
Journal of Memory and Language 46,178–198 (2002)
doi:10.1006/jmla.2001.2804, available online at http://www.academicpress.com on 

0749
© 200
All rig

The Production of Noun Phrases in English and Spanish: Implications for
the Scope of Phonological Encoding in Speech Production

Albert Costa and Alfonso Caramazza

Harvard University

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 Spanish
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and English speakers to produce simple (determiner 1 noun [in English]) and complex (determiner 1 adjective
1 noun [in English] or determiner 1 noun 1 adjective [in Spanish]) NPs while ignoring phonologically relate
or unrelated distractors. The results showed that naming latencies are faster when the distractor is phono
related to the noun or to the adjective irrespective of the type of NP tested. The results suggest that NP na
tencies are affected by the level of activation of the phonological content of the lexical nodes of the NP, reg
of whether they belong to the first or second phonological word. The results are interpreted in the frame
theories of phonological encoding.© 2001 Elsevier Science
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ing stages that work concurrently over differe
types of representations in an incremental fa
ion (e.g., Dell, 1986; Garrett, 1975; Leve
1989). The two main levels of processing are 
grammatical and the phonological encodi
stages. At the grammatical encoding stage,
speaker selects the appropriate words for the
tended message and assigns them to a synt
frame that specifies the grammatical relatio
among them. The construction of the syntac
frame is itself driven in part by the selection 
the head lexical nodes of each phrase. Du
phonological encoding the speaker retrieves
phonological content of the previously selec
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representation overlap in time, occurring in 
incremental fashion. That is, while parts of t
utterance are being grammatically encod
other parts, which have already been gramm
cally encoded, are being phonologically e
coded. The size or scope of the planning unit
each of these levels of representation appea
differ. Here, we present evidence concerning
scope of the phonological encoding sta
Specifically, we study the role of the phonolo
cal word as the unit that governs phonologi
encoding by exploring whether there is conc
rent phonological activation of lexical nod
that belong to different phonological words du
ing speech production. We address this issue
analyzing the naming performance of Engl
and Spanish speakers in the production of n
phrases (NPs) in the picture–word interferen
paradigm.

Until recently, the main source of informatio
used to inform claims about the sizes of 
planning units at the grammatical and pho
logical encoding stages was the analysis of l
cal and phonological errors in spontaneo
speech (e.g., Garrett, 1988). Lexical errors 
assumed to arise at the level of grammatical
coding where the selection of lexical nodes 
curs. For example, in the lexical error “give the
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baby to the banana” (from Meyer, 1996), the
words “baby” and “banana” have been trans
posed. Their misordering suggests that the 
lexical items are concurrently active at the po
in time when the first of the two words is i
serted into the syntactic frame. And, since 
two words belong to different phrases in t
same clause, it is reasonable to conclude tha
scope of grammatical encoding is, at least,
clause and not smaller units such as the phr
In contrast, phonological errors such as “heft
lemisphere” (from Fromkin, 1973), where th
sounds /l/ and /h/ have been transposed, ari
the level of phonological encoding. The e
ments that interact in this type of error tend
involve sounds relatively close to one anothe
the same phrase. Therefore, it appears tha
scope of processing of grammatical encodin
larger than that of phonological encoding. Wh
grammatical encoding seems to encompass
phrases included in a clause, phonological 
coding seems restricted to a smaller unit, p
haps no more than two phonological wo
within a phrase.

Linguists have proposed several types 
prosodic units in order to account for t
prosodic regularities observed in speech prod
tion. In line with the hierarchical organization 
syntactic structures, it has been assumed 
these are also organized hierarchically. Amo
the several phonological units that have b
proposed in order to account for the product
of prosody (phonological phrases, intonatio
phrases, etc.), the phonological word 
prosodic word) has been considered as on
the minimal prosodic constituents. Althou
there are several definitions of the phonolog
word (e.g., Ferreira, 1993; Nespor & Vog
1986; Selkirk, 1984, 1986; Wheeldon & Lahi
1997) all of them agree in considering t
phonological word as a stressed word plus
the unstressed words that cliticize to it. Beca
of this property, some scholars, including Hay
(1989) and Nespor and Vogel (1986), have a
used the term “clitic group.” Since clitizatio
most often involves function words, one cou
also define the phonological word in terms

grammatical classes, as any content word p
other function words next to it. However, in

o-
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some contexts a function word may correspo
to a whole phonological word by itself, as wh
the function word is topicalized, and therefore
definition in terms of stress values seem to
more appropriate. According to this definitio
the prosodic structure of the complex Engl
NP “the red car” (determiner 1 adjective 1
noun) consists of two clitic groups or phonolo
ical words (“The red” /də ɹεd/ and “car”/kaɹ/).
This is because the lexical word “the” does n
bear any stress and therefore clitizises to the 
ical word “red,” resulting in the phonologica
word /də ɹεd/.

From the processing point of view, phonolo
ical words are the domain over which syllabi
cation rules are applied (e.g., Levelt, 198
1992; Levelt & Wheeldon, 1994). In fluen
speech, the phonological properties of the wo
are adapted to the contexts in which they app
Consider the indefinite determiner “a” in Eng
lish. The phonological realization of this dete
miner depends on whether the next word sta
with a vowel (e.g., an elephant) or a conson
(e.g., a tiger). The syllabification rules take in
account the metrical and segmental propertie
the words that form the phonological word an
combine them to produce a series of phonolo
cal syllables that are then delivered to the artic
lator. It has also been argued that the phonolo
cal word is the minimal phonological unit tha
needs to be fully computed before the next sta
of processing can be engaged (e.g., Lev
1989). Thus, in principle, it is possible that arti
ulation of the elements of the first phonologic
word could proceed before the phonologic
properties of the second phonological word ha
been retrieved (Wheeldon & Lahiri, 1997; s
also Schriefers, de Ruiter, & Steigerwald, 199

However, the fact that segments that belo
to two different phonological words interact 
speech errors suggests that, at the level at w
these errors occur, there is concurrent phono
ical activation of lexical nodes from differen
phonological words. For example, the lexic
items involved in the error “flow snurries” (for
“snow flurries”; from Dell, 1986) belong to tw
different phonological words, which sugges
that the phonological properties of both phon

logical words were concurrently active.
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duced by the participants. This result was inter-
preted as an indication that the second noun of

1 Throughout the paper we use the following notation:
double quotation marks for responses,italics for stimuli
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Although the study of the regularities o
served in spontaneous speech errors has pr
to be a valuable tool for understanding t
processes and representations involved
speech production, it is not beyond criticis
Some researchers have argued that speech e
reveal how the normal speech production s
tem can occasionally get derailed and that inf
ences to the structure of normal processes f
error patterns is not always transparent (e
Bock & Levelt, 1994; Levelt, Roelofs, & Meyer
1999; Meyer, 1992). For example, the obser
tion that sound errors involve segmental info
mation of words belonging to different phon
logical words may reflect the outcome of t
unusual situation in which more than o
phonological word is encoded at the same tim
That is, it could be argued that under normal c
cumstances the scope of phonological encod
is one phonological word and that errors arise
those nonnormal situations in which the produ
tion system is derailed and two phonologic
words are encoded at the same time. On
view, the data from speech errors would not il
minate the normal speech production proces
is important, therefore, to complement the stu
of slips of the tongue with methodologies th
focus on error-free speech production in ord
to obtain converging evidence for specific the
retical claims.

In recent years, the picture–word interferen
paradigm has been used to investigate issue
lated to the functional architecture and proce
ing dynamics of lexical access in speech p
duction (e.g., Jescheniak & Schriefers, 19
Schriefers, Meyer, & Levelt, 1990; Starreveld
La Heij, 1995, 1996). In this paradigm, partic
pants are asked to name a picture while igno
a distractor word (see MacLeod, 1991, for a 
view of Stroop-like tasks). By manipulating th
relationship between the picture’s name and
distractor word, different effects are observ
The two best-studied effects are the semantic in-
terferenceeffect and the phonological facilita-
tion effect. The semantic interference effe
stands for the observation that picture nam
latencies are longer when the distractor w

and the picture are semantically (categorical
related than when they are not (e.g., Glaser
ARAMAZZA

-
ven
e
in
.

rrors
s-
r-
m

g.,

a-
r-
-
e
e
e.

ir-
ing
in
c-
al
his
-
. It
y
t

er
o-

ce
 re-

ss-
ro-
8;

i-
ing
e-
e
the
d.

Glaser, 1989; Glaser & Düngelhoff, 1984; Lu
ker, 1979). By contrast, phonologically relate
distractors speed up naming latencies relative
phonologically unrelated distractors (e.g., Co
& Sebastian-Galles, 1998; Lupker, 1982; Mey
& Schriefers, 1991; Rayner & Springer, 1986
Researchers have argued that these two c
trasting phenomena reflect the mechanisms 
representations at two different stages of pr
essing. The dominant view is that the seman
interference effect is the product of a delay 
the selection of the target lexical item durin
grammatical encoding and that the phonologi
facilitation effect is due to facilitation in selec
ing representations at the phonological enc
ing stage (e.g., Levelt, Schriefers, Vorber
Meyer, Pechman, & Havinga, 1991; Schriefe
et al., 1990; see also Starreveld, 2000, for a d
cussion of the nature of the phonological fac
tation effect in this paradigm).

Schriefers (1992, 1993) was the first to exte
the picture–word interference paradigm to i
vestigate lexical access in the context of NP p
duction (see also Alario & Caramazza, in pres
Caramazza et al., in press; Costa, Sebast
Galles, Miozzo, & Caramazza, 1999; La He
Mark, Sander, & Willeboordse, 1998; Miozzo &
Caramazza, 1999; Schriefers & Teruel, 200
van Berkum, 1997). Meyer (1996) extended t
paradigm to address the size of the grammati
and phonological planning units in speech pr
duction. She asked Dutch speakers to produ
either a conjunction noun phrase (“the arro
and the bag”)1 or a simple sentence (“the arrow
is next to the bag”), while ignoring a distracto
word. The distractor word could be related e
ther to the first or to the second noun. Meyer o
served that naming latencies were slowed wh
the distractor word was semantically related
the first (bombfor arrow) or to the second (sack
for bag) noun of the utterance, irrespective o
the type of utterance (NPs or sentences) p
ly)
 &
(pictures or words), and single quotation marks for lexical
representations.
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the utterance (bag) was concurrently active with
the first noun (arrow) at the level where the se
mantic interference effect is thought to occur
the lexical node selection stage. Interesting
the results observed with phonological distra
tors contrasted sharply: naming latencies w
affected by distractors that were phonologica
related to the first noun of the utterance (art for
arrow) (see Miozzo & Caramazza, 1999, Expe
iment 4, for similar results in Italian) but no
when the distractors were related to the sec
noun (ball for bag). This result was interprete
to indicate that the level of activation of th
phonological properties of the second noun
the utterance (bag) does not affect the onset o
speaker’s articulation. The contrasting resu
obtained with semantically and phonologica
related distractors were taken as evidence
the scope of the grammatical encoding proc
is larger than that of the phonological encodi
process.

The results of Meyer (1996) are consist
with the notion that the phonological word is t
basic unit of phonological encoding. This is b
cause phonological facilitation arises whene
the primed word is included in the first phon
logical word (e.g.,arrow is included in the firs
phonological word “the arrow”), but not whe
the primed word is located outside the fi
phonological word. This observation sugge
that the level of activation of the phonologic
properties of the words that are not part of 
first phonological word does not affect nami
latencies (e.g.,bag in the NP “the arrow and th
bag”). These results fit well with the hypothe
that the retrieval of the phonological segme
of the lexical nodes that comprise the fi
phonological word must be completed befo
articulation of the phrase is initiated. They a
also consistent with the proposal that the pho
logical properties of the lexical nodes that 
not part of the first phonological word do n
need to be selected before articulation st
(e.g., Levelt & Maassen, 1981; Meyer, 1996)

However, recent results have questioned b
the notion that the phonological word has to
fully processed before articulation starts and

assumption that the phonological properties
lexical items that do not belong to the firs
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phonological word do not affect naming laten
cies. Regarding the first issue, Schriefers a
Teruel (1999) asked German speakers to p
duce no-determiner noun phrases (“rosa Tisc
[pink table]) while ignoring distractors that wer
phonologically related either to the first syllab
of the adjective (ro for rosa) or to the first sylla-
ble of the noun (tis for Tisch). Naming latencies
were speeded only when the distractor word w
related to the first word of the utterance. This r
sult by itself seems to support the notion th
only the first phonological word needs to b
computed for articulation to start. This is be
cause in the NPs used in this study the first wo
of the utterance corresponds to the first phon
logical word (e.g., “rosa”, [pink]), while the sec
ond word, the noun (e.g., “Tisch”), falls outsid
of the first phonological word and correspon
to the second phonological word. Howeve
Schriefers and Teruel also reported a result t
suggests that the first phonological word do
not need to be fully processed before articu
tion starts. In their study, phonological facilita
tion was not observed when the distractor w
phonologically related to the second syllable
the adjective (e.g.,safor rosa[pink]). This result
led the authors to conclude that the phonologi
word may not be the lower limit of phonologica
encoding and that it is possible that speak
start articulation without having completed th
phonological encoding of the first phonologic
word. These authors conclude then that the s
of phonological encoding may be, in certain ci
cumstances (not specified by the author
smaller than the first phonological word.

More importantly for our purposes are tho
results that suggest that the level of activation
the phonological elements of lexical nodes 
cated in the second phonological word of the 
may affect naming latencies. Miozzo and Ca
mazza (1999, Experiment 5) asked Italian p
ticipants to produce determiner 1 adjective 1
noun NPs in a simple picture naming task. T
definite determiner in Italian depends on bo
the gender of the noun and, for masculi
nouns, on the phonological properties of t
word that follows it. Masculine nouns take th
determiner “lo” when the following word’s

tonset consists of a vowel, a consonant cluster of
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the form “s1 consonant” or “gn,” or an af-
fricate; in all other contexts masculine nou
take the determiner “il.” Thus, for example, fo
the masculine word “scoiattolo” [squirrel] th
determiner is “lo” (“lo scoiattolo” [the squirrel])
but it is “il” if the adjective “grande” [big] is in-
terposed between the determiner and the n
(“il grande scoiattolo” [the big squirrel]). There
fore, in order to select the proper determiner 
masculine nouns, the phonology of the ne
word must be available to the selection mec
nism. Miozzo and Caramazza took advantage
this property to investigate what phonologic
information is available at the point at which t
form of a determiner is selected. They reaso
that if the only phonological information activ
at the moment at which the determiner is 
lected were that of the word immediately fo
lowing it (the adjective), then the phonologic
properties of the noun should not affect nam
times since this information could not serve a
basis for interference in determiner selectio
However, if the phonology of the noun were a
tive at the point at which determiner forms a
selected, there should be a cost in naming tim
when the phonology of the noun provides info
mation conflicting with that provided by the a
jective. Thus, in the latter case, the product
of phrases such as “il grande scoiattolo” [the 
squirrel] should be slower relative to phras
such as “il grande tavolo” [the big table]. This
because the initial segments of “grande” a
“scoiattolo” require the determiners “il” an
“lo,” respectively, whereas the initial segmen
of “grande” and “tavolo” both require the dete
miner “il.” The results were clear: slower nam
ing latencies were observed when the phon
ogy of the adjective and the phonology of t
noun in the NP required different determin
forms (“il grande scoiatolo”) in comparison t
the condition where the two words require t
same determiner (“il grande tavolo”). These 
sults suggest that the phonological form of 
noun is active at the point at which determin
form selection takes place. Similar results ha
been observed in French with possessive ad
tives and demonstrative pronouns whose g
der-marked forms also depend on the phonol

of the following word (Alario & Caramazza, in
ARAMAZZA
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press). Also, Roelofs (1998), using the implic
priming paradigm (see Meyer, 1990, 1991), o
served phonological activation of words locat
in the second phonological word. Finally, rece
results by Ferreira and Swets (in press) sugg
that processing difficulty of material beyond th
first phonological word affect initiation times
On the basis of these results, the authors cl
that the system requires planning beyond 
initial phonological word.

Taken together, the results from Miozzo an
Caramazza (1999), Alario and Caramazza
press), Roelofs (1998), and Ferreira and Sw
(in press) suggest that there is concurrent a
vation of phonological information of lexica
nodes that belong to different phonologic
words. Interestingly, this conclusion is consi
tent with the data from spontaneous spee
errors, where quite often the elements involv
in sound exchange errors belong to differe
phonological words.

As reviewed here, the chronometric eviden
on the role of the phonological word in spee
production is somewhat contradictory. There a
three main sets of results. One set shows
phonological activation of elements that fa
outside the first phonological word (Meye
1996). Another set of results demonstrates t
there is concurrent phonological activation e
compassing at least two phonological wor
(Alario & Caramazza, in press; Miozzo & Cara
mazza, 1999; Roelofs, 1998). Finally, there is
data set that suggests that encoding of the en
phonological word is not necessary to begin 
ticulation (Schriefers & Teruel, 1999). Furthe
discussion of this third possibility is deferred 
the General Discussion. In the following, w
focus on the extent to which the activation of t
phonological form of lexical nodes that fall ou
side of the first phonological word affect nam
ing latencies.

We address this question by asking Span
and English speakers to produce NPs in the c
text of a picture–word interference task. An im
portant difference in the structure of NPs 
these two languages affords the opportunity
address the role of grammatical structure in 
termining whether lexical nodes that fall outsi

the first phonological word are concurrently ac-
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tive with it. In the experiments we report, w
also included semantically related distracto
This distractor condition was included primari
to assess the sensitivity of our task to lexical 
terference. Semantic interference is a highly 
liable effect in the picture–word interferenc
paradigm and its presence indicates that the 
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2 Starreveld (2000) has recently argued that the phonolog-
ical facilitation effect may reveal the ease with which the
word-form representation of the target is retrieved rather
than the ease with which the segmental information of that
word is retrieved (Meyer & Schriefers, 1991). Our predic-
tude of the semantic interference effect.

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

In this experiment, three groups of nati
English speakers were asked to name a serie
colored pictures using one of three differe
types of utterances: (a) bare nouns (e.g., “ca
(b) determiner1 noun NPs (e.g., “the car”)
and (c) determiner1 adjective 1 noun NPs
(e.g., “the red car”). The pictures were pr
sented with semantically related, phonolo
cally related, and unrelated control distracto
Our main goal was to test whether naming
tencies are affected by distractor words that
phonologically related to the noun when the p
sition of the noun varies between being in t
first, second, or third position in the NP. Cr
cially, and given the standard definition of th
phonological word given above, whether t
noun belongs to the first or to the second pho
logical word varies across these different typ
of utterances. In the bare noun (e.g., “car”) a
determiner1 noun conditions (e.g., “the car”
the noun belongs to the first phonological wo
(“car”/kaɹ/ and “the car” /də kaɹ/ respectively),
while in the determiner1 adjective 1 noun
condition it belongs to the second phonologi
word (e.g., first phonological word: “The red
/də ɹεd/; second phonological word: “car
/kaɹ/). The question is whether phonologic
distractors related to the noun of the NP (e
cap) will affect naming latencies differentl
than unrelated distractors (e.g.,pen) in all three
NP conditions.

We expect to find phonological facilitatio
when the noun is placed in the first phonolog
word even if it is not the first word in the utte
ance, replicating previous results (Meyer, 19

Miozzo & Caramazza, 1999; but see Schriefe
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& Teruel, 1999). Therefore, we should obser
phonological facilitation in the first two types o
NPs (e.g., bare noun, “car”, and determiner 1
noun, “the car”).

The prediction regarding the effects o
phonologically related distractors for the dete
miner 1 adjective 1 noun NPs is more compli-
cated. If naming latencies are independent of 
level of activation of the words included in th
second phonological word, the phonological f
cilitation effect should not arise in complex N
production. In contrast, if phonological encod
ing comprises more elements than those 
cluded in the first phonological word, as su
gested by the results of several studies (Alario
Caramazza, in press; Miozzo & Caramazz
1999; Roelofs, 1998), it is possible for phon
logically related distractors to produce phon
logical facilitation even when the noun is lo
cated outside the first phonological word (e.
determiner 1 adjective 1 noun; “the red car”
/də ɹεd/ /kaɹ/). And, on the assumption that th
phonological effects observed in this paradig
indicate phonological activation of the word th
is related to the distractor, a phonological faci
tation effect for the noun would suggest that 
phonological properties are concurrently acti
with the phonological encoding of the othe
parts of the utterance.2 We also included a se
mantically related condition, as was done 
Meyer (1996) and Miozzo and Caramaz
(1999), in order to provide more informatio
about the effects of semantically related distra
tors in the production of NPs.

Method

Participants. Fifty-one native speakers o
English took part in the experiment. Participan
were students at Harvard University and we
paid for their participation. Participants wer
randomly assigned to the three experimen
rs
tions do not depend on which of these two explanations is
correct, and therefore we will not pursue this issue.
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Material. We selected 28 pictures wi
monomorphemic names (see Appendix A). T
pictures were presented in three different co
(red, green, or blue), but each picture always
peared in the same color. The pictures w
paired with five different distractors: (a) a s
mantically related distractor, (b) a phonolo
cally related distractor, (c) an unrelated con
distractor matched on various variables with 
semantically related distractors, (d) an unrela
distractor matched with the phonologically 
lated distractors, or (e) a string of XXXs. T
pictures and the distractors were paired s
that each distractor appeared once in the re
condition and once in the unrelated conditi
For example, the picture of a horse appeared
with the semantically related distractor donkey
and with the unrelated distractor spoon. The
same distractors appeared with the picture fork.
However, for this picture the word donkey
served as the unrelated distractor and the w
spoonas the semantically related distractor. T
same matching procedure was used for 
phonologically related distractors and their u
related controls. This design allows us to con
for possible effects of individual distractors th
might affect the results in any systematic w
other than their semantic or phonological re
edness with the pictures’ names. The distrac
paired with a given picture had similar freque
cies (Francis & Kuc˘era, 1982). Care was take
to avoid any phonological or semantic relat
ness between the distractor words and the c
name of each picture. The phonologically 
lated distractors shared at least their first 
segments with the pictures’ names. Twenty-
pictures were selected as fillers and were 
presented five times each with unrelated dist
tors. The fillers were also used as warmup s
uli in the first three trials of each block.

The distractor words were shown in upp
case letters (Helvetica font, bold, 27 point) a
were superimposed on the pictures. Pictures
peared in the center of the screen. To pre
participants from anticipating a distractor’s p
sition, word position varied randomly in the r
gion around fixation with a maximum variatio
of 1.5 cm. For a given picture, however, the d

tractors always appeared in the same locati
ARAMAZZA
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Stimuli were presented in 5 blocks of 54 tria
(28 experimental plus 26 fillers). Each pictu
appeared once per block. In each block, stim
of the various conditions appeared an eq
number of times (5 or 6). Block trials were ra
domized with the restriction that distractors 
the same experimental condition appeared in
more than two consecutive trials. Five differe
block orders were constructed, and similar nu
ber of participants randomly assigned to each

Procedure. Participants were tested individ
ally in a sound-attenuated room. They were 
structed to name the picture and its color
quickly and as accurately as possible using
ther a bare noun, a determiner 1 noun NP or a
determiner 1 adjective 1 noun NP, depending
on the group of participants. They were 
formed that they would see picture–word pa
and were asked to ignore the words. Before
experiment proper, participants were presen
with the entire set of pictures along with the
designated names. Next, the experimen
showed all the pictures without their names a
participants named the stimuli. Each trial h
the following structure. First, a fixation poin
(an asterisk) was shown in the center of 
screen for 1 s, followed by a blank interval 
500 ms. Then, the picture–word pairing w
presented for 600 ms. If a response was not 
vided within 3 s, the next trial started automa
cally. The intertrial interval was 1.5 s. Respon
latencies were measured from the onset of
stimulus to the beginning of the naming r
sponse. Stimulus presentation was controlled
the program Psyscope (Cohen, MacWhinn
Flatt & Provost, 1993). Response latencies w
measured by means of a voice key. The ses
lasted approximately 45 min.

Analyses. Three types of responses we
scored as errors: (a) production of names 
differed from those designated by the expe
menter, (b) verbal dysfluencies (stuttering, utt
ance repairs, and production of nonver
sounds that triggered the voice key), and 
recording failures. Erroneous responses and 
liers (i.e., responses exceeding 3 standard de
tions) were excluded from the analyses of 
sponse latencies. Separate analyses were ca
on.out with subjects and items as dependent vari-
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ables, yielding F1 and F2 statistics, respectively
Three variables were analyzed: Type of Utt
ance (Bare Noun, determiner 1 noun NP, deter
miner 1 adjective 1 noun NP), Semantic Rela
tionship (Semantically Related vs Seman
Unrelated), and Phonological Relationsh
(Phonologically Related vs Phonologically U
related). The first variable was a between-s
jects variable and the others within-subject v
ables. The results of the error analyses 
reported only if significant. Table 1 shows t
mean response latencies and error rates 
function of type of distractor and type of utte
ance.

Results

Erroneous responses were observed on 7
of the trials. The naming latencies derived fr
one picture were excluded from the analyses
cause it elicited a high percentage of err
(more than 14%).

Semantically related distractors. The main
effect of semantic relationship was significa
[F1(1,48) 5 26.3, MSE 5 579.2, p , .001;
F2(1,26) 5 8.7, MSE 5 3288.0, p , .007]:
naming latencies were slower with semantica
related than with unrelated distractors. T
main effect of type of utterance was also sign
icant [F1(2,48) 5 5.1, MSE 5 23094.8,p ,
.009;F2(2,52) 80.0,MSE5 2405.5,p , .001].

Importantly, the interaction between the two p-

Note. Noun phrase production in English; distractors rel
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Fs , 1), suggesting that the semantic interfe
ence effect created by the semantically rela
distractors was independent of the type of utt
ance produced by the participants. When
consider determiner1 adjective1 noun utter-
ances alone, we find that semantically rela
distractors produce more interference that
mantically unrelated distractors [F1(1,16) 5
6.7, MSE 5 519.5,p , .019; F2(1,26)5 3.5,
MSE5 1532.6,p , .07]. Both semantically re
lated and unrelated distractors led to slow
naming latencies than the XXX condition (a
ps, .014). Semantically related distractors al
produced more errors than unrelated distract
[F1(1,48) 5 5.9, MSE 5 2.6, p , .018;
F2(1,26)5 3.05,MSE5 3.2,p , .09]. This ef-
fect was also independent of the type of utt
ance (Fs , 1). Finally, the XXX condition led
to fewer errors than the semantically related a
unrelated conditions (allps , .012).

Phonologically related distractors. The main
effect of phonological relationship was signifi
cant [F1(1,48)5 32.5,MSE5 707.5,p , .001;
F2(1,26)5 11.2,MSE5 3310.6,p , .002], in-
dicating that naming latencies were faster w
phonologically related than unrelated distra
tors. The main effect of type of utterance w
also significant [F1(2,48) 5 3.9, MSE 5
24180.2,p , .02; F2(2,52) 5 44.0, MSE 5
3263.1,p , .001]. More importantly, the inter
action between the two factors did not even a
0.2
7.3
6.4
8.6
factors did not even approach significance (bothproach significance (bothFs , 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 1 noun Det 1 adj 1 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 1
Semantically unrelated 761 95 6.7 644 83 6.3 694 126 8.9 699
Phonologically related 729 104 5.0 629 102 6.8 680 119 7.4 679
Phonologically unrelated 768 111 6.3 657 102 9.2 704 128 10.2 709
XXXXs 704 105 4.3 604 81 4.4 668 111 5.6 658 4.8
Semantic effects 227 225 221 225

(unrelated-related)
Phonological effects 39 28 24 30

(unrelated-related)
ated to the Noun.
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that the effects of phonologically related d
tractors are similar in the three types of utt
ances. When we consider determiner1 adjec-
tive 1 noun utterances alone, we find som
evidence that phonologically related distract
led to faster naming latencies than unrela
distractors. The 24-ms difference between c
ditions was only significant in the subjec
analyses [F1(1,16)5 6.0, MSE 5 802.1,p ,
.026;F2(1,26)5 2317.6,MSE5 2.7,p , .11].
Naming latencies in the XXX condition wer
faster than in the phonologically related and u
related conditions (allps , .011). Participants
made more errors in the unrelated condit
than in the phonologically related conditio
[F1(1,48) 5 4.9, MSE 5 1.8, p , .032;
F2(1,26)5 2.9, MSE5 1.52,p , .091]. This
effect was independent of the type of utteran
(Fs , 1). Error rates in the XXX condition
were lower than in the unrelated condition (
ps , .010).

Discussion

The results of this experiment showed t
main findings. First, distractors that are sema
cally related to the noun slow naming latenc
more than unrelated distractors. Second, dist
tors that are phonologically related to the no
lead to faster naming latencies than unrela
distractors. Furthermore, these two effects 
independent of the type of NP that speakers
to produce.

The semantic interference effect and 
phonological facilitation effect were expect
when participants named the pictures with b
nouns (e.g., Lupker, 1979, 1982). Similarly, t
semantic interference effect observed in the
terminer 1 noun and determiner 1 adjective 1
noun conditions was expected since the scop
grammatical encoding has been shown to be
clause (Meyer, 1996).

The phonological facilitation effect for dete
miner 1 noun NPs replicates previous findin
in Dutch (Meyer, 1996) and Italian (Miozzo 
Caramazza, 1999; Experiment 4). Furtherm
it extends the observation of phonological fa
itation effects for the second word of the utt
ance to a language in which the first elemen

the NP (the determiner) is independent of t
ARAMAZZA
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grammatical and phonological properties of t
noun, as opposed to Dutch and Italian.

The most critical result for us is the phono
logical facilitation effect observed in the dete
miner 1 adjective 1 noun NP condition, in
which the noun was located outside the fir
phonological word. Assuming that the effec
of phonologically related distractors refle
processes at the stage of phonological encod
the results imply that the phonology of the nou
in an NP is activated even when it is located
the second phonological word. The results r
ported here and those of Miozzo and Carama
(1999, Experiment 5; see also Alario & Cara
mazza, in press) invite the inference that t
scope of phonological encoding extends mo
than the first phonological word.

However, before going into more specifi
claims about the implications of the observe
results it is important to test the reliability o
the phonological facilitation effect for lexica
nodes that are located outside the first phon
logical word. In the following experiment we
replicate the conditions where we obtaine
phonological facilitation in Experiment 1, usin
different materials and a slightly different de
sign. This is especially relevant given that th
phonological facilitation effect for the deter
miner 1 adjective1 noun utterances was onl
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significant in the analysis by subjects.

EXPERIMENT 2: PHONOLOGICAL
EFFECTS FOR THE NOUN IN ENGLISH NP

PRODUCTION

In this experiment participants were asked
produce complex NPs of the form determiner1
adjective 1 noun in English. As in the previou
experiment, we analyzed the effects of pho
logically related distractors to the noun on 
onset of naming latencies.

Method

Participants. Twenty participants from th
same population as in Experiment 1 took p
None of them had participated in Experiment

Material. We selected 40 pictures wi
monomorphemic names (see Appendix B). T
pictures were presented in four different colo
hegreen, red, blue, and purple. The pictures were
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paired with three different distractors: (a)
phonologically related distractor, (b) an un
lated control distractor matched on various v
ables with the phonologically related distra
tors, or (c) an unrelated filler distractor. As 
Experiment 1, the pictures and the distract
were paired such that each distractor appe
once in the related condition and once in the 
related condition. The distractors paired with
given picture had similar frequencies. Care w
taken to avoid phonological or semantic relat
ness between the distractor words and the c
name of each picture. The phonologically 
lated distractors shared at least their first 
segments with the pictures’ names. Four p
tures were selected as fillers and were prese
as warmup stimuli in the first four trials of ea
block along with unrelated distractors. All th
pictures were presented before the experim
proper along with unrelated distractors. Th
each picture appeared four times (once in 
training phase and three times in the experim
proper). Each picture appeared in each of 
four colors included in the experiment. The c
ors were distributed within the different cond
tions a similar number of times.

Stimuli were presented in 4 blocks of 44 tri
(40 experimental plus 4 fillers). Each picture 
peared once per block. In each block, stimul
the three different conditions appeared a sim
number of times (13 or 14). Trials within bloc
were randomized with the restriction that d
tractors of the same experimental condition 
peared in no more than two consecutive tri
Ten different block orders were constructed a
two participants were randomly assigned 
each order. The other details of the experime
design and procedure were similar to those
Experiment 1.

Results and Discussion

Following the same criteria as in Experime
1, 12.6% of the trials were excluded from t
analyses. The reaction times derived from 
participant and from one picture were discard
from the analyses due to their large numbe
errors (more than 16%).

Naming latencies were significantly fast

when the distractors were phonologically re
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lated (865 ms) than when they were unrela
[887 ms;F1(1,18)5 5.8 , MSE5 820.8,p ,
.027;F2(1,38)5 4.2,MSE5 1979.7,p , .046].
The error rates in the two conditions were stat
tically identical (13.2 and 12.1 for related an
unrelated distractors respectively, bothFs , 1).

The results of this experiment replicate tho
observed in Experiment 1 for the complex N
production group. In both studies, a reliable a
robust phonological facilitation effect for th
noun of the NP was observed in the product
of complex NPs (determiner 1 adjective 1
noun). As discussed above, these results sug
that the scope of phonological encoding exte
beyond the first phonological word.

However, such a conclusion may be prem
ture. The type of NPs used in these experime
allows two interpretations of the observ
phonological effects with respect to the scope
phonological encoding. One possibility, as 
ready noted, is that the scope of phonolog
processing encompasses at least part of the
ond phonological word of the NP. The oth
possibility is that phonological encoding alwa
includes the head of the phrase plus any o
words located before it. These two possibilit
are indistinguishable on the basis of the av
able data. This is because the head of the ph
in the English NPs used in the previous exp
ments always belonged to the second phono
ical word and therefore word position and gra
matical class are conflated. That is, since
English the adjective is always located preno
nally, the third element of a three-word NP
necessarily a noun. Therefore the results of 
periments 1 and 2 are consistent with both of
alternatives proposed above.

Note that the latter hypothesis is not impla
sible. It may be argued that, because selec
of the noun is necessary for the construction
an NP frame, the lexical node of the noun
the first element selected during the gramma
cal encoding of a phrase. If we further assu
that after the selection of a lexical node
phonology is activated automatically, then t
phonological properties of the noun are ac
vated before the selection of other elements
the NP (determiner and adjective, in our exp

-iments). According to this idea, even though
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the phonological content of the noun will b
produced after that of the determiner and t
adjective, it actually becomes activated earl
than that of the other two items. If this explan
tion is correct, then our results would be com
pletely compatible with those obtained b
Meyer (1996) in which no phonological facili
tation was observed when the distractor wo
was related to the second noun in a comp
NP (e.g., “the arrow and the car”). In this cas
the first noun of the NP may be acting as t
head of the NP while the second noun could
acting as the head of a second NP. Therefore
is possible that phonological facilitation is on
observed for the head of the first but not for t
head of the second NP, and this is why Mey
(1996) did not find any phonological facilita
tion for the words placed outside the fir
phonological word.

In Experiment 3 we try to adjudicate betwe
the two explanations described above by ask
Spanish participants to produce determiner1
noun 1 adjective NPs. Unlike English, color ad
jectives are usually placed postnominally 
Spanish (e.g., “La casa azul” [literally, the hou
blue]). Therefore, a comparison of the effects
phonological distractors related to the th
word of Spanish and English NPs allows us
distinguish between word position and gra
matical class—the third word is a noun in En
lish NPs but is an adjective in Spanish NPs
while keeping constant their position in terms
phonological words (e.g., always the seco
phonological word). This is because t
prosodic structure of these Spanish NPs c
tains two phonological words (“la casa”: /la
kasa/ and “azul”: /aɵul/). If the scope of phono
logical encoding encompasses the first t
phonological words of the NP regardless of th
grammatical class, we should observe a pho
logical facilitation effect when the distracto
word is related to the lexical node correspon
ing to the second phonological word (in t
Spanish case, the adjective, “azul”). However
the phonological facilitation effect observed 
English reflects the special status of the hea
the NP (the noun) during phonological proce
ing, phonological facilitation effects should n

be observed for lexical items that are not t
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first phonological word.

EXPERIMENT 3: SEMANTIC AND
PHONOLOGICAL EFFECTS IN THE

PRODUCTION OF SPANISH NPS

In this experiment we asked participants
produce determiner 1 noun 1 adjective NPs in
Spanish. As described above, and althoug
some cases (mostly in poetic contexts) Spa
color adjectives may occupy a prenominal po
tion, they typically occur in postnominal pos
tion and therefore the third element of the NP
an adjective and not a noun. Therefore the l
cal item that now falls outside the first phon
logical word is the adjective, whereas before
Experiments 1 and 2) it was the noun. If we
not observe a phonological facilitation effect 
the adjective in Spanish, we can conclude 
the results obtained in Experiments 1 and 2
flect the special status of the noun in the c
struction of the NP. By contrast, phonologic
facilitation effects for the adjective would su
gest that the scope of phonological encoding
cludes the element located in the second ph
logical word regardless of its grammatic
properties.

Method

Participants. Thirty native speakers of Spa
ish from the University of Barcelona took pa
in the experiment in exchange for course cre

Materials. The design was similar to that 
Experiment 1. Two sets of materials were 
cluded (see Appendix C). In the first set, 26 p
tures with monomorphemic names were 
lected. Each of these pictures was prese
with three different distractors: (a) a distrac
semantically related to the adjective—a co
name (e.g.,gris [gray] for azul[blue]), (b) a dis-
tractor semantically unrelated to the adjective
an unrelated adjective (e.g.,ideal [ideal] for azul
[blue]), or (c) a string of XXXs. Each distract
in this set was presented four times (except
the distractors rosa [pink] and eficaz[efficient],
which were presented six times). All the distr
tors in these two conditions were adjectives. 
26 pictures in the second set of items were 

esented with three different distractors each: (a) a
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distractor phonologically related to the adject
(e.g.,azucar[sugar] for azul [blue]), (b) a dis-
tractor phonologically unrelated to the adject
(e.g., drama [drama] for azul [blue]), or (c) a
string of XXXs. These distractors were alwa
nouns and were presented only once.

The distractors included in each set had si
lar frequencies [Set 1: semantically related5
161, semantically unrelated5 158 (F , 1); Set
2: phonologically related5 152, phonologically
unrelated5 155 (F , 1)] (Sebastian, Marti
Cuetos, & Carreiras, 1996). They also had co
parable numbers of letters [Set 1: semantic
related 5 5.8, semantically unrelated5 6.5
(F , 1); Set 2: phonologically related5 5.5,
phonologically unrelated5 5.2; (F , 1)]. Thir-
teen pictures were selected as filler pictures
were presented three times each. The fil
were also used as warmup stimuli in the fi
three trials of each block. Stimuli were pr
sented in 3 blocks of 52 experimental trials ea
(26 pictures from Set 1 and 26 pictures from S
2). Each picture appeared once per block.
each block, stimuli of the various conditions a
peared a similar number of times (eight or nin
Block trials were randomized with the restri
tion that distractors of the same experimen
condition appeared in no more than two cons
utive trials. Three different block orders we
constructed, and similar numbers of participa
were assigned to each of them.

The pictures were presented in one of th
different colors: blue (azul), brown (marron
and green (verde). However, each picture 
always presented in the same color. Care 
taken to avoid phonological or semantic relat
ness between the distractor words and the 
ture’s name. Approximately half of the picture
names were masculine; the remainder w

feminine. The other details of the design a
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procedure are similar to those in Experiment

RESULTS AND DISCUSSION

The scoring criteria used in Experiment
were also used in this experiment, leading to
exclusion of 9.6% of the data points. In t
analysis we considered the effect of sema
and phonological relatedness of the distrac

to the adjective in the NP. Table 2 shows t
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mean response latencies and error rates a
function of type of distractor.

Semantically related distractors. The main
effect of semantic relationship was significa
[F1(1,29) 5 10.7, MSE 5 994.6, p , .003;
F2(1,25) 5 7.1, MSE 5 1292.2, p , .013]:
naming latencies were slower with semantica
related than with unrelated distractors. Both s
mantically related and unrelated distractors p
duced longer naming latencies than XXX di
tractors (all ps , .001). The only significant
difference in the error analyses was between 
XXX condition and the semantically relate
condition (all ps , .01)

Phonologically related distractors. The main
effect of phonological relationship was signifi
cant [F1(1,29) 5 4.5,MSE5 871.5,p , .041;
F2(1,25) 5 6.1,MSE5 728.9,p , .020], indi-
cating that naming latencies were faster w
phonologically related than with unrelated di
tractors. Naming latencies were faster in t
XXX condition than in the other two condition
(all ps , .001). No significant effects were ob
served in the error analysis.

Two main results were obtained in this expe
iment. First, semantically related distractors d
layed the production of the NP in comparison
unrelated distractors, replicating the results
Experiment 1. Second, phonologically relate

ts
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1
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ors

distractors sped up naming latencies in comp

TABLE 2

Naming Latencies (in Milliseconds) by Type of Distracto
and Set of Pictures in Experiment 3

Type of distractors Mean SD E%

SET 1
Semantically related 755 124 12.7
Semantically unrelated 728 112 10.0
XXXXs 703 106 7.6

SET 2
Phonologically related 735 109 10.1
Phonologically unrelated 752 123 9.4
XXXXs 694 109 8.2

Semantic effects 227
(unrelated-related)

Phonological effects 17
(unrelated-related)

Note. Noun phrase production in Spanish, with distrac-

hetors related to the Adjective.
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ison to unrelated distractors. These results s
gest that naming latencies are affected by the
tivation level of the phonological properties o
the adjective in the production of complex NP
with the structure “determiner1 noun1 adjec-
tive” (la casa azul [literally, the house blue]
This result indicates that by altering the level
activation of the phonological properties of th
lexical node that belongs to the second phon
logical word (see footnote 2), even when th
lexical node is not the head of the phrase (but
.
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adjective), naming latencies are also affected

GENERAL DISCUSSION

The main goal of this study was to explore 
role of the phonological word as a basic unit
phonological encoding in speech producti
and the extent to which there is concurr
phonological activation of lexical nodes that f
outside the phonological word being encod
We carried out three experiments in which E
lish and Spanish speakers were asked to pro
adjectival NPs (English: determiner 1 adjective
1 noun; Spanish: determiner 1 noun 1 adjec-
tive) while ignoring the distractor words. On t
assumption that phonologically related distr
tors affect the level of activation of the phon
logical properties of the words (or the wo
forms) with which they are related, we us
phonological facilitation effects to reveal the e
tent to which the phonological representatio
of the different phonological words of the N
are activated.

In Experiment 1 and 2 we tested the effect
phonologically related distractors to the nou
of English NPs. The results of both experime
showed that naming latencies were faster w
the pictures were presented along with pho
logically related distractors than when presen
with unrelated distractors. Importantly, th
phonological facilitation effect was observed 
gardless of the position of the noun in the 
(first, second, or third position), and therefo
the effect is independent of whether the no
belongs to the first or second phonologi
word. The results of Experiment 3 demonstr
that when the distractor word is phonologica
related to an adjective placed in the sec

phonological word of a Spanish NP a reliab
ARAMAZZA
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phonological facilitation effect is obtaine
Taken together, as shown in Fig. 1, the res
suggest that the level of activation of the pho
logical information of the lexical nodes that b
long to the second phonological word in an N
affects naming latencies. Furthermore, the eff
of the phonologically related distractors on t
words located in the second phonological wo
of the NP seems to be independent of the gr
matical status of the word placed in that po
tion, since they were observed for both nou
(in English) and adjectives (in Spanish).

Our results fit well with other evidence sug
gesting that the phonology of the elements b
longing to the second phonological word of a
NP is concurrently active with earlier elemen
of the phrase (e.g., Ferreira, 1991; Dell
O’Seaghdha, 1992). Importantly, we now ha
convergent evidence for this proposal with d
ferent experimental paradigms relying o
chronometric analyses of behavior. For exa
ple, Miozzo and Caramazza (1999) found th
the phonology of the noun in Italian dete
miner 1 adjective1 noun NPs affects the se
lection of the phonological form of determine
(the first word in the NP) in a simple namin
task. Similar results have been obtained in
French variant of this experiment using poss
sive 1 adjective1 noun NPs (Alario & Cara-
mazza, in press). Along the same lines, Roel
(1998) obtained larger facilitation effects, wi
an implicit priming paradigm, when the targ
words share not only parts of the first phon
logical word but also parts of the secon
phonological word. The fact that the activatio
of phonological elements that are not in t
first phonological word of the NP is observe
with different chronometric paradigms (simp
picture naming, the picture–word interferen
paradigm, and implicit priming) as well as i
the analyses of spontaneous and experiment
induced speech errors increases our confide
in the reliability of the phenomenon and its p
tential theoretical importance.

It is important to note that our results a
those of Alario and Caramazza (in pres
Miozzo and Caramazza (1999), and Roel
(1998) are not, strictly speaking, inconsiste

lewith those reported by Meyer (1996). Meyer’s
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ond phonological word—the noun in English and the adjective in Spanish.
study differs from the others cited here not on
in the types of structures subjects were requi
to produce (e.g., conjoined NPs and sentenc
but also in the number of phonological wor
involved in these structures. In the structur
tested in our experiments, the primed word w
always located in the second phonologic
word. In contrast, in Meyer’s experiment usin
sentences such as “the bag is next to the arr
the position of the primed word “arrow” is no
the second phonological word but rather t
third or fourth phonological word. Along th
same lines, it is unclear whether in the struct
“the bag and the arrow” arrow is located in t
second or third phonological word. In sum
whereas in our experiments we tested whet
the second phonological word was concurren
active with the first phonological word, i
Meyer’s study it is arguable whether the prim
word was located in the second or third (or lat
phonological word. Thus, taking both Meyer
results (no concurrent activation of first an

third phonological word) and ours (concurre
ly
ed
es)
s

es
as
al
g
w,”
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re
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s
d

activation of first and second phonologic
word) into account, we can tentatively conclu
that the upper bound of phonological encodi
is two phonological words.

Although our results are clear regarding th
existence of concurrent activation of elemen
that belong to different phonological words
they are silent regarding the extent to whic
processing of the second phonological wo
needs to be completed before articulation sta
Do our results necessarily mean that the seco
phonological word must be fully retrieved be
fore the articulatory routines of the first phono
logical word can be executed? Since naming
tencies are affected by manipulating the spe
with which the second phonological word is re
trieved, one may be tempted to conclude th
the encoding of the second phonological wo
must be completed before the first phonologic
word can be delivered to the next stage of pro
essing. However, this is not necessarily the ca
and our results can also be explained in t
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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
ntframework of an incremental processing archi-
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pothesis that the scope of phonological encod-
ing may be variable.3 They propose that the

3 Ferreira and Swets (in press) have also suggested that in-
crementality may be under strategic control, but that the size
of the planning unit cannot be smaller than one phonological
192 COSTA AND

tecture in which the phonological word is t
basic unit of phonological encoding (see a
Roelofs, 1998).

In the introduction we mentioned that spe
fluency is explained (in part) by assuming t
the processes engaged at different levels of
resentation are functioning concurrently on 
ferent parts of the utterance. Some researc
have assumed that the phonological word is
minimal information required for computing t
next level of representation (e.g., Levelt, 198
In such a framework, speakers could be com
ing a phonological word and passing this in
mation onto the next level of analysis as t
begin to work on the next phonological wo
Thus, speakers could be retrieving the phon
plan of the first phonological word as they 
engaged in computing the second phonolog
word. In this scenario two processes are 
gaged simultaneously at the phonological le
broadly defined: the formation of the seco
phonological word (e.g., “car”/kaɹ/) and the re
trieval of the articulatory gestures of the fi
phonological word (e.g., “The red”/də ɹεd/). If
we were to assume that the processing reso
implicated at these two levels of processin
phonological word formation and articulato
routine retrieval—are not independent, then
ease with which a representation at one lev
processing is computed may affect the retri
of representations at the other level. Theref
by facilitating the retrieval of the phonologic
properties of the second phonological word
the utterance (/kaɹ/) more processing resourc
may be allocated in computing the phonetic 
ments of the first phonological word (/də ɹεd/).
As a consequence, naming latencies may b
celerated. The phonological facilitation eff
observed in our experiments could reflect 
differential use of processing resources in 
phonologically related and unrelated conditio
This type of explanation is consistent with m
els that claim that the phonological word is 
minimal phonological information required 
order to start the production of an uttera
(e.g., Levelt, 1989; Wheeldon & Lahiri, 1997

Before concluding, it is important that we a
dress an apparently discordant result in the l

ature. In the introduction, we noted tha
ARAMAZZA
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Schriefers and Teruel (1999) obtained a relia
facilitation effect when the distractors we
phonologically related to the first syllable of t
NP (ro for “rosa Tisch”), but not when they we
related either to the second syllable of the 
phonological word (sa for “rosa Tisch”) or to
the second phonological word (ti for “rosa
Tisch”). This result is at variance with those 
ported here as well as with Meyer’s (1996), b
of which demonstrated clear phonological fa
itation for the second lexical item within 
phonological word. What is the source of 
discrepancy? There are several difference
the procedures of those studies that may be
sponsible for the conflicting results. In our e
periments and in those of Meyer (1996) a
Miozzo and Caramazza (1999), the distrac
were words, while in Schriefers and Teruel th
were word fragments (two or three phonem
corresponding either to the beginning or the 
of the word; see Starreveld, 2000, for contra
ing effects when word fragments vs words 
used as distractors). Furthermore, the NPs u
by Schriefers and Teruel were different fro
those used in the other two studies. Wh
Schriefers and Teruel used adjective 1 noun
NPs, in the other studies the NPs always sta
with a determiner (the red car; la casa azul [li
ally, the house blue]; de kerk en het boek [lit
ally, the church and the book]). Note also tha
our experiments the distractors were prese
visually instead of auditorially as in Schriefe
and Teruel’s study. However, this factor can
be the main reason for the contrasting res
since Meyer (1996) also used auditory distr
tors, and she observed reliable phonologica
cilitation for the second syllable of the fir
phonological word (the noun).

Schriefers and Teruel (1999) acknowled
implicitly that their results are inconsistent w
other results in the literature on the scope
phonological encoding and entertain the 
tword.
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amount of phonological information that nee
to be computed before speakers start artic
tion may not be fixed, but instead may depe
on the speaking demands of a particular exp
mental (or natural) context. However, they 
not identify the variables in their experimen
that could have led to such a drastic reductio
the scope of phonological encoding—a sin
syllable. A tentative answer to this question m
be found when we analyze two properties of 
study conducted by Schriefers and Ter
(1999): the number of pictures and the num
of repetitions. In the experiments in whi
Schriefers and Teruel did not find phonologi
facilitation for the second syllable of the fir
word of the NP, participants were asked to na
a small set of pictures (6 pictures) many tim
(14 times) in four different SOA condition
Thus, participants were repeating each of th
target words a total of 56 times (14 times in e
of the 4 SOAs). It is possible that the use of v
small phonological planning units (e.g., the fi
syllable of the utterance) depends, among o
things, on how easy it is to retrieve the targe
lexical nodes. If, furthermore, the ease w
which name retrieval occurs depends, in part
the number of possible responses in the exp
ment plus the number of times they are 
peated, then Schriefers and Teruel’s des
could have favored the use of such a sm
phonological planning unit. Note that in th
other studies in which the phonological pla
ning unit appears to be larger, the number
items was larger and the number of repetiti
was smaller than in Schriefers and Teru
study, presumably preventing the use of v
small phonological planning unit. Future r
search will have to determine which of the
properties (or possibly some other variable s
as word frequency, length, etc.) might be 
sponsible for the seemingly contrasting resul

The results of the present experiments a
replicate and extend the observation of sema
interference effects when producing NPs 
English. Critically, English differs in one impo
tant dimension from the languages (Dutch a
Italian) in which the semantic interference 
fects have already been observed in NP prod

tion. In those languages the determiner of t
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NP agrees with the grammatical gender of 
noun (het boek [the book]; de kerk [th
church]), and therefore its selection can on
take place after the selection of the noun. If th
selection of the noun is delayed, for example,
presenting a semantically related distractor, th
the selection of the determiner (the first word
the utterance) is also delayed, leading to a de
in naming latencies. Therefore, it is not surpr
ing that a semantic interference effect arises
languages such as Dutch and Italian. The sit
tion in English is different, however. The sele
tion of the determiner in English could b
achieved independently from the selection 
the noun (at least in the type of NPs used in 
experiments). Therefore, in principle, a delay
the selection of the noun need not necessa
result in a delay in naming latencies. Neverth
less, the results of our experiments show a c
semantic interference effect even in this situ
tion. These results, along with those from t
phonologically related distractors, support t
hypothesis that the scope of the grammati
stage is, at least, as large as the scope of
th
on
eri-
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ign
all
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phonological encoding unit.

CONCLUSION

The results of the three experiments repor
here demonstrate that the level of activation
the phonological properties of the lexical nod
that fall outside the first phonological word a
fect naming latencies. This observation sugge
that the phonological elements of the seco
phonological word of the NP are activated b
fore articulation begins. This is an importa
finding that fits quite well with the informatio
gathered with other chronometric paradig
such as picture naming (Alario & Caramazza
press; Miozzo & Caramazza, 1999) and impli
priming (Roelofs, 1998). Importantly, our re
sults are also in agreement with analyses
spontaneous speech errors, in which, as 
viewed above, the phonological information 
lexical nodes that belong to different phonolo
cal words do interact. Although the full implica
tions of this observation still need to be work
out, we can at least conclude that the window
phonologically active representations is larg
hethan 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 (R 5 Red; B 5 Blue; G 5 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

Lamp Lack Form
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APPENDIX B—Continued

Picture Phonologically related Unrelated

Peach Peak Glow
Sail 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 Trail 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) Violeta (violet) Egoista (egoist)
Falda (BL) (skirt) Naranja (orange) Vertical (vertical)
Cebolla (BL) (onion) Lila (purple) Ruin (contemptible)
Coche (BR) (car) Violeta (violet) Egoista (egoist)
Silla (BR) (chair) Granate (garnet) Crujiente (cruchy)
Jarra (BR) (pitcher) Granate (garnet) Crujiente (crunchy)
Ventana (BR) (window) Rosa (pink) Eficaz (effective)
Collar (GR) (necklace) Naranja (orange) Vertical (vertical)
Fresa (GR) (strawberry) Lila (purple) Ruin (comtemptible)
Aranya (GR) (spider) Rosa (pink) Eficaz (effective)
Barco (GR) (boat) Rosa (pink) Eficaz (effective)
Trompeta (BL) (trumpet) Gris (grey) Ideal (ideal)
Zanahoria (BL) (carrot) Gris (grey) Ideal (ideal)
Tanque (BL) (tank) Violeta (violet) Egoista (egoist)
Tiburon (BL) (shark) Naranja (orange) Vertical (vertical)
Castillo (BL) (castle) Lila (purple) Ruin (contemptible)
Brazo (BR) (arm) Violeta (violet) Egoista (egoist)
Bicicleta (BR) (bike) Granate (garnet) Crujiente
Nariz (BR) (nose) Granate (garnet) Crujiente

Conejo (BR) (rabbit) Rosa (Pink) Eficaz (effective)
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APPENDIX C—Continued

Picture Phonologically related Unrelated

Leon (GR) (lion) Naranja (orange) Vertical (vertical)
Guitarra (GR) (guitar) Lila (purple) Ruin (contemptible)
Pistola (GR) (gun) Rosa (pink) Eficaz (effective)
Luna (GR) (moon) Rosa (pink) Eficaz (effective)

SET 2

Barba (BL) (beard) Azote (stroke) Fianza (surety)
Casa (BL) (house) Azufre (sulfur) Jasmin (jasmine)
Gato (BL) (cat) Azurcar (sugar) Drama (drama)
Botella (BL) (bottle) Azotea (roof) Trenza (plait)
Arbol (BR) (tree) Marfil (ivory) Pincel (brush)
Bomba (BR) (bomb) Margen (margin) Rabia (rage)
Avion (BR) (plane) Marca (mark) Techo (ceiling)
Cangrejo (BR) (crab) Marco (frame) Leche (milk)
Calcetin (BR) (sock) Marcha (march) Golpe (blow)
Hombre (GR) (man) Verbo (verb) Farol (lantern)
Casco (GR) (helmet) Verja (fence) Bruja (witch)
Gorra (GR) (cap) Vera (edge) Tubo (tube)
Camello (GR) (camel) Verso (verse) Tropa (troop)
Mono (BL) (monkey) Azote (stroke) Fianza (surety)
Piano (BL) (piano) Azufre (sulfur) Jazmin (jasmine)
Raqueta (BL) (racquet) Azucar (sugar) Drama (drama)
Payaso (BL) (clown) Azotea (root) Trenza (braid)
Vaso (BR) (glass) Marfil (ivory) Pincel (brush)
Paloma (BR) (pigeon) Margen (margin) Rabia (rage)
Pelota (BR) (ball) Marca (mark) Techo (ceiling)
Perro (BR) (dog) Marco (frame) Leche (milk)
Pera (BR) (pear) Marcha (march) Golpe (blow)
Mano (GR) (hand) Verbo (verb) Farol (lantern)
Pierna (GR) (leg) Verja (fence) Bruja (witch)
Reloj (GR) (watch) Vera (edge) Tubo (tube)
Martillo (GR) (hammer) Verso (verse) Tropa (troop)
Note. SET 1 5 Semantically Related/Unrelated Distractors to the Adjective; SET 2 5 Phonologically Related/Unrelated
h
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