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The Production of Noun Phrases in English and Spanish: Implications for
the Scope of Phonological Encoding in Speech Production
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The role of the phonological word as a planning unit in the production of noun phrases (NPs) was investigated
in three picture—word interference experiments. We addressed this issue cross-linguistically by asking Spanist
and English speakers to produce simple (determineoun [in English]) and complex (determineradjective
+ noun [in English] or determiner noun+ adjective [in Spanish]) NPs while ignoring phonologically related
or unrelated distractors. The results showed that naming latencies are faster when the distractor is phonologicall:
related to the noun or to the adjective irrespective of the type of NP tested. The results suggest that NP naming |
tencies are affected by the level of activation of the phonological content of the lexical nodes of the NP, regardless
of whether they belong to the first or second phonological word. The results are interpreted in the framework of
theories of phonological encodinge 2001 Elsevier Science
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Speech production involves several procesgords. The processes engaged at each level |
ing stages that work concurrently over differenmepresentation overlap in time, occurring in an
types of representations in an incremental fasimcremental fashion. That is, while parts of the
ion (e.g., Dell, 1986; Garrett, 1975; Leveltutterance are being grammatically encoded
1989). The two main levels of processing are thher parts, which have already been grammati
grammatical and the phonological encodingally encoded, are being phonologically en-
stages. At the grammatical encoding stage, tkeded. The size or scope of the planning units &
speaker selects the appropriate words for the i@ach of these levels of representation appears:
tended message and assigns them to a syntadifter. Here, we present evidence concerning the
frame that specifies the grammatical relatiorscope of the phonological encoding stage
among them. The construction of the syntacti8pecifically, we study the role of the phonologi-
frame is itself driven in part by the selection ofal word as the unit that governs phonologica
the head lexical nodes of each phrase. Durimgicoding by exploring whether there is concur-
phonological encoding the speaker retrieves thient phonological activation of lexical nodes
phonological content of the previously selectethat belong to different phonological words dur-

ing speech production. We address this issue b
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baby to the banaria(from Meyer, 1996), the some contexts a function word may corresponc
words ‘baby and “banand have been trans- to a whole phonological word by itself, as when
posed. Their misordering suggests that the twibe function word is topicalized, and therefore a
lexical items are concurrently active at the poirdefinition in terms of stress values seem to be
in time when the first of the two words is inimore appropriate. According to this definition,
serted into the syntactic frame. And, since thihe prosodic structure of the complex English
two words belong to different phrases in th&lP “the red car” (determine#t adjective +
same clause, it is reasonable to conclude that theun) consists of two clitic groups or phonolog-
scope of grammatical encoding is, at least, theal words (“The red”ds 1ed/ and “car’kai/).
clause and not smaller units such as the phra3éis is because the lexical word “the” does not
In contrast, phonological errors such dgeft bear any stress and therefore clitizises to the lex
lemispher& (from Fromkin, 1973), where the ical word “red,” resulting in the phonological
sounds /I/ and /h/ have been transposed, arisenatrd /do 1ed/.
the level of phonological encoding. The ele- From the processing point of view, phonolog-
ments that interact in this type of error tend twal words are the domain over which syllabifi-
involve sounds relatively close to one another ication rules are applied (e.g., Levelt, 1989,
the same phrase. Therefore, it appears that th@92; Levelt & Wheeldon, 1994). In fluent
scope of processing of grammatical encoding speech, the phonological properties of the words
larger than that of phonological encoding. Whilare adapted to the contexts in which they appeat
grammatical encoding seems to encompass t@ensider the indefinite determiner “a” in Eng-
phrases included in a clause, phonological elish. The phonological realization of this deter-
coding seems restricted to a smaller unit, peminer depends on whether the next word starts
haps no more than two phonological wordwith a vowel (e.g., an elephant) or a consonant
within a phrase. (e.g., atiger). The syllabification rules take into
Linguists have proposed several types afccountthe metrical and segmental properties o
prosodic units in order to account for thehe words that form the phonological word and
prosodic regularities observed in speech producembine them to produce a series of phonologi-
tion. In line with the hierarchical organization ofcal syllables that are then delivered to the articu-
syntactic structures, it has been assumed tHator. It has also been argued that the phonologi:
these are also organized hierarchically. Amorzal word is the minimal phonological unit that
the several phonological units that have beereeds to be fully computed before the next stage
proposed in order to account for the productioof processing can be engaged (e.g., Levelt
of prosody (phonological phrases, intonational989). Thus, in principle, it is possible that artic-
phrases, etc.), the phonological word (oulation of the elements of the first phonological
prosodic word) has been considered as onewbrd could proceed before the phonological
the minimal prosodic constituents. Althouglproperties of the second phonological word have
there are several definitions of the phonologichken retrieved (Wheeldon & Labhiri, 1997; see
word (e.g., Ferreira, 1993; Nespor & Vogelalso Schriefers, de Ruiter, & Steigerwald, 1999).
1986; Selkirk, 1984, 1986; Wheeldon & Lahiri, However, the fact that segments that belong
1997) all of them agree in considering théo two different phonological words interact in
phonological word as a stressed word plus apeech errors suggests that, at the level at whic
the unstressed words that cliticize to it. Becauskese errors occur, there is concurrent phonolog
of this property, some scholars, including Hayeisal activation of lexical nodes from different
(1989) and Nespor and Vogel (1986), have algghonological words. For example, the lexical
used the term “clitic group.” Since clitizationitems involved in the errorflow snurrie$ (for
most often involves function words, one couldsnow flurries”; from Dell, 1986) belong to two
also define the phonological word in terms dfifferent phonological words, which suggests
grammatical classes, as any content word pltisat the phonological properties of both phono-
other function words next to it. However, inlogical words were concurrently active.
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Although the study of the regularities ob-Glaser, 1989; Glaser & Dungelhoff, 1984; Lup-
served in spontaneous speech errors has prover, 1979). By contrast, phonologically related
to be a valuable tool for understanding thealistractors speed up naming latencies relative t
processes and representations involved phonologically unrelated distractors (e.g., Coste
speech production, it is not beyond criticism& Sebastian-Galles, 1998; Lupker, 1982; Meyer
Some researchers have argued that speech er&rSchriefers, 1991; Rayner & Springer, 1986).
reveal how the normal speech production sysResearchers have argued that these two col
tem can occasionally get derailed and that infetrasting phenomena reflect the mechanisms an
ences to the structure of normal processes frorapresentations at two different stages of proc
error patterns is not always transparent (e.gessing. The dominant view is that the semantic
Bock & Levelt, 1994; Levelt, Roelofs, & Meyer, interference effect is the product of a delay in
1999; Meyer, 1992). For example, the observahe selection of the target lexical item during
tion that sound errors involve segmental inforgrammatical encoding and that the phonologica
mation of words belonging to different phono-facilitation effect is due to facilitation in select-
logical words may reflect the outcome of theéng representations at the phonological encod
unusual situation in which more than oneng stage (e.g., Levelt, Schriefers, Vorberg,
phonological word is encoded at the same tim&leyer, Pechman, & Havinga, 1991; Schriefers
Thatis, it could be argued that under normal ciret al., 1990; see also Starreveld, 2000, for a dis
cumstances the scope of phonological encodirgyssion of the nature of the phonological facili-
is one phonological word and that errors arise itation effect in this paradigm).
those nonnormal situations in which the produc- Schriefers (1992, 1993) was the first to extend
tion system is derailed and two phonologicathe picture—word interference paradigm to in-
words are encoded at the same time. On thiestigate lexical access in the context of NP pro-
view, the data from speech errors would not illuduction (see also Alario & Caramazza, in press;
minate the normal speech production process.@aramazza et al., in press; Costa, Sebastiar
is important, therefore, to complement the stud@alles, Miozzo, & Caramazza, 1999; La Heij,
of slips of the tongue with methodologies thaMark, Sander, & Willeboordse, 1998; Miozzo &
focus on error-free speech production in ordeCaramazza, 1999; Schriefers & Teruel, 2000;
to obtain converging evidence for specific theovan Berkum, 1997). Meyer (1996) extended the
retical claims. paradigm to address the size of the grammatica

In recent years, the picture—word interferencand phonological planning units in speech pro-
paradigm has been used to investigate issuesdeaction. She asked Dutch speakers to produc
lated to the functional architecture and processither a conjunction noun phrase (“the arrow
ing dynamics of lexical access in speech prand the bag™ or a simple sentence (“the arrow
duction (e.g., Jescheniak & Schriefers, 1998s next to the bag”), while ignoring a distractor
Schriefers, Meyer, & Levelt, 1990; Starreveld &vord. The distractor word could be related ei-
La Heij, 1995, 1996). In this paradigm, particither to the first or to the second noun. Meyer ob-
pants are asked to name a picture while ignorisgrved that naming latencies were slowed wher
a distractor word (see MacLeod, 1991, for a reéhe distractor word was semantically related to
view of Stroop-like tasks). By manipulating thehe first fombfor arrow) or to the seconds@ck
relationship between the picture’s name and tlier bag) noun of the utterance, irrespective of
distractor word, different effects are observedhe type of utterance (NPs or sentences) pro
The two best-studied effects are #gnantic in- duced by the participants. This result was inter-
terferenceeffect and thehonological facilita- preted as an indication that the second noun o
tion effect. The semantic interference effect
stands for the observation that picture naming, . .
latencies are longer when the distractor WO'EQ) Throughogt the paper we use th'e followmg hotgtlon.

uble quotation marks for responséalics for stimuli

and the picture are semantically (categoricallypictures or words), and single quotation marks for lexical
related than when they are not (e.g., Glaser &presentations.
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the utteranceljag) was concurrently active with phonological word do not affect naming laten-
the first noun &rrow) at the level where the se-cies. Regarding the first issue, Schriefers anc
mantic interference effect is thought to occur—eruel (1999) asked German speakers to pro
the lexical node selection stage. Interestinglyjuce no-determiner noun phrases (“rosa Tisch’
the results observed with phonological distradpink table]) while ignoring distractors that were
tors contrasted sharply: naming latencies werghonologically related either to the first syllable
affected by distractors that were phonologicallyf the adjectiverp for rosa) or to the first sylla-
related to the first noun of the utteraneet(for ble of the nountfs for Tisch). Naming latencies
arrow) (see Miozzo & Caramazza, 1999, Experwere speeded only when the distractor word was
iment 4, for similar results in Italian) but notrelated to the first word of the utterance. This re-
when the distractors were related to the secormilt by itself seems to support the notion that
noun pall for bag). This result was interpreted only the first phonological word needs to be
to indicate that the level of activation of thecomputed for articulation to start. This is be-
phonological properties of the second noun afause in the NPs used in this study the first word
the utterancebiag) does not affect the onset ofof the utterance corresponds to the first phono:
speaker’s articulation. The contrasting resultlogical word (e.g., “rosa”, [pink]), while the sec-
obtained with semantically and phonologicallyond word, the noun (e.g., “Tisch”), falls outside
related distractors were taken as evidence that the first phonological word and corresponds
the scope of the grammatical encoding process the second phonological word. However,
is larger than that of the phonological encodinchriefers and Teruel also reported a result tha
process. suggests that the first phonological word does
The results of Meyer (1996) are consistemtot need to be fully processed before articula-
with the notion that the phonological word is théion starts. In their study, phonological facilita-
basic unit of phonological encoding. This is betion was not observed when the distractor was
cause phonological facilitation arises whenevghonologically related to the second syllable of
the primed word is included in the first phonothe adjective (e.gsafor rosa[pink]). This result
logical word (e.g.arrow is included in the first led the authors to conclude that the phonological
phonological word “the arrow”), but not whenword may not be the lower limit of phonological
the primed word is located outside the firstncoding and that it is possible that speaker:
phonological word. This observation suggestart articulation without having completed the
that the level of activation of the phonologicaphonological encoding of the first phonological
properties of the words that are not part of th@ord. These authors conclude then that the size
first phonological word does not affect namingf phonological encoding may be, in certain cir-
latencies (e.ghagin the NP “the arrow and the cumstances (not specified by the authors),
bag”). These results fit well with the hypothesismaller than the first phonological word.
that the retrieval of the phonological segments More importantly for our purposes are those
of the lexical nodes that comprise the firgtesults that suggest that the level of activation o
phonological word must be completed beforthe phonological elements of lexical nodes lo-
articulation of the phrase is initiated. They areated in the second phonological word of the NF
also consistent with the proposal that the phonoyay affect naming latencies. Miozzo and Cara-
logical properties of the lexical nodes that armazza (1999, Experiment 5) asked Italian par-
not part of the first phonological word do noticipants to produce determiner adjective +
need to be selected before articulation stam®un NPs in a simple picture naming task. The
(e.g., Levelt & Maassen, 1981; Meyer, 1996). definite determiner in Italian depends on both
However, recent results have questioned bothe gender of the noun and, for masculine
the notion that the phonological word has to baouns, on the phonological properties of the
fully processed before articulation starts and theord that follows it. Masculine nouns take the
assumption that the phonological properties afeterminer “lo” when the following word's
lexical items that do not belong to the firstonset consists of a vowel, a consonant cluster ¢
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the form “s+ consonant” or “gn,” or an af- press). Also, Roelofs (1998), using the implicit
fricate; in all other contexts masculine nounpriming paradigm (see Meyer, 1990, 1991), ob-
take the determiner “il.” Thus, for example, forserved phonological activation of words located
the masculine word “scoiattolo” [squirrel] thein the second phonological word. Finally, recent
determiner is “lo” (“lo scoiattolo” [the squirrel]) results by Ferreira and Swets (in press) sugge:
but it is “il” if the adjective “grande” [big] is in- that processing difficulty of material beyond the
terposed between the determiner and the nofirst phonological word affect initiation times.
(“il grande scoiattolo” [the big squirrel]). There-On the basis of these results, the authors clair
fore, in order to select the proper determiner féhat the system requires planning beyond the
masculine nouns, the phonology of the nesnitial phonological word.

word must be available to the selection mecha- Taken together, the results from Miozzo and
nism. Miozzo and Caramazza took advantage Garamazza (1999), Alario and Caramazza (in
this property to investigate what phonologicgbress), Roelofs (1998), and Ferreira and Swet:
information is available at the point at which théin press) suggest that there is concurrent acti
form of a determiner is selected. They reasonadtion of phonological information of lexical
that if the only phonological information activenodes that belong to different phonological
at the moment at which the determiner is savords. Interestingly, this conclusion is consis-
lected were that of the word immediately foltent with the data from spontaneous speect
lowing it (the adjective), then the phonologicakrrors, where quite often the elements involved
properties of the noun should not affect namini@ sound exchange errors belong to different
times since this information could not serve asghonological words.

basis for interference in determiner selection. As reviewed here, the chronometric evidence
However, if the phonology of the noun were acn the role of the phonological word in speech
tive at the point at which determiner forms arproduction is somewhat contradictory. There are
selected, there should be a cost in naming timdgee main sets of results. One set shows n
when the phonology of the noun provides inforphonological activation of elements that fall
mation conflicting with that provided by the adoutside the first phonological word (Meyer,
jective. Thus, in the latter case, the productioh996). Another set of results demonstrates the
of phrases such as “il grande scoiattolo” [the bithere is concurrent phonological activation en-
squirrel] should be slower relative to phrasesompassing at least two phonological words
such as “il grande tavolo” [the big table]. This igAlario & Caramazza, in press; Miozzo & Cara-
because the initial segments of “grande” anmhazza, 1999; Roelofs, 1998). Finally, there is &
“scoiattolo” require the determiners “iI” anddata set that suggests that encoding of the entil
“lo,” respectively, whereas the initial segmentphonological word is not necessary to begin ar:
of “grande” and “tavolo” both require the deterdiculation (Schriefers & Teruel, 1999). Further
miner “il.” The results were clear: slower namdiscussion of this third possibility is deferred to
ing latencies were observed when the phondhe General Discussion. In the following, we
ogy of the adjective and the phonology of thécus on the extent to which the activation of the
noun in the NP required different determinephonological form of lexical nodes that fall out-
forms (“il grande scoiatolo”) in comparison toside of the first phonological word affect nam-
the condition where the two words require thiag latencies.

same determiner (“il grande tavolo”). These re- We address this question by asking Spanisl
sults suggest that the phonological form of thend English speakers to produce NPs in the cor
noun is active at the point at which determingext of a picture—word interference task. An im-
form selection takes place. Similar results haygortant difference in the structure of NPs in
been observed in French with possessive adjébese two languages affords the opportunity tc
tives and demonstrative pronouns whose geaddress the role of grammatical structure in de
der-marked forms also depend on the phonologgrmining whether lexical nodes that fall outside
of the following word (Alario & Caramazza, inthe first phonological word are concurrently ac-
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tive with it. In the experiments we report, we Teruel, 1999). Therefore, we should observe
also included semantically related distractorphonological facilitation in the first two types of
This distractor condition was included primarilyNPs (e.g., bare noun, “car”, and determirer
to assess the sensitivity of our task to lexical imoun, “the car”).
terference. Semantic interference is a highly re- The prediction regarding the effects of
liable effect in the picture—word interferencgphonologically related distractors for the deter-
paradigm and its presence indicates that the taskner + adjective+ noun NPs is more compli-
has the sensitivity to reveal effects of the magneated. If naming latencies are independent of thi
tude of the semantic interference effect. level of activation of the words included in the
second phonological word, the phonological fa-

cilitation effect should not arise in complex NP
PHONOLOGICAL EFFECTS FOR THE production. In contrast, if phonological encod-

NOUN IN ENGLISH NP PRODUCTION ing comprises more elements than those in

In this experiment, three groups of nativecluded in the first phonological word, as sug-
English speakers were asked to name a seriesgasted by the results of several studies (Alario &
colored pictures using one of three differenCaramazza, in press; Miozzo & Caramazza
types of utterances: (a) bare nouns (e.g., “car”},999; Roelofs, 1998), it is possible for phono-
(b) determiner+ noun NPs (e.g., “the car”), logically related distractors to produce phono-
and (c) determinert adjective + noun NPs logical facilitation even when the noun is lo-
(e.g., “the red car”). The pictures were precated outside the first phonological word (e.g.,
sented with semantically related, phonologideterminer+ adjective+ noun; “the red car”
cally related, and unrelated control distractorgds 1ed/ /ka1/). And, on the assumption that the
Our main goal was to test whether naming laphonological effects observed in this paradigm
tencies are affected by distractor words that aiaedicate phonological activation of the word that
phonologically related to the noun when the pois related to the distractor, a phonological facili-
sition of the noun varies between being in théation effect for the noun would suggest that its
first, second, or third position in the NP. Cruphonological properties are concurrently active
cially, and given the standard definition of thewith the phonological encoding of the other
phonological word given above, whether thearts of the utterandeWe also included a se-
noun belongs to the first or to the second phonanantically related condition, as was done by
logical word varies across these different typeMleyer (1996) and Miozzo and Caramazza
of utterances. In the bare noun (e.g., “car”) an@999), in order to provide more information
determiner+ noun conditions (e.g., “the car”), about the effects of semantically related distrac
the noun belongs to the first phonological wordors in the production of NPs.

(“car"/kai/ and “the car” do kai/ respectively),

while in the determinert+ adjective + noun Method

condition it belongs to the second phonological Participants Fifty-one native speakers of

word (e.g., first phonological word: “The red” English took part in the experiment. Participants
/do 1ed/; second phonological word: “car” were students at Harvard University and were
/kai1/). The question is whether phonologicapaid for their participation. Participants were
distractors related to the noun of the NP (e.grandomly assigned to the three experimenta
cap will affect naming latencies differently groups.

than unrelated distractors (e.gen in all three

NP conditions. 2 Starreveld (2000) has recently argued that the phonolog

We expect to find phonological facilitationical facilitation effect may reveal the ease with which the

when the noun is placed in the first phOhOlOgiC%lord'form representation of the target is retrieved rather
than the ease with which the segmental information of tha

word even if it is not the first word in the Utter'vvord is retrieved (Meyer & Schriefers, 1991). Our predic-

ance, replicating previous results (Meyer, 1996ons do not depend on which of these two explanations it
Miozzo & Caramazza, 1999; but see Schriefersrrect, and therefore we will not pursue this issue.

EXPERIMENT 1: SEMANTIC AND
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Material. We selected 28 pictures withStimuli were presented in 5 blocks of 54 trials
monomorphemic names (see Appendix A). Th@8 experimental plus 26 fillers). Each picture
pictures were presented in three different coloeppeared once per block. In each block, stimul
(red, green, or blue), but each picture always apf the various conditions appeared an equa
peared in the same color. The pictures wereimber of times (5 or 6). Block trials were ran-
paired with five different distractors: (a) a sedomized with the restriction that distractors of
mantically related distractor, (b) a phonologithe same experimental condition appeared in n
cally related distractor, (c) an unrelated contrahore than two consecutive trials. Five different
distractor matched on various variables with thielock orders were constructed, and similar num-
semantically related distractors, (d) an unrelatdzbr of participants randomly assigned to each.
distractor matched with the phonologically re- Procedure Participants were tested individu-
lated distractors, or (e) a string of XXXs. Thally in a sound-attenuated room. They were in-
pictures and the distractors were paired susfructed to name the picture and its color as
that each distractor appeared once in the relatgdgickly and as accurately as possible using ei
condition and once in the unrelated conditiorther a bare noun, a determinernoun NP or a
For example, the picture of laorse appeared determiner+ adjective+ noun NP, depending
with the semantically related distractdonkey on the group of participants. They were in-
and with the unrelated distractspoon The formed that they would see picture—word pairs
same distractors appeared with the picfork. and were asked to ignore the words. Before th
However, for this picture the wordionkey experiment proper, participants were presente
served as the unrelated distractor and the wondth the entire set of pictures along with their
spoonas the semantically related distractor. Théesignated names. Next, the experimente
same matching procedure was used for tlshowed all the pictures without their names anc
phonologically related distractors and their urparticipants named the stimuli. Each trial had
related controls. This design allows us to contrdhe following structure. First, a fixation point
for possible effects of individual distractors thafan asterisk) was shown in the center of the
might affect the results in any systematic wagcreen for 1 s, followed by a blank interval of
other than their semantic or phonological relaB00 ms. Then, the picture—word pairing was
edness with the pictures’ names. The distractgpsesented for 600 ms. If a response was not prc
paired with a given picture had similar frequenvided within 3 s, the next trial started automati-
cies (Francis & Kuera, 1982). Care was takercally. The intertrial interval was 1.5 s. Response
to avoid any phonological or semantic relatedatencies were measured from the onset of th
ness between the distractor words and the coktimulus to the beginning of the naming re-
name of each picture. The phonologically response. Stimulus presentation was controlled b
lated distractors shared at least their first twihe program Psyscope (Cohen, MacWhinney
segments with the pictures’ names. Twenty-siklatt & Provost, 1993). Response latencies wert
pictures were selected as fillers and were alsteasured by means of a voice key. The sessic
presented five times each with unrelated distraested approximately 45 min.
tors. The fillers were also used as warmup stim- Analyses Three types of responses were
uli in the first three trials of each block. scored as errors: (a) production of names tha

The distractor words were shown in upperdiffered from those designated by the experi-
case letters (Helvetica font, bold, 27 point) anthenter, (b) verbal dysfluencies (stuttering, utter-
were superimposed on the pictures. Pictures ace repairs, and production of nonverbal
peared in the center of the screen. To prevesgunds that triggered the voice key), and (c)
participants from anticipating a distractor’s porecording failures. Erroneous responses and ou
sition, word position varied randomly in the rediers (i.e., responses exceeding 3 standard devi:
gion around fixation with a maximum variatiortions) were excluded from the analyses of re-
of 1.5 cm. For a given picture, however, the dissponse latencies. Separate analyses were carri
tractors always appeared in the same locatioout with subjects and items as dependent vari
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ables, yielding=1 andF2 statistics, respectively. Fs < 1), suggesting that the semantic interfer-
Three variables were analyzed: Type of Utteence effect created by the semantically relatec
ance (Bare Noun, determingrnoun NP, deter- distractors was independent of the type of utter-
miner + adjective+ noun NP), Semantic Rela-ance produced by the participants. When we
tionship (Semantically Related vs Semanticonsider determinet adjective+ noun utter-
Unrelated), and Phonological Relationshignces alone, we find that semantically relatec
(Phonologically Related vs Phonologically Undlistractors produce more interference that se
related). The first variable was a between-sumantically unrelated distractors=1(1,16) =
jects variable and the others within-subject varé.7, MSE = 519.5,p < .019; F2(1,26) = 3.5,
ables. The results of the error analyses aMSE= 1532.6,p < .07]. Both semantically re-
reported only if significant. Table 1 shows théated and unrelated distractors led to slower
mean response latencies and error rates asiging latencies than the XXX condition (all
function of type of distractor and type of utterps < .014). Semantically related distractors also

ance. produced more errors than unrelated distractor:
[F1(1,48) = 5.9, MSE = 2.6, p < .018;
Results F2(1,26)= 3.05,MSE= 3.2,p < .09]. This ef-

Erroneous responses were observed on 7.3&ct was also independent of the type of utter-
of the trials. The naming latencies derived frorance Fs < 1). Finally, the XXX condition led
one picture were excluded from the analyses big-fewer errors than the semantically related anc
cause it elicited a high percentage of errotmrelated conditions (afis < .012).

(more than 14%). Phonologically related distractorsThe main

Semantically related distractarsThe main effect of phonological relationship was signifi-
effect of semantic relationship was significantant [F1(1,48)= 32.5,MSE= 707.5,p < .001;
[F1(1,48) = 26.3, MSE = 579.2,p < .001; F2(1,26)= 11.2,MSE= 3310.6,p < .002], in-
F2(1,26) = 8.7, MSE = 3288.0,p < .007]: dicating that naming latencies were faster with
naming latencies were slower with semanticallphonologically related than unrelated distrac-
related than with unrelated distractors. Theors. The main effect of type of utterance was
main effect of type of utterance was also signifalso significant F1(2,48) = 3.9, MSE =
icant [F1(2,48) = 5.1, MSE = 23094.8,p < 24180.2,p < .02; F2(2,52) = 44.0, MSE =
.009;F2(2,52) 80.0MSE = 2405.5,p < .001]. 3263.1,p < .001]. More importantly, the inter-
Importantly, the interaction between the twaction between the two factors did not even ap-
factors did not even approach significance (botproach significance (botks < 1), suggesting

TABLE 1

Naming latencies (in Milliseconds) by type of Distractor and Type of Utterance in Experiment 1

Type of utterance

Bare noun Det+ noun Det+ adj + noun Total
Type of distractors Mean SD E% Mean SD E% Mean SD E% Mean E%
Semantically related 788 100 10.2 669 101 10.9 715 138 9.5 724 10.2

Semantically unrelated 761 95 6.7 644 83 6.3 694 126 8.9 699 7.3
Phonologically related 729 104 5.0 629 102 6.8 680 119 7.4 679 6.4
Phonologically unrelated 768 111 6.3 657 102 9.2 704 128 10.2 709 8.6

XXXXs 704 105 43 604 81 4.4 668 111 5.6 658 4.8

Semantic effects —27 —-25 -21 -25
(unrelated-related)

Phonological effects 39 28 24 30

(unrelated-related)

Note Noun phrase production in English; distractors related to the Noun.
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that the effects of phonologically related disgrammatical and phonological properties of the
tractors are similar in the three types of utternoun, as opposed to Dutch and Italian.
ances. When we consider determineradjec- The most critical result for us is the phono-
tive + noun utterances alone, we find soméogical facilitation effect observed in the deter-
evidence that phonologically related distractorminer + adjective + noun NP condition, in
led to faster naming latencies than unrelatedgthich the noun was located outside the first
distractors. The 24-ms difference between cormphonological word. Assuming that the effects
ditions was only significant in the subjectsof phonologically related distractors reflect
analyses f1(1,16) = 6.0, MSE = 802.1,p < processes at the stage of phonological encoding
.026;F2(1,26)= 2317.6 MSE= 2.7,p < .11]. the results imply that the phonology of the noun
Naming latencies in the XXX condition werein an NP is activated even when it is located in
faster than in the phonologically related and unthe second phonological word. The results re-
related conditions (alps < .011). Participants ported here and those of Miozzo and Caramazz:
made more errors in the unrelated conditiof1999, Experiment 5; see also Alario & Cara-
than in the phonologically related conditionmazza, in press) invite the inference that the
[F1(1,48) = 4.9, MSE = 1.8, p < .032; scope of phonological encoding extends more
F2(1,26)= 2.9, MSE = 1.52,p < .091]. This than the first phonological word.
effect was independent of the type of utterance However, before going into more specific
(Fs < 1). Error rates in the XXX condition claims about the implications of the observed
were lower than in the unrelated condition (alfesults it is important to test the reliability of
ps < .010). the phonological facilitation effect for lexical
nodes that are located outside the first phono
logical word. In the following experiment we
The results of this experiment showed tweeplicate the conditions where we obtained
main findings. First, distractors that are semaniphonological facilitation in Experiment 1, using
cally related to the noun slow naming latenciedifferent materials and a slightly different de-
more than unrelated distractors. Second, distragign. This is especially relevant given that the
tors that are phonologically related to the nouphonological facilitation effect for the deter-
lead to faster naming latencies than unrelatediner + adjective+ noun utterances was only
distractors. Furthermore, these two effects asggnificant in the analysis by subjects.

independent of the type of NP that speakers had
to produce. EXPERIMENT 2: PHONOLOGICAL

The semantic interference effect and thEFFECTS FOR THE NOUN IN ENGLISH NP

phonological facilitation effect were expected PRODUCTION
when participants named the pictures with bare In this experiment participants were asked tc
nouns (e.g., Lupker, 1979, 1982). Similarly, thg@roduce complex NPs of the form determirer
semantic interference effect observed in the dadjective+ noun in English. As in the previous
terminer+ noun and determiner adjective+ experiment, we analyzed the effects of phono
noun conditions was expected since the scopelofjically related distractors to the noun on the
grammatical encoding has been shown to be thaset of naming latencies.
clause (Meyer, 1996).

The phonological facilitation effect for deter-Method
miner + noun NPs replicates previous findings Participants Twenty participants from the
in Dutch (Meyer, 1996) and Italian (Miozzo &same population as in Experiment 1 took part
Caramazza, 1999; Experiment 4). Furthermordlone of them had participated in Experiment 1.
it extends the observation of phonological facil- Material. We selected 40 pictures with
itation effects for the second word of the uttemmonomorphemic names (see Appendix B). The
ance to a language in which the first element pfctures were presented in four different colors:
the NP (the determiner) is independent of thgreen, red, blue, and purple. The pictures wer

Discussion
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paired with three different distractors: (a) dated (865 ms) than when they were unrelated
phonologically related distractor, (b) an unref887 ms;F1(1,18)= 5.8 ,MSE = 820.8,p <
lated control distractor matched on various vari027;F2(1,38)= 4.2, MSE= 1979.7 p < .046].
ables with the phonologically related distracThe error rates in the two conditions were statis-
tors, or (c) an unrelated filler distractor. As irically identical (13.2 and 12.1 for related and
Experiment 1, the pictures and the distractormrelated distractors respectively, b&th< 1).
were paired such that each distractor appearedlhe results of this experiment replicate those
once in the related condition and once in the unbserved in Experiment 1 for the complex NP
related condition. The distractors paired with production group. In both studies, a reliable anc
given picture had similar frequencies. Care wasbust phonological facilitation effect for the
taken to avoid phonological or semantic relatedroun of the NP was observed in the productior
ness between the distractor words and the colofr complex NPs (determinet adjective +
name of each picture. The phonologically renoun). As discussed above, these results sugge
lated distractors shared at least their first twibat the scope of phonological encoding extend:
segments with the pictures’ names. Four pideyond the first phonological word.
tures were selected as fillers and were presentedHowever, such a conclusion may be prema:
as warmup stimuli in the first four trials of eachiure. The type of NPs used in these experiment
block along with unrelated distractors. All theallows two interpretations of the observed
pictures were presented before the experimgophionological effects with respect to the scope o
proper along with unrelated distractors. Thughonological encoding. One possibility, as al-
each picture appeared four times (once in theady noted, is that the scope of phonologica
training phase and three times in the experimepitocessing encompasses at least part of the se
proper). Each picture appeared in each of tlomd phonological word of the NP. The other
four colors included in the experiment. The colpossibility is that phonological encoding always
ors were distributed within the different condiincludes the head of the phrase plus any othe
tions a similar number of times. words located before it. These two possibilities
Stimuli were presented in 4 blocks of 44 trialare indistinguishable on the basis of the avail-
(40 experimental plus 4 fillers). Each picture amble data. This is because the head of the phra
peared once per block. In each block, stimuli ah the English NPs used in the previous experi:
the three different conditions appeared a similanents always belonged to the second phonoloc
number of times (13 or 14). Trials within blockdcal word and therefore word position and gram-
were randomized with the restriction that dismatical class are conflated. That is, since ir
tractors of the same experimental condition afenglish the adjective is always located prenomi-
peared in no more than two consecutive trialsally, the third element of a three-word NP is
Ten different block orders were constructed antecessarily a noun. Therefore the results of Ex
two participants were randomly assigned tperiments 1 and 2 are consistent with both of the
each order. The other details of the experimengdternatives proposed above.
design and procedure were similar to those of Note that the latter hypothesis is not implau-
Experiment 1. sible. It may be argued that, because selectiol
of the noun is necessary for the construction of
an NP frame, the lexical node of the noun is
Following the same criteria as in Experimenthe first element selected during the grammati-
1, 12.6% of the trials were excluded from theal encoding of a phrase. If we further assume
analyses. The reaction times derived from orteat after the selection of a lexical node its
participant and from one picture were discardgohonology is activated automatically, then the
from the analyses due to their large humber phonological properties of the noun are acti-
errors (more than 16%). vated before the selection of other elements of
Naming latencies were significantly fastethe NP (determiner and adjective, in our exper-
when the distractors were phonologically reiments). According to this idea, even though

Results and Discussion
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the phonological content of the noun will behead of the NP and that are located outside th
produced after that of the determiner and thrst phonological word.
adjective, it actually becomes activated earlier
than that of the other two items. If this explana- EXPERIMENT 3: SEMANTIC AND
tion is correct, then our results would be com- PHONOLOGICAL EFFECTS IN THE
pletely compatible with those obtained by PRODUCTION OF SPANISH NPS
Meyer (1996) in which no phonological facili- In this experiment we asked participants to
tation was observed when the distractor worgroduce determinet noun+ adjective NPs in
was related to the second noun in a compleRpanish. As described above, and although i
NP (e.g., “the arrow and the car”). In this casesome cases (mostly in poetic contexts) Spanis
the first noun of the NP may be acting as theolor adjectives may occupy a prenominal posi-
head of the NP while the second noun could bgon, they typically occur in postnominal posi-
acting as the head of a second NP. Therefore,tibn and therefore the third element of the NP is
is possible that phonological facilitation is onlyan adjective and not a noun. Therefore the lexi
observed for the head of the first but not for theal item that now falls outside the first phono-
head of the second NP, and this is why Meydbogical word is the adjective, whereas before (in
(1996) did not find any phonological facilita- Experiments 1 and 2) it was the noun. If we do
tion for the words placed outside the firsinot observe a phonological facilitation effect for
phonological word. the adjective in Spanish, we can conclude tha
In Experiment 3 we try to adjudicate betweethe results obtained in Experiments 1 and 2 re
the two explanations described above by askiffigct the special status of the noun in the con
Spanish participants to produce determirer struction of the NP. By contrast, phonological
noun+ adjective NPs. Unlike English, color ad-facilitation effects for the adjective would sug-
jectives are usually placed postnominally imest that the scope of phonological encoding in
Spanish (e.g., “La casa azul” [literally, the houseludes the element located in the second phonc
blue]). Therefore, a comparison of the effects dbgical word regardless of its grammatical
phonological distractors related to the thirghroperties.
word of Spanish and English NPs allows us to
distinguish between word position and grar‘H\-/IemOd
matical class—the third word is a noun in Eng- Participants Thirty native speakers of Span-
lish NPs but is an adjective in Spanish NPs-ish from the University of Barcelona took part
while keeping constant their position in terms ah the experiment in exchange for course credit.
phonological words (e.g., always the second Materials The design was similar to that of
phonological word). This is because th&xperiment 1. Two sets of materials were in-
prosodic structure of these Spanish NPs cooluded (see Appendix C). In the first set, 26 pic-
tains two phonological words (“la casala/ tures with monomorphemic names were se
kasa/ and “azul”: Aeul/). If the scope of phono- lected. Each of these pictures was presente
logical encoding encompasses the first twwith three different distractors: (a) a distractor
phonological words of the NP regardless of thegemantically related to the adjective—a color
grammatical class, we should observe a phoneame (e.g.gris [gray] forazul[blue]), (b) a dis-
logical facilitation effect when the distractortractor semantically unrelated to the adjective—
word is related to the lexical node correspondn unrelated adjective (e.gleal[ideal] forazul
ing to the second phonological word (in théblue]), or (c) a string of XXXs. Each distractor
Spanish case, the adjective, “azul”). However, ih this set was presented four times (except fo
the phonological facilitation effect observed irthe distractorsosa[pink] and eficaz[efficient],
English reflects the special status of the head which were presented six times). All the distrac-
the NP (the noun) during phonological processers in these two conditions were adjectives. The
ing, phonological facilitation effects should no26 pictures in the second set of items were pre
be observed for lexical items that are not theented with three different distractors each: (a)
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distractor phonologically related to the adjectivenean response latencies and error rates as
(e.g.,azucar[sugar] forazul [blue]), (b) a dis- function of type of distractor.
tractor phonologically unrelated to the adjective Semantically related distractarsThe main
(e.g.,drama[drama] forazul [blue]), or (c) a effect of semantic relationship was significant
string of XXXs. These distractors were alway§F1(1,29) = 10.7, MSE = 994.6,p < .003;
nouns and were presented only once. F2(1,25) = 7.1, MSE = 1292.2,p < .013]:

The distractors included in each set had simiaaming latencies were slower with semantically
lar frequencies [Set 1. semantically related related than with unrelated distractors. Both se
161, semantically unrelated 158 < 1); Set mantically related and unrelated distractors pro:
2: phonologically relatee= 152, phonologically duced longer naming latencies than XXX dis-
unrelated= 155 F < 1)] (Sebastian, Marti, tractors (allps < .001). The only significant
Cuetos, & Carreiras, 1996). They also had condifference in the error analyses was between th
parable numbers of letters [Set 1: semanticallXX condition and the semantically related
related = 5.8, semantically unrelateé= 6.5 condition (allps < .01)
(F < 1); Set 2: phonologically relatee 5.5, Phonologically related distractors’he main
phonologically unrelateer 5.2; F < 1)]. Thir- effect of phonological relationship was signifi-
teen pictures were selected as filler pictures arént F1(1,29)= 4.5,MSE= 871.5,p < .041,
were presented three times each. The fillefs2(1,25)= 6.1, MSE= 728.9,p < .020], indi-
were also used as warmup stimuli in the firstating that naming latencies were faster with
three trials of each block. Stimuli were pre-phonologically related than with unrelated dis-
sented in 3 blocks of 52 experimental trials eactractors. Naming latencies were faster in the
(26 pictures from Set 1 and 26 pictures from SeXXX condition than in the other two conditions
2). Each picture appeared once per block. Ifall ps < .001). No significant effects were ob-
each block, stimuli of the various conditions apserved in the error analysis.
peared a similar number of times (eight or nine). Two main results were obtained in this exper-
Block trials were randomized with the restriciment. First, semantically related distractors de-
tion that distractors of the same experimentdhyed the production of the NP in comparison to
condition appeared in no more than two consecmrelated distractors, replicating the results of
utive trials. Three different block orders wereExperiment 1. Second, phonologically related
constructed, and similar numbers of participantdistractors sped up naming latencies in compar
were assigned to each of them.

The pictures were presented in one of three
different colors: blue (azul), brown (marron), TABLE 2
and green (verde). However, each picture w.
always presented in the same color. Care w
taken to avoid phonological or semantic related
ness between the distractor words and the pi
ture’s name. Approximately half of the picture’seT 1
names were masculine; the remainder wereSemantically related 755 124 12.7

aﬁammg Latencies (in Milliseconds) by Type of Distractor
as and Set of Pictures in Experiment 3

'@pe of distractors Mean SD E%

feminine. The other details of the design and ii’;;g“cally unrelated 70;28 10212 ; 610'0
procedure are similar to those in Experiment 1gg '
Phonologically related 735 109 10.1
RESULTS AND DISCUSSION Phonologically unrelated 752 123 9.4
The scoring criteria used in Experiment 1 XXXXS 694 109 8.2
Semantic effects =27

were also used in this experiment, leading to the,nrejated-related)

exclusion of 9.6% of the data points. In th@honological effects 17

analysis we considered the effect of semantic(unrelated-related)

and phon_ologlcal_ relatedness of the distractorsyote Noun phrase production in Spanish, with distrac-
to the adjective in the NP. Table 2 shows thers related to the Adjective.
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ison to unrelated distractors. These results sughonological facilitation effect is obtained.
gest that naming latencies are affected by the ataken together, as shown in Fig. 1, the result:
tivation level of the phonological properties ofsuggest that the level of activation of the phono:
the adjective in the production of complex NPdogical information of the lexical nodes that be-
with the structure “determiner noun+ adjec- long to the second phonological word in an NP
tive” (la casa azul [literally, the house blue]).affects naming latencies. Furthermore, the effec
This result indicates that by altering the level obf the phonologically related distractors on the
activation of the phonological properties of thevords located in the second phonological woro
lexical node that belongs to the second phonof the NP seems to be independent of the gran
logical word (see footnote 2), even when thamatical status of the word placed in that posi-
lexical node is not the head of the phrase (but th&n, since they were observed for both nouns
adjective), naming latencies are also affected. (in English) and adjectives (in Spanish).
Our results fit well with other evidence sug-
GENERAL DISCUSSION gesting that the phonology of the elements be-
The main goal of this study was to explore thienging to the second phonological word of an
role of the phonological word as a basic unit dfiP is concurrently active with earlier elements
phonological encoding in speech productiorof the phrase (e.g., Ferreira, 1991; Dell &
and the extent to which there is concurrer®’'Seaghdha, 1992). Importantly, we now have
phonological activation of lexical nodes that falconvergent evidence for this proposal with dif-
outside the phonological word being encodederent experimental paradigms relying on
We carried out three experiments in which Engshronometric analyses of behavior. For exam-
lish and Spanish speakers were asked to prodysde, Miozzo and Caramazza (1999) found that
adjectival NPs (English: determineradjective the phonology of the noun in ltalian deter-
+ noun; Spanish: determiner noun + adjec- miner + adjective+ noun NPs affects the se-
tive) while ignoring the distractor words. On thédection of the phonological form of determiners
assumption that phonologically related distragthe first word in the NP) in a simple naming
tors affect the level of activation of the phonotask. Similar results have been obtained in a
logical properties of the words (or the wordrrench variant of this experiment using posses-
forms) with which they are related, we usedive + adjective+ noun NPs (Alario & Cara-
phonological facilitation effects to reveal the exmazza, in press). Along the same lines, Roelofs
tent to which the phonological representationd998) obtained larger facilitation effects, with
of the different phonological words of the NRan implicit priming paradigm, when the target
are activated. words share not only parts of the first phono-
In Experiment 1 and 2 we tested the effects édgical word but also parts of the second
phonologically related distractors to the nounghonological word. The fact that the activation
of English NPs. The results of both experimentsf phonological elements that are not in the
showed that naming latencies were faster whéinst phonological word of the NP is observed
the pictures were presented along with phonavith different chronometric paradigms (simple
logically related distractors than when presentqiicture naming, the picture—word interference
with unrelated distractors. Importantly, theparadigm, and implicit priming) as well as in
phonological facilitation effect was observed rethe analyses of spontaneous and experimentall
gardless of the position of the noun in the Niiduced speech errors increases our confidenc
(first, second, or third position), and thereforén the reliability of the phenomenon and its po-
the effect is independent of whether the nouential theoretical importance.
belongs to the first or second phonological It is important to note that our results and
word. The results of Experiment 3 demonstrathose of Alario and Caramazza (in press),
that when the distractor word is phonologicalliozzo and Caramazza (1999), and Roelofs
related to an adjective placed in the secor{d998) are not, strictly speaking, inconsistent
phonological word of a Spanish NP a reliablaiith those reported by Meyer (1996). Meyer’s
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O phonologically related
distractors (cap and azufre)

30 -
B semantically related distractors
25 - :
(truck and gris)
20

10 4

-10 4
-15 4
=20 4

Unrelated-Related (ms)
i

-25 4

=30 4

=35 4

-40 -
English NPs Spanish NPs
The red car La casa azul

FIG. 1. Differential effects of semantically related distractors and phonologically related distractors in NP
production (English and Spanish). In both cases, the distractors were related to the lexical node located in the sec
ond phonological word—the noun in English and the adjective in Spanish.

study differs from the others cited here not onlgctivation of first and second phonological
in the types of structures subjects were requireerd) into account, we can tentatively conclude
to produce (e.g., conjoined NPs and sentencdbjt the upper bound of phonological encoding
but also in the number of phonological wordss two phonological words.

involved in these structures. In the structures Although our results are clear regarding the
tested in our experiments, the primed word wasxistence of concurrent activation of elements
always located in the second phonologicdhat belong to different phonological words,

word. In contrast, in Meyer's experiment usinghey are silent regarding the extent to which
sentences such as “the bag is next to the arroprocessing of the second phonological word
the position of the primed word “arrow” is notneeds to be completed before articulation starts
the second phonological word but rather thBo our results necessarily mean that the secon
third or fourth phonological word. Along thephonological word must be fully retrieved be-

same lines, it is unclear whether in the structufere the articulatory routines of the first phono-

“the bag and the arrow” arrow is located in thégical word can be executed? Since naming la-
second or third phonological word. In sumiencies are affected by manipulating the speec
whereas in our experiments we tested whetheith which the second phonological word is re-

the second phonological word was concurrentlyieved, one may be tempted to conclude that
active with the first phonological word, inthe encoding of the second phonological word
Meyer’s study it is arguable whether the primethust be completed before the first phonological
word was located in the second or third (or latevyord can be delivered to the next stage of proc-
phonological word. Thus, taking both Meyer'sessing. However, this is not necessarily the case
results (no concurrent activation of first an@nd our results can also be explained in the
third phonological word) and ours (concurrentramework of an incremental processing archi-
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tecture in which the phonological word is theSchriefers and Teruel (1999) obtained a reliable
basic unit of phonological encoding (see alsfacilitation effect when the distractors were
Roelofs, 1998). phonologically related to the first syllable of the
In the introduction we mentioned that speecNP (o for “rosa Tisch”), but not when they were
fluency is explained (in part) by assuming thaelated either to the second syllable of the firs
the processes engaged at different levels of rgghonological word ga for “rosa Tisch”) or to
resentation are functioning concurrently on difthe second phonological wordi (for “rosa
ferent parts of the utterance. Some researchdiisch”). This result is at variance with those re-
have assumed that the phonological word is tiperted here as well as with Meyer’s (1996), both
minimal information required for computing theof which demonstrated clear phonological facil-
next level of representation (e.g., Levelt, 1989jtation for the second lexical item within a
In such a framework, speakers could be compuyihonological word. What is the source of the
ing a phonological word and passing this infordiscrepancy? There are several differences i
mation onto the next level of analysis as thethe procedures of those studies that may be re
begin to work on the next phonological wordsponsible for the conflicting results. In our ex-
Thus, speakers could be retrieving the phoneti@riments and in those of Meyer (1996) and
plan of the first phonological word as they ar#liozzo and Caramazza (1999), the distractors
engaged in computing the second phonologicatkere words, while in Schriefers and Teruel they
word. In this scenario two processes are emere word fragments (two or three phonemes
gaged simultaneously at the phonological levatorresponding either to the beginning or the enc
broadly defined: the formation of the secondf the word; see Starreveld, 2000, for contrast-
phonological word (e.g., “caikhi/) and the re- ing effects when word fragments vs words are
trieval of the articulatory gestures of the firstised as distractors). Furthermore, the NPs use
phonological word (e.g., “The redld 1ed/). If by Schriefers and Teruel were different from
we were to assume that the processing resourtiesse used in the other two studies. While
implicated at these two levels of processing-Schriefers and Teruel used adjective noun
phonological word formation and articulatoryNPs, in the other studies the NPs always starte
routine retrieval—are not independent, then thgith a determiner (the red car; la casa azul [liter-
ease with which a representation at one level afly, the house blue]; de kerk en het boek [liter-
processing is computed may affect the retrievally, the church and the book]). Note also that in
of representations at the other level. Thereforeur experiments the distractors were presente
by facilitating the retrieval of the phonologicalisually instead of auditorially as in Schriefers
properties of the second phonological word aind Teruel's study. However, this factor cannot
the utterance khi/) more processing resourcede the main reason for the contrasting result
may be allocated in computing the phonetic elasince Meyer (1996) also used auditory distrac-:
ments of the first phonological wordi¢/ied/). tors, and she observed reliable phonological fa
As a consequence, naming latencies may be aditation for the second syllable of the first
celerated. The phonological facilitation effecphonological word (the noun).
observed in our experiments could reflect the Schriefers and Teruel (1999) acknowledge
differential use of processing resources in theplicitly that their results are inconsistent with
phonologically related and unrelated conditiongther results in the literature on the scope of
This type of explanation is consistent with modphonological encoding and entertain the hy-
els that claim that the phonological word is thpothesis that the scope of phonological encod
minimal phonological information required ining may be variabld.They propose that the
order to start the production of an utterance
(e.g., Levelt, 1989; Wheeldon & Lahiri, 1997).

Bef ludi itis i tant that d 3Ferreira and Swets (in press) have also suggested that il
elore concluding, 1t 15 Importan atwe a crementality may be under strategic control, but that the size

dress an apparently discordant result in the litéjtthe planning unit cannot be smaller than one phonologica
ature. In the introduction, we noted thatord.
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amount of phonological information that needblP agrees with the grammatical gender of the
to be computed before speakers start articulaoun (het boek [the book]; de kerk [the
tion may not be fixed, but instead may depernchurch]), and therefore its selection can only
on the speaking demands of a particular expetéake placeafter the selection of the noun. If the
mental (or natural) context. However, they dgelection of the noun is delayed, for example, by
not identify the variables in their experimentgresenting a semantically related distractor, thel
that could have led to such a drastic reduction tfe selection of the determiner (the first word in
the scope of phonological encoding—a singline utterance) is also delayed, leading to a dela
syllable. A tentative answer to this question maiy naming latencies. Therefore, it is not surpris-
be found when we analyze two properties of thag that a semantic interference effect arises i
study conducted by Schriefers and Teruéhnguages such as Dutch and ltalian. The situe
(1999): the number of pictures and the numbéion in English is different, however. The selec-
of repetitions. In the experiments in whiclion of the determiner in English could be
Schriefers and Teruel did not find phonologicachieved independently from the selection of
facilitation for the second syllable of the firsthe noun (at least in the type of NPs used in ou
word of the NP, participants were asked to nanexperiments). Therefore, in principle, a delay in
a small set of pictures (6 pictures) many timeke selection of the noun need not necessaril
(14 times) in four different SOA conditions.result in a delay in naming latencies. Neverthe-
Thus, participants were repeating each of thel@ss, the results of our experiments show a clee
target words a total of 56 times (14 times in eagemantic interference effect even in this situa
of the 4 SOAS). It is possible that the use of vetjon. These results, along with those from the
small phonological planning units (e.g., the firgphonologically related distractors, support the
syllable of the utterance) depends, among othieypothesis that the scope of the grammatica
things, on how easy it is to retrieve the targetstage is, at least, as large as the scope of tt
lexical nodes. If, furthermore, the ease witlphonological encoding unit.
which name retrieval occurs depends, in part, on
the number of possible responses in the experi- CONCLUSION
ment plus the number of times they are re- The results of the three experiments reportec
peated, then Schriefers and Teruel's desidrere demonstrate that the level of activation of
could have favored the use of such a smdhe phonological properties of the lexical nodes
phonological planning unit. Note that in thehat fall outside the first phonological word af-
other studies in which the phonological planfect naming latencies. This observation suggest
ning unit appears to be larger, the number dfiat the phonological elements of the seconc
items was larger and the number of repetitiorghonological word of the NP are activated be-
was smaller than in Schriefers and Teruel®re articulation begins. This is an important
study, presumably preventing the use of verfinding that fits quite well with the information
small phonological planning unit. Future regathered with other chronometric paradigms
search will have to determine which of thessuch as picture naming (Alario & Caramazza, in
properties (or possibly some other variable sugitess; Miozzo & Caramazza, 1999) and implicit
as word frequency, length, etc.) might be repriming (Roelofs, 1998). Importantly, our re-
sponsible for the seemingly contrasting resultssults are also in agreement with analyses o
The results of the present experiments algpontaneous speech errors, in which, as re
replicate and extend the observation of semantiiewed above, the phonological information of
interference effects when producing NPs itexical nodes that belong to different phonologi-
English. Critically, English differs in one impor-cal words do interact. Although the full implica-
tant dimension from the languages (Dutch artébns of this observation still need to be worked
Italian) in which the semantic interference efeut, we can at least conclude that the window o
fects have already been observed in NP prodyzhonologically active representations is larger
tion. In those languages the determiner of ththan a single phonological word.
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APPENDIX A
Materials Employed in Experiment 1
Picture Semantically related Unrelated Phonologically related Unrelated
Hat (R) Scarf Mosquito Hag Wand
Pigeon (R) Sparrow Flute Pimple Orchid
Lamp (R) Torch Fox Latch Dock
Horse (R) Donkey Spoon Horde Fore
Hammer (R) Shovel Skirt Hammock Vent
Rabbit (G) Mouse Onion Racquet Carriage
Corn (G) Wheat Cannon Cord Tack
Leg (G) Elbow Shark Lemon Doll
Lettuce (G) Tomato Elephant Lens Camper
Bench (G) Stool Cow Bell Pill
Peach (B) Apple Rose Peak Tumor
Bottle (B) Pitcher Lion Boss Tile
Mug (B) Bowl Piano Mud Guilt
Arm (B) Chest Truck Arc Card
Wasp (R) Mosquito Scarf Wand Hag
Organ (R) Flute Sparrow Orchid Pimple
Dog (R) Fox Torch Dock Latch
Fork (R) Spoon Donkey Fore Horde
Vest (R) Skirt Shovel Vent Hammoc
Carrot (G) Onion Mouse Carriage Racquet
Tank (G) Cannon Wheat Tack Cord
Dolphin (G) Shark Elbow Doll Lemon
Camel (G) Elephant Tomato Camper Lens
Pig (G) Cow Stool Pill Bell
Tulip (B) Rose Apple Tumor Peak
Tiger (B) Lion Pitcher Tile Boss
Guitar (B) Piano Bowl Guilt Mud
Car (B) Truck Chest Card Arc
Note The color of the pictures is shown in parentheses (&ed; B= Blue; G= Green).
APPENDIX B
Materials Employed in Experiment 2

Picture Phonologically related Unrelated

Basket Batch Hammock

Carpet Card Lack

Carrot Carriage Safe

Castle Cast Harvest

Cherry Check Vessel

Cradle Crane Hedge

Crown Crowd Drug

Drum Drug Crowd

Eagle Eager Carriage

Flag Flash Eager

Fork Form Stand

Globe Glow Peak

Hammer Hammock Batch

Harp Harvest Flash

Helmet Hedge Cast

Lack Form

Lamp
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APPENDIX B—Continued
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Picture Phonologically related Unrelated
Peach Peak Glow
Sall Safe Crane
Stamp Stand Check
Vest Vessel Card
Bed Bell Gut
Bottle Bottom Winter
Bridge Brick Doll
Coat Coal Mouse
Dog Doll Brick
Dress Dread Wheat
Gun Gut Bell
Hat Hatchet Shin
Moon Moose Trumpet
Mountain Mouse Race
Nose Node Treat
Plane Play Coal
Rain Race Play
Ship Shin Hatchet
Sun Sum Trail
Train Trall Sum
Tree Treat Node
Truck Trumpet Moose
Wheel Wheat Dread
Window Winter Bottom

APPENDIX C
Materials Employed in Experiment 3
Picture Phonologically related Unrelated
SET 1
Manzana (BL) (apple) Gris (gray) Ideal (ideal)
Cuchillo (BL) (knife) Gris (gray) Ideal (ideal)

Cama (BL) (bed)

Falda (BL) (skirt)
Cebolla (BL) (onion)
Coche (BR) (car)

Silla (BR) (chair)

Jarra (BR) (pitcher)
Ventana (BR) (window)
Collar (GR) (necklace)
Fresa (GR) (strawberry)
Aranya (GR) (spider)
Barco (GR) (boat)
Trompeta (BL) (trumpet)
Zanahoria (BL) (carrot)
Tanque (BL) (tank)
Tiburon (BL) (shark)
Castillo (BL) (castle)
Brazo (BR) (arm)
Bicicleta (BR) (bike)
Nariz (BR) (nose)
Conejo (BR) (rabbit)

Violeta (violet)
Naranja (orange)
Lila (purple)
Violeta (violet)
Granate (garnet)
Granate (garnet)
Rosa (pink)
Naranja (orange)
Lila (purple)
Rosa (pink)
Rosa (pink)
Gris (grey)
Gris (grey)
Violeta (violet)
Naranja (orange)
Lila (purple)
Violeta (violet)
Granate (garnet)
Granate (garnet)
Rosa (Pink)

Egoista (egoist)
Vertical (vertical)

Ruin (contemptible)

Egoista (egoist)
Crujiente (cruchy)
Crujiente (crunchy)
Eficaz (effective)
Vertical (vertical)
Ruin (comtemptible)
Eficaz (effective)
Eficaz (effective)
Ideal (ideal)

Ideal (ideal)

Egoista (egoist)
Vertical (vertical)

Ruin (contemptible)

Egoista (egoist)
Crujiente
Crujiente

Eficaz (effective)
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APPENDIX C—Continued

Picture

Phonologically related

Unrelated

Leon (GR) (lion)
Guitarra (GR) (guitar)
Pistola (GR) (gun)
Luna (GR) (moon)

Barba (BL) (beard)
Casa (BL) (house)
Gato (BL) (cat)
Botella (BL) (bottle)
Arbol (BR) (tree)
Bomba (BR) (bomb)
Avion (BR) (plane)
Cangrejo (BR) (crab)
Calcetin (BR) (sock)
Hombre (GR) (man)
Casco (GR) (helmet)
Gorra (GR) (cap)
Camello (GR) (camel)
Mono (BL) (monkey)
Piano (BL) (piano)
Raqueta (BL) (racquet)
Payaso (BL) (clown)
Vaso (BR) (glass)
Paloma (BR) (pigeon)
Pelota (BR) (ball)
Perro (BR) (dog)
Pera (BR) (pear)
Mano (GR) (hand)
Pierna (GR) (leg)
Reloj (GR) (watch)
Martillo (GR) (hammer)

Naranja (orange)
Lila (purple)
Rosa (pink)
Rosa (pink)

SET 2

Azote (stroke)
Azufre (sulfur)
Azurcar (sugar)
Azotea (roof)
Marfil (ivory)
Margen (margin)
Marca (mark)
Marco (frame)
Marcha (march)
Verbo (verb)
Verja (fence)
Vera (edge)
\erso (verse)
Azote (stroke)
Azufre (sulfur)
Azucar (sugar)
Azotea (root)
Marfil (ivory)
Margen (margin)
Marca (mark)
Marco (frame)
Marcha (march)
Verbo (verb)
Verja (fence)
Vera (edge)
Verso (verse)

Vertical (vertical)
Ruin (contemptible)
Eficaz (effective)
Eficaz (effective)

Fianza (surety)
Jasmin (jasmine)
Drama (drama)
Trenza (plait)
Pincel (brush)
Rabia (rage)
Techo (ceiling)
Leche (milk)
Golpe (blow)
Farol (lantern)
Bruja (witch)
Tubo (tube)
Tropa (troop)
Fianza (surety)
Jazmin (jasmine)
Drama (drama)
Trenza (braid)
Pincel (brush)
Rabia (rage)
Techo (ceiling)
Leche (milk)
Golpe (blow)
Farol (lantern)
Bruja (witch)
Tubo (tube)
Tropa (troop)

Note SET 1= Semantically Related/Unrelated Distractors to the Adjective; SETRhonologically Related/Unrelated
Distractors to the Adjective. The color of the pictures is shown in parentheses @é&en; BL= Blue; BR= Brown).

REFERENCES Costa, A., & Sebastian-Galles, N. (1998). Abstract phono-
. . . logical structure in language production: Evidence
Alario, F. X., & Caramazza, A. (in press). The production of  fom spanish.Journal of Experimental Psychology:
Noun Phrases in Frend@ognition ] Learning, Memory, and Cognitip24, 886-903.
Bock, K., & Levelt, W. (1994). Language production: Gram-cqsta, A., Sebastian-Galles, N., Miozzo, M., & Caramazza,

matical encoding. In M. A. Gernsbacher (E¢Hand- A. (1999). The gender congruity effect: Evidence from
book of psycholinguisticgpp. 945-984). San Diego: Spanish and CatalanLanguage and Cognitive
Academic Press. Processesl4,381-391.

Caramazza, A., Miozzo, M., Costa, A., Schiller, N., &pell, G. S. (1986). A spreading activation theory of retrieval
Alario, X. (in press). Lexical selection: A cross-lan- in sentence productionPsychological Review93,

guage investigation of determiner production. In E.  283-321.

Dupoux (Ed.)Language, brain and cognitive develop-pell, G. S., & O'Seaghdha, P. G. (1992). Stages of lexical

ment Cambridge, MA: MIT Press. access in language productiorCognition 42,
Cohen, J. D., MacWhinney, B., Flatt, M., & Provost, J. 287-314.

(1993). PsyScope: An interactive graphic system fdrerreira, F. (1991). Effects of length and syntactic complex-

designing and controlling experiments in the psychol- ity on initiation times for prepared utterancdsurnal

ogy laboratory using Macintosh computeBehavior of Memory and Languag80,210-233.

Research Methods, Instruments, and Computss Ferreira, F. (1993). Creation of prosody during sentence pro

257-271. duction.Psychological Revievl00,233-253.



PRODUCTION OF NOUN PHRASES 197

Ferreira, F., & Swets, B. (in press). How incremental is lanMacLeod, C. M. (1991). Half a century of research on the
guage production? Evidence from the production of ut-  Stroop effect: An integrative reviewPsychological
terances requiring the computation of arithmetic sums.  Bulletin, 109,163—-203.

Journal of Memory and Language Meyer, A. S. (1990). The time course of phonological en-
Francis, W. N., & Kiera, H. (1982)Frequency analysis of coding in language production: The encoding of suc-

English usageBoston: Houghton Mifflin. cessive syllables of a wordournal of Memory and
Fromkin, V. A. (1973).Speech errors as a linguistic evi- Language29,524-545.

dence The Hague: Mouton. Meyer, A. S. (1991). The time course of phonological en-
Garrett, M. F. (1975). The analysis of sentence production. coding in language production: Phonological encoding

In G. Bower (Ed.)The psychology of learning and mo-  inside a syllableJournal of Memory and Language

tivation: Advances in research and theqkpl. 9, pp. 30,69-89.

133-177). New York: Academic Press. Meyer, A. S. (1992). Investigation of phonological encoding
Garrett, M. F. (1988). Processes in language production. In - through speech error analyses: Achievements, limita-

F. J. Newmeyer (Ed.Linguistics: The Cambridge sur- tions, and alternative€ognition 42,181-211.

vey. Vol 3: Language: Biological and psychological asyeyer, A. S. (1996). Lexical access in phrase and sentenc

r;ects (pp. 69-96). Cambridge, MA: Harvard Univ. production: Results from picture—word interference ex-

ress.

. periments. Journal of Memory and Languag&5,
Glaser, W. R., & Dungelhoff, F. (1984). The time course of  477_496.

picture—word interference.]ogrnal of Experimental Meyer, A. S., & Schriefers, H. (1991). Phonological facil-
Psychology: Human Perception and Performarit@ itation in picture—word interference experiments:

640-654. ) Effects of stimulus onset asynchrony and types of
Glaser, W. R., & Glaser, M. O. (1989). Context effect in interfering stimuli. Journal of Experimental Psy-

Stroop-like word and picture processintpurnal of chology: Learning, Memory, and Cognitioni?,
Experimental Psychology: Generall8,13—42. 1146-1160

Hayes, B (1989). The prosodic hierarchy in meter. I'N/Iiozzo, M., & Caramazza, A. (1999). The selection of de-
Eegg"’gig‘eﬁcgéil'o;?oin;oglsfr;c:)nozlggizgg? terminers in noun phrase productidournal of Exper-
Lo ) T ’ imental Psychology: Learning, Memory, and Cogni-
San Diego: Academic Press. tion. 25.907-922
Jescheniak, J., & Schriefers, H. (1998). Discrete serial vey- e ) .
sus cascaded processing in lexical access in speec%Spor’ M., & Vogel, I. (1986)Prosodic phonologyDor-

production: Further evidence from the coactivation OE drecQt:gosris._ C. J. (1986). Graphemi d
near-synonymsJournal of Experimental Psychology: ayner, 1., pringer, C. J. ( )- Graphemic and seman

Learning, Memory, and Cognitio@24,1256-1274. :'C :lgl!?rlrt_]y‘]eﬁectsl, '? ItEhe pllcturet—\llvgrd |rr:te|rfer;ence
La Heij, W., Mak, P., Sander, J., & Willeboordse, E. (1998). 26:)57'2;'2'8 ournal of Experimental Psycholagy,
The gender-congruency effect in picture—word tasks. e

Psychological Research1, 209219 Roelofs, A. (1998). Rightward incrementality in encoding
Levelt, W. J. M. (1989)Speaking: From intention to articu- simple phrasal forms in speech production: Verb—parti-
lation. Cambridge, MA: MIT Press. cle combinationsJournal of Experimental Psychol-

Levelt, W. J. M. (1992). Accessing words in speech produc-  °9Y: Leaming, Memory, and Cognitio4,904-921.
tion: Stages, processes and representat@ognition Schriefers, H. (1992). Lexical access in the production of
42,1-22. noun phrasesCognition 45, 33-54.

Levelt, W. J. M., & Maassen, B. (1981). Lexical search angchriefers, H. (1993). Syntactic processes in the productiot
order of mention in sentence production. In W. Klein & ~ ©f noun phraseslournal of Experimental Psychology:
W. Levelt (Eds.)Crossing the boundaries in lingusitics Learning, Memory, and Cognitiod9, 841-850.

(pp. 221-252). Dordrecht: Reidel. Schriefers, H., Meyer, A. S., & Levelt, W. J. M. (1990). Ex-
Levelt, W. J. M., Schriefers, H., Vorberg, D., Meyer, A. S., ploring the time course of lexical access in production:
Pechmann, T., & Havinga, J. (1991). The time course  Picture-word interference studielaurnal of Memory

of lexical access in speech production: A study of pic- ~ and Languagg29, 86-102.

ture namingPsychological Reviey®8,122-142. Schriefers, H., de Ruiter, J. P., & Steigerwald, M. (1999).
Levelt, W. J. M., Roelofs, A., & Meyer, A. S. (1999). A the- Parallelism in the production of noun phrases: Experi-
ory of lexical access in speech productiBehavioral ments and reaction time modeleurnal of Experimen-

& Brain Sciences22,1-75. tal Psychology: Learning, Memory, and Cognitj@b,

Levelt, W. J. M., & Wheeldon, L. (1994). Do speakers have = 702-720.
access to a mental syllabai@®@gnition 50,239-269.  Schriefers, H., & Teruel, E. (1999). Phonological facilitation
Lupker, S. J. (1979). The semantic nature of response com- in the production of two-word utteranceSuropean

petition in the picture—word interference tastemory Journal of Cognitive Psychology1, 17-50.

& Cognition, 7, 485-495. Schriefers, H., & Teruel, E. (2000). Grammatical gender
Lupker, S. J. (1982). The role of phonetic and orthographic  in noun phrase production: the gender interference ef-

similarity in picture—word interferenceCanadian fect in GermanJournal of Experimental Psychology:

Journal of Psychologyd6,349-367. Learning, Memory, and Cognitio26,1368-1377.



198 COSTA AND CARAMAZZA

Sebastian, N., Marti, M. A., Cuetos, F., & Carreiras, M. naming tasksJournal of Experimental Psychology:
(1996). LEXESP: Base de datos informatizada de la  Learning, Memory, and Cognitiop21, 686—698.
lengua espanola (LEXESP: Computerized data base 8farreveld, P. A., & La Heij, W. (1996). Time-course analy-
Spanish Language). Departamento de Psicologia Ba- sis of semantic and orthographic context effects in pic-
sica. Universitat de Barcelona. ture naming.Journal of Experimental Psychology:
Selkirk, E. (1984)Phonology and syntax: The relation be- Learning Memory and Cognitiop22,896-918.
tween sound and structureCambridge, MA: MIT Van Berkum, J. J. A. (1997). Syntactic processes in speec

Press. production: The retrieval of grammatical gendeog-
Selkirk, E. (1986). On derived domains in sentence phonol- nition, 64,115-152.

ogy. Phonology Yearbool8, 371-405 Wheeldon, L., & Lahiri, A. (1997). Prosodic units in speech
Starreveld, P. A. (2000). On the interpretation of onsets of production. Journal of Memory and Languag8&7,

auditory context effects in word productidiournal of 356-381.

Memory and Languagéd?2,497-525. (Received November 10, 2000)

Starreveld, P. A., & La Heij, W. (1995). Semantic interfer{Revision received February 8, 2001)
ence, orthographic facilitation and their interaction in(Published online November 8, 2001)



	EXPERIMENT 1: SEMANTIC AND PHONOLOGICAL EFFECTS FOR THE NOUN IN ENGLISH NP PRODUCTION
	TABLE 1

	EXPERIMENT 2: PHONOLOGICAL EFFECTS FOR THE NOUN IN ENGLISH NP PRODUCTION
	EXPERIMENT 3: SEMANTIC AND PHONOLOGICAL EFFECTS IN THE PRODUCTION OF SPANISH NPS
	RESULTS AND DISCUSSION
	TABLE 2

	GENERAL DISCUSSION
	FIG. 1

	CONCLUSION
	APPENDIX A
	APPENDIX B
	APPENDIX B—Continued
	APPENDIX C
	APPENDIX C—Continued
	REFERENCES

