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ABSTRACT

Partial overlaps in initial position between prime and target
usually give rise to a null effect or to inhibitory effects. Priming
effects are interpreted as resulting either from competition among
lexical forms that present phonological similarity or from a
decisional bias. In this experiment, the competitor set was
strongly reduced. Auditory primes were nonwords containing a
single initial-embedded word that served as visual target. These
initial-embedded words could not recombine with the following
phonemes to make the beginning of longer words. To reduce
strategic effects, the proportion of related pairs was fixed at
12.5%. Initial overlaps gave rise to facilitatory priming effects.
When the competition is strongly reduced, a partial overlap is
sufficient for word recognition, provided that the match between
a part of the input and a lexical form is complete. A connectionist
account that locates competition at the lexical level best explains
the differential activation of lexical forms.

1. INTRODUCTION
Spoken word recognition involves on-line access to the lexicon.
It requires finding a sufficient match between acoustic-phonetic
information and lexical representations stored in the mental
lexicon. Using different versions of the form-priming paradigm,
investigations have focused on two main issues. They studied
the tolerance of mismatches according to the degree of deviation
between the mismatching input and an intended item. Second,
they examined the effects of lexical competition between
simultaneously active candidates as so far as mismatching inputs
may have inhibitory effects on target representations.

Phonological priming is observed when primes and targets
share one or more than one phoneme, e.g., "ram - run" [2]. The
role of phonological similarity in auditory word recognition has
been assessed for different kinds of overlaps between primes
and targets. An auditory prime is followed by either an auditory
target or a visual target that shares the initial phoneme or
several phonemes of the prime. Most form-priming studies using
auditory presentation of primes have been conducted with the
unimodal version of the paradigm, i.e., auditory primes preceded
auditory targets [2, 3, 7, 8, 9]. We used the cross-modal version
(auditory-visual) of form priming for two reasons. Cross-modal
priming allows us to ensure that listeners will have repeated
access to lexical forms. When primes and targets share

phonemes, either physically or because letters are converted into
phonemes, the phonological codes of both items may compete.
In addition, in cross-modal priming experiments, targets can be
presented without delay at the offset of primes.

In experiments using the unimodal version of phonological
priming, complete overlapping gives rise to facilitatory effects,
whereas partial overlapping of primes and targets from the
beginning gives rise either to facilitatory effects or to inhibitory
effects during target processing, or even to null effects. Amount
of overlap plays an important role, since it determines the
degree of similarity between primes and targets. In lexical
decision experiments, when the targets were presented in noise,
a partial overlap gave rise either to facilitatory effects or to
interference effects depending on the proportion of related pairs
(PRP) and on the inter-stimulus interval (ISI). A long ISI and a
high PRP (50%) facilitated lexical decisions on the targets. But
in the 50-ms ISI condition with a low PRP (10%), a significant
inhibitory effect was observed [2]. However, when the targets
were presented in the clear, null effects were reported [2, 7, 8,
9]. With word and nonword primes, the data showed a null
effect when primes and targets shared one phoneme ("burnt" -
BLACK, /brem/ - BLACK), two ("bleed" - BLACK, /blim/ -
BLACK) or three phonemes ("bland" - BLACK, /blaet/ -
BLACK) [8]. But Radeau et al. [7] observed inhibitory effects in
the one-phoneme- and in the one-syllable-overlap trials with a
high PRP (75%), and a long ISI. Materials were disyllabic
French words used as primes and targets ("poulet" or "palais"
followed by the target "parure"). However, inhibition
disappeared when a repetition condition was not included in the
experimental design. Thus, inhibition could result from a
response bias, such as a congruency-checking mechanism [7].
Note that primed shadowing responses diverged according to
participants' expectancies. High-expectancy when using a long
ISI and a high PRP (75%) entailed facilitation, low-expectancy
when using a short ISI and a low PRP (21%) entailed inhibition.
Phonological priming is sensitive to participants' strategies, and
facilitation is mediated by participants' expectancies [3].

With auditory word primes, e.g., "tinsel", and phonetically -
but not morphologically - related visual targets, e.g., TIN, no
facilitation of lexical decision making was observed, although
the targets were contained into the primes [5]. Phonological
relationship was not sufficient to produce facilitation. Activation
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of the target, even when the target repeat a part of the prime,
either decays very rapidly or it is actively inhibited. Units that
overlap in initial position do not play a facilitatory role at the
lexical level [5]. However, Vroomen and de Gelder reported
facilitatory effects when the primes were nonwords in which
real words - which were used as visual targets - were initial-
embedded, e.g., BEL in "belkaam", whatever the size of the
cohort [10]. Similarly, semantic associates of initial-embedded
words received activation, but only when embedded words were
part of a nonword sequence [11].

To sum up, when the overlap between primes and targets is
in word-initial position, the priming effect on target processing
is usually null or inhibitory with both the unimodal version and
the cross-modal version of the priming paradigm. Nevertheless
the priming effect may be facilitatory when the targets are
presented in degraded conditions such as noise, when the
experimental environment favours response biases [2] or when
the primes are nonwords [10].

The present experiment investigated whether a
phonological relationship between prime and target produces
either facilitation or inhibition when the targets repeat the initial
syllable of primes, and when these initial syllables are words.
Auditory primes were nonwords derived from base words in
which a monosyllabic word was embedded in initial position.
Initial-embedded words served as visual targets. The nonword
primes and the base words from which the primes were derived
presented a high degree of dissimilarity. Similarity between
primes and base words refers here to perceptual distance
between related items, and not to the number of shared
phonemes. Strong perceptual differences between two items is
entailed by a maximal change, as it is the case when one
phoneme in a sequence deviates from the original phoneme by
enough features to cause a change in phonetic category. On the
other hand, the embedded words used as visual targets were
highly similar to the beginning of the primes, since they
corresponded to the first syllable of the auditory primes. Yet, as
cannot be avoided in research on embedded-word processing,
phonological forms of monosyllabic words embedded in auditory
primes and of these words when used as visual targets presented
probably differences, due to coarticulation of the first syllable of
primes with subsequent phonemes. In other respects, as
phonological priming is highly sensitive to strategic effects, we
tried to lessen the likelihood of participants' strategies by using
specific experimental constraints. Probability of a decisional
bias was strongly reduced in so far as PRP was low [2] and a
repetition condition was not included in the design [7].

In a previous experiment, we used as base words - from
which auditory primes were derived - polysyllabic words that
contained several embedded words. Primes and targets were
highly similar along the whole sequence. More important, each
of the first two syllables of base words could recombine with the
following phonemes to form numerous words. We found strong
inhibitory effects on target processing. Results were consistent
with the results usually found whenever primes and targets
overlapped from the beginning. One or more lexical hypotheses
might have been activated at one or several different points
during prime processing [6]. High-similarity interferences,

whatever the size of overlapping units, suggested that a partial
overlap of phonological information at the beginning of derived
nonwords and base words did not prevent activation of the
primes from decaying too rapidly to facilitate lexical decision
making on the targets. High-similiraty interference could have
reflected automatic processing [3]. But we could not rule out the
possibility that the inhibitory effects obtained in a large
competitor-set condition reflected a response bias rather than the
outcome of recognition processes. In order to ensure that the
inhibition effects reflected lexical competition, we reduced, in
the present experiment, the amount of competition that could
occur between simultaneously activated candidates. The first
syllable of the derived nonword primes was an embedded word
that cannot recombine with the following phoneme to make the
beginning of a longer word. The participants' task was to
determine whether the visual target was a word or a nonword.
This experiment aimed to evaluate the role of competition in
word recognition when target words shared all phonemes with
the first syllable of nonword primes.

2. EXPERIMENT
If the inhibitory effects previously observed resulted from lexical
competition, we can predict that these effects would be strongly
decreased by reducing the number of candidates to recognition.
The nonword primes were derived from trisyllabic base words
containing a single initial-embedded word. In order to strongly
constrain lexical competition likely to occur at embedded-word
offset, nonword primes were constructed so that the initial-
embedded word could not recombine with the following
phoneme to make the beginning of a longer word. For example
the sequence /ND±=/ in the nonword prime /ND±=LQDO/ (derived
from the word "cardinal", cardinal) contains the word "car"
(/ka±/, bus), but cannot be the beginning of any French word.
The difference between the nonword primes and the base words
involved a maximal change in phonetic category so that there
was as little phonetic similarity between them as possible at this
specific point along the speech signal. The altered phoneme
should clearly disrupt any attempt to activate lexical hypotheses
about the entire prime. If the inhibitory effects of phonological
overlap that were found previously were due to competition,
they will be reduced. Access to the initial-embedded word might
even be facilitated due to its high frequency. On the contrary, if
inhibitory effects are still observed, they can be construed as
evidence for a response bias such as the lack of congruency
between nonword primes and word targets or between
phonological representations of words embedded in the primes
and word targets.

2.1. Method
The participants were 20 native speakers of Parisian French
(Université René Descartes). The 30 auditory primes were
trisyllabic nonwords which contained an initial-embedded word.
They were constructed from 30 base words. The consonant
occurring just after the initial embedded word was replaced by a
consonant belonging to a clearly different phonetic category,
e.g., a stop consonant was replaced by either a fricative, a nasal,
or a liquid with a different place of articulation. The
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intersyllabic boundary corresponded to the word boundary. The
base words were low-frequency nouns and the embedded words
were high-frequency nouns. Mean number of competitors that
shared the first syllable with base words and that were more
frequent than target words was 3.37. There was no semantic
relationship between the base- and embedded-words. The visual
targets were the 30 words initial-embedded in the nonword
primes.

In the unrelated control condition, the same set of 30
monosyllabic words that had been initial-embedded in the
nonword primes was used as visual targets. They were paired
with 30 trisyllabic nonwords with low phonetic similarity, no
phonological overlap, and no semantic relationship with their
respective targets. Ninety filler pairs were added (30
nonword/word pairs and 60 nonword/nonword pairs). In the
filler pairs, the primes were trisyllabic nonwords and the targets
were either mono-, di-, or trisyllabic words or nonwords. Half of
the nonwords were unrelated to their primes, and half were
related to their primes with which they shared 2, 3 or 4 initial
phonemes.

Each trial consisted of an auditory prime and a visual
target. A sample test is presented in Table 1. Each critical target
was presented under two priming conditions, but no subject
heard the same prime twice or saw the same target twice. In
order to minimize strategic effects on response times, we
designed the experiment so that 1) the proportion of pairs with
phonological overlap (PRP) was 12.5% 2) the inter-stimulus
interval was set at 0 ms, since the visual targets were presented
at the acoustic offset of the primes 3) half of the nonword targets
were phonologically related to their respective primes, in order
to avoid a response strategy based on the presence of
overlapping units. Participants had to decide whether the target
was a word or not. Reaction time (RT) was measured between
the acoustic offset of the auditory prime and the participant's
response.

___________________________________________________
Base word test prime control prime target
___________________________________________________
cardinal /ND±=LQDO/ /6\ERW�±/ CAR
___________________________________________________

Table 1. Sample stimulus set

2.2. Results and discussion
A separate analysis of variance run on error rates (2.6 % of the
data) did not reveal a significant effect of priming condition (F <
1). Table 2 displays the mean RTs for the "phonological
overlap" and "no phonological overlap" conditions and the
priming effect. Analyses of variance across subjects (F1) and
items (F2) were performed on RTs with Prime Type
(phonological overlap, no phonological overlap) as a within-
subject factor.

___________________________________________________
RT Error

___________________________________________________
Phonological overlap 443 .016

No overlap 474 .010
Priming effect   31
___________________________________________________
Table 2. Mean lexical decision latencies (in ms) and error rates

for each priming condition

The analyses of variance revealed a significant main effect of
Prime Type both by subjects (F1(1,19) = 11.7, p < .0003) and by
items (F2(1,29) = 38.6, p < .0001). Lexical decisions for visual
targets were faster (31 ms) following partially overlapping
primes (443 ms, sd = 32 ms) than following unrelated primes
(474 ms, sd = 31 ms).

These results showed that nonword primes containing
initial-embedded words may facilitate lexical decisions on
targets when the targets repeat the embedded words. Initial
overlap gives rise to facilitatory effects in this specific condition.
This priming effect could appear as inconsistent with the lack of
an effect of initial overlap usually observed in previous research
[2, 3, 7, 9]. But several differences between the present
experiment and these studies could explain this discrepancy.
First, cross-modal priming was used instead of auditory-auditory
priming. If we assume that a change in modality allows for
repeated access to lexical representations, facilitation could
occur at the lexical level, whenever the entire target is present in
the prime. Second, the materials were selected so that the
primes could not activate numerous lexical hypotheses, since the
beginning of the nonwords (their first syllable) was a word
whereas the first syllable plus the following phoneme did not
correspond to any French word. In this respect, our materials
differed from Marslen-Wilson et al' materials [5]. Moreover, the
first syllable of the primes matched the monosyllabic targets.
Initial overlap corresponded to a word, and not to part of a word
as in experiments where a null effect was found. The results are
quite consistent with the facilitatory priming effect obtained for
initial monosyllabic words embedded in nonwords, when using
either the phonological [10] or the associative [4, 11] cross-
modal priming paradigm. The presence of priming for auditory
nonwords followed by visual semantic associates of the base
words from which the primes were derived has been reported by
Connine et al. [1]. Finally, setting up ISIs of 0 ms may have
been what made it possible to measure transient activation and
all the more so since the embedded words were high-frequency
words. The choice of a low PRP (12.5%) prevented subjects
from building post-lexical strategies.

3. CONCLUSION
Phonetic dissimilarity between the nonword primes and the base
words from which they were derived, and phonological
overlapping on the first syllable of the primes and targets
combined to produce a facilitatory priming effect instead of
inhibitory or null effects. When competition between lexical
hypotheses is reduced, initial-embedded words are recognized.
The main difference between the present experiment and
previous ones was the small number of lexical hypotheses that
the primes could have activated from the beginning. Facilitation
occurred when there was a strong phonetic dissimilarity in
medial position between the nonword primes and polysyllabic
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words in the lexicon, and total overlapping between the initial-
embedded words in the primes and the targets. According to
TRACE [6], among all activated competitors, the most activated
in the lexical decision space is the one that matches the input
the best. The presence of a strong phonetic dissimilarity
hampered recognition of words longer than the embedded word.
Potential longer words did not strongly inhibit their shorter
competitors due to the low level of similarity between long
words in memory and the input. When hearing the prime
/ka±=LQDO/, listeners considered in parallel several lexical
hypotheses from the beginning. But information present in the
phoneme /=/ subsequent to the first syllable /ND±/ disrupted
lexical search. The occurrence of the altered phoneme (/=/
instead of /d/) reduced activation of all competitors. Recognition
of the word "car" was not delayed, and its level of activation was
high, so that lexical representations of embedded words have
been maintained until incoming targets. Lexical decision making
was facilitated by the good match between auditory and visual
inputs. We suggest that a short candidate (short but well
matching a part of the signal) takes advantage over a longer, but
strongly mismatching candidate.

However, embedded words presented some acoustic
differences with the same words produced in isolation, since
they were coarticulated with the following syllable. Phonological
representations of embedded words differ from phonological
representations of visual targets. In spite of these differences,
the processing system detected the monosyllabic words
embedded in the nonword sequences. This detection was made
easier since the word boundary and the syllable boundary
coincided. Vroomen and de Gelder [10] suggested that
activation evolves as a function of the number of competitors.
High-similarity and an increasing number of overlapping units
give rise to a large number of competitors, and to strong
interferences between several lexical-access attempts. Low-
similarity between a base word and a derived nonword, and a
small number of competitors - as soon as the disrupting
phoneme is occurring - allow for a partial initial-overlap to be
efficient. Activation of initial-embedded words is maintained,
all the more since embedded-word targets matched a full
syllable at the beginning of nonword primes [11].

Our results suggest that cross-modal form-based priming is
well suited to studying word recognition. According to
Slowiaczek and Hamburger [8], inhibitory effects are due to "a
top-down influence of the lexical representation of the prime on
the recognition of the target" (p. 1249), whereas facilitatory
effects are due to the bottom-up activation of phonemes shared
by the prime and the target. According to Goldinger et al. [2],
inhibitory effects are "true" perceptual effects, whereas
facilitatory effects are sensitive to perceptual and response
biases. We cannot decide firmly between these two accounts of
activation interplay during phonological processing and lexical
access. Facilitation of lexical decision on the target CAR could
be due to a bottom-up activation of phonemes shared by prime
and target. However, the fact that primes and targets were not
presented in the same sensory modality questions this
interpretation of data. On the other hand, experimental design
did not favour participants' response strategies. Our results

suggest that partial phonological information has been mapped
onto a lexical form in memory. Mapping was efficient due to the
goodness of the prime-target match. Primes and targets were
both processed at lexical level.

The present experiment suggested that, depending on the
priming condition, on the number of lexical hypotheses, and on
their respective levels of activation, facilitation effects may be
obtained, that response biases could not easily explain. When
the competition is strongly reduced, a partial overlap is
sufficient for word recognition, provided that the match between
a part of the input and a lexical representation is good enough. A
connectionist account that locates competition at the lexical
level seems to best explain the activation of lexical forms.
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