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Wereport anevent-relatedpotential study investigating theneural
basis of interference and facilitation in the picture-word interfer-
ence paradigm with immediate overt naming. We used the high
temporal resolution of the electrophysiological response to dis-
sociate general and speci¢c interference processes, by comparing
unrelated word distractors to nonlinguistic (a row of Xs), sur-
face feature denoting, and category member distractors. Our
results ¢rst indicate that the increasednaming latencies for linguis-
tic relative to nonlinguistic distractors are because of general
con£ict-monitoring processes, associated with early event-related

potential e¡ects (120^220ms) andincreased activity in the anterior
cingulate cortex. Next, distractors specifying a surface feature of
thepicture seem to facilitate its identi¢cationwithin the same time
window,which involveswidespreadnetworks.Finally, nonlinguistic
and surface feature distractors also reduced the N400 amplitude,
relative to unrelated word distractors.Taken together our results
support the view that several distinct processes give rise to the
reaction time results often observed in picture naming.
NeuroReport 19:1227^1230 �c 2008 Wolters Kluwer Health |

LippincottWilliams &Wilkins.
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Introduction
Speaking is a cognitive ability unique to humans. One of the
most fascinating aspects of this ability is the ease and
effortlessness with which we are able to select from among
the many lexical items in our brain the one we are going to
utter next. Accordingly, lexical competition for selection,
and the resulting interference, are central to most models of
language production [1]. Such effects can be observed when
participants name target pictures in the presence of either
written or spoken distractors. In this picture word inter-
ference (PWI) scenario, word distractors cause general
interference, prolonging naming latencies, and increasing
error rates compared with nonlinguistic distractors [2].

In addition, semantically related distractors cause specific
interference and prolong reaction times (RTs) more than
unrelated words. Semantically related words receive input
from the distractor and from the target via spreading
activation. Thus, they are more potent competitors to the
target than unrelated words, which are only activated by
the distractor. It has recently been questioned whether the
semantic interference effect generalizes to all types of
semantically related distractors [3,4]. Although, distractors
from the same semantic category as the target picture cause
interference, words denoting its surface features, place
information, or parts lead to facilitation [5]. Current theories
of speech production attribute this to enhanced activation of
the target concept, which outweighs both the general and
the semantic interference effect [6].

The aim of this study was to use the high temporal
resolution of event-related potentials (ERP) to track the time
course of general and specific interference in the PWI, by
comparing an (a) unrelated word condition to three
experimental conditions: (b) nonlinguistic (a row of Xs),
(c) surface feature, and (d) category member distractors.
Earlier neurocognitive studies used delayed naming [7] or a
combination of self-generated primes and auditory distrac-
tors [8] to investigate the neural processes underlying
speech planning. These studies consistently revealed reduc-
tions of the N400 amplitude for related words compared
with unrelated words. Considering that lexical selection is
completed about 250 ms after picture onset [1], the func-
tional relevance of these effects is unclear. A magnetoence-
phalography (MEG) study with direct naming indicates a
much earlier (o200 ms) onset of semantic interference in a
blocked naming paradigm [9].

On the basis of the above observations, we hypothesized
overall differences between linguistic and nonlinguistic
distractors. We expected longer naming latencies with
unrelated word distractors than with nonlinguistic distrac-
tors, and early differences in the ERPs between those
conditions. We also expected more subtle effects of the
different types of linguistic distractors, that is, interference
for category members and facilitation for surface feature
distractors. These differences in semantic relations may also
be reflected in modulations of early ERP components and
the N400.
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Methods
Sixteen (one male) right-handed native speakers of German
(age 18–25 years) participated in a 1 h recording session. All
had normal or corrected to normal vision. Participants were
either paid 15h or received course credits. All gave informed
consent according to standards of the ethical board of the
University of Maastricht.

Experimental trials consisted of to-be-named target
pictures and written distractors. Each trial began with the
presentation of a fixation cross in the middle of the screen.
After a randomized interval of 150–350 ms, the distractor
appeared in the middle of the screen, in Helvetica 16 point,
white against a black background. After 150 ms (stimulus
onset asynchrony –150) the picture, white on black,
appeared. Distractor and picture were visible for 400 ms.
Participants were asked to name the picture as fast as
possible. Response latencies were collected via a voice key
from picture onset until time out (3000 ms) and scored for
correctness. Intertrial interval was 3500 ms.

Fifty line drawings of concrete objects, scaled to a height
or width of 5 cm (4.51 of visual angle), were used as test
pictures. Each picture (e.g. of a dog), appeared in four
distractor conditions, labeled (a) unrelated word (e.g. Blume,
flower), (b) nonlinguistic (row of Xs), (c) surface feature
(e.g. Fell, fur), and (d) category member (e.g. Katze, cat). We
added 113 filler pictures, all preceded by unrelated words,
so that only 25% of the trials were related.

The materials were distributed over five blocks of 80
trials, separated by four short breaks. Targets were never
repeated within a block. In each block, half of the trials were
fillers and half were experimental trials. The order of items
within each block were randomized separately for each
participant. Each participant received all blocks twice, with
order being balanced across participants. Participants were
asked to rest their arms and hands on the elbow rest of the
armchair and instructed not to blink or move their eyes.
Participants read a booklet with the correct target names
before the experiment to ensure consistent target picture
naming.

ERPs were recorded from the scalp using 29 electrodes
mounted in an electro cap with a left mastoid online
reference and referenced offline to the mean of the
amplitude at the two mastoid processes. Blinks and vertical
eye movements were recorded with bipolar electrodes
placed on the right and the left canthus and the upper
and lower orbital ridge, to allow for later offline rejection, on
the basis of an amplitude criterion (775mV threshold). All
electrode impedances were kept below 5 kO.

Electrophysiological signals were amplified with Neuro-
scan Synamps with a bandpass filter of 0.05–50 Hz, and
digitized at a rate of 250 Hz. ERPs were calculated time-
locked to the onset of the target picture and comprised a
700-ms period (�100–600 ms). Waveforms were quantified
by mean amplitude measures that were entered into
analysis of variance statistics.

Results
Electroencephalogram (EEG) data of two participants were
excluded from further analysis because of high-frequency
noise on all channels. Overall, 17.5% of the trials had to be
excluded because of eye blinks or wrong answers. The
number of rejections did not differ reliably between
conditions. The average ERP was calculated for all electrode

sites, per participant and condition. Grand averages for the
experimental conditions are shown in Fig. 1.

Behavioral findings
Wrong answers, disfluencies, triggering of the voice key by
nonspeech sounds, RTs shorter than 200 ms and longer than
1500 ms were omitted from statistical analysis. The over-
all error rate was 4.0%. The naming latencies calculated
over participants for the experimental conditions were
submitted to by-participant repeated measurement anal-
yses of variance, with distractor-type as within-partici-
pants factor. Degrees of freedom were adjusted with the
conservative lower bound procedure. Planned comparisons
against the unrelated word condition with t-tests (one-
tailed), were used to confirm the predicted direction of each
effect.

The results showed a significant main effect for distractor-
type [F(1,15)¼21. 979, Po0.001]. Compared with unrelated
words (805 ms), naming was 25 ms faster with nonlinguistic
distractors (Po0.001), 24 ms faster with surface features
(Po0.001), and category members slowed down picture
naming by 14 ms (P¼0.036). This pattern corroborates earlier
findings [4]. Note that feature-denoting distractors coun-
teracted the general interference produced by linguistic
distractors.

Electrophysiological findings
The ERP data were analyzed on the basis of visual
inspection of variation in standard components. As can be
seen in Fig. 1, the ERP waves differ between the unrelated
word condition and the other conditions in several time
windows.

Repeated-measures analysis of variances (ANOVAs) for
mean ERP amplitudes were carried out for the critical time
windows with the factors distractor-type (surface feature,
category member, nonlinguistic, unrelated word) and
electrodes. Planned pairwise comparisons were calculated
to evaluate differences between conditions whenever a main
effect became significant. To investigate the scalp topogra-
phy of the effects in more detail, we split the electrodes into
nine groups along the factors frontal versus parietal (frontal,
medial, parietal) and hemisphere (left, middle, right). The
Greenhouse–Geisser correction was used to adjust for the
violation of the sphericity assumption.

−2.5 μV

−100 0 100 200 300

Unrelated
Row of XXX
Surface feature
Category member

400 500 600 ms

Fig.1 Grand averages for the distractor types at electrode Cz.
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Zero to hundred milliseconds after picture onset
In this time window, the nonlinguistic distractors were
accompanied by more positive going signals than all other
conditions. The omnibus ANOVA (with distractor-type and
electrodes as factor) revealed a significant main effect of
distractor-type [F(3,39)¼13.107, Po0.001] and electrodes
[F(28,364)¼4.211, Po0.037] and a significant interaction
[F(84,1092)¼5.489, Po0.001]. Pairwise comparisons re-
vealed that the nonlinguistic condition was more positive
than all linguistic conditions (all Pso0.01). The topographic
analysis indicates that this effect is located in the left
hemisphere, and most pronounced at parietal sites. An
ANOVA with the unrelated word and nonlinguistic dis-
tractor conditions only, and the factors hemisphere and front
versus back, revealed significant interactions between
distractor-type and hemisphere [F(2,26)¼18.754, Po0.001]
and between distractor-type and front versus back
[F(2,26)¼4.420, P¼0.049]. No significant differences were
observed between the linguistic conditions (all Pso0.15).

One hundred and twenty to two hundred and
twenty milliseconds (early object recognition)
All word distractors induced more positive signals than
nonlinguistic distractors. An ANOVA with distractor-
type and electrode as factors showed significant effects
for distractor-type [F(3,39)¼10.374, Po0.001], electrode
[F(28,364)¼3.413, P¼0.057], and the distractor-type–elec-
trode interaction [F(84,1092)¼9.297, Po0.001]. Nonlinguistic
distractors were more negative than all word conditions
(all Pso0.02). The difference map between the nonlinguistic
and the unrelated word condition shows that the effect is
more frontal and stronger over the right hemisphere. For
these two distractor conditions, there were significant
interactions between distractor-type and hemisphere
[F(2,26)¼5.105, P¼0.02] and distractor-type and front versus
back [F(2,26)¼32.443, Po0.001].

Within word distractors, the surface features were less
negative than both category members (P¼0.07) and unrelated
words (P¼0.01), which did not differ (P40.3). The difference
between surface features and the two other linguistic
conditions was widely distributed. The ANOVA did not
reveal any significant interactions between the hemisphere or
front versus back factors and condition (Ps40.15).

Two hundred and fifty to four hundred and
fifty milliseconds (N400 time window)
In the N400 time window, there were significant main
effects of distractor-type [F(3,39)¼5.560, P¼0.007], electrode
[F(28,364)¼7.736, P¼0.004], and a significant interaction
[F(84,1092)¼2.809, P¼0.015]. The nonlinguistic distractors
were less negative than all word distractors (all Pso0.07).
This effect seems to be mainly left lateralized, as the
ANOVA for this contrast showed a significant interaction
between distractor-type and hemisphere [F(2,26)¼7.928,
P¼0.003]. In addition, a trend for surface features to be less
negative than unrelated words (P¼0.116) was present.
Again, there were no differences between the unrelated
word and category member condition.

Discussion
We used EEG recordings with overt naming in a picture-
word interference paradigm to investigate the time course of
speech planning. We replicated earlier behavioral findings

about the effects of four different types of distractors
(nonlinguistic, surface features, category members, and
unrelated words) on picture naming. Furthermore, we
found reliable ERP differences between these conditions,
which offer important information about underlying pro-
cesses [10]. First, linguistic and nonlinguistic distractors
evoked different brain activity. Second, the kind of semantic
relation between distractor and target modulated both RTs
and electrophysiological response. We will discuss each of
these results in turn.

General interference for linguistic distractors
As expected, we found behavioral interference when
comparing word distractors to the rows of XXX. The ERPs
for these conditions differed in all time windows (Fig. 1).
The effect in the earliest time window (0–100 ms) is most
likely the recognition potential (RP), indexing the processing
of the distractor as either a meaningful string of letters
(word) or not, which extends beyond target picture onset.
As the distractors appeared 150 ms before picture onset, the
activity observed at picture onset is within the peak of the
RP (between 200 and 250 ms after stimulus onset). Usually,
the RP amplitude is largest for meaningful stimuli, whereas
stimuli without meaning have smaller amplitudes [11]. This
is exactly what is observed here.

The second frontal effect, between 120 and 220 ms, also
concerned a difference between linguistic and nonlinguistic
distractors, and it seems to indicate a modulation of
activation in the anterior cingulate. An earlier functional
MRI study with PWI, contrasting nonlinguistic and category
member distractors, found activation in this area [12]. The
most plausible interpretation is in terms of a general conflict
monitoring process [13], which is triggered more strongly by
words than by nonlinguistic distractors, as only the former
have to be suppressed for target naming.

The second effect within this time window, the special
impact of surface feature distractors, is discussed below.
Interestingly, the earlier MEG study [9] found a left-
lateralized effect when comparing naming in same category
blocks to unrelated blocks in this time window. This
suggests that the general and the specific interference effects
are mediated by different neural populations.

Finally, we again found a robust difference between
linguistic and nonlinguistic distractors in the N400 time
window [14]. As expected from the studies on language
comprehension [15] and on production with delayed
naming [7,8], pictures which did not fit the context
established by the preceding distractor evoked the largest
negative responses. The fact that nonlinguistic stimuli evoke
smaller N400 amplitudes than linguistic distractors indi-
cates that integration is probably not even attempted with
these stimuli.

Specific semantic effects
The differences between the different kinds of linguistic
stimuli were more subtle. We replicated behavioral inter-
ference for category members, and facilitation for surface
features. As the earlier EEG studies [7,8], we did not find any
early differences between the category member and unrelated
word conditions, which is in contrast to the deflection
reported in the MEG study [9]. More research is needed to
establish whether this is a function of the different electro-
physiological methods, or of the general design of the studies.

Vol 19 No 12 6 August 2008 12 29

ERPS INOVERT SPEECHPRODUCTION NEUROREPORT

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Most interestingly, we observed a very early (120–220 ms
after picture onset) effect of surface feature distractors on the
processing of target pictures. In this time window, surface
features elicited a less negative going deflection than
unrelated words. Although it has been known for more than
a decade that the visual system can differentiate between
categories of pictures after as little as 120 ms [16], it is a fairly
new finding that linguistic cues can influence these early
stages of object processing. Until now, such early influences on
the electrophysiological responses to target pictures involved
a comparison of the presentation of their correct name with
the name of a different object [17]. Another line of research
showed that knowledge about formerly unknown objects
modulates the amplitude of the P1 and N400 to pictures [18].
Our data indicate that a surface feature denoting word can
influence visual processing of objects in a similar top–down
manner. As a consequence, such words speed up object
identification in the PWI paradigm [6] resulting in similar
naming latencies as with nonlinguistic distractors. More
research is needed to investigate exactly how language
processing is related to perceptual mechanisms [19].

Conclusion
The results of this study indicate that different neural
processes give rise to the reaction time results in PWI.
Nonlinguistic distractors decrease naming latencies because a
general conflict monitoring system, presumably the anterior
cingulate cortex, is being modulated. Surface feature dis-
tractors apparently not only speed-up language processing,
but also affect picture identification. This demonstrates that
ERPs are an important source of information about the time
course of the processes underlying general interference and
facilitation in speech production.
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