
{132 pairs) for which association norms were collected in a pretest.
The criteria for the sefection of these materials will he described first.

The original pool of 132 pairs of rhyming words was constructed
on the basis of an exhaustive dictionary search for rhyming pairs that
met the following criteria: The two words were at least two syliables
in length and differed only in their first segment, both members of
the pair had the same form class, neither word was a recent loan
word or was fudged very uncommon, and both words were matched
for estimated frequency of occurrence (Uit den Boogaard, 19735).

Because association norms were not available for these words, it
was necessary 10 conduct a pretest, in order to have a basis for

selecting visua} probes for use in the ¢ross-modal priming task, The
264 words (132 pairs) were presented in written form to 60 subjects
in a free-association test. The subjects were asked to write down as a
response the first word that came to mind when they read sach word.

Given the resuliing associations, we could find 50 rhyming patrs
that had appropriate associates. The criteria used for selecting the
associates were (a) an overali associative strength of 10 or more
responses out of 60 (Le., more than 6%}, (b} similar associative
strength for both words in a pair, and (¢} no semantic overlap between
the associates chosen for each member of a rhyming pair. A probe
like B1F was selected not only because of its association with honing,
but also because it was never given as & response 10 woning, the other
member of the rhyming pair, On the basis of these criteria, 100
associates {one for cach member of 58 pairs of rhyming words} were
selected to serve as cross-modal visual probes. The mean association
strength between these probes and the spoken primes was 23.6 (39%).
The mean phonetic overlap between pairs, in terms of number of
shared segments, was 4.5,

The 5¢ rhyming pairs had the following syntactic properties. In 39
pairs, both words were nouns, 9 pairs were verbs {in their infinitive
form}, and 2 pairs were adjectives. Fhe nouns and adjectives were ail
two syliables in length, with one three-syllable exception. The verbs
were ail three syllables in length,

These rhyming pairs, with their associated visual probes, formed
the basis for 100 sets of five spoken primes, with each set associated
with one visual probe, These five primes corresponded to the five
experimental conditions, as illustrated in Table 1,

in Condition | {original word}, the subject heard one member of
a rhyming pair {e.g., honing), followed by its associated visual probe
{e.g., Bli) In Condition 2 (real-word rhyme), the subiect heard the
other member of the rhyming pair {e.g., woning), followed by the
visual probe (e.g.,, BH) associated with the original word,

Ia Condition 3 (nonword rhyme), the subject heard a rhyming
nonword {e.g., foning), followed by the same visual probe. The initial
segment of these nonword rhyvmes was made as phonetically distinct
as possible from the initial segment of the original word and the real-
word rhyme, within the constraings imposed by other real-words that
might also rhyme with the original word. The “nonword point™ for
these stimuli (the point at which they diverged from existing Putch
words) was set as early as possible, and always at least two segments
before the end of the stimulus (Af = 2.9 segments), This ensured that
the fexical item to which the roaword rhyme was tbe closest match
was atways the original word and not some other word belonging to
the same cohort as the nonword rhyme. Although the initial segments
of a nonword prime, such as foring, might match the beginning of a
word like foneriek, the compiete nonword wouid be a better match
to honing (or woning} than 1o any of its word-initial cokort members,

Conditions 4 and 5 (reab-word controi and nonword centrol,
respectively) contained stimuli matched in length aad syllabic struc-
ture to the test stimuli, but had no segments in common and (in the
case of the real-word control} had no associative of semangic refation
to the visual probe.

Table |
Sample Stimulus Set
Experimental Spoken Visuai
condition prife probe
Original word honing BH
Real-word rhyme woning BL
Nonword rhyme foning BiJ
Reai-word contrel palcker BiJ
Nonword contro} dakket BL
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Euch of the 50 such sets was maiched 10 a parallel set {assigned 10
a different version of the experiment) in which the other member of
the rhyvming pair became the original word, Woning, for example,
would become the original word, with the associate IS (meaning
house) now being used as the viseal probe, so that Aoning would now
function as the real-word rhyme, wath forring remaining as the non-
word rhyme.

Fillers. One hundred Nty filler items (spoken word/visual probe
pairs) were also constructed, Minety of the spoken SHers were real-
words, and 60 were nonwords, reflecting the distribuzion of spoken
words and nonwords in the fest conditions. Most of the real.word
fillers were verbs and adjectives, to compensate for the fact that most
spoken test words were nouns. Since most of the test words were two
syliabies long, the filler stimull were either one or three sytiables long,
Of the 150 visual probes lor the filler targets, 100 were orthographi-
cally legal nonwords and 50 were real-words, The lengths of the word
and nonwerd filler targets matched the length of the test targets.

An additiona? 48 item seis were chosen for use as practice. This
practice list was made up of 24 realeword and 24 nonword visuad
targets, in combination with spoken realewortds and nosword primes,

Design and Procedure

The 100 stizavius sets {see Fable 1} were split into two versions
with one member of each probe pair assigned to cach version. Within
sach version, the stimoli were rotated across five tapes, 50 that each
visugl probe (such as BLJ) appeared only once in sach tape and
appeared in comjunction with all five conditions across (he five tapes.
The 50 tegt and confrol trizls on cach tape were pseudorandomly
interspersed with the 150 fillers, with the fillers occurming in the same
position in each tape,

The 10 experimental tapes wers constructed by cross-recording

' from twe master tapes, of the filler and test items. The master tapes
wera recosded by & wosan native speaker of Duich, On the second
channel of each experimental tape, a tming pulse was sef, congur-
rently with the acoustic offset of the spoken primes. This timing pulse
served o trigger the exposure of the target word on & RT screen,
and to start the counter moduies that registered the subjects’ reaction
fimegs. The presentation time for the visual probes was 50 ms (un-
masked), with 2 6-5 interval befween rials,

‘The subjects were tested in groups of 2.4, cach seated in sepurate
carrels. They were instructed to listen carefolly to the spoken materials
on tape and to decide, as quickly as possible, whether the siring of
tetters that was presented after each spoken stinuius was & sealoword
or not. Om each inial, subjects heard & spoken word or nonword
binaurally over closed-gar headphones, followed immediaiely by the
presentatiosn of the visual target for lexical decision. They responded
by pressing the JA (yes) or NEE (no} button on the response box in
front of thems, Each test session lasted about 35 min,

Results and Discussion

Of the 3,000 kexical decision times we collected, 212 €7, 1%)
were errors {answering no t0 a realeword). These eror res
sponses were deleted from the matrix and replaced by the
mean of the item and subject means for the relevanst condi-
tion. A further 2.7% extreme values, defined as reaction times
that were more than two standard devistions ouiside the
relevant subject and item means, were replaced using the
procedure recommended by Winer {1971). ltem and subject
means were then calculated for the five experimental condi-
tions and entered into two one-way analyses of variance
{ANOVAS), on iterns and on subjects, with the single factor of

prime type. The F' ., ratio for prime type was then computed,
F i@, 597) = 3.423, p = 009,

The overall results, summarized in Figure 1, are straight-
forward. As reflected in 3 Newman-Keuls test (using an error
termt derived from the F', matio), only the original-word
condition, in which there was complete match between the
tnput and the word associated with the visual probe, produced
significant cross-modal semantic priming effects. Comparing
the ongimal word with the real-word control condition, we
abtained g facilitation effect of 32 ms, which i significant at
the .81 level in the Newman-Keuls and is comparable to the
effecis we have obtained in other cross-modal priming studies,
Zwitserlood {1985, in press), for example, obtained a 40-ms
facilation for endwofeword probes and a mean of 33 ms for
miciword prohes.

In ncither of the two partial match conditions was there
uny sigrificant facilitation. For the real-word rhyme condition
therg was an 1l-ms difference. For the nonword thyme,
depending on which bascline condition was chosen, the dif-
ference was either 10 ms (relative to the real-word control) or
4 ms {relative to the nonword controf). Both real-word and
neaword rhyme conditions were significantly slower than the
original-word condition {p < .05), but did not differ From
each other. In fact, the absolute reaction times for the two
rhyme overiap conditions, were aimost identical {547 vs. 348
ms). GGiven the similarity between the real-word and nonword
rhyme conditions, and in order to simplify the subsequent
analysis, we used the same baseline (reabword control) for
both of the partiul match conditions in the analyses described
below,

These overall means show that the directional story is
troadly correct. Primes that do not share word onsets with
the retevant lexical form representations are much less effec-
tive than primes that do-whether compared with the com-
piete match conditions in this experiment or with the word-
nitial partial primes used in earlier research, Other aspects of
the resuits, however, suggest that this is not the whole story
and that rthyme primes can have consequences for the acti-
valion states of the words that they partially map onio. One
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hint that this might be so comes from an analysis of the
correlations between response times across the different test
conditions.

Locking at the overall item means, there were significant
correlations between the two partial match conditions (real-
word rhyme and nonword rhyme) and the complete match
{original word) condition, of .38 and .47, respectively. These
correlations survived in a partial correlation analysis, which
factored out the component of shared vatance due to the
properties of the visual probe, This analysis was run using the
real-word control tem means as the basis for partialing out
the refevant components of the shared variance. The rationale
for doing this was that the real-word control primes had no
phonetic or semantic properties in common with the three
test conditions. Therefore, any variance that this control
condition had in common with the test conditions should
have been due to the properties of the visual probe. With this
aspect of the shared variance factored out, there was a corre-
Iation of .28 {p = .002) betwceen the real-word rhyme and the
original-word conditions and of .34 (p < .001) hetween the
nonword rhyme and original-word conditions. This indicates
that rhyme primes do have some effect on the lexical repre-
seniations of items with which they rhyme, even if this
produces onty a small overall increment in facilitation,

We niow turn to some subsidiary analyses, designed to find
out whether there were any specific conditions under which
rhyme primes were more or less effective in activating lexical
representations. We look first at the effects of amount of
overlap, measured in segments, between the rhyme primes
and the original words. Even though the average number of
overlapping segments (4.5) was greater than in either of the
word-initial partial match experiments described earkier (Mar-
slen-Wilson et al., 1989, Zwitserlood, 19835, in press), it could
be argued that the rhyme primes did not match lexical rep-
resentations guite ag well as the simple count of segments
would suggest. In particular, the coarticulation of the initial
{mismatching) consonant with the following vowel might
make at least the onset of the vowel a poor fit to the relevant
lexical representation. This is consistent with some recent
results by Warren and Marslen-Wilson (1987) and with the
version of TRACE described by Elman and McClelland (1986).

Amourt of Segmental Overlap

We were able to evaluate the role of amount of overlap by
reanalyzing the results we already had, given the large number
of items used and the range of different lengths that they
covered. In fact, it was possible to subdivide the stimulus sets
into four major overlap categories, ranging from three seg-
ments overlapping {as in herrie/merrig/lerrie) 10 six or more
overtapping (as in handelen/wandelen/jandelen}. The number
of items in each overlap group varied as follows: For the three,
four, five, and six-or-more groups, the number of items was
16, 48, 12, and 16, respectively. Even on the most conservative
estimate of the amount of effective overlap, the large-overlap
groups would provide at least as much matching inpat as the
word-initial partial primes in carlier experiments, which av-
eraged between 2.9 and 3.3 segments overlap.

The test—control difference scores for the Hems in the four
groups were entered into an unequal-N ANova, with the
factors length {three, four, five, and six or more shared seg-
ments) and prime type {original word, real-word thyme, non-
word rhyme). In this and all subsequent post hoc analyses,
subsets of items are compared. Since the original design was
fully counterbalanced, subjects did not confribute 10 each
itern in each condition, Therefore, all analyses were based on
the item means only, normalized for subject variation. We
excluded from this data set eight items that had high error
rates, leaving 92 sets. As Figure 2 shows, the resulis were
clear-cut. There was a significant effect of prime type, £(2,
176} = 8.16, p < 0G1, with the amount of faclitation aver-
aging 20 ms more for the onginal word than for either of the
two thyme primes, But there was no effect of length, F(3, 88)
= {,33, and no interaction with prime type (¥ < 1} The two
partial-match conditions, which behave in very similar ways
across duration groups, are collapsed into one group in Figure
2. The amount of facilitation did vary across length groups,
but this pattern seemed to have nothing to do with the length
variable per se, and did not interact with type of prime.?

These results make it unlikely that the failure of rhyme
primes to produce facilitation was because they did not pro-
vide amounts of matching input comparable fo the word-
initial primes discussed earlier (such as the [kapi] example},
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1f we Jook at the absolute means for the complete and partial
overlap conditions, then we see these did not vary at ali across
conditions. Going from small to larpe overlap, the means for the
originai-word conditions wers 524, 523, 523, and 528 ms, respec-
tively, and for the two partial overlap conditions (collapsed together),
the means were 541, 542, 545, and 545 ms,
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The longer rhyrme primes, with five or six segments of overlap,
provide ample amounts of matching input and vet are no
more facilitating, and no closer to the original word, than the
rhyme primes with only three segments of overlap.

It i3 also apparent from these results that the degree of
activation of a lexical representation seemed to be independ-
ent of the simple amount of matching input involved. This
showed up in two ways. First, there was no general increase
in the overall level of facilitation for the longer overlap groups,
either for the ariginal-word group or for the two rthyme groups.
Second, there was no evidence of any convergence between
the complete and partial match groups as the amount of
averlap increased. On a straightforward activation story, the
level of activation of a lexical node {or of the array of nodes
corresponding to a lexical entry) is refated to the amount of
excitatory input that this node receives. This predicts that the
relative disparity between rhyme primes and full primes
should diminish as a function of the increase in the amount
of positively matching input that they had in common, We
find instead that the difference between the full prime and
the partial rhyme primes remaimned constant as the hbumber
of overlapping segments increased from three {o six or more.

The Competitor Environment

1n current maodels of lexical access, the competitor environ-
ment within which a lexical representation is activated is an
important factor in determining the response of the system.
There are two aspects of this competitor space that might
affect the effectiveness of a rhyme prime: (a) the acoustic-
phonetic distance of the initial segment of the prime from the
initial segment of the word with which: it rhymes and (b) the
number of near competitors.

We cannot evaluate here the effects of acoustic-phonetic
distance, because the rhvme stimuli were selected so as to
reduce fo a mimimurm any variation along this dimension. As
far as possible, we chose the stimuli to maximize the distinc-
tiveness of the onsets of the rhvrne primes and of the original
words, For almost all the item sets, the initial segment of the
nonword thyme differed from the original word in both
manner and place of articulation. A simnilar pattern held for
the real-word rhymes and the original words, with nearly 80%
of the pairs having initial segments that differed in both
manner and place.

The second competitor variable, which the current stimutus
set does allow us 10 evaluate, is the overall number of com-
petifors that a prime word had to contend with, The onginal
stimulus sets varied in terms of the number of words in the
language with which the original word rthymed. We shall refer
to these words as rhyme competitors. Thirty of the sets had
only 1 rhyme competitor i.e., the matched real-word rhyrne).
For the other 70, the number of competitors varied from 2 to
23. For example, the word kefel (meaning kettle) had three
rhyme competitors (zetel, betel, and netel).

In a model in which there is simultaneous propagation of
hottom-up activation to zil appropsiate lexical nodes, it is
possible for the number of nodes that are good matches to
the input to affect how any individual node will respond. This
might especially be the case for the nonword rhymes, for

which the goodness of fit will be more nearly equal for ali
rhyme competitors. In fact, 1t is only for cases in which there
are just two rhyme competitors that the nonwaord rhyme will
be, strictly speaking, in the same position as the word-initial
partial match stimuli used in our earlier research, (The stimuli
for the word-initial overlap experiments were selected, as far
as possithe, so that there would be only two candidates left at
the midword probe point.) Perhaps, then, this is the appro-
priate condition for assessing the effects of partial overlap,
and not conditions in which there are many more lexical
nodes competing (the mean number of rhyme competitors
for the entire set was 4.5).

We therefore selected three subsets of the data: the 30 sets
in which the originat word had only one competitor {the real-
word rhyme), the 30 sets that had the largest number of
competitors (ranging from 6 to 23 and averaging 10.0), and
an intermediate set of 30, 1n which the number of competitors
ranged from 2 o 4 (M = 3.1). The test—control difference
scores for the three sets were entered info a two-way ANOVA,
with the factors competitor flow, infermediate, or high) and
prime type {original word, real-word rhyme, or nonword
rhyme). The three competitor-size groups were well matched
for association vaue {i.e., the sirength of the prime-target
associative relation), with means of 23.0%, 22.4%, and 21.0%
going from low to high competitor, as wel} as for amount of
averlap (number of segments shared with the original word),
with means of 4.9, 4.5, and 4.3, respectively.

There was a strong main effect of prime tvpe, F(2, 174) =
11.612, p < .001, with the difference scores being 20 ms larger
for the original-word condition. There was also a consistent
competitor effect, with the advantage of test over control
averaging 30 ms in the low-competitor group, and falling o
9 ms in the intermediate group and 10 ms in the high-
competitor group. Although this effect was not significant on
the overall analysis, F{2, 87) = 1.935, p > .10, subsequent
post hoc tests (Newman-Keuls), showed significant differences
between facilitation effects in the low-competitor condition
and those in the other two conditions, both for the original
word and for the rhyme primes (Wilcox, {987). There was,
however, no sign of an interaction between competitor and
prime type, F < 1. The two thyme conditions (rezl-word and
nonword} behaved in very similar ways across competitor
groups.

This overall pattern of results is illustrated in Figure 3, with
the two rhyme conditions collapsed into a single partial
overlap group. The resulis show, fisst, that variations in the
number of competitors did not affect the advantage of fuli
primes over rhyme primes, confirming the overall correctness
of the directionality hypothesis. On the other hand, the com-
petitor environment did seem to matter. When the spoken
input was a good maich to only two lexical representations,
then the overall level of activation {as measured in these cross-
medal probes) was higher for both the complete match and
partial match conditions. For both the original-word and
combined-rhyme groups, the facilitation effecs differed sig-
nificantly from zera. But for conditions in which the number
of close competitors was larger than two, there was no effect
of partial match at 2. Only the scores for the onginal word
differed sigrificantiy from zero.
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Conclusion

The dominant effect in the present results is directionality
of mapping. Primes that mismatched at word onset with the
refevant lexical form representation were always less effective
than primes that did not mismatch word-initially-—whether
compared with the complete match conditions in this exper-
iment or with the word-initial partial peirmes used in carlier
research, This beld true independently of the amount of
overlap between a partial prime and the relevant original
word. Even with wogds three syllables long, in which only the
first consonant was mismatching, we still saw no significant
overall priming effect.

This result is inconsistent with any simple global notion of
the nondirectional mapping of stimulus information onto
lexical representations. On any story of this sort, there shouid
be not only an effect of rhyme primes at alf levels of overlap,
but also a general increase in the level of facilitation induced
by rhyme primes as the amount of overlap increases. There
was no sign of this in the present data; nor was there any sign
that the difference in effectiveness between a rhyme prime
and the eriginal word diminished with increasing overiap.

Furthermore, there was no detectable effect of the lexical
status of the rhyme prime. In terms of their effectiveness or
ineffectiveness as partial primes, the real-word and nonword
rhyme stimuli behaved in the same way throughout. Although
a model like TRACE could aceount for the absence of any
partial match effects for the real-word rhymes {via the mech-
anisms of lateral inhibition), it would have difficuities with
the absence of any effect for the nonword rhymes as weli.

In general, the results suggest that word onsets do have a
special siatas in spoken word recognition. Perceptually, se-
quences that mismatch at word onset do not seem o enter
normally into the on.line decision space. Even in the maximal

overlap conditions, the rhyme prime never catches up with
the original word. It is never, apparently, treated as if it were
the original word. Although the listener may be able {o
determine, on-line, that the nonsense word bleasant is in-
tended as a token of the string pleasant, this does not mean
that the perceptual experience of pleasant is substituted for
the percept of the mispronounced token; nor does it mean
that this overriding of the original mispronunciation is with.
out cost for the processor.

Evidence for Late Eniry

Accompanying the dominant effect of directionality there
were, nonetheless, signs that under certain conditions thyme
primes could have detectable priming effects, that word-initial
mismatch does not provide an absolute block to entry into
the decision space. This showed ap, first of all, in the small
but significant correlations between responses to the original
word and responses to the thyme primes, even after compo-
nents of shared vardance due to the visual probe had been
factored ot in a partial correlation amalysis. The subsequent
analyses suggest that this effect was strongest in the stimulus
conditions in which the original word had only ope thyme
competitor. Under these conditions, there was an across-the-
board increase in the amount of facilitation of the visual
probe, so that there was a significant effect not only for the
original word but also for the two rhyme primes (see Figure
£33

The current data do not tell us exactly how to interpret this
evidence for late entry nor why it interacts with the density
of the competitor environment. One possibility is that the
enhancement in sparse competitor environments reflects
some form of gang effect (McClelland & Rumethart, 1981),
where thg overail level of inhibition in the system rises as a
function of the number of candidates that are active at any
given moment. A second possibility foeuses on the phonol-
ogical similarity betwcen the onsets of rbymes and targets. In
particular, the increased effectiveness of the nonword rhymes
in the low.competition environments may reflect the in-
creased likelihood that the thyme prime will be more similar
to the original word than to any of its thyme competitors.

Neither of these accounts is completely successful, however,
in accounting for the fuill pattern of results, Although it is
tikely that the effects at least partially reflect the relative
phonological distance between rhymes and original words,
this is a possibility that will have to be ¢valuated in future
research, using stimull explicitly designed to vary along this
dimension,

Information and Representation

Finaily, we should consider three further accounts, each of
which requires some reconsideration of the basic assumptions
on which we conducted this research. The first of these
concerns the ways in which different systems handle the
occurrence of a mismatch between an input and a lexical
representation. We assemed here that a mismatch has no
negative or inhibitory effects, so that 4 word-initial mismatch
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sitnply means the absence of positive input for the segment
involved. There are some grounds, however, for treating the
mismatch between an input and a representation as more
than just the absence of & maich and allowing i, instead, to
have long-term negative effects. This would simplify the inter-
pretation of the current results,

The available data for mismatches late in a word suggest
that this information has & strong and immediate effect on
the status of the word in question as an active candidate. In
research using pairs of the kapitein/kapitaal type (Marslen-
Wilson et al., 1989; Zwitserlood, in press), facilitation of a
cross~modal semantic probe dropped off rapidly as soon as
disconfirming information became availabie. Although fkapi}
facilitated probes related 10 both kapirein and kapitaal, the
sequence [kapitey] facilitated only the matching candidate
{kapiteiny;, the competitor appeared to be immediately
dropped. Analogousty, Slowiaczek and Pisoni {1986) found
that auditory primes like dress, followed at a 50-ms delay by
auditory targess like dread, had no facilitatory effects on their
targets {although in this case, of course, the research was
looking at phonological rather than semantic priming).

These results are consistent with the view that mismatch
information has a directly inhibitory effect. What the current
research suggests is that if these effecis are inhibitory, they
remain in effect for the full duration of the word. Even for
very long, multisyllable rhyme primes, there was no sign that
the system was losing sight of the fact that the initial segrent
did not match. We might envisage, then, a processing system
that, on the one hand, atlows the mapping of the input onto
all representations to which it matches, even if the match is
oniy a partial one. On the other hand, however, because the
systemn maintains & representation of the complete pattern of
maiches and mismatches between the input and the set of
lexical representations that are currently active, it will not lose
track of the fact that 2 mismatch has occurred. It does not
confuse mobility with nobility, nor does it perceive dwibble
as a token of dribble. This allows it to generate the results we
have observed here.

The second possibility concerns the extent to which a
nondirectional model, such as TrAcE, could in fact account
for the present results. Although TRACE is not explicitly direc-
tional in s approach to lexical access, it does have an intrinsic
directionality, in the sense that speech is ordered in time, so
that word onsets are heard first. The presentation of TRACE in
McCieHand & Elman (1986} may underestimate the signifi-
cance of this temporal ordering in determining the behavior
of the system. Fiman {personal communication, October 29,
1987) has since run some additional simulations using non-
word inputs ke [biss] and jwist], which partially match the
real-word beqst either word-initially {as in [biss]} or word-
finally {as in [wist]). In each case, there is three segments
averlap with the relevant lexical representations. Eiman finds
that the word-initial partial input strongly activates beast,
whereas the rhyming partial input is very ineffective in acti-
vating this word, because of competition from other real
words that are activated word-initially by the sequence [wi].

This raises the interesting possibility that directionality
effects can be accommodated in a processing model simply
as a consequence of the temporal order in which information

arrives, This would reinforce the attractiveness of FRACE as a
realization of a cohortlike recognition process, To evaluate
this properly, however, we need a systematic investigation of
how rRACE performs over the full range of stimulus types
used in this experiment, with the appropriate contrasts 1n
amount of overlap and types of competitor environment. In
particular, it will be imporiant to establish whether Trace
shows the same lack of sensitivity to the amount of stimulus
overiap as we found in the present experiment for human
listeners (see Figure 2).

The fina} possibility concerns the properties of the lexicat
representations themseives. The assumption of aondirection-
ality in processing requires the assurnption of nondirection-
ality in representation. In comrmon with almost all other
research on speech processing and lexical access, the present
experiments were based on the assumption that the abstract
representation of lexical form is a sequence of independent
representational units {such as segments), strung together like
astring of beads. The representation itself, on this assumption,
has no inirinsic sequential structure, so that any directionality
in access is imnposed from ouside, by the propertics of the
Processing system.

Bzt one should aiso consider the possibility that the mental
representation of lexical form does have intrinsicaily direc-
tional properties, so that there are sequential dependencies in
the representation. Independent of any assumptions about
the properties of the access process, these dependencies wil
impose a penalty on any stfmulus input that dees not enter
the representational space at word onset. We have sugpested
that the processing systemn may need to operate in terms of
the complete patterning of the input over the representational
space. If this representation in some way captures the absiract
properties of lexical forms as dynarnic patterns in time, then
it may be that these patterns can only be fully satisfied by
inpuisthat share the same complete trajectory, In other words,
we should think at least as carefully about the properties of
representations as we do about the processes that map onto
thern.
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