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Abstract

Many theories predict the presence of interactive effects involving information
represented by distinct cognitive processes in speech produdion. Thereis consderably
less agreement regarding the precise cognitive mechanisms tha undelie these interactive
effects. For example, arethey driven by purely produdion-interna mechanisms (e.g.,
Dell, 1986)or do they reflect theinfluence of perceptud monitoring mechanisms on
produdion processes (e.g., Rodofs, 2004 ? Acoudic andyses revea thephondic
realization of wordsis influenced by their word-specific propetiesN suppoting the
presence of interaction between lexical-level and phoneic information in speech
produdion. A secondexperiment examines wha mechanisms are respongble for this
interactive effect. Theresults suggest the effect occurs on-lineandis not purely driven
by listener modding. These findingsare congstent with the presence of an interactive

mechanism tha is onlineandinternd to the production system.
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Mechanisms of interaction in speech production

A great deal of research has documented the presence of interactive effectsN the
interaction of distinct types of information represented by different cognitive processes
N within both speech produdion and perception. The Ganongeffect (Ganong,1980 isa
prototypical example; it illugrates theinteraction of lexical and phoneic category
information in speech perception. When presented with syllables who=e initial
cononants vary alonga voice-onst time (VOT) continuum listenersOidentification of
theinitial phonene is sengtive to whether theresulting syllable is aword or nonword.
Thisis an interactive effect because the two types of information are assumed to be
encoded by distina processing stages in speech perception. Thelexicality of asound
sequence is represented within lexical level processes, while the structure of phondic
categoriesis represented by pre-lexical processes (see McClelland, Mirman, and Holt,
2006,for arecent review of architectures based aroundthis perspective; but see Gaskell
and Marden-Wilson, 1997 for an aterndive perspective).

Within the domain of speech produdion, many studies have focused on
interactive effects involving semantic and phonobgical information. Mog speech
produdion theories assume that at least two distind stages (representing different types
of information) are involved in mapping semantic representationsonto abgract, long
term memory representationsof word form (e.g., mapping @lying nodurmna mammal Gto
raQ. Thefirst processing stageinvolves selection of aword to express an intended
conaept, and the secondinvolves retrieval of soundinformation correspondngto the
selected word fromlongterm memory (Garrett, 1980). We refer to theformer aslexical

selection and thelatter as lexical phonobgical processing. Critically, semantic
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informationis represented within lexical selection processes while phonobgical
informationis represented within lexical phoneic processes. Chrononetric studies,
spontaneousspeech error anayses, and studies of individuds with neurological
imparment have all doaumented interactive effects in speech produdion involving
semantic and phonobgical information (see Goldrick, 2006,for arecent review). This
large body of evidence suggests tha debaes between speech produdion theories can shift
from the question of whether interactive effects exist to the question of how such effects
arise.

This pgper amsto add to the growing body of evidence for interactive effectsin
speech produdion, particularly in the area of Iexically conditioned phoneic variationN
how whole-word propeties can affect thefine-grained phoneic realization of tha word.
Within this context, the study seeks to differentiate between three mechanisms of
interaction which could al potentially accountfor the observation of lexically
conditionad phoneic variation. Theremaindea of the pgoer is organized asfollows.
First, wewill present recent studies of lexically conditioned phoneic variation. Next we
will more precisely define the mechanisms of interaction examined in this study, and
demondrate that the existing results do not differentiate between these mechanisms of
interaction. We will then present results from two experiments that aim to distinguish
these variousaccounss. Findly, we discuss theimplicationsof these results for current
theories and future work regarding interaction.

Lexicaly conditioned phondic variation

As noted above produdiontheories typically assume at least two processing

stages are involved in theretrieval of soundinformation fromlongterm memory:



Mechanisms of interaction in production 6

selection of aword to express an intended concept (lexical selection) and retrieval of
phonobgical information from longterm memory (lexical phonobgica processing).
Form-related propaties specific to lexical itemsN e.g., how frequent theword is, its
formal relationghipsto other wordsin thelexiconN are encoded by these latter processes.
Mog theories further assume tha the phonobgical information stored in longterm
memory is relatively abgract and mus beelaborated prior to accessing motor processes
for produdion (see Goldrick and Rapp, 2007,for arecent review). We refer to this third
stage as phondic processing. Recently, severa studies have suggested the presence of
interactive effects involving information represented in these processes. Specifically,
word-specific phonobgical propeties interact with phondic propeatiesin speech
produdion.

Thiswork focuses on oneaspect of word-specific information encoded by lexical-
phonobgical processes: néghbohooddendty, thenumber of wordsin a spesker
lexicon phonobgically related” to atarget word. Several studies have suggested tha this
lexical property affects thefine-grained phoneic realization of words (see Pluymaekers,
Ernestus and Baayen, 2005;Béll, Jurafsky, Foder-Lussier, Girand, Gregory, & Gildes,
2003;for examinaionsof how other lexical propeties affect phondic realization).

Wright (1997 2004 examined thevowel spaces of iardOand @asyOwords

Roughly defined, hard words are from dense naghborhoodswith many high-frequency

! The studies reviewed bd ow assume a categorical definition of phonobgically relatedN
specifically, al wordsrelated by the addition, subgitution, or ddetion of asingle
phoneme (see Vitevitch, 2002 for additiond discussion of this measure in the context of
speech produdion). In contrast, spreading activation theories tend to assume a more
graded definition of neighbahoodstruciureN where variousnontarget wordsare
patially activated based onther degree of phonobgica overlap with thetarget. (see
Goldrick and Rapp, 2001, for further discussion).
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neighboss. Easy wordsare wordsfrom sparse neghbomhoodswith primarily low-
frequency neighbos. Wrightdemondrated tha vowelsin hard vs. easy wordsare
realized with more extreme phoneic propeties (specifically, they are more dispersed in
F1-F2 space). Theseresults suggest tha lexical phonological propaties(i.e.,
neghbohooddendty and frequency) are affecting the phoneic realization of words
Munson and Solomon (2004 examined the effect of neghbohooddensty separate from
tha of lexica frequency and foundvowel space expansonfor wordsin hight vs. low-
dengty neghbohoods(see also Munson, 2007). Findly, Scarborough(2003,2004)also
examined vowels of MardOand @asyOwords. Ingtead of vowel space measures, she
focused on coarticulation (e.g., anticipaory nasalization of thevowel in @anQ. She
foundtha vowelsin hard wordswere producd with a highe degree of coaticulation
than those in easy words

While these studies do suggest an influence of neighbohooddensty on phaetic
propeties of words there are both empirical and theoretical issues remaining’.
Empirically, the studies did not control for phondactic probability (i.e., thelikelihooda
paticular ssgment occursin a paticular postion or togeher with another particular
segment). Bailey and Hahn (2001) demondrated tha phonogctic probability is highly
correlated with néghbahooddensty. Vitevitch, AmbrYser and Chu (2004)showed tha
phonogctic probability influences produdion indgpendent of neighbohooddengsty.

Findly, Goldrick and Rapp (2007)present evidence that phonogctic probability effects

2 Note tha Goldrick and Rapp (2007)failed to find any influence of lexical variables on
categorical measures of phoneic processing (accuracy and categorical propeties of error
outcomes). It isposible tha interaction between these processesis limited such tha
interactive effects are limited to sub-categorical modulationsof fine-grained phondic
aspects of produdion.
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arise spexifically at the phoneic level of processing. Theappaently QexicallyO
conditional effects reviewed abovemay therefore be conditionad not by high
neghbohooddendty butrather by high phonogctic probability. Rather than reflect
interaction between lexical and phoneic level properties, this variation could simply
reflect effects limited to phondic level processingitself. Experiment 1 aimsto
deconfoundthese two possibilities by examining whether lexically conditioned phoneic
variation occurs when phonogctic probability is controlled. Additiondly, Experiment 1
extendspreviouswork onlexically-conditioned phondic variation by examining words
with aminimal par naghborrather than the effects of neghbohooddensty more
geneally.

Even if theeffect istruly dueto theinteraction of lexical and phoneic properties,
the daa discussed above cannotadjudicate between three possible accounts of these
interactive effects. Asoutlined bdow, each of these proposs contrasting types of
mechanisms to accountfor lexically conditioned phondic variation.

Possible mechanisms undelying lexicaly conditioned phondic variation

Spesker internd account The speaker internd accountof lexically conditioned

phoneic variation posulates direct interaction between speaker-internd produdion
processes, by which oneprodudion process influences the organization and structure of
processing within another produdion process. Cascading activation, for ingance, allows
for multiple activated representationsbnot jus the output of a process Bto exert an
influence on subsequent processes (Goldrick, 2006 Peterson and Savoy, 1998.

Feedback allows processes occurring relatively late in the produdion process to influence

those occurring earlier (e.g., Dell, 1986;Rapp and Goldrick, 2000.
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In the case of lexically conditioned phoneic variation, we can consder the
influence of cascade and feedback at two levels of the system: Iexical phonobgical and
phongic. Atthelexica phonobgica level, cascading activation allows multiple active
lexical representationsto influence processingN not jus thetarget (e.g., CAT) butaso its
formally-related lexical neghbors which have been activated via feedback fromthe
target@® phonobgy (e.g., feedback from /agl and /t/ activates BAT, HAT, etc.). These
lexical neighboss activate not only phonobgical structure they share with thetarget (e.g.,
BAT, HAT provideadditiond suppot for the/ae/ and /t/ of CAT) butalso nontarget
phonobagical representations(e.g., /b/, /h/). These nontarget representationscompete
with thetarget@ phonobgical representation for selectionN a competition that is
paticularly acute for segments with ahigh degree of featural smilarity (e.g., /k/ and/g/
compete with oneanother more strongly than /k/ and /d/; Meyer and Gordon, 1985;

Y aniv, Meyer, Gordon,Huff, and Sevald, 1990. If we assume tha this competitive
process requires the target representation to become highly active (so asto effectively
inhibit its competitors), we would predict aboog in the activation level of thelexical
phonobgical representation of wordsin high densty neéighboihoods In contrast, in low
dengty neghbohoodsnonttarget phonobgical representationswould receive less
activation. Dueto this redudionin compdition, there would beless of a need to boog the
phonobagical representationsof thetarget, leading to lower activationlevels compared to
wordsin high dendty neighboihoods

Turning to the phanetic level, cascade allows this competitionrinduceed contrast in
activation at thelexical phonobgical level to affect the activation of phoneic

representations Thehighe activation level for wordsin dense neighbohoodswill lead
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to more active phoneic representationsand consequently more extreme articulatory
realizations In contrast, when atarget has very few neghbossits lexical phonobgcal
and phoneic representationswill beless active and consquently producd with a
relatively less extreme articulation. In thisway, the combined effects of cascading
activation, feedback, and competition between phonobgical representationsprovides a
produdion-internd interaction accountof lexically conditioned phonéic variation. We
emphasize here the produdion-internal aspect of this account accordingto this
hypotesis, lexically conditioned phoneic variation is solely areflection of the structure
of processes within the produdion system.

Perceptud monitoring. Alternaively, interactive effects could be explained by

monitoring. Rather than focusng on theinterrelationship of two processesinternd to the
produdion system, a monitoring accountrelies oninteraction between perception and
produdion processes. For example, speech errors are generally more likely to result in
word errors (e.g., ha->cat) than in nonword errors (e.g,. ha->zat; Dell, 1986) To
accountfor thistendency, a peceptud process could monitor the output of lexical
phonobgical processingin order to ensure tha all outputs are words If anonword is
perceived, the monitor could hat andrestart the produdion process (e.g., Levelt, Rodofs,
& Meyer, 1999;Rodofs, 2004.

Thediscussion here uses the term monitoring to encompass not only Gupeavisingd
one&d own speech during produdion, but any on-linelistener modding process. For
example, as a speaker istalking, she could modd wha thelistener knows and attempt to

alter her speech in order to best aid her listener (e.g., making it easier to perceive; Wright,
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1997,2004) Ciritically, both senses of monitoringrely on interaction between the

perceptud and produdion systems (as proposd by Levelt, Rodofs, and Meyer, 1999)

According to amonitoring account, if aspeaker knows alistener is potentialy
confused by an utterance hewill amend his produdionin order to make it minimally
confuang. In the case of lexically conditioned phanetic variation, wordsin dense
neghbohoodsare similar to many other words this makes perception of such targets
more difficult than tha of wordsin sparse neighbohoods (see Luce and Pisoni, 1998,for
areview). Accordingto amonitoring account, this perceptud difficulty motivates
lexically conditioned phoneic variation. Additionally, It isthecasetha listeners are
sendtiveto very small phondic differences in perception. McMurray, Tanenhaus, and
Adlin (2002)usd an eye-tracking paradigm to demondrate that listeners are sengtive to
very small within-category differencesin VOTs. Participants|looked longe at competitor
pictures with the opposte voicing specification than the target when thetarget was
producd with adightly less distinct VOT. This suggests tha small, within-category
variationsin VOT may modulate lexical competition effects within perception®. (For
conveaging evidence tha relatively small degrees of variation alongthis and other
phongic dimensonshave measurable consequences for lexical processing in perception,
see Andruski, Blumstein, & Burton, 1994;Salverda, Dahan & McQueen, 2003;Salverda,

Dahan, Tanenhaus, Crosswhite, Masharov, & McDonough,2007) Therefore, in order to

% Asnoted by areviewer, the phoneic variation reported in this study (5% of VOT) is
subgantialy smaller than tha typically examined in the perceptud studies cited above
Althoughno study has examined the perceptua consequences of VOT variation of the
specific type and magnitudewe report here, we bdieve that the subdantial body of
results cited abovemake the perceptud monitoring accounta plausble hypohesis.
(Although,as shown by our results, ultimately incorrect; see bdow.)
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make words more distinct fromther neghbors, and hence less confusable, monitoring
processes cause the speaker to hypearticulate. In contrast to the speaker internd
interaction account, then, this particular hypothesis claims tha lexically conditioned
phonéic variation is motivated by perceptud processesN specifically, the need to
modulate perceptud compdition between lexical neighborsin thelistener.

Perceptud restructuring. Interactivity could also be theresult of perceptud

restructuring. Inthese types of accounts, a perceptud process actudly shgpes and
reorganizes produdion processes. For indance, in some exemplar approaches, listeners
updae ther produdion targets based on specific perceptud episodes of lexical items
(Pierrehumbert, 2002. Since these are perceptud episodic memories, they can be
affected by propeties of the perceptud system. Asthese perceptudly-modulated
memories are then used astargetsfor produdion, they provide an off-line mechanism
suppoting an interactive effect. Throughlearning, information represented within the
perceptud system interacts with the produdion system.

Pierrehumbert (2002)describes an exemplar modd of produdion and perception
tha can accountfor lexically conditioned phondic variation. In this account as learners
are listening to speech, they store every exemplar of a particular word with its specific
phoneic propaties. Critically, aword will only be correctly stored if it is perceived
correctly by thelistener. For indance, if aword in adense neghboihoodis producd
with avery centralized vowel it may fall in thedistribution of normal pronuncationsof
other wordsin itsneéghbohood Therefore, in the presence of aneghborwith asimilar
vowel, only those exemplars with extreme vowels would be stored correctly. Asthis

process repeats over many ingances of perception and produdion, mog of the stored
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exemplars assodated with wordsin dense neghbohoodswould be extreme examples of
vowels, maximally separating this word@ phoneic distribution fromthat of néghboing
words In contrast, wordsin sparse neghbohoodswould be much less susceptible to
such confusons therefore, there would belittle pressure for them to be stored with
extreme vowel exemplars. Thisyieldstheobserved lexically-conditioned phoneic
variation effect: aword in adense neghbohoodwould be stored and producd with a
more extreme articulation than aword in a sparse neaghbahood(see Pierrehumbert,
2002,for further discussion). Like the perceptud monitoring account, then, this account
assumes tha the ultimate driving force for lexically conditionad phondic variationis
perceptud (i.e., theneed to modulate lexical competition effectsin thelistener). Both of
these accounts therefore stand in contrast to the speaker internd accountwhich does not
accord any role to the perceptibility of thephondic variation.

To summarize, the existing evidence onlexically conditioned phoneic variation
can be accounted for by all three mechanisms of interaction. In Experiment 2, we attempt
to disambiguae between these three possibilities.

Distinguishing mechanisms of interaction

Thefirst dimengon tha distinguishes these three theoriesis whether Iexically
conditioned phoneic variationis an onlineor offline process. The perceptud
restructuring hypotesis predicts tha this variation occurs primarily offling, meaning it
does notrely ononlineinteractionsbetween production and/or perceptud processes.
Ingead, thetheory relies ona permanent restructuring of produdion processes. In
contrast, the perceptud monitoring and the speaker-internd interaction hypoteses both

rely ononline processes to accountfor lexically conditioned phoneic variation.



Mechanisms of interaction in production 14

In order to differentiate between these two types of hypoteses, we placed target
wordsin a context with ther closely related naghbor(see Table 1 for examples of
contexts in which wordswere produced). Specifically, participants were asked to provide
ingructionsto click on a particular word within a set of three items containing a closly
related neighbor(e.g., produa CClick onthe codOin the Context Conditionin Table 1).
The perceptud restructuring hypohesis predicts that even when thewordsare placed in
context with closely related neghbasther produdionsshould be no more
hypearticulated compared to produdionsof the same target in contexts withoutthe
neighbor(e.g., in theNo Context Conditionin Table 1). Accordingto this account,
paticipants have smply learned to always hypearticulate these forms. In contrast, the
other two hypoteses both predict tha produdionsof targets should be more extreme
when they are placed in a context with their n@ghbor. Themonitoring hypohesis
predicts tha contexts containing two very similar wordsare more confusngto listeners
(Luce and Pisoni, 1998. Therefore, in order to hdp listeners undestand their speech,
speskers hypeaarticulate to maximally differentiate thetarget fromthenaghba. The
produdion-internd interaction modd predicts that the target@® neighborwill become
more highly active when the neighba is present vs. absent in thevisud context. This
will increase competition between target and nontarget phonobagical representations
leading to afurther boog in theactivation of thetarget. Via cascade, thisincreased
activation of lexical phonobgical representationswill result in even greater
hypearticulation relative to cases where the naghboris notexplicitly presentin the

context.
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These theories also differ dongaseconddimenson: whether lexically
conditionad phondic variation can beattributed to listener moddingor not The
monitoring hypotesis predicts that listener modding plays a critical role in produang
theinteractive effects discussed above In contrast, the perceptud restructuring
hypotesis and the spesker-internd produdion hypothesis do not predict arole for on
linelistener modding.

In order to differentiate between the theories alongthis dimenson, we placed
items with and withouta very closaly related neighbor in small closed-set contexts of
threeitems. Specifically, participants were asked to provideingructionsto click ona
particular word within a set of three items (e.g., produc GClick on the codOin the No
Context Condtionin Table 1). Cloppe, Pisoni, and Tierney (2006)demondrate that in
perceptud tasks where potential targets are limited to avery small closed set, listener
confuson caused by lexical competition decreases compared to large closed set and open
set tasks (see a'so Sommers, Kirk, and Pisoni, 1997, for similar findingg. Thisleadsus
to predict that in asmall closed set task, listeners would not be confused if theneghboris
absent from thecontext. Therefore, according to the monitoring hypothesis, speakers
would not need to hypearticulate; they will predict that listeners will not be confused.
On the other hand, the speaker-internd produdion and perceptud restructuring theories
predict that speakers will still hypearticulate in this context. Thelatter hypothesis
predicts that produdion processes have been permanently restructured such tha words
with aclosely related naghba will always be hyperarticulated compared to words
withoutsuch aneighbor Therefore, regardless of the context, these wordswill be

hypearticulated. The speaker-internd produdion hypothesis aso predicts
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hypearticulationin closed sets. Feed-forward and feedback activation mechanisms will

automatically opeate even within a closed set context. The haghtened activation of the

target induced by this patern of activation flow will result in hypearticulation.

(Insert Table 1 abouthere)

These two experimental contexts should alow usto distinguish the various

mechanisms that could accountfor lexically-conditioned phonéic variation.

¥

If lexically conditioned phondic variationis primarily an offline process, aword tha
is presented with its neghborshould be produed with thesame VOT aswheniitis
presented withouttheneighbor  In contrast, if there are online contributionsto this
variation, context should modulate it. Words presented with aneghba should be
producd with longe VOTSs than the same words presented without aneighbor This
effect would be contrary to the predictionsof the perceptud restructuring hypahesis,
butin linewith the speaker-internd produdion and listener-modding hypaheses.

If this variation can beattributed solely to listener modding, it should not appear
when thewords are presented withoutther neghlor in aclosed set. However, if
listener moddingis nottheonly cause of this effect, wordswith minimal pars should
be hypearticulated, even when they are presented withoutthar neighbor. This effect
would be contrary to the predictionsof thelistener-modding hypotesis, butin line
with the speaker-internd produdion and perceptud restructuring hypotheses.

Theremainde of the pgper will focuson theresults from two produdion

expeiments aiming to examinehow lexically condtioned phonéic variation behaves

alongthese two dimensons
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Experiments 1a and 1b

As previoudy mentioned, Experiment 1 aimed to alleviate some of the
methodobgical issuesin previousstudies of lexically conditioned phonéic variation.
Specifically, it examined whether lexically conditioned phonéic variation occurs
indgpendent of phonogctic probability and other phoneic level factors such aslength,
which previousstudies failed to control for. Additiondly, we extended previousstudies
of this phenomenon by examining cononant production, rather than vowel produdion.
We contrasted wordswith initial voiceless stopstha have aminimal par neghbor(e.g.,
@od Owith ndghbor@od) and matched wordstha do nothave a minimal par neghbor
(e.g., @op,Owith nondghbor®gopQ. Because thewordswith aminimal par neighba
vary fromther neéghboronly by thevoicing of ther initial connant, examining the
voice onst time (VOT) of theinitial cononant allowed usto deerminewheher there
were any differences, or lexically conditioned phanetic variation, between these groups
of words Experiment laexamined /p/-initial targets and Experiment 1b used different
subjects to examine/t/- and /k/-initia targets.

Experiment 1a: /p/-initial targets
Method
Participants

Twelve Northwestern University undegraduaes (6 males and 6 females)
paticipaed in thisstudy. All paticipants were native English speakers. Ten paticipants
were righthanded and two were left-handed. Two participants were bilingud; however,
ther performance was within thenomal rangeof the monolingud participants. All

paticipants received partial course credit for thar paticipaionin this experiment.
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Materials

Thestimuli used in this experiment were pars of monoyllabic wordsbeginning
with voiceless stop /p/. All parswere matched for initial consonant and vowel. Pairs
were additiondly matched for sum segmental probability, sum biphoneprobability, and
phoneme length (see Table 2). All wordswere low frequency (i.e., lessthan 20 per
million) and each par was matched for lexical frequency. Phonogctic probability
measures were determined usng the Phonotctic Probability Calculator (Vitevitch and
Luce, 2004) Lexica frequency was determined using the CELEX database (Baayen,
Piepenbrock, and Gulikers, 1995.

(Insert Table 2 abouthere)

Within each par, onemember had aminimal par neghborwhen theinitial
cononant was voiced (e.g., @oxOwith neighbor ®ox®. The other member of thepair
had no such neighbor(e.g., @oh®no neighba *®doh . A total of 16 /p/-initial pairs
were indude astarget itemsin this experiment.

Critical wordswere embedded in alist with monogllabic fillers. Onethird of
each list condsted of target items (e.g., @ox,OPpoh. Theminimal par ndghborof the
target items (e.g., ®ox) was not presented to participants. Onequater of thelist
congsted of nonstop initial words (e.g., @ishQ@empQ@eld. Another quater condsted
of wordsbeginning with nonlabial voiced and voiceless stops (e.g., @angd GerseQ
@irtQ. Theremainde of thelist condsted of 8 /p/-/b/ minimal pars (e.g., @dtGbdt{.
Procedure

Stimuli were presented in a self-paced reading task. Oneword appeared in the

center of acomputer screen. Participants were asked to read each word aloudand to
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press a button on abutton boxto advance to thenext trial. Thelist was presented three
timesin adifferentrandomorder. Thethree repeitionswere induded in order to
increase the number of tokensand reduae the influence of randomvariance within
paticipants. Because thetokenswere embedded in alargelist of fillers, and because the
lists were randomnized for each repdition, it is unlikely that thisrepetition would
encourage any strategic effects. There was a short break between each repdition of the
list.

Thedaawere recorded usng a headset microphore and a flash memory recorder
at 2205kHzin alargesingle-walled booth. Thesoundfiles were then tranderred from
flash memory to hard disk for phonéic andysis.

Acoudic and statistical andysis

Praat (Boersma and Weenink, 2002)was used for all measurements. Voice onst
time was measured for each token from the stop burst on the waveform to thefirst zero
crossing after theonset of periodicity.

Tokenswere notinduded in theandysisif theword was mispronouned or
disfluent. If the paticipant coughe or yawned during recording of thetoken, or if any
externd noise (e.g., clicking the button on the button box) disrupted recording, thetoken
was aso notused in theandysis. 1.5% of tokenswere excluded fromtheandysis. For
each paticipant, theaverage of each of three repetitionsfor each token was calculated.
This average across repetitionswas usd in theandysis. (Theeffectsreported bd ow
were congstent across each repdition.)

All tokenswere measured by aresearch assistant and 37 5% of thetokenswere

checked for reliability by thefirst author. Thedifferences in measurements between the
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two experimenters were notsignificant (V=1170,p>0.5). Voice onst time results were
submitted to Wilcoxon Matched-Pairs signrank tests, dueto thenon-nomal distribution
of ourdaa. Two andyseswere peformed. A by-paticipant anadysis compared the
mean VOT for each participant across wordswith aminimal par neéghborto themean
VOT for the same paticipant for wordswithoutaminimal par neghbor. A by-items
andysis compared themean VOT across participants for each word with aminimal par
neghbor(e.g., themean VOT for @oxCacross participants) to the mean for the matched
word with anon-minimal par neighbor(e.g., themean VOT for @ohCacross
participants).

Results and Discussion

A by-participants Wilcoxon Matched-Pairs sign rank test demondrated that the
VOT of wordswith minimal par neghbois was significantly longe than wordswithout
minimal par competitors (wordswith minimal par competitors 68.9 msec; words
withoutminimal pair competitors 65.7 msec; V=87, p<0.002). A by-items Wilcoxontest
demondrated a similar patern, butwas not significant (V=91, p=0.17). While the by-
items andysisis notsignificant, thegenera patern does trend in the same direction as
the by-participant results.

These results provide some preliminary evidence that lexically conditioned
phoneic variation occurs indgpendent of variables tha influence phoneic processing
(e.g., phonosctic probability, length). In thenext experiment, we examined if these
results would generalize to othe places of articulation (corond and dorsal). In addition,
to minimize possible strategic effects, we eliminaed minimal parsfromthelist of fillers.

Experiment 1b: /t/ and /k/-initial targets
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Method

Participants

Ten Northwestern University undegraduaes (8 males and 2 females) participaed
in this study. All participants were native English speskers. Eight participants were
righthanded and two were left-handed. One participant was bilingud; however, his
performance was within therangeof themonolingud participants. The order of each
condition was balanced across participants. As in Experiment 1a, all participants
received patia course credit for ther participationin this experiment.
Materials

Asin Experiment 1a the stimuli used in this experiment were pars of
monogllabic wordsvarying as to whether they had a minimal par neéghba when the
initial consonant was voiced. Separate lists of stimuli were created for words beginning
with voiceless stops/t/ and /k/. All parswere matched for initial consnant and vowel,
asin Expeiment 1a Pairs were additiondly matched for sum segmenta probability,
sum biphoneprobability, and phoneme length (see Tables 3 and 4). All wordswere low
frequency (i.e., lessthan 20 per million) and each par was matched for lexical frequency.
A total of 19/t/-initial and 12 /k/-initial parswereinduded astarget itemsin this
expeiment.

(Insert Table 3 abouthere)
(Insert Table 4 abouthere)

Critical wordswere embeddel in alist with approximately twice as many

monogllabic fillers (/t/ condition: 78fillers; /k/ condition: 50fillers). Separate lists were

created for each initial stop. Fillerswere chosen separately for each list. Approximately
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onehdf of thefillers had initial stops evenly distributed across 5 non-target stop
cononants (/p, b, d, g/ pluseither /t/ or /k/; 25fillersfor the/k/ list and 40fillersfor the
It/ list). Theremainde of thefillers began with non-stop cononants (e.g., heat, thunmb).
Minimal par neighboisfor target wordswere notinduded in any list. No fillersrhymed
with targets’. Additiondly, in this experiment, nore of thestopinitial fillers had minimal
par neghbos.
Procedure

Stimuli were presented and recorded as described in Experiment 1a

Acoudic and statistical andysis

Results were measured and andyzed as described in Expeiment 1 a

Agan, tokenswere notinduded in theandysisif theword was mispronouned or
disfluent. If the participant coughel or yawned during recording of the token, or if any
externd noise (e.g., clicking the button on the button box) disrupted recording, thetoken
was also notused in theandysis. 2.1% of tokensin the/t/-initial condtion and 0.1% of
tokensin the /k/-initial condiion were excluded.

For each participant, the average of each of three repditionsfor each token was
caculated. Thisaverageacrossrepetitionswas used in theandysis. (Theeffects
reported bd ow were congstent across each repetition.)

All tokensin Experiment 1b were measured by thefirst author and 6% of the
tokenswere checked for reliability by another experimenter. Thedifferencesin
measurements between these two experimenters were also not significant (V=412,

p>.98).

* Three paticipants were runwith two fillersin the/t/-initial list that rhymed with targets
in the/k/-initial list.; these were replaced for subsequent participants.
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Statistics were performed as in Experiment 1 abowve.
Results

A by-participants Wilcoxon Matched-Pairs sign rank test demondrated that for
each place of articulation, the VOT of wordswith minimal par neghbois was
significantly longe than wordswithoutminimal pair competitors (/t/-initial wordswith
minimal par competitors 84.3 msec; wordswithou minimal par competitors 80.3 msec;
V=51, p<0.02; /k/-initial wordswith minimal par competitors 95.5 msec; wordswithout
minimal par competitors 90.6 msec; V=50, p<0.02). A by-items andysisfor each place
of articulation demondrated similar results thoughthe Wilcoxontest failed to reach
significance for the/k/-initial list (/t/-initial list V=161,p<0.007;/k/-initia list V=62,
p=0.07). Althoughthe by-items andysesin the/k/-initia list and in Experiment 1 do not
reach significance, theresults do trend in the correct direction.

Congdering both Experiments 1aand 1b, the VOT difference between wordswith
minimal pars andwordswithoutminimal pars can bevisudized both in terms of
differencesin raw values (Figure 1) aswell asratios(Figure 2). Althoughtheraw values
suggest contrasting paterns across place of articulation, these appear to reflect
differencesin baselineVOTs. Asshown in Figure 2, VOT inareases by roughly the same
propottion for each place of articulation between wordswithoutminimal pars and words
with minimal pairs.

(Insert Figure 1 abouthere)

(Insert Figure 2 abouthere)
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Additiondly, althoughthe by-items andyses did not reach significance at every
place of articulation, when we consder theresults across both Experiments 1aand 1b the
effect isconsstent acrossitems. A by-item andysisinduding all items across these two
expeiments was significant (V=901, p<0.0005, mean VOT of wordswith minimal par
competitors. 83 msec; mean VOT of wordswithou minimal par competitors: 789
msec). Additiondly, aby-subject andysisinduding al subjects across both
expeaimentsisalso significant (V=222,p<0.01, mean VOT of wordswith minimal par
competitors. 79 msec; mean VOT of wordswithout minimal par compditors. 76
msec).°

Discussion

Wordswith minimal par neéghbois were produced with longe VOTSs than words
without This specific form of lexically conditioned phoneic variation occurs
indgpendent of phonogctic probability and other lexical-phonobgica and phoneic level
propeties, which previousstudies did not control for. Additiondly, these results extend
findingsfrom previousstudies of lexically conditioned phoneic variationin vowels by
demondrating tha phoneic propeties of connants are also sengtive to lexical
propeties of words Findly, thepropottiond increase in VOT is approximately the same
across all places of articulation. This consstency would be unexpected if the effect was

driven by purely phondic propaties.

® |t should be noted that this andysisis sightly unmnventiond as it combines across
subjects from two different experiments.

® As noted with the previousandysis, this andysisis unonventiond as it combines
subjects across two expeiments. Additiondly, themean VOTsfor paticipantsin
Experiment 1b collapse across both the /t/- and /k/-initia lists, whereasthemean VOTs
for participantsin Experiment 1aare fromthe/p/-initial list alone
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This patern of results provides further suppott for the claim tha some aspects of
phongic variation are indesd conditioned by lexical propaties of words(in paticular,
neghbohooddendty). However, it does not differentiate between thethree
aforementioned mechanisms of interaction. Experiment 2 addresses this question.

Expeiment 2

Experiment 2 embedded thetarget stimuli in aconvesationd context. Target
wordswith minimal pars were presented in contexts tha either induded or did not
indudetheminimal par neghba in order to differentiate the accouns outlined in the
introdudion.

If lexically conditioned phondic variation is produced because of offline, learned
effects, words presented with their minimal par neéghbor(e.g., target @od(presented
with its néghbor@od@should be produced with the same VOT as these wordswhen
they are presented withouttheir minimal par neéghbor (e.g., target @od(presented in a
closed set withoutits neghbor@od@  If this variationis produced onlineduring lexical
access, context should modulate theeffect. Therefore, unde online hypaheses, words
presented with their minimal par neghborshould be produced with longe VOTsthan
the same words presented withoutther neghbor

If lexically conditioned phonéic variation is dueto listener modding, the
variation should disappear when thewordsin minimal pairs are presented withoutthar
neghbor Tha is, when theword @odQs presented in a closed-set withoutits néghbor
@odGndthereisno potential confuson between theminimal par and its competitor, the

VOT of wordswith and withoutminimal pars should beequd. However, if listener
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modding does not drive this effect, the effect from Experiment 1 should remain, evenin
the condition where wordswith minimal pars are presented withoutther neighbor.

Method
Participants

Twelve Northwestern University undegraduaes (4 males and 8 females)
paticipated as speakersin this experiment for partial course credit. One participant was
left-handed.  All paticipants were naive English speskers, and two were bilingud. The
bilinguds did notdiffer significantly fromthe monolinguds. Listenersin theexperiment
were undegraduae research assistants who acted as confederates.

Materials

Of thestimuli in Experiment 1, the 12 best-matched pars were chosen as targets
for each place of articulation, for atotal of 36 pars of targets (see Table 5 for matching
statistics). Thiswas donein order to equdize thenunmber of targets for each place of
articulation. These targets were embedded in alist of monogllabic fillers, described in
more detail bdow.

(Insert Table 5 abouthere)
Procedure

Speakers and listeners sat at atable facing each other. Each aso faced a computer
monitor. Three wordssimultaneoudy appeared on each screen. After 1000ms, abox
appeared aroundoneof thewords on the speaker@ screen only. Thespesker ingructed
thelistener to @Click onthetarget wordQ(where the target word standsfor theword in the
box). After thelistener clicked themouse, thetrial advanced. The speaker was recorded
durning theentire experiment. Additiondly, the speskers and listeners were asked notto

talk to each other, other than the speaker usng the command @lick onthetarget word.O
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Trials were presented in three conditions Context, No Context and No
Competitor. Inthe Context condition, bath atarget and its minimal par naghborwere
presented on the screen with afiller word as thethird word on screen. Inthe No Context
condition, thetargets from the Context Condition were presented on screen withoutthe
minimal par. Ingead, two unrelated fillers were presented on screen with thetarget. In
theNo Competitor condition, wordswith no competitors were presented with two
unrelated fillers. Examples of each trial typeare presented in Table 1.

Wordswithoutcompeitors were aways presented in theNo Competitor
condition, and were presented to every participant. Wordswith competitors were
presented either in the Context condition or the No Context condition. Assignment of
wordswith competitors to thetwo conditionswas counterbaanced across participants.
Participants saw hdf of thetargets with competitors in the Context condition and hdf in
theNo Context condition. Target trials were mixed with filler trials. Thelocation of the
target item onthe screen was also counierbaanced. Each spesker completed thelist three
timesin threerandomorders. Asin Experiment 1, thelists were repeated threetimesin
order to reduae the effect of randomvariance across produdionsof the same word (the
results were the same across each repdition).

Acoudic and statistical andysis

VOT was measured in thesame way asin Expeaiment 1. Tokenswere excluded
for mispronungationsand other disruptionsto recording. 1% of tokensin the/p/- and /t/-
initial conditionsand 1.4% of tokensin the/k/-initial condition were excluded. 1.2% of
al tokenswere excluded from theandysis. Asin Expeiment 1, the participant@ three

repditionsof each token were averaged togeher during andysis. VOT results were
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submitted to WilcoxonMatched-Pairs signrank tests for both by-participants and by-
items anayses, asin Experiment 1.
Results

When collapang across places of articulation, both by-participant and by-items
andyses demondrates that words presented in the Context condition (825 msec) were
producd with significantly longe VOTs than the same words presented in the No
Context condition (77.4 msec; by-paticipant Wilcoxontest, V=68, p<.025; by-items
Wilcoxontest, V=479,p<.007) Additiondly, wordsin the No Context condition were
produced with significantly longe VOTs than words in the No Competitor condition
(72 4 msec; by-paticipant Wilcoxontest V=3, p<.003; by-items Wilcoxontest V=510,
p<.005). These results are shown in Figure 4. Within each place of articulation, the same
numerical patern appears. Theseresults are shown in terms VOT Ratios(VOT in
Context or No Context/No Compdtitor) in Figure 5.

(Insert Figure 4 abouthere)
(Insert Figure 5 abouthere)

Figure 5 suggests that theinarease between conditionsgets smaller across place of
articulation. While theincrease is not numerically aslargefor /k/-initial wordsasfor /p/-
initial words, there is no significant difference in theratiosin the/p/-initial and /k/-initial
conditions(Context Competitor ratio compaison: t(11)=1.91, p=.07, No Compdtitor ratio
comparison: t(11)=1.21,p=.20). It ispossibletha thisnumerical differenceisdueto a
celling effect. Participants may only be capable of lengthening thar VOTsto acertain

value given the phondic structure of English consonantal categories. Since/p/ hasa
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shorter intringc VOT than /k/ (Volaitis and Miller, 1992) participants may have more
roomto lengthen their VOTS, before reaching this maximum value
Discussion

When words are presented with thar minimal par neghbor, they are producd
with longe VOTsthan when they are presented in alimited context withoutthar
minimal par neghbor. Thisimpliestha lexically conditionad phondic variationis
modulated online. Theperceptud restructuring accountalonecannotexplain this result,
sinceit predicts the same amountof hypearticulation regardless of the context.

Additiondly, when wordsin minimal pars are presented in a limited context
withoutther naghbors, they are produced with longe VOTs than wordswithout
minimal pars. Thisimplies speakers are notmoduating their speech smply to avoid
listener confuson. A purely perceptudly-based, listener-modding accountcannot
explain thisfinding.

The spesker internd produdion hypotesis, ontheothe hand, can accountfor
both results. When wordswith neghbors are produced, they are more active than words
withoutneighboss. Thisresultsin hypearticulated produdions even in alimited context
where no neighbors are present. Because wordswith neghbois become even more active
when ther neighbors are present, they are further hyperarticulated within this condition.
Criticaly, in contrast to thetwo alternative accourts, this hypotesis makes no appesl to
the perceptud conequences of phondic variationto accountfor these effects. Lexicaly
conditionad phoneic variationis purely areflex of interaction between processes within

the produdion system.
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Before thegeneal discussion, we consder two possible objectionsto this
condusgon. Itispossible tha acombined perceptual monitoring and restructuring
accountcould be used to explain thisdata. However, we disprefer this explanaionasit
would post two separate mechanisms to accountfor an effect. In contrast, the speaker
internd produdion accountutilizes a single mechanism to explain both effects; it is
clearly themog passmoniousaccountof these results.

The secondpoint is more conaete. It ispossible tha even within a closed-set
listeners may still experience lexical compdition effects (albat at areduced level relative
to an open-set), thusundemining our argument againg the listener modding account
For example, usng an eye-tracking paradigm Magnu®n, Dixon, Tanenhuas, and Adin
(2007)demondrate lexical effectsin aclosed set tha excludes strong lexical competitors.
However, we do not bdieve thisinterpretation to be correct because the size of the
hypearticulation effect isidentical across closed and open sets. Given theresults of
Cloppe et a. (2009 and Sommers et a. (1997)we know tha perceptud lexical
competition effects are at the very least reduced in closed-set contexts. Therefore, if the
effectsin Experiment 2 were to be attributed to listener modding, they should bereduced
compared to those effectsin an open set in Experiment 1. Comparing across only the
items used in both experiments, thereis no significant difference across experiments.
Thedifference in theVOT of wordswith vs. without minimal par neghbasin the
closed-set condition in Experiment 2 (no context vs. no competitor condition; mean
difference 4.4 msec) is notstatistically different than tha observed in Experiment 1 (3.4

msec; if anything, the effect trendsin the direction opposte tha predicted by thelistener
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modding accouni)’. Thislack of reduction of hypearticulationin the closed- vs. open-
set conditionsprovides further evidence agang an ontlinelistener-modding account of
lexically conditionad phoneic variation.

General Discussion

Thegod of this pgoe was to examine wha mechanisms of interaction could
produee lexically conditionad phoneic variation. Both Experiments 1 and 2 lend suppott
to thegrowing body of evidence tha lexically conditioned phoneic variationoccursin a
number of phoneic contexts. Expeariment 2 demondrates tha there are online aspects of
lexically conditioned phoneic variation, and tha this variation cannotbeattributed solely
to listener modding. This patern is mog congstent with an on-lineinteraction
mechanism tha isinternd to the produdion system.

Theresults of Experiments 1 and 2 are both conguent with and expand upon
previousstudies involving lexically conditioned phoneic variation. Wright (1997 2004,
Munson and Solomon (2004 and Munson (2007 demongrate tha vowels of wordsin
dense neighbohoods or dardOvords, are hypeaarticulated compared to vowels of words
in sparse neighboihoods or @asyOwords  The current study demondrates similar
hyperarticulation can be caused by avery specific form of neighbohooddensty N
namely, minimal par relationships Furthemore, previousstudies focused exclugvely
on variousphoneic aspects of vowels. By demongrating similar findingsfor the
phoneic propeties of cononants, our results demondrate that lexical effects are not

restricted to vocalic segments. Furthermore, as noted above unlike many previous

” It should be noted that, althoughwe only compared items used in both Experiments 1
and 2 in our andysis, thetwo experiments were nat strictly compaable as the
expeimental context differed. Therefore, thecomparison should not be consdered
condusgve.



Mechanisms of interaction in production 32

studies Experiment 1 controlled for phondactic probability aswell as anumber of other
phoneic propaties, this suggests tha this typeof phoneic variationistruly lexically
conditioned.

Experiment 2 examines an issue unaddressed by previouswork: wha mechanisms
drive thisinteractive effect? Three possible accounts were outlined: a speaker-internd
produdion hypohesis, alistener-modding hypotes's, and a perceptud restructuring
hypothesis. Hyperarticulation of wordswith minimal par competitors compared to
wordswithoutminimal parswas seen in closed sets. Additiondly, when the minimal
par competitor was present, hypearticulation was increased even further. The
perceptud restructuring hypahesis can accountfor theformer, butnot thelatter result.
Thelistener-modding hypotesis can accountfor thelatter, but nottheformer result.
The speaker-internd produdion hypotesis, however, can accountfor both types of
hypearticulation usng the same mechanism. We take these results to be suppot for a
speaker-internd produdion hypahesisfor lexically conditioned phoneic variation.

Interaction between lexical phonobgical and phoretic processes. These findings

are congruent with previousresults suggesting tha cascading activation between lexical
phonobgical and phoneic processes can influence the phoneic propeties of cononants
(Goldrick and Blumstein, 2006) Interestingly, thiswork suggested tha such activation
can also induce interference or redudionin articulation. Goldrick and Blumstein (2006)
foundtha relative to correctly produced targets, initial cononants in speech errors
showed less extreme VOT values (e.g., voicelessinitia stopsin errors had shorter VOTSs

than voiceless stopsin correct produdions. In contrast to this hypoaticulation effect,
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both experiments in this study foundhypearticulation effects (e.g., longe voiceless
initial stopsfor wordswith vs. withoutminimal par neghbors).

It ispossible that these different paternsresult from the processing dynamics
assodated with errorful vs. non-errorful speech. When naming proceedsin anon-errorful
fashion (asin theprodudionsanadyzed here), thetarget word domnaes processing from
its very initial stages. Non-target wordsN in particular, purely formally related words
such as minimal par neghbasN are never strongcompetitors for output Thetarget is
therefore able to quickly inhibit nontarget phonobgical representations In contrast,
when an error is produced (as in Goldrick and Blumstein, 2006) the error outcome hasto
overcome an initial processing disadvantage to supptess produdion of thetarge; it may
therefore have less time to suppress activation of the competing (target) representation.
Hyper- vs. hypo-articulation effects may therefore reflect the contrast in initial processing
advantagevs. disadvantagein lexical phonobgical and phonéic processing.

Listener-oriented phoneic variation. Although astronglistener-modding

hypotesis cannotaccountfor the particular type of phondic variation observed here, we
do not deny the existence of perceptud monitoring processes. Asdiscussed in the
introdudion, speech produdion data at highe levels of the produdion system strongly
suppot an influence of monitoring on produdion (e.g., Hartsuiker, Corley, and
Martensen, 2005) With respect to phoneic variation specificaly, other studies have
shown tha hypearticulation can be caused by some form of listener modding. Clear
speechN an Ontelligibility-enhancing modeof speech produdionQ(Smiljanic and
Bradlow, 2005:1677N is an obviousexample of this type of effect. This speech mode

reflects the spesker@ intention to be better undestood by listeners, and is therefore by
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definition listener-oriented®. Similar to lexically conditioned phonéic variation discussed
above clear speech induees hypearticulation of vowels (e.g., Bradlow, 2002,
demondrates vowel space expansonin clear speech) aswell as cononants (e.g.,
Smiljanic and Bradlow, 2005 demondrate increased VOT of voiceless stopsin clear
speech). Similar types of phonéic variation can therefore beinducd by the speaker@
intention to enhance the ability of listeners to perceive the spesker® produdions

Theinteraction of perception and produdion processes. Thoughlistener-modding

processes, such as clear speech, and automatic processes, such as lexicaly conditioned
phoneic variation, may notbeattributed to the same mechanisms, it is clear tha thar
effects are often similar (i.e., hypearticulation). What can accountfor this smilarity?

Oneposibility istheaccountoutlined abovetha combines thelistener-
monitoring and perceptud restructuring accounts. As noted above, this can accountfor
theresults here, albet at the cod of being less passmoniousthan the produdion-internd
account However, it could explain thesimilarity between lexically conditioned phoneic
variation and clear speech; unde this account, thelistener-modding processes tha are
used in clear speech are a'so exploited in contexts induang lexically conditioned

phoneic variation. This hypohesisis congstent with the findingsof Hartsuiker et al.

8 Other ingtances of phonéic variation seem to be hybridsof listener modding and more
automatic processes. For example, Fowler and Housum (1987)examined second
mention redudion. When speakers produce aword for the secondtime in adiscourse it
isshorter and lessintelligible than thefirst mention. While thisis sengtive to the
communicative context, it is clear tha it is a more automatic process than clear speechN
which appears to be more unde talker control. Similarly, themore general effects of
articulatory redudionin predictable speech contexts (see Aylett and Turk, 2004, for a
recent review) also appear to be dueto more automatic processes tha may or may not
reflect explicit listener modding.
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(2005) who suggest tha both produdion-internd and monitoring processes contribute to
thelexical bias effect in speech produdion.

We would advocate an alterndive accounttha preserves the par'simonious
produdion-internd accountof theresults reported here by inverting the perceptud
restructuring hypotesis. It ispossible tha interactionswithin the produdion system may
reshgpethe structure of the perceptud system. Specifically, the perceptud system could
tuneitself to those contrasts tha automatically occur during the course of produdion.
MacDondd (1999)proposs a similar accountin the context of sentence processing.
Sheattributes a @hort before long(phrase preference in speech produdion to the
incremental nature of produdion planning. Critically, she claims this produdion
preference indues asimilar biasin comprehenson. Tha is, amechanism completely
internd to the produdion systemN incremental planningN induas a changein the
structure of perceptud processes (see aso Arnold, 2008 for asimilar propos for the
produdion and perception of referential expressiong. A similar accountcould be
condructed with respect to lexically conditioned phondic variation. Hyperarticulation,
inducd by interactionsinternd to the produdion system, could cause perceptud
processes to berestructured. Dueto this restructuring, enhandang spesker-internd
interactive effects naurally leadsto speech which ismore easily perceived. For example,
since hypearticulated exemplars are aways produced when a highly ssimilar competitor
is present in the speaker@ lexicon, the perception system may learn to increase inhibition
of highly smilar neghbas whenever it encounters a hypearticulated produdion. The

smilarity between lexically conditioned variation and clear speech may notreflect
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perception leading produdion, buta case where paception exploits thevariation that is
naurally present within the outputs of speech production processes.

This discussion illusrates how moving beyond questionsof Qs interaction present
or absent?Oto Qvha is the nature of mechanisms tha suppot interactive effects?Oopens
abroad set of interesting issues in theories of language processing. Exploring these new
questionswill illuminate not only theinternd architecture of speech produdionbutaso

itsrelationdhip to othe components of the cognttive system.



Mechanisms of interaction in production 37

References

Andui, J. E., Blumstein, S. E., & Burton, M. (1994). Theeffect of subphonéc
differences onlexical access. Cognition, 52, 163187.

Arnold, J. (2009. Reference produdion: Produdion-internd and addressee-oriented
processes. Languageand Cognitive Processes, 23, 495527.

Aylett, M., & Turk, A. (2004) The smooth signd redundancy hypothesis: A Fundiond
explanaion for relationships between redundancy, prosodic prominence, and duration
in spontaneousspeech. Languageand Spech, 47, 31-56.

Baayen, R., Piepenbrok, R., & Gulikers, L. (1995) The CELEX lexical databa.
Philaddphia, PA: Linguistic Data Conortium.

Bailey, T. M., & Hahn, U. (2001) Determinants of wordlikeness: Phonogctics or lexical
neghbohood® Joumnal of Memory and Language 44, 568591

Bell, A., Jurafsky, D., Foder-Lussier, E., Girand, C., Gregary, M., & Gildea, D. (2003.

Effects of disfluendes, predictability, and utterance postion on word form variation
in English convesationd speech. Joumnal of the Acoudical Sogety of America, 113
1001-1024.

Boersma, P., & Weenink, D. (2002. Praatv. 4.0.8. A systemfor doing phoneics by
computer. Inditute of Phoneic Sciences of the University of Amsterdam.

Bradlow, A. R. (2002) Confluent talker- and listener-related forces in clear speech
produdion.In C. Gussenhoven & N. Warner (Eds), Laboratory Phonobgy (Vol. 7,

pp.241-273. Berlin & New York: Mouton de Gruyter.



Mechanisms of interaction in production 38

Cloppe, C. G,, Pisoni, D. B., & Tierney, A. T. (2006). Effects of open-set and closed-set
task demandson spoken word recognition. Journal of the American Acadamy of
Audiology, 17, 331-349.

Ddl, G. S. (1989. A spreading activation theory of retrieval in languaye produdion.
Psychological Review, 93, 283-321

Ferreira, V. S, Sleve, L. R, & Roges, E. S. (2005. How do speakers avoid ambiguous
linguistic expressions? Cognition, 96, 263-284.

Fowler, C. A., & Housum, J. (1987) Takers signaling of new and old. Wordsin speech
and listeners perception and use of the distinction. Journal of Memory andLanguage
26, 489504

Ganong,W. F. (1980) Phoneic categorization in auditory word perception. Journal of
Experimental Psychology. Human Perception and Performance, 6, 110-125.

Garrett, M. F. (1980) Levelsof processing in sentence produdion. In B. Butterworth

(Ed). Language produdion (vol. 1, pp.177-220. New Y ork: Academic Press.

Gaskéel, M. G., & Marden-Wilson, W. D. (1997) Integrating form and meaning: A
distributed modd of speech perception. Languageand Cognitive Processes, 12, 613
656.

Goldrick, M. (2009. Limited interactionin speech produdion: Chrononetric, speech
error and neuropsy/chological evidence. Languageand Cognitive Processes, 21, 817-
855.

Goldrick, M., & Blumstein, S. E. (2006. Cascading activation from phonobgical
planning to articulatory processes. Evidence fromtonguetwisters. Languageand

Cognitive Processes, 21, 649-683.



Mechanisms of interaction in production 39

Goldrick, M., & Rapp, B. (200]). Mrs. Maaprop'sneghborhood: Using word errors to
reveal naghbohoodstructure. Poder presented at the Psychonomc Sodety Annud
Meeting.

Goldrick, M., & Rapp, B. (2007). Lexical and pos-lexical phonobgical representations
in spoken produdion. Cognition, 102, 219260

Hartsuiker, R. J,, Corley, M., & Martensen, H. (2005). Thelexical bias effect is
modulated by context, butthe standad monitoring accountdoesn't fly: Related beply
to Baarset a. 1975.Jourmnal of Memory and Language 52, 58-70.

Levelt, W. J. M., Rodofs, A., & Meyer, A. S. (199). A theory of lexical accessin
speech produdion. Behavioral andBrain Saences, 22, 1-75.

Luce, P. A., & Pisoni, D. B. (1998. Recognizing spoken words theneghbouhood
activationmodd. Ear & Hearing, 19, 1-36.

MacDondd, M. C. (1999) Distributiond information in languaye comprehenson,
produdion and acquisition: Three puzlesandamoral. In B. MacWhinney (Ed.),
Emergence of Languaggpp. 177-196). Mahwah, NJ: Erlbaum.

McClelland, J. L., Mirman, D., & Holt, L. L. (2005). Are there interactive processesin
speech perception? Trendsin Cognitive Saences, 10, 363-369

McMurray, B., Tanenhaus M., and Adin, R. (20®). Gradient effects of within-category
phoneic variation onlexical access. Cogntion, 86 (2), B33-B42.

Meyer, D. E., & Gordon P. C. (1985) Speech Produdion: Motor Programming of

Phoneic Features. Jounal of Memory and Languaye, 24, 3-26.



Mechanisms of interaction in production 40

Munon, B. (2007) Lexical access, lexical representation, and vowel produdion. InJ. S.
Cole & J. 1. Hudde(Eds), Laboratory Phonobgy9 (pp.201-228). New Y ork:
Mouton de Gruyter.

Munsn, B., & Solomon, P. N. (2004) Theeffect of phonobgical dengty on vowel
articulation. Joumnal of Spexch, Languageand Hearing Research, 47, 10481058.
Peterson, R. R., & Savoy, P. (1998) Lexica selection and phonobgical encoding during
language produdion: Evidence for cascaded processing. Journal of Experimental

Psychology. Learning, Memory, andCognition, 24, 539-557.

Pierrehumbert, J. B. (2002) Word-specific phoneics. In C. Gussenhoven & N. Warner
(Eds), Laboratory Phondogy 7 (pp. 101-139) Berlin: Mouton de Gruyter.

Pluymaekers, M., Ernestus M., & Baayen, R. (20(®). Lexical frequency and acoudic
redudion in spoken Dutch. Journal of the Acougical Socety of America, 118 2561
2569.

Rapp, B., & Goldrick, M. (2000. Discreteness and interactivity in spoken word
produdion. Psychological Review, 107, 460-499.

Rodofs, A. (2004) Error biases in spoken word planning and monitoring by aphasic and
nonghasic speakers: Comment on Rapp and Goldrick (2000) Psychological Review,
111 561-572

Salverda A. P, Dahan, D., & McQueen, J. M. (2003). Therole of prosodic boundaiesin
theresolution of lexical embeddingin speech comprehenson. Cognition, 90, 51-89.

Salverda A. P, Dahan, D., Tanenhaus M. K., Crosswhite, K., Masharov, M., &
McDonough,J. (2007). Effects of prosodically-modulated sub-phondic variationson

lexical compdition. Cognition, 105 466-476.



Mechanisms of interaction in production 41

Scarborough,R. A. (2003. Lexical confusability and degree of coarticulation.
Proceedingsof the 29th annualmeeting of the Berkeley Linguistics Sogety.

Scarborough,R. A. (2004. Coarticulation andthe structure of thelexicon. Doctoral
dissertation. UCLA, LosAngdes.

Smiljanic, R., & Bradlow, A. R. (2005) Production and perception of clear speechin
Crodian and English. Jounal of the Acoudical Saiety of America, 118 167%1688.

Sommers, M. S, Kirk, K. 1., & Pisoni, D. B. (1997. Some congderationsin evaluaing
spoken word recognition by nomal-hearing, noise-masked nommal-hearing, and
cochlear implant listeners. |: Theeffects of response format. Ear & Hearing, 18, 89
99.

Vitevitch, M., S. (2002) Theinfluence of phonobgica similarity neighbahoodson
speech produdion. Journal of Experimental Psychology. Learning, Memory, and
Cogntion, 28, 735747.

Vitevitch, M., S., AmbrYder, J., & Chu, S. (2004) Subleixcal and lexical representations
in speech produdion: Effects of phonogctic probaility and onset dendty. Journal of
Experimental Psychology. Learning, Memory, and Cognittion, 30, 514-529.

Vitevitch, M., S., & Luce, P. A. (2004) A web-based interface to calculate phonogctic
probability for wordsand nonwordsin English. Behavior Research Methods
Ingruments and Computers, 36, 481-487.

Vitevitch, M., S., & Sommers, M. S. (2003) Thefacilitative influence of phonobgical
similarity and neghbohoodfrequency in speech produdionin younge and older

adults. Memory and Cognition, 31, 491-504



Mechanisms of interaction in production 42

Volaitis, L. E., & Miller, J. L. (1992. Phonic prototypes: Influence of place of
articulation and speaking rate on theinternd structure of voicing categories. Joumnal
of the Acoudical Sogety of America, 92, 723-735

Wright, R. A. (1997). Lexical competition and redudionin speech: apreliminary report.
Research on spoken language processing: Progress report. Speech Research Lab,
Psychology Depatment, Bloomington, IN: IndianaUniversity.

Wright, R. A. (2009. Factors of lexical competition in vowd articulation.In J. J. Local,
R. Ogden & R. Temple (Eds), Laboratory Phondogy (Vol. 6, pp.26-50).
Cambridge CambridgeUniversity Press.

Yaniv, |., Meyer, D., E., Gordon,P. C., Huff, C. A., & Sevad, C. A. (1990) Vowel
Similarity, Connectionist Modds, and Syllable Structure in Motor Programming of

Speech. Joumal of Memory and Language 29, 1-26.



Mechanisms of interaction in production 43
Appendix
Experimenta Stimuli
(Insert Table Al abouthere)
(Insert Table A2 abouthere)

(Insert Table A3 abouthere)

Note: * stimuli were used in Expeiment 2; al stimuli were used in Experiment 1.
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Table and Figure Captions
Tablel. Sampletrial setup for Expeiment 2
Table 2. Experiment 1aMatching Statistics
Table 3. Experiment 1b Matching Statistics for /t/-initial Stimuli
Table 4. Experiment 1b Matching Statistics for /k/-initial Stimuli
Table 5. Experiment 2 Matching Statistics
Table Al. /pl-initia stimuli
Table A2. /t/-initial stimuli
Table A3. /k/-initia stimuli
Figure 1. Mean VOT differences (word with minimal par neghba Bword with no
minimal par naghboi), Experiment 1. Error bars represent standad error.
Figure 2. VOT ratio (word with minimal par neghbor/ word with nominimal par),
Expeiment 1. Error bars represent standad error. The dashed line represents equivalent
VOTs across conditions
Figure 3. Raw VOTsfor wordsin each condition, Experiment 2. Error bars represent
standad error.
Figure4. VOT ratio (relative to no competitor condition) for Experiment 2. Error bars

represent standad error. The dashed linerepresents equivalent VOTSs across conditions



Tablel.
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Condtion

Context

Condtion

cod

god

yell

No Context

Condtion

cod

lamp

yell

No Competitor

Condtion

cop

lamp

yell
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Table 2.
Minimal Pair | Non-Minimal Pair t-test Pvaue
Sum Segmental 1.104 1.199 t(15)=031 | p>0.75
Probability
Average Biphone 0.004 0.003 t(15=191 p>0.07
Probability
Average Phoneme 3.125 3.375 t(15=-1.73 | p>0.10
Length
Averagel exica 4875 4125 t(15=047 p>0.65
Frequency




Mechanisms of interaction in production 47

Table 3.
[t/-initial stimuli Minimal Pair | Non-Minimal Pair t-test Pvaue
Sum Segmental 1.2 1.2 t(18)=0.0137 | p>0.95
Probability
Average Biphone 0.005 0.004 t(18)=0.61 p>0.50
Probability
Average Phoneme 3.2 34 t(18)=-142 p>0.15
Length
AveragelL exica 5.76 6.55 t(18)=-0.51 p>0.60
Frequency
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Table 4.

/k/-initia stimuli Minima Pair | Norn-Minimal Pair t-test Pvaue
Sum Segmental 12 12 t(11)=-033 | p>0.75

Probability
Average Biphone 0.004 0.004 t(11)=-.042 | p>0.65

Probability
Average Phoneme 3.08 3.25 t(11=-1.0 p>0.30

Length

AveragelL exica 8.3 6.2 t(11=10 p>0.30

Frequency
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Table 5.
Minima Pair | Non-Minimal Pair t-test Pvaue
Sum Segmental 1.18 1.19 (35041 | p>0.85
Probability
Average Biphone 0.004 0.004 t(35=068 | p>0.68
Probability
Average Phoneme 3.17 331 t(35=092 | p>0.09
Length
AveragelL exica 59 6.2 t(35)=0.32 p>0.9
Frequency




Table Al

Labial Sop Simuli

Minimal par No minimal par
pie pipe
*peek *ped
*palm *pomp
pore pork
*punk *pulp
*punch *pulse
*pun *pup
*pad *pal
pdl paund
*peat *ped
*pare *pep
pill pinch
*pig *pith
*poll *poach
*PoX *posh
*putt *pub
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Table A2
Alveolar Sop Simuli
Minimal par No minimal par

*tab *tat
*tan *tag
tank tap
*ted *teat
*teem *teethe
*tick *tiff
*tuck *tuft
ted tempt
*tene *tenth
tart tar
taunt torch
tore taut
*torque *torn
*tomb *tooth
*tame *taint
tyke tithe
*tile *tights
toe toast
*tote *toad
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Table A3

Velar stop stimuli

Minimal par No minimal par
*cob *cog
*cod *cop
*Ki It *kin
*kit *kiln
*core *com
*CUuss *cub
*cuff *cub
*cuff *cud
*curl *curb
*C00 *coot
*cab *cad
*cape *cake
*code *comb
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Figure 1.
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Figure 2
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Figure 3.
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Figure 4.
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