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Abstract

The double dissociation between noun and verb processing, well documented in the neuropsychological literature, has not been sup-
ported in imaging studies. Recent imaging studies, in fact, suggest that once confounding with semantics is eliminated, grammatical class
effects only emerge as a consequence of building frames. Here we assess this hypothesis behaviorally in two visual word recognition
experiments. In Experiment 1, participants made lexical decisions on verb targets. We manipulated the grammatical class of the prime
words (either nouns or verbs and always introduced in a minimal phrasal context, i.e., ‘‘the + N’’ or ‘‘to + V’’), and their semantic sim-
ilarity to a target (related vs. unrelated). We found reliable effects of grammatical class, and no interaction with semantic similarity.
Experiment 2 further explored this grammatical class effect, using verb targets preceded by semantically unrelated verb vs. noun primes.
In one condition, prime words were presented as bare words; in the other, they were presented in the minimal phrasal context used in
Experiment 1. Grammatical class effects only arose in the latter but not in the former condition thus providing evidence that word rec-
ognition does not recruit grammatical class information unless it is provided to the system.
� 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Grammatical class (i.e., the distinction between nouns,
verbs, adjectives, etc.) is one of the best candidates for
being a linguistic universal. All languages have different
parts of speech, and of most relevance here, all languages
distinguish between nouns and verbs (albeit in different
manners). Grammatical class clearly plays an important
role in sentence processing. In sentence production, all types
of word substitution and exchange errors are influenced by
the grammatical class of the intended word (Garrett, 1980).
In sentence comprehension, grammatical class violations
give rise to specific responses emerging as fast as 150ms
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in ERP experiments (e.g., Federmeier, Segal, Lombrozo,
& Kutas, 2000; Friederici, Hahne, & Mecklinger, 1996;
Neville, Nicol, Barss, Forster, & Garrett, 1991).

However, when considering processing of single words,
the influence of grammatical class is less clear. Strong
claims concerning the use of grammatical class as an orga-
nizational criterion of lexical knowledge in the brain (e.g.,
Hillis & Caramazza, 1991) have been put forward on the
basis of neuropsychological evidence. Neuropsychological
studies have demonstrated double dissociations between
verb-specific impairments, associated with left inferior
frontal gyrus (IFG) lesions, and noun-specific impairments,
associated with left temporal lobe lesions (Caramazza &
Hillis, 1991; Damasio & Tranel, 1993; Daniele, Giustolisi,
Silveri, Colosimo, & Gainotti, 1994; Silveri & Di Betta,
1997). Verb-specific activation in left IFG has also been
demonstrated in language unimpaired speakers (Perani
et al., 1999; Shapiro, Moo, & Caramazza, 2006; Tyler,
Bright, Fletcher, & Stamatakis, 2004), although not consis-
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1 Because Italian is a pro-drop language, an inflected verb form can be
considered to be a phrase.
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tently (Tyler, Russell, Fadili, & Moss, 2001). However, it is
unclear whether these results can be unambiguously attrib-
uted to grammatical class, due to the existence of a strong
correlation between semantics (objects vs. actions/events)
and grammatical class (nouns vs. verbs) affecting the
majority of neuropsychological and imaging studies (e.g.,
Damasio & Tranel, 1993; Martin, Haxby, Lalonde, Wiggs,
& Ungerleider, 1995; Miceli, Silveri, Nocentini, & Caram-
azza, 1988; Tranel, Martin, Damasio, Grabowski, & Hic-
hwa, 2005; Warburton et al., 1996; Zingeser & Berndt,
1990). This is because these two factors have been con-
founded for the most part, with the grammatical class dis-
tinction between nouns and verbs mirrored by the semantic
distinction between objects and actions/events (see Vinson
& Vigliocco, 2002 for a discussion). Thus, these results sup-
port views in which semantic information (objects vs.
events), rather than grammatical class, is an organizational
principle of knowledge in the brain (e.g., Martin & Chao,
2001; Damasio, Tranel, Grabowski, Adolphs, & Damasio,
2004; see McCarthy & Warrington, 1985 for one of the first
discussions of noun/verb dissociations in aphasia in terms
of objects vs. events).

Some recent neuroimaging studies have controlled for
the semantic correlates of grammatical class, revealing no
areas of specific activation for either nouns or verbs, both
in production (Siri et al., 2007) and in comprehension
(Tyler et al., 2004; Vigliocco et al., 2006). In particular, a
role for left IFG in verb processing has not been supported.
Interestingly, however, left IFG activations have been
shown when participants’ tasks have involved morpholog-
ical or syntactic processing (in addition to lexical access),
whether of verbs (Longe, Randall, Stamatakis, & Tyler,
2006) or nouns (Siri et al., 2007).

Summarizing these different findings from cognitive neu-
roscience, it appears that once semantic confounds are
reduced/removed, effects of grammatical class, both in pro-
duction and in comprehension, come about only when
words must undergo processes of integration: either mor-
phological processes (such as recognizing/producing
inflected vs. bare word forms); or syntactic processes (such
as integrating a word into a minimal phrase) (as suggested
by Shapiro & Caramazza, 2003). These results, therefore,
do not provide support to the strong claim that grammat-
ical class is an organizational principle of lexical knowledge
in the brain. Behaviorally, such a strong claim would sug-
gest that grammatical class effects can be found when pro-
cessing nouns and verbs as bare forms out of context, and
it would be compatible with models of lexical representa-
tion in which grammatical class is an intrinsic property of
lexical entries that is necessarily retrieved when lexical
entries are retrieved. The imaging results discussed above
seem to go against such a position. They further invite
the hypothesis that effects of grammatical class in behav-
ioral (production and comprehension) tasks should only
be observed under the same conditions, namely, when par-
ticipants are asked to process words in minimal phrases but
not when the task involves production or recognition of
bare words. Of course, imaging results and behavioral
studies do not necessarily need to converge as they tap very
different levels of organization of the system. Differences in
the patterns of results would nevertheless be informative.
In the study reported below we behaviorally test whether
grammatical class is an intrinsic property of lexical organi-
zation or whether instead it is a property that is called upon
only when phrasal integration processes are engaged dur-
ing comprehension.

Although there are behavioral and ERP studies in the
literature showing effects of grammatical class in sentence
processing/production, to our knowledge, only one pro-
duction study has examined grammatical class effects
behaviorally, and no study has assessed word recognition
(comprehension). Vigliocco, Vinson, and Siri (2005) used
the picture-word interference paradigm and only used
words referring to events (thus avoiding the correlated
semantic distinction between objects and actions). Italian
language unimpaired speakers were instructed to name a
target picture as a verb in bare (citation) form, or as a verb
in the third person singular/plural form while ignoring a
semantically related or unrelated word (either a noun or
a verb) presented along with the picture. Whereas a reliable
semantic interference effect was found in both conditions
(speakers were slower at naming the target when semanti-
cally related distracters were presented, compared to
semantically unrelated distracters), the distracter word’s
grammatical class affected the processing of the target verb
only when it was produced in the third person inflected
form, not in the citation form. In line with the argument
presented above for the imaging results, it was argued that
in lexicalizing concepts from pictures, grammatical class
information only plays a role when integration processes
are engaged, namely when speakers are required to pro-
duce a phrase.1 Pechmann and colleagues reported a
similar pattern of results (i.e., reliable grammatical class
effects for noun targets during phrasal production, and
the absence of such effects during single word production)
in experiments in which semantic relatedness was not
manipulated (Pechmann, Garrett, & Zerbst, 2004; Pech-
mann & Zerbst, 2002). These results indicate that in
production, grammatical class information cannot be con-
ceived as a lexical property that is automatically retrieved
when retrieving words for production (thus, they contrast
with a strong lexicalist view) but can be accounted for in
models in which this information is nevertheless lexically
represented but only retrieved when necessary (namely
when producing phrases) like the model developed by
Levelt and colleagues (e.g., Levelt, Roelofs, & Meyer,
1999) as well as with models in which grammatical class,
being syntactic information, is not a lexical property but,
rather, a property of frames (e.g., Garrett, 1982 and there-
after). Thus, these production studies provide evidence



2 Although exceptions can be found, e.g. ‘‘leave’’ used as a noun, as in
‘‘leave of absence’’, such noun uses are extremely rare relative to the
dominant verb use of these items. Of the verb targets used in the
experiment, only two appear as nouns in the CELEX corpus (‘‘leave’’,
14042 occurrences as a verb vs. 175 as a noun; and ‘‘go’’, 51803
occurrences as a verb vs. 434 as a noun).

3 Semantic distance measures were obtained from a model based on
speaker-generated features; in previous work we found semantic priming
effects were most reliably observed at distances of 7 units or less, and
distances exceeding 18 units can be unambiguously considered ‘‘unre-
lated’’ (Vigliocco et al. (2004)).
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converging with the results of the imaging studies discussed
earlier. In the studies reported here we assess whether the
same pattern of results is also observed in comprehension
studies.

There are reasons to expect that production and com-
prehension will pattern alike as well as reasons to expect
that, instead, they will differ. The cognitive neuroscientific
studies reviewed above suggest that the same pattern of
results should be observed in production and comprehen-
sion. For example, greater engagement of left IFG in rec-
ognizing verbs when they are presented in inflected form
vs. citation form has been reported in the literature (e.g.,
Longe et al., 2006), a result that parallels the results from
production studies (e.g., Siri et al., 2007).

However, from a processing point of view we may
expect grammatical class effects even with bare words in
recognition tasks. First, as mentioned above, the finding
of very early ERP signatures (ELAN, 150ms) for grammat-
ical class violations has been taken to suggest that accessing
grammatical class information is a prerequisite of local
syntactic structure building (Bornkessel & Schlesewsky,
2006; Friederici, 2002). The fact that this information is
available so early during word processing is fully compati-
ble with lexicalist views that assume that grammatical class
is not only lexically represented but always automatically
and necessarily accessed during comprehension, in contrast
to production. The difference between production (where
grammatical class information would be retrieved only
when phrasal integration processes are engaged) and com-
prehension (where grammatical class information would be
mandatorily retrieved upon recognizing a word) could
come about as a consequence of the differences in task
demands between production and comprehension. In con-
trast to production, it can be extremely advantageous for
listeners/readers to extract as much information as possible
as early as possible from words that can guide integration
processes, along the lines as suggested by constraint-satis-
faction accounts of sentence comprehension (e.g., Mac-
Donald, Pearlmutter, & Seidenberg, 1994). For example,
it has been shown that comprehenders use phonological
and orthographic cues to grammatical class (e.g., stress
pattern; Arciuli & Cupples, 2003; Arciuli & Cupples,
2004; Arciuli & Cupples, 2006; Christiansen & Monaghan,
2006; Farmer, Christiansen, & Monaghan, 2006; Kelly,
1992; Kelly, Morris, & Verrekia, 1998; Monaghan, Chater,
& Christiansen, 2005). If this is the case, then we should be
able to observe grammatical class effects as priming effects
in a visual word recognition task: if the prime and the tar-
get share the same grammatical class, the processing of the
target should be speeded up.

2. Experiment 1

Experiment 1 was designed to assess whether grammati-
cal class information is accessed during single word recogni-
tion and whether it interacts with the semantic relatedness
between a prime and a target word. We take the same
approach used by Vigliocco et al. (2005), factorially manip-
ulating semantic similarity and grammatical class of primes
in a lexical decision task using verbs as targets. All items are
taken from the semantic domain of events in order to avoid
the confounds that arise when object-nouns are compared
to event-verbs. Moreover, we used an objective measure
of semantic relatedness previously shown to have predictive
power for words referring to events (Vigliocco, Vinson,
Lewis, & Garrett, 2004) in order to match noun and verb
primes for semantic similarity to a given target. The crucial
question is whether grammatical class plays a role when
readers are processing bare verbs.
2.1. Method

2.1.1. Participants

Twenty-three native English speakers from the UCL
community participated in exchange for monetary
compensation.
2.1.2. Materials

Twenty-five target words (action verbs) and 25 target
nonwords (which obeyed the phonotactic constraints of
English) were used. All targets were unambiguously verbs
in English.2 Four primes for each target word (matched
as closely as possible for frequency and length) were chosen
by crossing semantic relatedness and grammatical class (see
Appendix A for a list of the experimental items). Two of
the target words were mistakenly included in the set of
primes, so these were treated as filler trials; all analyses
are based only upon the remaining 23 items. The average
semantic distance3 between semantically related primes
and targets was 3.67 units (same grammatical class)
and 4.03 (different grammatical class). The average dis-
tance between semantically unrelated primes and targets
was 21.22 (same grammatical class) and 20.90 (different
grammatical class). A 2 · 2 ANOVA (semantic related-
ness · grammatical class) confirmed a significant main
effect of semantic relatedness (F(1,22) = 919.71,
p < .0001) and no other significant differences.

Because of the constraints imposed by finding other
words in our database of semantic similarity measures
which referred to events and could be matched to the target
words in terms of frequency and length, we were forced to
use some ambiguous noun/verb forms as primes. To
disambiguate grammatical class of these items, all prime
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words were displayed in a minimal phrase: ‘‘the + noun’’ or
‘‘to + verb’’. Although in this way we are introducing a
minimal phrasal context, we are doing so for the prime only;
target words on which participants carried out the lexical
decision were bare verbs. Importantly, the study by Vig-
liocco et al. (2005) using the picture-word interference par-
adigm also used distracter words introduced by a minimal
phrasal context. No effect of grammatical class, however,
was observed when speakers produced bare verbs. Non-
word targets were paired with prime phrases containing
nouns or verbs not otherwise used in the experiment.

Items were randomly divided into four different sets of
approximately equal sizes and were assigned into four
blocks which were presented to different participants in dif-
ferent random orders. Each target word (and each non-
word) appeared once in a given block, and the four
experimental conditions were represented approximately
equally often in each block.

2.1.3. Procedure

Participants were told that the experiment investigated
word processing and that they would be asked to decide
whether a string of letters (preceded by a short phrase
which they should ignore) constituted a real English word
or not. For all participants, a fixation cross appeared at
the center of the screen for 800 ms, a short phrase prime
was then presented for 67 ms. The target was then pre-
sented and remained on the screen until the participant
made a response. Participants pressed the right button of
the response box if the string was a real word and the left
button if the string was a nonword. Item presentation and
data collection (RTs and errors) was carried out using IBM
PC-compatible computers running E-Prime software
(Schneider, Eschman, & Zuccolotto, 2002).

2.1.4. Design and data analysis

The dependent variables were RTs and error rates. The
independent variables, manipulated within participants
and target items, were grammatical class (same [verb] vs.
different [noun]) and semantic relatedness (related vs.
unrelated).

2.2. Results

Correct reaction times (errors were excluded from anal-
ysis of latencies) are reported in Table 1.

The main effect of semantic relatedness reached
significance by subjects and was marginal by items
Table 1
Average correct lexical decision response latencies in Experiment 1
(standard error of the mean by subjects in parentheses) as a function of
the grammatical class and semantic relatedness of the primes

Semantic relatedness Noun Verb Overall

Related 592 (20) 579 (18) 585 (18)
Unrelated 602 (19) 595 (17) 598 (17)

Overall 597 (19) 587 (17)
(F1(1,22) = 4.378, p = .048; F2(1, 22) = 4.164, p = .053);
semantically related primes tended to facilitate lexical deci-
sions relative to unrelated primes. Crucially, there was also
a significant main effect of grammatical class (F1(1,22) =
6.312, p = .020; F2(1,22) = 5.251, p = .0319). Responses
for targets preceded by primes from the same grammatical
class (verbs) were faster than responses for targets preceded
by primes from a different grammatical class (nouns).
There was no interaction (both Fs < 1).

Accuracy is reported in Table 2. The main effect of
grammatical class was significant by subjects only
(F1(1,22) = 6.085, p = .022; F2(1, 22) = 2.950, p = .100);
participants tended to be more accurate in responding to
target verbs after verb primes than after noun primes.
There was no main effect of semantic relatedness (both
Fs < 1) and no interaction between grammatical class and
semantic relatedness (both Fs < 1).
2.3. Discussion

The most important result from this study is the signif-
icant main effect of grammatical class. This result contrast
with our previous findings in word production where no
grammatical class effects were observed when speakers pro-
duced bare verbs (Vigliocco et al., 2005). Moreover, this
effect did not interact with the semantic similarity between
prime and target suggesting that grammatical class and
semantics affect the word recognition process at distinct
moments.

This grammatical class effect, however, cannot be inter-
preted unambiguously. The effect might have come about
because word recognition takes advantage of grammatical
class information even when participants are processing
single words, thus a priming effect unaffected by the mini-
mal phrase (‘‘to + V’’ or ‘‘the + N’’) introducing the prime
word. Alternatively, it could have come about because par-
ticipants’ responses to target words were indeed affected by
the minimal phrasal context introducing the prime word.
Although no effect for primes presented in minimal phrasal
context was observed in our production study when speak-
ers produced bare verbs, as we mentioned in the introduc-
tion, things may be different for production and
comprehension.

In Experiment 2 we assess the role of the phrasal context
for the prime by contrasting a condition in which the
primes are introduced by a minimal phrasal context (just
like Experiment 1) to a condition in which the same primes
Table 2
Average lexical decision accuracy in Experiment 1 (standard error of the
mean by subjects in parentheses) as a function of the grammatical class
and semantic relatedness of the primes

Semantic relatedness Noun Verb Overall

Related .969 (.009) .980 (.006) .975 (.006)
Unrelated .965 (.010) .982 (.005) .974 (.007)

Overall .967 (.007) .981 (.004)
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are presented as bare words. If the word recognition system
always extracts grammatical class information from incom-
ing input, we should observe grammatical class priming
effects in both conditions. However, if grammatical class
is only extracted when even minimal integration processes
are engaged, we should observe an effect in the condition
in which the prime is presented in a phrasal context but
not when it is presented as a bare word. Interestingly both
cases would contrast with the results of the previous pro-
duction study (Vigliocco et al., 2005) and would indicate
that in comprehension, in contrast to production, gram-
matical class information is always retrieved whenever
provided in the input regardless of whether it is relevant
for the specific task, whereas in production it would only
be retrieved when relevant for the specific task.

Finally, it is also possible that these grammatical class
effects may have arisen as a consequence of other factors
related to the stimuli used that were impossible to control
in Experiment 1, given the need to select semantically
similar items. For example, some of our unambiguous noun
primes, but none of our primes, were morphologically
complex, and there was an imbalance in the degree of gram-
matical class ambiguity among nouns and verbs used as
primes in this experiment (‘‘verb’’ primes were used as verbs
85% of the time according to CELEX frequency norms,
while ‘‘noun’’ primes were used as nouns only 48% of the
time). Although grammatical class was disambiguated by
the phrase context, such differences could have contributed
to this effect. Experiment 2 also addresses these issues.

3. Experiment 2

Experiment 2 aims to replicate the grammatical class
findings of Experiment 1 with a new set of words and, crit-
ically, to assess the role of using a phrasal context for the
prime words. Because grammatical class did not interact
with semantic similarity in Experiment 1, we focused only
upon semantically unrelated primes to verb targets. This
allows the use of a far larger set of items than is possible
if semantically similar nouns and verbs are used (e.g. the
Vinson & Vigliocco (in press) norms contain only 71 nouns
referring to actions, nearly all of which are either grammat-
ically ambiguous or morphologically complex) allowing
much greater experimental control.

Grammatically unambiguous and ambiguous noun or
verb primes were selected, and presented either with or
without minimal phrasal contexts. We included ambiguous
primes to test whether they produce grammatical class
effects comparable to fully unambiguous nouns and verbs,
given that they give rise to specific signatures in ERP stud-
ies (e.g., Federmeier et al., 2000; Neville et al., 1991) and
recruit neural networks representing object and action
knowledge to a lesser extent than unambiguous words in
imaging studies (Tranel et al., 2005). These ambiguous
primes, however, should be considered to be biased, as they
were selected on the basis of unbalanced frequency of use:
half of them (e.g. chase, swim, dodge) were used much
more frequently as verbs, the other half (e.g. snag, caution,
scout) much more frequently as nouns.

If grammatical class per se is responsible for the gram-
matical class priming observed in Experiment 1, compara-
ble grammatical class priming should be observed in this
experiment regardless of whether or not the primes are pre-
sented in minimal phrasal contexts. If instead those results
are due to the phrasal contexts, grammatical class effects
should be eliminated for single word primes.

3.1. Method

3.1.1. Participants

Eighty-five native English speakers from the UCL com-
munity participated in exchange for monetary compensa-
tion. None of them had participated in Experiment 1.

3.1.2. Materials

Forty-eight words were chosen as experimental targets;
all of these were unambiguously verbs according to CELEX
norms. For each target word, four semantically unrelated
primes were chosen, falling into one of four grammatical
class conditions according to CELEX norms: Unambiguous
words (nouns or verbs) had only one lemma entry in
CELEX, indicating noun or verb use only. Biased words
had exactly two CELEX entries, one noun and one verb,
and according to frequency counts were used between 80%
and 95% of the time as one or the other (biased nouns were
used as nouns 87.8% of the time on the average, ranging from
81.2% to 94.6%; biased verbs were used as verbs 88.5% of the
time, ranging from 80.0% to 94.4%). The four primes for a
given target were matched for log(frequency) and length.

In order to ensure that all targets and primes were
semantically unrelated, all experimental pairings were pre-
sented to a sample of six participants who were asked to
judge semantic relatedness between each pair of words
(plus a number of filler pairings selected randomly from
words not appearing on the experimental lists), using a
scale from 1 (‘‘not at all related in meaning’’) to 7 (‘‘very
closely related in meaning’’). Any items with average rat-
ings higher than 2.5 were replaced, and replacement items
were included on an additional norming scale (also includ-
ing the previously normed items) and presented to six more
participants. None of the prime-target pairings were rated
higher than 2.3 on this scale.

In order to obscure the precise intent of the experiment,
and to ensure that participants were as likely as possible to
be processing the grammatical class of target words, 32
filler targets, all unambiguous nouns, were included. Each
filler word was arbitrarily paired with four filler prime
words of ambiguous grammatical class (ranging between
10% and 90% verb use). None of the filler words appeared
in experimental trials, and vice versa.

For each target word in the experiment (48 experimental
targets and 32 filler targets), a nonword was created,
matched to the length and CVC structure of the target
word and obeying phonotactic constraints of English. Each



Table 3
Average correct lexical decision response latencies in Experiment 2
(standard error of the mean by subjects in parentheses) as a function of
primes’ grammatical class, ambiguity and phrasal context

Single word primes Phrase primes

Grammatical class Grammatical class

Noun Verb Noun Verb

Prime ambiguity _______ _______ _______ ______
Unambiguous 607 (13) 609 (13) 632 (13) 620 (13)
Biased 607 (14) 607 (13) 636 (14) 615 (13)

Table 4
Average lexical decision accuracy in Experiment 2 (standard error of the
mean by subjects in parentheses) as a function of primes’ grammatical
class, ambiguity and phrasal context

Single word primes Phrase primes

Grammatical class Grammatical class

Noun Verb Noun Verb

Prime ambiguity __________ __________ __________ __________
Unambiguous .934 (.007) .943 (.008) .956 (.008) .967 (.008)
Biased .938 (.008) .938 (.007) .956 (.008) .964 (.008)
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nonword was paired with four arbitrarily selected prime
words not otherwise used in the experiment, all of which
were of ambiguous grammatical class (covering the entire
range of verb use percentages). There were thus a total of
160 response items (80 words and 80 nonwords) each of
which was presented four times in the course of the exper-
iment, each time with a different prime.

Items were randomly divided into four different sets of
equal sizes and were assigned into four blocks which were
presented to different participants in different random
orders. Each target word, filler word and nonword
appeared once in a given block, and the four experimental
conditions were represented equally often in each block.

For the single word prime condition, prime and target
words were both displayed as single words; for the phrase
prime condition, prime and target words were presented
with ‘‘to’’ or ‘‘the’’ to disambiguate their grammatical
class. Among the experimental items, unambiguous and
biased nouns were always presented with ‘‘the’’ and unam-
biguous and biased verbs were always presented with ‘‘to’’.
Primes for filler and nonword trials were pseudorandomly
assigned ‘‘to’’ or ‘‘the’’ subject to the constraint that highly
biased primes were always given a phrasal context consis-
tent with their preferred use.

3.1.3. Procedure

The procedure for this experiment was the same as for
Experiment 1, except that half of the participants were
assigned to a single word prime condition in which the
primes were single words rather than phrases.

3.1.4. Design and analysis

The dependent variables were RTs and error rates.
Three independent variables were included: prime gram-
matical class (verb vs. noun) and prime ambiguity (unam-
biguous vs. biased as verb or noun), both manipulated
within subjects and target items; and prime type (single
word vs. phrase), manipulated within items but with sub-
jects as a nested factor. Results were analyzed by
2 · 2 · 2 ANOVA (repeated measures by items, mixed by
subjects). Of particular interest is the interaction between
grammatical class and prime type.

3.2. Results

Five participants were excluded from data analysis:
two participants reported having a native language other
than English, two participants had unacceptably high error
rates (less than 80% correct), and one had exceptionally
long response latencies (longer than 1600 ms on average,
more than six standard deviations from the group mean);
a total of 80 participants contributed to the results reported.

3.2.1. Response latencies

Correct reaction times (excluding errors and latencies
longer than 2000 ms) are reported in Table 3. Separate
2 · 2 · 2 ANOVAs were conducted with subjects (nested
in prime type) and with target items as random factors.
The main effect of grammatical class was significant
(F1(1,77) = 7.097, p = .009; F2(1, 47) = 7.971, p = .007);
verb primes led to significantly faster RTs on verb targets
than noun primes overall. The main effect of prime type
was significant only by items (F1(1, 77) = 1.003, p = .320;
F2(1, 47) = 44.850, p < .001). The interaction between
grammatical class and prime type was significant
(F1(1,77) = 9.404, p = .003; F2(1, 47) = 18.143, p < .001):
verb primes led to faster RTs on verb targets than noun
primes only in the phrasal condition, and not in the single
word condition. The main effect of ambiguity did not reach
significance, nor did any of the interactions involving this
factor (all F1, F2 < 1); biased words behaved like their
unambiguous counterparts.

3.2.2. Accuracy

Average accuracy rates were calculated and are reported
in Table 4. Separate 2 · 2 · 2 ANOVAs were conducted
with subjects (nested in prime type) and items as a random
factor. The main effect of prime type was significant
(F1(1,77) = 6.533, p = .013; F2(1,47) = 31.057, p < .001);
participants in the phrase prime condition were more accu-
rate than those in the single word prime condition (96.1%
and 93.8% correct, respectively). The main effect of prime
grammatical class reached significance only by subjects
(F1(1,77) = 5.399, p = .023, F2(1, 47) = 2.179, p = .147):
participants tended to be more accurate for verb primes.
The main effect of prime ambiguity did not reach signifi-
cance, nor did any of the interactions (all F1, F2 < 1).

3.3. Discussion

The most significant results from this study are that we
replicated the grammatical class effect observed in Experi-



4 Given the between-subject design of Experiment 2 it is difficult to
decide whether the priming effect reflects facilitation of processing the
target after a verb prime or inhibition in processing the target verb after a
noun prime. However, the direction of the effect in Experiment 2 definitely
contrasts with the direction of the effect observed in production (Vigliocco
et al. (2005)).
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ment 1, but only when the prime words were presented in a
minimal phrasal context, not when they were presented as
single words. Thus, just like in word production, grammat-
ical class comes to play a role only when speakers are
engaging integration processes. In contrast to production,
the information provided by a phrase is processed in visual
word recognition even when it is not relevant to the task,
namely, when participants are making decisions on single
uninflected verbs. Second, these effects do not depend upon
whether a word’s grammatical class is unambiguous, or
only biased towards one particular grammatical class; in
both cases grammatical class effects were only observed
when the phrasal context, not the word, signaled grammat-
ical class.

The contexts we used were minimal, just disambiguating
between nouns and verbs without any additional morpho-
logical (e.g., number or tense) or semantic cues to gram-
matical class. But what exactly does this context signal?
On one view, the minimal phrase provides a syntactic envi-
ronment, and therefore processing phrases such as
‘‘the + N’’ or ‘‘to + V’’ would engage syntactic integration
processes (e.g., Pechmann et al., 2004; Vigliocco et al.,
2005). However, it may also be that what drives differences
in the processing for words when they are embedded in
these minimal contexts and when they are not, are not syn-
tactic processes but processes sensitive to local co-occur-
rences (e.g., Elman, 1990; Elman, 1991). Under both
views, a target that can be used in the same frame as the
one used for the prime would be more easily integrated.
Either way what is crucial to our purposes is the fact that
these processes are sensitive to integration beyond bare
words and are not necessarily and automatically engaged
when bare words are processed.

4. General discussion

In these experiments we assessed whether grammatical
class (nouns vs. verbs) plays a role in processing of single
words. We behaviorally tested the hypothesis that gram-
matical class affects word recognition processes only if
the task recruits processes of integration, but not when,
instead, the task solely requires lexical access. There is clear
evidence that grammatical class affects sentence-level pro-
cessing for non-language-impaired individuals, and that
these effects emerge early on, as shown in ERP studies
investigating grammatical class violations (e.g., Friederici,
2002). However, only one study to date investigating pro-
duction (and no studies investigating comprehension) has
assessed the conditions under which these effects arise using
standard behavioral tasks.

Here, we have provided evidence from comprehension
converging with recent imaging studies in clearly showing
that grammatical class effects only arise in phrasal process-
ing. In our two experiments, grammatical class affected
responses during lexical decision for uninflected verbs when
prime words were presented in a phrasal context, but not
when they were presented as single words. Moreover,
Experiment 1 showed that these effects did not interact with
semantic similarity. This latter finding, parallel to the
results of our previous work in production, is compatible
with processing models in which lexical information
(semantics) and phrasal information (grammatical class)
are accessed separately, inconsistent with strongly lexicalist
models of processing that, instead, assume that syntactic
information is necessarily and automatically accessed
whenever a word is processed (e.g. Pickering & Branigan,
1998). At the very least our results provide strong process-
ing constraints on such models, illustrating that syntactic
information (in the form of grammatical class) is not
accessed automatically during word recognition processes.
Experiment 2 clarifies the conditions under which gram-
matical class effects are observed in single word processing.
We found that these effects are observed only when a frame
(even a minimal one) is processed. In this case the process-
ing is implicit, as the presence of the frame was irrelevant to
the processing of the target word in the lexical decision
task. This priming effect might have come about because
the frame ‘‘to + V’’ provided additional information com-
patible with the lexical status of the target (i.e., the target
word could be inserted in a ‘‘to _____’’ phrase, but not in
a ‘‘the _____’’ phrase). The effect might have also come
about as mediated by the lexical representation of the
prime, for example, the prime might activate a ‘‘verb’’
frame and this frame, linked to the lexical representation
of the target verb, might provide additional activation to
the target.

In our previous investigation of grammatical class
effects in production using the picture-word interference
paradigm we found converging results: effects of sharing
the same grammatical class were observed when syntactic
processes were triggered but not in lexicalizing a bare
word. Interestingly, we also observed two differences
between word production and word recognition. In word
production, both in our previous study of Italian (Vig-
liocco et al., 2005) as well as in an unpublished replication
in English (Arciuli, Vinson, & Vigliocco, 2004), we found
no grammatical class effects when speakers were producing
bare words, even when the distracter word was introduced
in a minimal phrasal context (the same ‘‘to + V’’ and
‘‘the + N’’ used here). Thus, given the picture-word inter-
ference paradigm, implicitly processing the grammatical
class information of a word is not sufficient to affect the
production of another word. In comprehension, however,
things are different: implicitly processing the grammatical
class of a prime does affect the recognition of a word. Sec-
ond, whereas the effect of grammatical class in the present
study is a priming effect,4 we found interfering effects in
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production. In general terms this difference is not surpris-
ing when considering that word production, as assessed
using the picture-word interference paradigm, and word
recognition, as assessed using lexical decision have different
requirements. Most relevant here, to correctly produce a
word, a unique lexical representation needs to be selected
among competing ones and therefore lexical entries that
share properties with the target may compete more
strongly. For lexical decision, instead, selection of a unique
word is not required; all that matters is that a threshold is
reached and therefore enhancing the activation of lexical
entries that share any properties with the target may help
reach that threshold more quickly.

The results we have reported here, combined with our
previous findings in production, provide clear evidence
against a strictly lexicalist view of grammatical class
according to which grammatical class, as an intrinsic prop-
erty of the lexical representation consulted during produc-
tion and comprehension, is necessarily and automatically
accessed and retrieved when words are retrieved. These
results are compatible with cognitive models in which
grammatical class is a lexical property that is only
retrieved/triggered when relevant to the task (in produc-
tion) or when relevant phrasal information is provided in
the input (comprehension). For production, such a theory
has been put forward by Levelt et al. 1999 in which syntac-
tic information such as grammatical class (or grammatical
gender) is argued to be automatically activated during lex-
icalization but only retrieved when phrases or sentence are
produced. For comprehension, a similar view was put for-
ward by Vosse and Kempen (2000). Our results are also
compatible with models in which grammatical class is not
lexically represented but is a property of frames. These
frames would be built on the fly during production/com-
prehension (see Garrett, 1980 for production).

As outlined in the introduction, these experiments take
a behavioral perspective to test the hypothesis that gram-
matical class information is not a lexical property of
words that is automatically accessed when retrieving a
lexical form but that instead this information is recruited
as part of sentence building, integration processing. This
hypothesis provides a manner to reconcile inconsistencies
in the results of imaging studies (even when semantic cor-
relates of grammatical class are reduced or controlled;
Longe et al., 2006; Shapiro et al., 2006; Siri et al., 2007;
Vigliocco et al., 2006): when a task requires syntactic or
morphological processes, at least some differences related
to grammatical class have been reported both in produc-
tion (Shapiro et al., 2006) and in word recognition studies
(e.g., Longe et al., 2006). However, when integration pro-
cesses are not engaged by the task, grammatical class
selective activations are not observed (e.g., Longe et al.,
2006; Tyler et al., 2001; Vigliocco et al., 2006). The behav-
ioral results we have reported here are consistent with
such an argument; moreover, they allow us to establish
the minimal conditions that determine an effect of gram-
matical class during word recognition. More precisely
we have shown that what matters for grammatical class
to be processed is the fact that a minimal phrasal context
in the experimental situation is set, and crucially, regard-
less of whether this is relevant to the task. Thus, they pro-
vide behavioral evidence that converge with the recent
imaging evidence in indicating that grammatical class is
not an organizational principle of lexical knowledge in
the brain (contra to what has been suggested on the basis
of neuropsychological data, e.g., Caramazza & Hillis,
1991; Daniele et al., 1994).

We furthermore interpret our results to be compatible
with a view according to which the neural underpinning
of the phrasal processing of words from different grammat-
ical classes (nouns and verbs) engages a common neural
system involving left IFG. A recent result is particularly
relevant to this conclusion. In a picture naming study in
Italian, in which speakers were asked to name the same pic-
ture as either a verb in its citation form (e.g., correre [to
run]), or as an inflected verb (e.g., corre [s/he runs]), or as
the corresponding noun (e.g., corsa [(the) run]), Siri et al.
(2007) have found graded effects in left IFG. In particular,
in this fMRI study, activation was lowest for verbs in cita-
tion form, intermediate for inflected verbs and greatest for
deverbal nouns. This finding suggests that these same areas
underscore the processing of inflectional and derivational
processes that apply to verbs.

To conclude, in this study we have provided converging
behavioral evidence with a hypothesis developed on the
basis of imaging evidence, namely that grammatical class
information is processed as part of more general processes
of integration of words into phrases and sentences. These
behavioral experiments can provide the basis for further
evaluations of this claim also using neuropsychological
and imaging techniques, given that the method can easily
be adapted for testing aphasic patients and for imaging
experiments capitalizing on reduction of BOLD signal
associated with priming effects (Wheatley, Weisberg, Beau-
champ, & Martin, 2005).

Appendix A. Targets and primes used in Experiment 1
Target
 Noun close
related
Verb close
related
Noun far
unrelated
Verb far
unrelated
Donate
 the trade
 to pay
 the ache
 to burn

Eject
 the

bombardment

to mix
 the clang
 to grin
Enter
 the arrival
 to stop
 the cry
 to bleed

Get
 the demand
 to

exchange

the crash
 to clatter
Give
 the command
 to invite
 the cough
 to knock

Hear
 the oink
 to chime
 the scream
 to growl

Leave
 the approach
 to travel
 the flame
 to drill

Lend
 the donation
 to borrow
 the flicker
 to chop

Listen
 the meow
 to sing
 the screech
 to rattle

Lose
 the escape
 to die
 the shout
 to swallow

Plead
 the request
 to ask
 the snore
 to drive
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Appendix A (continued)
Target
 Noun close
related
Verb close
related
Noun far
unrelated
Verb far
unrelated
Acquire
 the exchange
 to receive
 the flash
 to brush

Accept
 the loss
 to send
 the glow
 to boil

Advise
 the suggestion
 to teach
 the shine
 to cook

Argue
 the whisper
 to greet
 the hiccup
 to eat

Arrive
 the push
 to sit
 the hit
 to feel

Warn
 the call
 to preach
 the smile
 to fry

Speak
 the chat
 to say
 the

tremble

to bark
Put
 the return
 to move
 the sparkle
 to dive

See
 the blink
 to notice
 the whine
 to drink

Go
 the descent
 to creep
 the itch
 to grin

Inhale
 the sneeze
 to breathe
 the murder
 to fix

Descend
 the ascent
 to rise
 the yell
 to crackle
Appendix B. Targets and primes used in Experiment 2
Target
verb
Unambiguous
noun
Biased
noun
Biased
verb
Unbiased
verb
adjust
 soul
 fuel
 swim
 earn

adore
 gang
 cage
 bind
 bake

alter
 ratio
 brand
 haunt
 tempt

amuse
 body
 view
 wish
 grow

approve
 salon
 slate
 dodge
 munch

attach
 treaty
 sample
 rattle
 endure

banish
 cult
 veil
 scan
 cram

bleed
 daisy
 patch
 creep
 swear

breathe
 cone
 snag
 weld
 deem

carve
 radius
 gutter
 fiddle
 seduce

cater
 mammal
 gutter
 fiddle
 harass

cherish
 monster
 dispute
 squeeze
 inspect

clench
 snail
 pouch
 flirt
 erase

confess
 soda
 twig
 mend
 lurk

confine
 packet
 fringe
 plunge
 govern

consult
 lily
 cane
 lick
 defy

depend
 supper
 panic
 shiver
 oblige

differ
 beast
 shame
 yell
 cling

drown
 horizon
 triumph
 squeeze
 analyse

enchant
 robot
 scout
 glide
 sever

explode
 vicar
 ridge
 cheat
 kneel

explore
 thief
 spear
 boast
 hover

greet
 orchard
 bracket
 nurture
 confide

heal
 sausage
 shuttle
 grumble
 inhabit

inject
 brigade
 caution
 flutter
 concede

install
 gram
 twig
 mend
 skim

invent
 glamour
 balloon
 wriggle
 nourish

lend
 lawn
 fare
 spin
 flee

melt
 animal
 figure
 wonder
 decide

merge
 wife
 view
 wish
 send

mourn
 energy
 figure
 wonder
 accept

obey
 vase
 snag
 weld
 emit
Appendix B (continued)
Target
verb
Unambiguous
noun
Biased
noun
Biased
verb
Unbiased
verb
plead
 farce
 pouch
 flirt
 adorn

pollute
 diamond
 caution
 flutter
 distort

promote
 dough
 orbit
 whirl
 deter

prosper
 campus
 panic
 shiver
 assess

refine
 thigh
 patch
 creep
 weigh

respond
 wallet
 pirate
 bellow
 muffle

roam
 parsley
 bracket
 nurture
 compute

rotate
 sheaf
 crate
 sneak
 waver

smuggle
 rugby
 ridge
 cheat
 annoy

soar
 penny
 shame
 yell
 adapt

solve
 cigar
 brand
 haunt
 bless

submit
 prince
 phrase
 freeze
 wander

suspend
 waist
 chart
 chase
 fetch

sustain
 pulpit
 squire
 pounce
 donate

vibrate
 saucer
 menace
 nibble
 thrash

weep
 robin
 spear
 boast
 exert
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