
if they are from the same grammatical class as the target. Finally, 
the Non-Competitive lexical selection hypothesis (i.e., Dell, 1986) 
assumes that target lexical selection times are not influenced by 
the activation levels of other lexical representations, irrespective 
of their grammatical class property.

One way to distinguish between these three hypotheses would 
be to consider their predictions regarding the selection times of the 
first response as a function of the frequency of the second response 
in adjective + noun and noun + noun utterances. We illustrate the 
predictions of the three hypotheses by means of the top, middle, and 
bottom rows of Figure 1. On the assumption that frequency affects 
the activation level of a lexical representation (e.g., McClelland and 
Rumelhart, 1981)1, the Grammatically Unconstrained Competitive 
lexical selection hypothesis (top row) predicts that lexical selection 
times for the first response (leftmost column) should increase with 
increasing frequency of the second response in both adjective + noun 
and noun + noun utterances. According to this hypothesis, lexical 
selection is competitive and not constrained by grammatical class, 
and so the selection time for the lexical representation correspond-
ing to the first response should increase with increasing levels of 
activation of the lexical representation corresponding to the second 
response, irrespective of whether the responses have the same or 
different grammatical class properties.

By contrast, the Grammatically Constrained Competitive lexi-
cal selection hypothesis (middle row) predicts that lexical selec-
tion times for the first response should increase with increasing 

 IntroductIon
A hotly debated topic in the language production literature con-
cerns the nature of the lexical selection mechanism. This debate 
has primarily focused on data from single-word production (e.g., 
Miozzo and Caramazza, 2003; Belke et al., 2005; Hantsch et al., 
2005; Finkbeiner and Caramazza, 2006; Howard et al., 2006; Kuipers 
et al., 2006; Abdel Rahman and Melinger, 2007; Mahon et al., 2007; 
Dell et al., 2008). In single-word production, lexical selection takes 
place in the context of other lexical representations that are not tar-
gets. By contrast, in multi-word production, target lexical selection 
takes place in the context of other lexical representations that are 
also targets. In addition, target selection takes place in the context 
of other targets whose grammatical class properties either differ 
or do not differ from the target’s grammatical class property. The 
question we addressed in the current paper is whether the lexi-
cal selection mechanism is influenced by the activation levels of 
the other target lexical representations, and whether it takes into 
account the grammatical class information of the to be produced 
words. In the experiment, participants produced adjective + noun 
and noun + noun utterances in which the frequency of the first and 
second response was manipulated.

There are three hypotheses in the literature that differ in their 
assumptions about whether lexical selection considers the activa-
tion levels of other lexical representations and whether it takes into 
account their grammatical class property. First, the Grammatically 
Unconstrained Competitive lexical selection hypothesis (i.e., Garrett, 
1980; Vigliocco et al., 2004) assumes that target lexical selection 
times are a function of the activation levels of other lexical represen-
tations irrespective of their grammatical class property. Second, the 
Grammatically Constrained Competitive lexical selection hypothesis 
(i.e., Levelt et al., 1999; Pechmann and Zerbst, 2002; Dell et al., 
2008) assumes that target lexical selection times are a function 
of the activation levels of other lexical representations, but only 
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frequency of the second response in noun + noun, but not in 
adjective + noun utterances. This is because this hypothesis 
assumes that lexical selection is competitive and grammatically 
constrained, and so the selection time for the lexical  representation 

corresponding to the first response should only be influenced by 
activation levels of the lexical representation corresponding to the 
second response, if the two responses have the same  grammatical 
class properties.

Figure 1| Predictions of the grammatically unconstrained Competitive 
(top row), grammatically constrained competitive (middle row), and 
Non-Competitive (bottom row) hypotheses of lexical selection concerning 
the hypothetical lexical selection times (y-axis) for the first response 

(leftmost column), the second response (middle column), and the addition 
of the first and second response (rightmost column) as a function of the 
log frequency of the second response (x-axis) in adjective + noun and 
noun + noun utterances (see legend).
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of the adjective and of the noun, and that these two frequency effects 
were additive. These results led Alario et al. to draw two conclusions 
about the planning and sequentiality of word retrieval in a multi-
word context. First, they argued that the main effects for adjec-
tive and noun frequency reveal that the scope of lexical processing 
encompasses both responses in the adjective + noun utterance (see 
also Meyer, 1996). Second, they interpreted the additive effects 
of adjective and noun frequency in terms of  sequential lexical 
 selection, where the total lexical selection time of the responses 
in an utterance is equal to the sum of the lexical selection times 
of each individual response in the utterance (but see Malpass and 
Meyer, 2010).

The data of Alario et al. (2002) can also be used to distinguish 
between the predictions of the Grammatically Unconstrained 
Competitive, Grammatically Constrained Competitive, and 
Non-Competitive hypotheses. In particular, they are inconsist-
ent with the Grammatically Unconstrained Competitive lexi-
cal selection hypothesis, but consistent with the Grammatically 
Constrained Competitive and Non-Competitive hypotheses. 
Thus, the Grammatically Unconstrained Competitive lexical 
selection hypothesis predicts that naming latencies should not 
vary as a function of the frequency of the second noun in adjec-
tive + noun utterances. In contrast to this prediction, the results 
of Alario et al. revealed that naming latencies decreased with 
increasing frequency of the second noun. However, the results 
of Alario et al. do not distinguish between the Grammatically 
Constrained Competitive and Non-Competitive hypotheses. They 
both predict that naming latencies should decrease with increas-
ing frequency of the second noun in adjective + noun utterances, 
a prediction that is in line with Alario et al.’s observations. As we 
argued above, the predictions of these three hypotheses can be 
further distinguished by comparing their predictions regarding 
a manipulation of the frequency of the second noun in adjec-
tive + noun and noun + noun utterances. We directly tested these 
predictions in the experiment below.

In addition, we examined the sequentiality of word retrieval by 
also varying the frequency of the first response in the two utterance 
types. Following Alario et al. (2002), if word retrieval if sequen-
tial, we would expect additive effects of the frequency of the first 
and second response in the two utterance types. The noun + noun 
and adjective + noun utterances were elicited by the same pic-
ture + word and colored word stimulus displays as used by Janssen 
and Caramazza (2009; see also Smith and Wheeldon, 2004).

ExpErImEnt
mEthods
Participants
Twenty native English speakers, undergraduate students from 
Harvard University, participated in the experiment. They were paid 
$5 or received course credit upon completion of the experiment.

Materials and design
There were three variables in the experiment: The factor Type of 
Utterance with two levels (adjective + noun and noun + noun), the 
variable frequency of the first response, and the variable frequency 
of the second response. The adjective + noun stimuli consisted 
of a colored word, where the color name was the first response 

Finally, the Non-Competitive lexical selection hypothesis 
(bottom row), predicts that lexical selection times for the first 
response should not increase with increasing frequency of the 
second response in both adjective + noun and noun + noun 
utterances. This is because this hypothesis assumes that lexi-
cal selection is not competitive, and so the selection time for 
the lexical representation corresponding to the first response 
should be independent from the level of activation of the lexical 
 representation corresponding to the second response,  irrespective 
of whether the responses have the same or different grammatical 
class properties.

Further, with respect to the selection time for the second 
response in adjective + noun and noun + noun utterances (mid-
dle column), all three hypotheses predict that lexical selection 
time should decrease with increasing frequency. Consequently, 
with respect to the total lexical selection time (rightmost column), 
the Grammatically Unconstrained Competitive lexical selection 
hypothesis predicts that it should not vary as a function of the 
frequency of the second noun in adjective + noun and noun + noun 
utterances, the Grammatically Constrained Competitive hypothesis 
predicts that it should vary as a function of the frequency of the 
second noun in adjective + noun, but not in noun + noun utter-
ances, and the Non-Competitive hypothesis predicts that it should 
vary as a function of the frequency of the second noun in both 
adjective + noun and noun + noun utterances.

Previous studies investigating multi-word production have not 
focused on the question of how word selection takes place in a 
multi-word context. Instead, these studies have focused on general 
issues related to the interplay between grammatical and phono-
logical information in the production of multi-word utterances 
(Bock, 1987; Cleland and Pickering, 2003; Smith and Wheeldon, 
2004; Janssen and Caramazza, 2009), and on more specific issues 
related to the planning and sequentiality of multi-word production 
(Schriefers et al., 1999; Alario and Caramazza, 2002; Smith and 
Wheeldon, 2004; Morgan and Meyer, 2005; Damian and Dumay, 
2007; Malpass and Meyer, 2010; Wagner et al., 2010).

Regarding the relationship between grammatical and phono-
logical processing, Janssen and Caramazza asked native English 
participants to produce noun + noun and adjective + noun utter-
ances that either shared phonological onset (ring

N
 rake

N
, red

A
 

rake
N
) or were unrelated (gun

N
 rake

N
, green

A
 rake

N
). To elicit the 

noun + noun utterances a picture + word stimulus display was 
used, and to elicit the adjective + noun utterances a colored word 
display was used. The results revealed that the phonological effect 
was modulated by the type of utterance: Phonological facilitation 
effects were found for adjective + noun utterances, and inhibition 
effects were found for noun + noun utterances. Subsequent experi-
ments ruled out an influence of the stimulus display on these data, 
and generalized the results to other utterance types. On the basis 
of these data, Janssen and Caramazza argued in favor of models 
that assume that syntactic decisions have direct access to a word’s 
phonological information (Alario and Caramazza, 2002).

Addressing the issue of planning and sequentiality, Alario et al. 
(2002) asked native English participants to name colored pictures 
with adjective + noun utterances (e.g., blue

A
 kite

N
). The frequency 

of the adjective and noun was manipulated factorially. The results 
revealed that naming latencies decreased with increasing frequency 
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screen and remained on the screen for 1500 ms independently of 
whether the voicekey triggered. Next, a blank screen was presented 
for 2000 ms before the next trial started.

The duration of the experiment was approximately 25 min.

AnAlysEs And rEsults
Trials on which the participant produced an incorrect response, hesi-
tated, or made any other non-vocal sound were discarded, as well as 
trials on which the RT was below 300 ms (51 trials out of 3200, or 
1.6%). In addition, outliers were discarded based on visual analysis 
of the quantile–quantile plots (34 trials, 1.1%). The resulting set of 
3115 data points was analyzed using a linear mixed effects meth-
odology (Bates, 2005; Baayen, 2008). The raw naming latency data 
were inverse transformed in an attempt to reduce skewness and more 
closely approach a normal distribution. These transformed RTs were 
then fitted to a linear mixed model with participants and items as 
random effects, and utterance type, frequency of the first response, fre-
quency of the second response, and their interactions as fixed effects. 
The frequency variables were log transformed to reduce skewness.

A graphical representation of the effect of the frequency of the 
second response in the two utterance types is presented in Figure 2. 
The variables that produced significant effects on naming latencies 
are presented in Table 1. Table 1 reveals that naming latencies were 
sensitive to the frequency of the first response, and to the frequency 
of the second response. There was no main effect of utterance type 
(t < 1), nor were there double interactions between utterance type 
and frequency of the first response (t(3108) = 1.52, p = 0.13), 
between utterance type and the frequency of the second response 
(t < 1), and between the frequency of the first and frequency of 
the second response (t < 1). The triple interaction between utter-
ance type, frequency of the first response, and frequency of second 
response was not significant (t < 1)2.

In other words, RTs decreased with increasing values of the fre-
quency of the second response in the same way for noun + noun 
and adjective + noun utterances, as indicated by significant effects 
of the frequency of the second response, and by the absence of the 
interaction between utterance type and the frequency of the sec-
ond response. In addition, the effects of the frequency of the first 
response and the frequency of the second response were additive, 
given that there were main effects of these two variables, and no 
interaction. Error analyses using logistic regression did not yield 
any significant results.

GEnErAl dIscussIon
The results reported here revealed that in the production of 
adjective + noun and noun + noun utterances, naming latencies 
decreased with increasing frequency of the second noun in the 
same manner for both utterance types. In addition, there were 
main effects for frequency of the first and second response, and 
there was no interaction between them (see also Alario et al., 2002).

These results are inconsistent with the predictions of the 
Grammatically Unconstrained Competitive and Grammatically 
Constrained Competitive hypotheses of lexical selection. The 
Grammatically Unconstrained Competitive lexical selection 

and the word the second response. The noun + noun stimuli were 
composed of a picture and a superimposed word, where the picture 
name was the first and the word the second response. The colors 
and objects to be used as the first response in these two naming 
conditions were selected to have similar properties. The names 
of the four colors were RED, GREEN, BLUE, and PINK, and the 
names of the four objects were RING, GLASS, BALL, and PIPE. 
The color and object names thus shared initial onset consonants, 
and had similar frequency estimates (color names: 132 [46–188], 
object names: 80 [23–132]).

A set of 80 concrete nouns was chosen to be used as the second 
response in the adjective + noun and noun + noun utterances (see 
Table A1 in Appendix). These words were all listed as nouns in the 
CELEX lexical database (Baayen et al., 1993) and had a higher noun 
than verb lexical frequency rating. The nouns varied in frequency 
across a wide range (1–394), and their imageability, and bigram 
frequency estimates were also collected. Imageability and Bigram 
Frequency were not correlated with frequency (r = −0.02 for fre-
quency and imageability, and r = −0.02 for frequency and bigram 
frequency). For the purposes of constructing the experimental 
materials, the group of nouns was divided into two equal sets of low 
frequency and high frequency nouns. To form the adjective + noun 
and noun + noun conditions, each individual color and object name 
was paired with 10 low frequent and 10 high frequent nouns. There 
was no phonological, semantic, or associative relationship between 
the words in a pair. The pairing of colors and objects with words 
led to a total of 160 experimental pairs (80 for the color and 80 for 
the object naming condition). Four additional words to be used 
as a second response were selected that were paired with pictures 
and colors to form two sets of 16 practice items.

Each experimental item was assigned to one of five blocks such 
that each condition appeared equally within a given block. The trials 
in each block were pseudo-randomized such that on consecutive tri-
als there was no semantic or phonological overlap between the first 
or second response across trials. The order of blocks was counter-
balanced across participants using five distinct stimulus lists. Given 
that the color and object names shared initial onset consonants, the 
stimulus lists created for the adjective + noun condition were also 
used for the noun + noun condition. Finally, the order of Utterance 
Type was blocked, and was counterbalanced across participants.

Procedure
The experimental software was DMDX (Forster and Forster, 
2003). The experiment consisted of two parts in which either 
noun + noun or adjective + noun stimuli were named. Participants 
either started with the noun + noun or with the adjective + noun 
part. Each part consisted of a practice phase and an experimental 
phase with the same trial structure. In the noun + noun part, 
participants were told that they would see one of four pictures on 
the screen with a superimposed word written inside. They were 
then told the names of the four pictures. They were told to name 
first the picture and then the superimposed word. In the adjec-
tive + noun part, participants were told they would see words 
presented in one of four colors on the screen. They were told to 
name first the color and then the superimposed word. On each 
trial, first a fixation point appeared for 700 ms and was replaced 
by a blank screen for 200 ms. Next, the stimulus appeared on the 

2The variable phrase frequency (e.g., Arnon and Snider, 2010) predicted latencies, 
but did not interact with the other frequency variables.
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into account the activation of other lexical items, and predicts that 
naming latencies should decrease with increasing frequency of the 
second noun (see Figure 1).

This interpretation of the results relies on the background 
assumption that the selection of the responses in the utterances 
takes place in a sequential fashion (Alario et al., 2002). One might 
object to this assumption and propose that lexical selection is 
 competitive and that it occurs in parallel (Schriefers et al., 1999). 
If such were the case, one would expect that the total selection time 
of the responses in an utterance to be a function of the response 
with the longest selection time. To explain the results reported here, 
one could propose that the selection time for the second response 
is slower than the selection time for the first response. Under such 
circumstances, the total selection time would not be a function of 
the selection time of the first response, and would therefore not 
reflect any potential competition effects. However, this explanation 
of the results is unlikely. If lexical selection were to occur in paral-
lel and total selection time were not to reflect selection of the first 
response, one would expect no effect of the frequency of the first 
response on naming latencies. In contrast to this prediction, the 
current data, and those reported by Alario et al. (2002) revealed a 
clear effect of the frequency of the first response.

A further objection might be that the competition effect associ-
ated with the selection of the first response could be much smaller 
than the frequency effect associated with the selection of the second 
response. If such were the case, one would expect naming latencies 
to vary only with the frequency of the second noun in the adjec-
tive + noun and noun + noun utterances. However, this explanation 
leads to the incorrect prediction that the competition effect should 
be revealed if participants were to produce only the first response 
(i.e., the picture or color) and not the second response (i.e., the 
word) upon viewing the picture + word and colored word stimuli 
used here. In contrast to this prediction, Miozzo and Caramazza 
(2003) demonstrated that picture naming latencies were faster in 
the context of high versus low frequency distracter words – the 
opposite from what is expected under the assumption of com-
petitive lexical selection. Thus, the possibility that the competition 
effect was overshadowed by the frequency effect also seems like an 
unlikely explanation of the results observed here.

A potential concern is that the picture–word and colored word 
tasks used here do not tap into normal language production proc-
esses, and hence, one cannot draw strong conclusions from the results 
presented here. However, there are at least three reasons that mitigate 
this concern. First, in both picture–word and colored word tasks, 
naming latencies were sensitive to the lexical frequency of the first 
and second response. Lexical frequency effects are generally taken as 
signature effects of lexical access (Almeida et al., 2007), implying that 
normal production processes occurred. Second, our results obtained 
with the colored word task replicate those obtained by Alario et al. 
(2002). Given that Alario et al.’s study employed colored pictures, 
these results generalize across different experimental paradigms, sug-
gesting that they reflect more general aspects of language production. 
Finally, the two experimental tasks used in the current study have 
recently been used to examine other aspects of language production. 
As discussed in the Introduction, Janssen and Caramazza (2009) have 
reported contrasting effects of phonological onset similarity between 
 utterances elicited by various stimulus displays including the ones 

hypothesis (e.g., Vigliocco et al., 2004) predicts that naming laten-
cies should not vary as a function of the frequency of the sec-
ond noun in adjective + noun and noun + noun utterances. The 
Grammatically Constrained Competitive hypothesis (e.g., Levelt 
et al., 1999; Pechmann and Zerbst, 2002; Dell et al., 2008), predicts 
that naming latencies should decrease with increasing frequency 
of the second noun in adjective + noun, but not in noun + noun 
utterances. In contrast to these predictions, naming latencies 
decreased with increasing frequency of the second noun in both 
adjective + noun and noun + noun utterances. These data are con-
sistent with the predictions of the Non-Competitive hypothesis of 
lexical selection, that assumes that lexical selection does not take 

Table 1 | Beta (standard error), t (degrees of freedom), and p-vales for 

the fixed effects in the linear mixed effect analysis.

Variables β (SD) T(3108) p (mcmc)

(Intercept) −1.52E−03 (5.57E−05) −27.20 0.00

Freq first response −3.08E−05 (1.32E−05) −2.33 0.02

Freq second response −5.94E−07 (2.91E−07) −2.04 0.03

p Values were calculated by Markov chain Monte Carlo confidence intervals 
sampled from the posterior distribution of the independent variables using the 
“languageR” package in R (Baayen, 2008).

Figure 2 | graphical presentation of the effect of the (log) frequency of 
the second response in the noun + noun and adjective + noun naming 
conditions. Tickmarks on the x-axis represent the individual (log) values of the 
frequency variable.
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Table A1 | Nouns of low and high frequency ranges used in the 

experiment.

LF range LF range HF range HF range

ant lizard apple heart

axe moose car horse

carrot mouse chair jacket

clown nut church key

comb owl cigar knife

couch scarf cloud ladder

cradle sled coat lamp

dart snail corn lion

dice sock crown nose

drill stool desk safe

drum swan dog sheep

eagle toe door star

fern turtle dress table

flute vase eye thumb

frog vest finger top

funnel wagon fish train

hanger whale flag tree

harp worm flower truck

kite wrench foot turkey

ladle zipper hair window

LF, low frequency; HF, high frequency.
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