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Abstract

W In this study, we investigated semantic context effects in lan-
guage production with event-related brain potentials, extracted
from the ongoing EEG recorded during overt speech production.
We combined the picture-word interference paradigm and the
semantic blocking paradigm to investigate the temporal dynam-
ics and functional loci of semantic facilitation and interference
effects. Objects were named in the context of semantically homo-
geneous blocks consisting of related objects and heterogeneous
blocks consisting of unrelated objects. In each blocking condi-
tion, semantically related and unrelated distractor words were

INTRODUCTION

Lexical access, the selection of words from the mental
lexicon that correspond to the to-be-expressed preverbal
message, is one of the central components of the speech
production system (e.g., Levelt, 1999; Caramazza, 1997,
Starreveld & La Heij, 1996; Dell, 1986). It is often inves-
tigated with behavioral measures of semantic context
effects. Specifically, in the picture-word interference para-
digm (PWTI) a picture is presented for a naming response
together with a to-be-ignored distractor word. Semantically
related words can hamper or facilitate naming com-
pared with unrelated words (e.g., Hantsch, Jescheniak, &
Schriefers, 2005; Costa, Mahon, Savova, & Caramazza,
2003; La Heij, Heikoop, Akerboom, & Bloem, 2003; Alario,
Segui, & Ferrand, 2000; Levelt, Roelofs, & Meyer, 1999;
Glaser & Glaser, 1989). In the semantic blocking para-
digm, similar context effects are induced by presenting
objects in homogeneous blocks of trials, consisting of se-
mantic category or associative context members. Again,
compared with heterogeneous blocks with semantically
unrelated objects, this manipulation has been shown to
hamper and/or facilitate the naming response (Abdel
Rahman & Melinger, 2007; Belke, Meyer, & Damian, 2005;
Damian & Als, 2005).

Although semantic context effects have provided im-
portant implications for models of speech production,
their functional and temporal localization is a matter of
continuing debate. Semantic interference effects—reliably
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presented. Results show that classic patterns of semantically
induced facilitation and interference effects in RTs can be di-
rectly related to ERP modulations located at temporal and fron-
tal sites, starting at about 200 msec. Results also suggest that
the processes associated with semantic facilitation and inter-
ference effects (i.e., conceptual and lexical processing) are highly
interactive and coincide in time. Implications for the use of
event-related brain potentials in speech production research
and implications for current models of speech production are
discussed. W

reported for categorical relations (e.g., spring roll and
hamburger)—have long been taken as evidence for a com-
petitive mechanism at the level of lexical selection (e.g.,
Schriefers, Meyer, & Levelt, 1990). Upon preparing a nam-
ing response (e.g., naming the picture of a hamburger),
semantic activation spreads through a network of se-
mantically related concepts (french fries, sandwich etc.;
cf. Collins & Loftus, 1975), which in turn activate their
lexical entries (lemmas). These lexical correlates of the re-
lated concepts compete with the target lemma for selec-
tion (Levelt et al., 1999). Providing a semantic context
either by simultaneously presenting a categorically related
distractor word (e.g., the word steak) or by embedding
the target picture within a block of pictures that also depict
types of food (i.e., homogeneous blocks) causes addi-
tional activation of the related concepts and their corre-
sponding lexical entries. This enhances the competition
and delays lemma selection, resulting in slower naming
times. In this model, conceptual and lexical activation
spread is bidirectional and temporally coincident.

The observation that not all semantic relations induce
interference effects has cast doubt on the assumption that
the slowdown of naming latencies has a lexical locus. For
example, associative or part-whole relations seem to
induce facilitation rather than interference (e.g., Costa,
Alario, & Caramazza, 2005; Alario et al., 2000; but see
Abdel Rahman & Melinger, 2007; for a recent review of
semantic facilitation effects, see Mahon, Costa, Peterson,
Vargas, & Caramazza, 2007). On the basis of the pattern
of semantic interference and facilitation effects, a re-
cent proposal has suggested that lexical selection is not
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a competitive process (Mahon et al., 2007; Costa et al.,
2005). Instead, the source of semantic interference is as-
sumed to be postlexical, arising in the articulatory output
buffer. When a distractor word is categorically related to
the target, it blocks the single-channel output buffer, thus
delaying articulation. Semantic facilitation is assumed to
take place as priming at the conceptual level (Costa et al.,
2005) or at the lexical level (Mahon et al., 2007). Thus, in
this model, contextually induced facilitation and interfer-
ence are located at distinct and clearly separable process-
ing stages.

With the present article, we aim to contribute to the
debate on the time course and functional loci of seman-
tic interference and facilitation effects by exploiting the
high temporal resolution of event-related brain potentials
extracted from the EEG recorded during overt speech
production.

Overt Articulation and Event-related
Brain Potentials

In contrast to the wide use of ERPs in comprehension
research (for a review, see Osterhout & Holcomb, 1995),
there are to date only a few studies on language pro-
duction using ERPs. The main reason not to make use of
electrophysiological measures has been an assumed con-
tamination of the signal by artifacts. Overt speaking is asso-
ciated with facial muscle activity, lip and eye movements,
glossokinetic potentials, and head movements, all of which
can obscure the EEG signal severely (e.g., Wohlert, 1993;
Brooker & Donald, 1980; Grozinger, Kornhuber, & Kriebel,
1975). To avoid these problems, some studies have used
tasks allowing for EEG acquisition in the absence of overt
speech, such as delayed and covert naming or manual
classification tasks (Abdel Rahman & Sommer, 2003; Abdel
Rahman, van Turennout, & Levelt, 2003; Schmitt, Schiltz,
Zaake, Kutas, & Miinte, 2001; Schmitt, Miinte, & Kutas,
2000; van Turennout, Hagoort, & Brown, 1997, 1998). Al-
though these alternatives successfully avoid speech-related
artifacts, they have several disadvantages. When naming is
delayed or covert, behavioral measures are not available.
In silent-naming tasks, compliance with the instructions
cannot be controlled for and, more importantly, a direct
comparison of RT and error data with electrophysiological
variables is not possible. Alternatively, when naming is sub-
stituted by button-press responses, it is hard to estimate
which of the observed effects are genuinely language re-
lated. Thus, studying overt speech would clearly be prefer-
able to the above-described methods.

Some evidence has been provided about RT effects re-
flected in ERPs during overt speech, for instance within
Stroop paradigms (e.g., Liotti, Woldorff, Perez, & Mayberg,
2000; Duncan-Johnson & Kopell, 1981). However, these
studies have some methodological limitations. For exam-
ple, the early study by Duncan-Johnson and Kopell (1981)
used only three midline electrodes. Other studies were
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limited by small sample sizes and by ERP analyses confined
only to late time windows (e.g., 400-800 msec poststimu-
lus onset; Liotti et al., 2000). Recently, several new at-
tempts have been made to combine EEG recordings with
overt speech production (e.g., Aristei, Abdel Rahman, Job,
& Kiefer, under revision; Strijkers, Costa, & Thierry, 2010;
Verhoef, Roelofs, & Chwilla, 2006, 2009; Abdel Rahman &
Sommer, 2008; Ganushchak & Schiller, 2008; Hirschfeld,
Jansma, Bolte, & Zwitserlood, 2008; Koester & Schiller,
2008; Verhoef, 2008; Christoffels, Firk, & Schiller, 2007,
Schmitt, Bles, Schiller, & Miinte, 2002; Greenham, Stelmack,
& Campbell, 2000). One of the aims of the present study
was to further assess the feasibility and the benefits of
investigating the dynamics of overt speech production
with ERPs. In particular, we explore semantic context ef-
fects with ERPs while participants overtly name pictures.
Before turning to the specific objectives, we will review
the available EEG and fMRI evidence on semantic context
effects in speaking.

Semantic Context Effects in Speech Production:
Neural and Electrophysiological Evidence

In a comprehensive meta-analysis on the neural and tem-
poral correlates of speech production, Indefrey and Levelt
(2000, 2004) evaluated a large number of neuroimaging
studies. Most of these studies focused on the identifica-
tion of cerebral regions involved in speech production,
mainly reporting fMRI and PET data. The analysis identi-
fied the midsection of the left middle temporal gyrus as
the one region that was reliably associated with concep-
tual preparation and lexical selection. However, a distinc-
tion between the two processes was not possible. Recent
fMRI studies on semantic interference effects with the se-
mantic blocking paradigm (Schnur, Schwartz, Brecher, &
Hodgson, 2006; Schnur, Hirshorn, & Thompson-Schill, 2005;
Schnur, Lee, Coslett, Schwartz, & Thompson-Schill, 2005),
the PWI paradigm (de Zubicaray, Wilson, McMahon, &
Muthiah, 2001), and the competitor priming paradigm
(de Zubicaray, McMahon, Eastburn, & Pringle, 2006) have
also shown that interference is associated with higher ac-
tivation in the left temporal cortex. Additionally, however,
all of the latter studies reported higher activation patterns
in the left inferior frontal gyrus (see also Moss et al., 2005).
This frontal interference effect has been taken to reflect
selection among competing semantic alternatives (stored
in temporal areas), whereas the temporal effects have
been taken to reflect the activation of semantically related
competitors (e.g., Schnur et al., 2006; Schnur, Hirshorn,
et al.,, 2005; Schnur, Lee, et al., 2005; but see de Zubicaray
et al., 2001, 2000).

Because of their poor temporal resolution, the above
brain imaging techniques are not informative as to the
time course of semantic context effects. As discussed ear-
lier, studies providing direct evidence on context effects as
they evolve over time are scant. An early study that directly
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assessed the time course and the neural correlates of se-
mantic context effects during overt picture naming used
MEG (Maess, Friederici, Damian, Meyer, & Levelt, 2002).
In a semantic blocking study, pictures were named in
homogeneous blocks of categorically related objects or
in heterogeneous blocks of unrelated objects. Categorical
blocking induced a classic semantic interference effect in
RTs. Furthermore, the authors demonstrated that activa-
tion in the midsection of the left middle temporal gyrus
varied systematically with semantic blocking between 150
and 225 msec after stimulus onset. In line with Indefrey
and Levelt (2000, 2004), the authors concluded that the
left temporal cortex reflects semantic interference effects
at the level of lexical selection. In contrast to several fMRI
studies on lexical interference (see previous section), Maess
et al. (2002) did not report differential frontal activity. More
recently, ERPs were recorded during overt naming in
a study using a semantic blocking paradigm (Ganushchak
& Schiller, 2008). However, in this study, only response-
locked ERPs associated with self-monitoring and error-
related processing were reported.

Another attempt to study context effects in speech pro-
duction through the combination of ERPs and overt nam-
ing is a recent study by Hirschfeld et al. (2008). The authors
conducted a PWI experiment that compared nonlinguistic
and unrelated distractor words to two types of semantic
distractors, words that reflect a surface feature of the target
word (e.g., TARGET—dog, DISTRACTOR—fur) and words
from the same semantic category (e.g., TARGET—dog,
DISTRACTOR—cat). Unfortunately, this study failed to
observe reliable ERP correlates of semantic interference.
However, the study did reveal that surface features pro-
duced a more negative going deflection than unrelated
words in an early time window between 120 and 220 msec
after stimulus onset. The early effect for surface features,
which was widely distributed, was interpreted as facilitat-
ing early stages of visual object processing; hence, it does
not advance the discussion of the involvement of tem-
poral and frontal regions in conceptual preparation or
lexical selection. However, the study does highlight the
difficulty in revealing reliable differences in ERP compo-
nents that underlie even robust behavioral effects such
as semantic interference from categorically related dis-
tractor words.

To summarize, the discussed studies provide rather
consistent evidence for a significant involvement of left
frontal and temporal regions in conceptual and lexical
effects during language production. However, much less
is known about the temporal dynamics of these effects,
about their functional locus within the speech production
system, or about the relation between context effects induc-
ing interference versus facilitation.

Exploring Semantic Context Effects with ERPs

With the present study, we aim to shed light on the less
explored issues of the temporal microstructure of semantic

context effects by investigating overt picture naming with
event-related brain potentials. To this purpose, we com-
bined the PWI and the semantic blocking paradigms. Both
have been frequently used in language production re-
search, and both yield well-established semantic interfer-
ence and facilitation effects. The high temporal resolution
provided by ERPs should reveal fine-grained information
about the time course of different language production
components and their interactions that isolated RT mea-
sures cannot offer. The specific objectives of this study
are as follows.

First, we assessed the feasibility of combining overt
speaking with the ERP technique. Second, we aimed to
identify the electrophysiological correlates of semantic
context effects during speaking, and assess whether the
well-attested patterns of interference and facilitation can
be related to specific ERP modulations. The temporal dy-
namics of these context-induced ERP modulations should
allow a comparatively precise localization of the effects
within the speech production system and should thus
contribute to a distinction between opposing theoretical
accounts on the origins of interference and facilitation ef-
fects (see previous section).

The third aim was to investigate the relationship be-
tween semantic context effects of different polarities:
Are facilitation and interference effects located at the same
or interacting processing stages, as suggested by lexical
competition models (e.g., Bloem & La Heij, 2003; Damian,
Vigliocco, & Levelt, 2001; Levelt et al., 1999), or are they
located at different and noninteracting processing stages,
as suggested by a recent proposal (e.g., conceptual/lexical
facilitation due to semantic priming and postlexical inter-
ference due to a bottleneck located in the output buffer;
Mahon et al., 2007; Finkbeiner & Caramazza, 2006)? A di-
rect comparison of the time course and the distribution
of the ERP modulations associated with interference and
facilitation should reveal whether context effects of dif-
ferent polarities can be dissociated temporally and func-
tionally or whether they are subserved by interacting
processing stages. In addition, we can compare the time
course of the ERP modulations associated with the inter-
ference effects induced by the PWI and semantic blocking
paradigms to determine whether they share the same un-
derlying mechanism.

Finally, a more specific aim was to investigate context
effects for different types of semantic relations. Specifically,
as discussed above, several studies have shown that where-
as categorical relations induce classic interference effects,
associative relations induce facilitation in the PWI paradigm
(e.g., Abdel Rahman & Melinger, 2007; Bolte, Jorschick, &
Zwitserlood, 2003; Alario et al., 2000). Abdel Rahman and
Melinger (2007, 2009a, 2009b; but see Mahon & Caramazza,
2009) have suggested that interference is only observed
when a lexical cohort of sufficient size is active, with each
member of the cohort contributing to the competition.
Otherwise, conceptual priming will outweigh lexical compe-
tition. Such a cohort is likely active for categorical relations
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because of a converging spread of activation to a number
of common category members (e.g., food). However, as-
sociates typically stand in a one-to-one relation (e.g., an
American and a baseball cap). Thus, they do not costimu-
late a cohort of lexical competitors and therefore induce
facilitation in a PWI situation. In line with this assumption,
semantic blocking of associates does induce interference.
In this paradigm, multiple associates of a common seman-
tic context are mutually interrelated, creating the one-to-
many relationship that gives rise to a lexical cohort (e.g.,
context America: The White House, a hamburger, the
prairie), all members of which compete for selection.
Thus, the facilitation effect observed with the PWI para-
digm can be turned into an interference effect in the block-
ing paradigm.

In the present study, we combine these two paradigms
to investigate interactions between the effects produced
by the two types of context manipulations (block and dis-
tractor word). In accordance with the earlier hypothesis, a
stronger interaction between the two effects is expected
for associates compared with category members. Specifi-
cally, the polarity of the effects elicited by associatively re-
lated distractors should depend on semantic blocking:
Associatively induced facilitation from related distractors
is expected in the heterogeneous blocks, but this facilita-
tion should be reduced or even reversed in associatively
homogeneous blocks. This is because the homogeneous
blocks activate a lexical cohort, which is crucial for the
emergence of observable semantic interference effects.
Associatively related distractors on their own do not acti-
vate a cohort, but in the context of an associatively related
block of pictures, the distractor word can benefit from
the converging activation, hence producing more in-
terference than would normally be produced by a single
distractor in isolation. In contrast, categorically related
distractor effects should be relatively stable across seman-
tic block types. This is because categorical relations natu-
rally produce semantic cohort activation, so the blocking
manipulation should not qualitatively change the effect
of distractor words.

METHODS
Participants

Thirty right-handed native German speakers (age range =
18-47 years, mean = 27 years) were paid for their partici-
pation in the experiment or received partial fulfillment of a
curriculum requirement. All reported normal or corrected-
to-normal vision. Two participants were replaced because
of high error rates. All participants gave informed consent,
in accordance with the Declaration of Helsinki.

Materials

Twenty-five color photographs of objects were selected.
The objects were orthogonally distributed between five

1570  Journal of Cognitive Neuroscience

semantic categories (nationalities, headpieces, landscapes,
monuments, and food) and five semantic contexts (China,
France, Russia, Saudi Arabia, and United States). Target
pictures were presented in categorically homogeneous
blocks (all objects were category members, e.g., head-
pieces), associatively homogeneous blocks (all objects
were members of a common semantic context, e.g., China),
or heterogeneous blocks (objects were categorically and
associatively unrelated; Figure 1 shows all pictures and
the homogeneous blocking conditions). Each picture was
presented in combination with three different auditory
distractor words, which were categorically related, associa-
tively related, or unrelated to the depicted object. Auditory
distractors were taken from the set of target picture names.
The size of the photographs was 3.5 X 3.5 cm at an ap-
proximate viewing distance of 90 cm from the monitor.

Procedure and Apparatus

Stimulus presentation and response recording was con-
trolled by the Presentation software (Neurobehavioral Sys-
tems Inc., Albany, CA). Vocal responses were recorded
through a microphone, and naming latencies were mea-
sured with a voice key. Naming accuracy and voice key
functioning were monitored on-line by the experimenter.
Each trial began with the presentation of a fixation cross
in the middle of the screen. After 500 msec, the distractor
word was presented auditorily, followed by the target
picture after 150 msec (SOA = —150 msec). The picture
remained on the screen until vocal response, with a maxi-
mum duration of 2500 msec. Before the experiment, par-
ticipants were familiarized with the visual stimuli and their
names as follows: First, all photographs were presented in
random order on the screen, and participants were asked
to name each picture. If necessary, they were corrected or
the picture name was provided by the experimenter. Then
participants were given a printed color sheet with all pic-
tures and their names printed below.

The experimental session unfolded as a series of mini-
blocks, each consisting of five pictures presented repeat-
edly (for a description of the session as presented to one
participant, see Table 1). Within each miniblock, each pic-
ture occurred four times in each distractor condition,
namely, four times with a categorically related distractor
word, four times with an associatively related distractor
word, and four times with an unrelated distractor word.
Hence, each of the five pictures was repeated 12 times for
a total of 60 trials per miniblock.

Fifteen miniblocks were presented in total. Five con-
sisted of pictures drawn from a common semantic category
(i.e., categorically homogeneous blocking condition), five
consisted of pictures drawn from a common semantic
context (i.e., associatively homogeneous blocking condi-
tion), and five consisted of unrelated pictures (i.e., hetero-
geneous blocking condition). Pictures were distributed
between the miniblocks, with each picture occurring in
one miniblock from each blocking condition. Hence, each
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Figure 1. Illustration of

the pictures presented in

the experiment. The pictures
were presented in associatively
and categorically homogeneous
blocks and in heterogeneous
blocks consisting of
associatively and categorically
unrelated objects.
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picture was repeated 12 times in each of its three mini-
blocks and 36 times across the entire experiment, result-
ing in a total of 900 trials within the whole experimental
session, which lasted about 90 minutes.

All the miniblocks of a particular blocking condition (i.e.,
categorically homogeneous, associatively homogeneous,
or heterogeneous) were presented consecutively. In other
words, the factor semantic blocking condition was itself
blocked within the experiment. In contrast, the factor dis-
tractor relatedness was randomized; all three distractor
conditions were presented within each miniblock, and
their order of presentation was fully randomized for each
participant, as was the order of picture presentation within
a miniblock. The order of the miniblocks within a semantic
blocking condition and the order of semantic blocking con-
ditions themselves were counterbalanced across partici-
pants (see Table 1). The miniblocks were separated by
breaks during which participants could rest and execute

eye and small body movements. Participants were in-
structed to name the depicted objects as quickly and accu-
rately as possible. They were also informed that they would
hear a word shortly before the appearance of the object
and were asked to ignore it. Participants were not informed
of the semantic blocking or the relatedness between target
utterance and distractor word.

EEG Recording and Analysis

The continuous EEG was recorded with sintered Ag/AgCl
electrodes from 56 sites according to the extended 10—
20 system, referenced to the left mastoid, and at a sam-
pling rate of 500 Hz (band-pass filter = 0.032-70 Hz).
The horizontal and vertical EOG was measured with ex-
ternal electrodes attached to the left and right canthi of
both eyes and beneath and above the left eye. Electrode
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Table 1. Condition Scheme as Presented to an Actual Participant

Semantic Blocking Conditions: Categorically Homogeneous, Associatively Homogeneous, Heterogeneous (Order Counterbalanced across Participants)

Categorically Homogeneous: Five Miniblocks
(Order Counterbalanced for Each Participant)

Associatively Homogeneous: Five Miniblocks
(Order Counterbalanced for Each Participant)

Heterogeneous: Five Miniblocks
(Order Counterbalanced for Each Participant)

Miniblock 1 Miniblocks 2-5
For example, For example,
headpieces monuments,
food,
landscapes,

nationalities

Presentations Same procedure

2t04

Presentation 1 of each
picture—distractor pair
(categorically related,
associatively related,
unrelated)

(order randomized)
For example:

cap /turban/; /White House/,
/éclair/

ricehat /cap/;
/Forbidden City/; /tundra/

beret /chapka/; /Eiffel Tower/;
/spring roll/

chapka /beret/; /tundra/;
/hamburger/

Turban /ricehat/; /chickpeas/;
/american/

Miniblock 1 Miniblocks 2-5
For example, For example,
United States China,
France,
Russia,

Saudi Arabia

Presentations Same procedure

2t04

Presentation 1 of each
picture—distractor pair
(categorically related,
associatively related,
unrelated)

(order randomized)
For example:

American /Frenchman/,
/cap/; /oasis/

cap /turban/; /White House/,
/éclair/

White House /Forbidden Cityy,
/hamburger/; /Arabian/

hamburger /borschtsch/;
/prairie/; /Frenchman/

prairie /bamboo woods/,
/American/; /Mecca/

Miniblock 1 Miniblocks 2-5

For example, For example,
Mix 1 Mix 2, Mix 3,
Mix 4, Mix 5

Presentations
2t04

Presentation 1 of each Same procedure
picture—distractor pair
(categorically related,
associatively related,

unrelated)
(order randomized)
For example:

American /Frenchmany;
/cap/; /oasis/

ricehat /cap/; /Forbidden
City/; /tundra/

vineyard /tundra/; /beret/;
/Forbidden City/

Kremlin /White House/;
/Russian/; /bamboo woods/

chickpeas /hamburger/;
/Arabian/; /vineyard/

Within each semantic blocking condition (categorically/associatively homogeneous, heterogeneous), the left column refers to the first miniblock presented (e.g., headpieces). The picture—word pairs that
constituted the miniblocks are specified at the bottom of the same column. Each miniblock was repeated four times. Thus, as can be seen at the bottom of the columns describing the miniblocks,
“Presentation 1” always refers to the first three presentations of each picture with all three distractor conditions.



impedance was kept below 5 kQ for all scalp electrodes
and below 10 kQ for peripheral sites.

Off-line EEG data were rereferenced using the average
reference transformation and low-pass filtered (high cut-
off = 30 Hz, 24 dB/oct). Eye movement artifacts were re-
moved with a spatio-temporal dipole modeling procedure
using the BESA software (Berg & Scherg, 1994). The meth-
od built-in in BESA is based on the spatial components
approach described in Berg and Scherg (1994). Artifacts
are defined on the basis of their spatial topographies
throughout the whole EEG track. Once the topography
for each type of artifact (blinks, horizontal, and vertical
eye movements) has been determined, the artifact signal
is reconstructed at each electrode and subtracted from
the continuous EEG signal.

Remaining artifacts were eliminated with a semiauto-
matic artifact rejection procedure. Segments with poten-
tials exceeding 50.00 uV voltage step per sampling point
and a threshold of 200.00 pV were excluded from further
analyses. Error- and artifact-free EEG data were segmented
into epochs of 2250 msec, starting 100 msec before the
onset of the distractor word, providing a 100-msec base-
line interval before distractor onset. Trials were averaged
separately for each blocking and distractor condition. Be-
cause the fastest RTs were over 500 msec, there was no
need to apply an exclusion threshold (e.g., 300-msec
naming latency), which is often used to exclude trials with
very quick speech onsets, which would contaminate the
ERPs. Moreover, because the morphology of speech arti-
facts largely depends on the phonetic properties of the

words, we further minimized the possibility that differ-
ences between conditions could be caused by articulation
artifacts because the same verbal responses were given
across conditions. Thus, even if ERPs were still contami-
nated by speech artifacts, they would affect the experi-
mental conditions of interest equally.

RESULTS
Behavioral Results

Mean RTs for correct trials, mean standard errors, and mean
percentages of errors in the experimental conditions are
presented in Table 2. The error rates were low (2.6% on
average) and thus are not analyzed further. Trials with in-
correct naming, stuttering, mouth clicks, or vocal hesita-
tions and trials with voice key failures or malfunctioning
were discarded from the RT analysis.

ANOVA on RTs were performed with the within-
participants factors semantic blocking (categorically homo-
geneous, associatively homogeneous, and heterogeneous),
distractor relatedness (associatively related, categorically
related, and unrelated), and repetition (four levels). Be-
cause of the combined manipulation of semantic block-
ing and distractor relatedness, the “first presentation” in
the present experiment refers to the first presentation of
a given object in a specific blocking and distractor condi-
tion (cf. Table 1). Therefore, repetition one includes three
presentations of one object, once in each of the three dis-
tractor conditions. The complexity of the design offers

Table 2. Mean Naming Latencies (RTs, in milliseconds), Standard Errors of Means, and Mean Percentage of Errors (Err, in percent)
for the Semantic Blocking and Distractor Conditions and Repetitions

First Repetitions Second Repetitions Third Repetitions Fourth Repetitions
Distractor Relatedness RT (msec) SE  Err % RT (msec) SE Err% RT (msec) SE Err% RIT (msec) SE Err%
Associatively Homogeneous Context
Associative 762 16.00 2.4 746 17.7 1.7 750 194 1.2 733 182 19
Categorical 786 1649 39 750 18.0 2.1 743 189 2.0 745 176 1.7
Unrelated 768 1831 28 745 171 23 743 178 2.7 752 204 19
Categorically Homogeneous Context
Associative 757 17.6 4.7 756 16.7 4.0 755 209 27 759 175 2.7
Categorical 789 204 3.6 775 187 2.8 767 172 25 770 171 24
Unrelated 779 194 29 755 172 23 760 171 3.5 773 19.0 25
Heterogeneous Context
Associative 762 195 23 719 168 25 733 194 15 727 193 19
Categorical 794 188 3.7 762 21.8 2.7 739 199 24 743 203 1.6
Unrelated 777 158 4.0 738 174 3.2 741 20.1 44 752 194 3.1

One repetition includes three presentations of each picture with all three distractor conditions.
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extensive possibilities for analysis. However, in the inter-
est of clarity, we restricted our analyses to those most eco-
nomically designed to evaluate our aims and predictions.

All ANOVAs were calculated with participants and items
as random factors (F; and F,, respectively). Where neces-
sary, the reported p values are corrected for the degrees of
freedom using the Huyhn-Feldt procedure, and the cor-
rection factor (¢) is indicated.

The omnibus ANOVA yielded the predicted main effect
of Semantic Blocking in the items analysis, F>(2, 48) =
8.455, MSE = 3054, p < .001, and a trend in the partici-
pants analysis, F1(2, 58) = 2.369, MSE = 13114, p = .103.
A main effect of Distractor Relatedness was also obtained,
Fi(2, 58) = 15.850, MSE = 2037, p < .001, ¢ = 0.80 and
F>(2,48) = 5.903, MSE = 3632, p < .005, as well as a Rep-
etition main effect, F{(3, 87) = 6.415, MSE = 15707, p <
01, ¢ = 0.44 and F»(3, 72) = 35.079, MSE = 1086, p <
.001. Thus, it appears that when the two semantic context
manipulations are combined together, they replicate the
patterns observed by each context individually. Further-
more, there was an interaction of Distractor Relatedness
and Repetition, F1(6, 174) = 3.857, MSE = 1187, p < .001
and F,(6, 144) = 3.987, MSE = 920, p < .001. The inter-
action of Semantic Blocking and Distractor Relatedness
reached significance in the items analysis, F>(6, 144) =
35.079, MSE = 963, p < .001, ¢ = 0.81, but not in the
participants analysis, Fy(4, 116) = 1.32, MSE = 2091, p =
.27, & = 0.78. This interaction will be further analyzed (see
next section) taking into account the predictions from our
hypotheses about associative and categorical relations.

As has been observed before (Abdel Rahman & Melinger,
2007; Belke et al., 2005), semantic blocking effects differ
between first repetitions and all subsequent repetitions
within that block. Although at the start of a presentation
block there were only minimal differences between the
heterogeneous and the two homogeneous conditions,
the blocking effects stabilized after the first repetitions,
with slower naming times in both types of homogeneous
blocks compared with the heterogeneous blocks. This is
confirmed by an ANOVA excluding the first repetitions."
In this analysis, the main effect of Semantic Blocking was
highly significant, (2, 58) = 5.26, MSE = 81006, p < .008
and F»(2, 48) = 11.607, MSE = 3075, p < .001, whereas
both the main effects of Repetition and the interaction
vanished (all Fs < 1).

The hypothesis that the effects of associatively related
distractors should be modulated by blocking more strongly
than those of categorically related distractors was tested
with separate analyses for the two types of relations (see
also Figure 3). For associative relations, the ANOVA with
the factors Semantic Blocking (associatively homogeneous
or heterogeneous), Distractor Type (associatively related
or unrelated), and Repetition (four levels) revealed a main
effect of distractor type, Fi(1, 29) = 12.037, MSE = 1077,
b < .002, which was marginally significant in the analysis by
items, F»(1, 24) = 3.661, MSE = 2772, p = .068, with nam-
ing times in the associatively related distractor condition
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faster than that in the unrelated distractor condition. The
effect of Blocking failed to reach significance, when the first
repetitions were included, whereas the Repetition main
effect was significant, (3, 87) = 5.311, MSE = 8041, p <
05, & = 0.54 and F»(3, 72) = 18.921, MSE = 1362, p < .001,
& = 0.79. The Blocking X Repetition interaction reached
significance in the analysis by items only, F>(3, 72) = 5.41,
MSE = 687, p < .05 (F, < I). Most importantly, we found
a significant interaction of blocking and distractor, F;(1,
29) = 4.304, MSE = 1132, p < .05 and Fy(1, 24) = 5.412,
MSE = 687, p < .03. This interaction reflects the observa-
tion that associatively related distractors in the heteroge-
neous block sped naming times compared with unrelated
distractors (related minus unrelated distractor conditions =
—16.75 msec), £1(29) = —5.843, p < .001, whereas the
same distractors produced no reliable effects in the associa-
tively homogeneous block (Mg = —4.25 msec), £;(29) < 1.

In an analogous analysis for categorical relations (se-
mantic blocking: categorically homogeneous and hetero-
geneous; distractor relatedness: categorically related and
unrelated; repetition: four levels), the Distractor Related-
ness effect was marginally significant in the analysis by par-
ticipants, F1(1, 29) = 4.089, MSE = 1848, p = .052, but failed
to reach significance in the analysis by items, F»(1, 24) =
1.197, MSE = 3830, p = .197. Numerically, this effect of Dis-
tractor Relatedness reflects slower naming times produced
in the categorically related distractor condition compared
with the unrelated condition. The main effect of Semantic
Blocking failed to reach significance. Repetition yielded a
main effect as well as a significant interaction with Distractor
Relatedness (Fs > 3, ps < .05, largest p = .015). The inter-
action between Blocking and Repetition was significant only
in the analysis by items, F»(3, 72) = 4.588, MSE = 785, p <
.01 (F; < 2,p > .1).Here, and in clear contrast to the above-
described effects for associative relations, there is no sign of
an interaction of Blocking and Distractor Effects (related
minus unrelated distractor Mg = 8.5 and 7.5 msec for
the homogeneous and heterogeneous blocks, respec-
tively), F's < 1. Thus, the behavioral results support the pre-
dictions of the lexical cohort activation account in so far as
the distractor effects from associatively related distractor
words were modulated by the semantic blocking manipula-
tion whereas the distractor effects from the categorically
related distractors were not.

Recently, Abdel Rahman and Melinger (2007) observed
semantically induced facilitation rather than interference
for initial-naming trials in the blocking paradigm. Specifi-
cally, RTs for the first repetitions of a picture were faster
in homogeneous blocks than those in heterogeneous
blocks. Post hoc comparisons revealed that this facilitation
effect (faster RTs in homogeneous relative to heteroge-
neous blocks) only emerged when the experiment started
with the heterogeneous condition—when the experiment
started with the homogeneous blocking condition, inter-
ference (slower RTs in the homogeneous relative to the
heterogeneous blocks) was already observed at the first
repetitions of the pictures (in that study, as in the present
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study, the factor semantic blocking was blocked, such that
all the heterogeneous miniblocks either preceded the
homogeneous miniblocks or did not).

This effect was attributed by Abdel Rahman and Melinger
(2007) to semantic context effects on the ease of object
identification as follows: Identification should be partic-
ularly difficult when the objects have not been named
often before (i.e., at the start of the experiment). Therefore,
when participants begin the experiment, their RTs to the
first repetitions of the pictures are particularly slow. How-
ever, participants starting with homogeneous blocks can
use the semantic context (associative or categorical) to help
identify the objects and thus the effort to overcome the ini-
tial difficulty in object identification should be reduced.

Therefore, when the naming times for the first repe-
titions in the experiment-initial heterogeneous blocks are
compared with naming times for the first repetitions of
the same pictures in subsequent homogeneous blocks,
the difference results in a facilitation effect because the
heterogeneous block cannot take advantage of any seman-
tic context to cope with the initial object identification dif-
ficulty. In contrast, when the naming times for the first
repetitions in the experiment-initial homogeneous blocks
are compared with the naming times for the first repetitions
of the same pictures in the subsequent heterogeneous
block, there is no facilitation effect because the semantic
context afforded by the homogeneous block could over-
come or offset the initial object identification difficulties.

To assess whether the semantic facilitation for first pre-
sentations as reported in Abdel Rahman and Melinger
(2007) could be replicated, we conducted an ANOVA con-
fined to the first repetitions within each semantic blocking
condition (in contrast to Abdel Rahman & Melinger, 2007,
the first repetitions include three presentations of each ob-
ject, one with each of the three distractor conditions). As
associative and categorical contexts have revealed the same
pattern of facilitation, we collapsed across the two homo-
geneous blocking conditions for this analysis. The ANOVA
therefore consisted of the two-level within-participants
factor Blocking Condition (homogeneous: 150 trials, con-
sisting of the first time each of the 25 pictures occurs with
each of the three distractor conditions in each blocking
condition vs. heterogeneous: 75 trials, accordingly) and
the between-participants factor order of Blocking Condi-
tions (homogeneous condition first vs. heterogeneous
condition first). As expected, and in replication of prior
findings, a significant main effect of Semantic Blocking,
Fi(1, 28) = 6.574, MSE = 1338, p < .02 and F»(1, 24) =
26.837, MSE = 659, p < 001, revealed faster naming times
in homogeneous compared with heterogeneous blocks.
The analysis also revealed a highly significant interaction of
Semantic Blocking condition and Block Order, F;(1, 28) =
41.189, MSE = 693, p < .001 and F»(1, 24) = 115.495,
MSE = 914, p < .001. Post hoc comparisons revealed se-
mantically induced facilitation for participants starting
with heterogeneous blocks (Myr = —90 msec), #,(9) =
—5.386, p < .005 and £,(24) = —10.207, p < .001, and se-

mantically induced interference for participants starting
with homogeneous blocks (Myir = 39 msec), #1(19) =
3.372, p < .005 and £,(24) = 5.701, p < .001.

This was partially confirmed by a simple between-
participants analysis of only the very first naming trials in
the experiment (disregarding the distractors with which
the objects were paired when named for the very first time
in the experiment). This analysis, which comprised just
25 naming trials per participant, included the between-
participants factor Start of the Experiment (participants
starting with a homogeneous condition, 7z = 20, vs. partici-
pants starting with the heterogeneous condition, 7z = 10).
This analysis revealed a trend for faster RTs in the group
starting with a homogeneous condition (M = 884 msec)
compared with the group starting with the heterogeneous
condition (M = 956 msec), F(1, 28) = 2.11, p = .15.

The observed RT pattern of facilitation and interference
effects in the first presentation block will be directly related
to the corresponding ERP modulations (see Semantic Facili-
tation and Interference Effects at Temporal Regions section).

Electrophysiological Results

Overall Blocking and Distractor Effects and
Their Interaction

For the ERP results (cf. Figure 2), we first conducted an
overall repeated measures ANOVA across all electrodes
on mean amplitudes of consecutive 50-msec time windows,
starting from the onset of the distractor word (150 msec
before target picture onset) until 600 msec after target
onset. This analysis included the within-participants factors
Electrode (56 levels), Blocking Condition (associatively
homogeneous, categorically homogeneous, and hetero-
geneous), Distractor Relatedness (associatively related, ca-
tegorically related, and unrelated), and Repetition (one to
four). Unless stated otherwise, all effects are reported within
the posttarget onset time window. Huyhn—Feldt correc-
tions were applied when appropriate. Because an average
reference was used, effects in interaction with electrode
site are reported as “main effects” of the corresponding
factors only when all electrodes were included in the anal-
ysis. For the analyses of topographical distributions, the
difference waveforms for each participant were scaled
to the individual global field power (McCarthy & Wood,
1985) for each participant.

The results of the overall ANOVA are summarized in
Table 3. Specifically, the analysis revealed a main effect
of Semantic Blocking between 250 and 400 msec, a main
effect of Distractor Relatedness between 200 and 550 msec,
and a main effect of Repetition for the entire duration of
the analyzed epoch. The effects of semantic blocking and
distractor relatedness interacted in four successive time
windows between 150 and 350 msec posttarget onset.
There was also a Blocking and a Distractor interaction in
one isolated early time window (between 50 and 100 msec)
that seems too early for semantic effects because the pic-
ture had only been processed for 50 msec. One possible
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speculative account of this finding is based on the timing of
stimulus presentation. The distractors were presented at an
SOA of —150 msec. Thus, they had already been processed
for 200 msec when this interaction arose. Possibly, blocking
interfered with distractor processing irrespective of the
specific picture presented. This might explain why we
find this early interaction between distractor and blocking
effects here.

There was also a strong effect of Repetition during the
entire range of stimulus presentation. However, it did not
interact with the Blocking Effects, and it only interacted
with the Distractor Effects in two time windows. Thus, repe-
tition does not seem to yield a strong overall modulation of
distractor and blocking effects (for a more detailed analy-
sis of the repetition effects, see next section).

Paralleling the investigation of differential interactions
between Blocking and Distractor Effects for associative
and categorical relations in RTs, we again analyzed the asso-
ciative and categorical relatedness conditions separately
(cf. Figure 3). The factors in each of the two analyses were
Blocking Condition (homogeneous and heterogeneous),
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Distractor Relatedness (related and unrelated), and Elec-
trode (56 levels). For associative relations, the ANOVA
revealed a significant interaction between Blocking and
Distractor Relatedness starting at 50 msec posttarget on-
set, F = 2.869, MSE = 5.143, p < .03, which lasted for
400 msec (all Fs > 2). In contrast, for categorical relations,
the interaction was confined to a smaller interval, between
250 and 350 msec posttarget onset, FF = 2.4, MSE = 4.737,
b < .05. This differential pattern is consonant with the RT
data, which showed a significant interaction for associative
relations but not for categorical relations. The interaction
effects between Blocking and Distractor for both types of
relatedness are further investigated below. On the basis
of previous reports on the loci of semantic context effects
(see previous section), two ROIs at frontal and temporal
locations were defined for further analyses.

Semantic Interference Effects at Frontal Regions

At frontal regions, visual inspection of the data showed a
strong interaction of blocking and distractor effects for
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both associative and categorical relations (cf. Figure 4).
We conducted an analysis with four within-participants
factors, Hemisphere (two levels: left and right), Electrode
(two levels: F7, FT7 and F8, FTI8), Semantic Blocking con-
dition (all three levels), and Distractor Relatedness (all
three levels); data from the four repetitions were collapsed.
The Semantic Blocking main effect was significant from 250
to 350 msec, all ps < .05; smallest F(2, 58) = 4.342, largest
p = .017, and marginally significant in the time window
between 200 and 250 msec, F(2, 58) = 3.032, MSE =
1.323, p = .056. The Distractor exerted an influence for a
wider time interval, from 150 to 450 msec, all ps < .05;
smallest F(2, 58) = 3.224, largest p = .047. From 200 to
450 msec postpicture onset, the interaction of Semantic
Blocking and Distractor Condition reached significance, all
ps <.05; smallest F(4, 116) = 2.605, largest p = .042. From
150 to 200 msec, the interaction was marginally significant,
F(4, 116) = 2.242, MSE = 0.720, p = .069.

Post hoc comparisons revealed that only when both
contexts were characterized by the same type of relatedness

(i.e., associatively related distractors within an associa-
tively homogeneous block; categorically related distractors
within a categorically homogeneous block) did wave-
forms systematically diverge from all other conditions,
but not from each other (smallest p > .2). For associative
double relatedness, contrasts were significant from 150
to 350 msec, smallest £(29) = —2.71, largest p = .045,
corrected for multiple comparisons. For the categorical
double relatedness, mean differences were significant be-
tween 200 and 400 msec, smallest #(29) = —2.58, largest
corrected p = .052, although for the contrast with the
condition “categorically related distractor within hetero-
geneous blocks,” the difference was marginally significant
after correction. Between 300 and 350 msec, categorically
related distractors presented within associatively homoge-
neous contexts showed a marginally significant difference
compared with the completely unrelated condition (cor-
rected p = .062). No other contrasts revealed significant
differences. Contrasts revealed no systematic lateraliza-
tion effects.

Table 3. Time Course of the Main ERP Effects in the Different Conditions

Time Window Blocking Distractor Repetition Blocking X Blocking X Distractor X
(msec) Effect Effect Effect Distractor Repetition Repetition
Pretarget Onset

150-100 ns ns ns ns ns
100-50 ns ns ns ns ns
50-0 ns ns F = 1.78%* ns ns
Posttarget Onset

0-50 ns ns F = 3.4G%** ns ns F = 1.85%%
50-100 ns ns F = 1.87%* F = 3.09%%* ns ns
100-150 ns ns F = 1.90%* ns ns ns
150-200 ns ns F o= 3.23%%* F = 2.10%%* ns ns
200-250 ns F = 2.72%%% I = 3.73%%* F = 2.76%%* ns ns
250-300 F = 2.38%* F = 2.73%%% F = 9.67%%% F = 2.00%** ns ns
300-350 F=212% F = 4.12%% F = 6.84%%* F = 1.89%* ns ns
350-400 F = 2.73%%* F = 3.69%%* F = 5.35%k ns ns ns
400-450 ns F = 2.971%%* F = 4.16%%* ns ns ns
450-500 ns F = 1.92%* F = 6.09%%* ns ns ns
500-550 ns F = 3.00%** F = 6.29%%* ns ns ns
550-600 ns ns F = 9.27%%% ns ns F = 1.69*%

The reported F values are the results of an ANOVA with electrodes (56 levels), semantic blocking condition (three levels), distractor relatedness
(three levels), and repetition (four levels). All values are Huyhn—Feldt corrected.

*p < .09.
#p < .05.
wrkp < 01,
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Figure 3. Interactions between blocking and PWI effects for associative relations (left) and categorical relations (right). Top: Mean RTs.
Middle: Topographical distributions of the distractor effects in homogeneous and heterogeneous blocks. Bottom: Distributions of the resulting
interactions between blocking and distractor effects as differences between distractor effects in homogeneous blocks minus distractor effects

in heterogeneous blocks.

Semantic Facilitation and Interference Effects at
Temporal Regions

Here, we investigate the ERP modulations produced just for
the first repetitions in each block, corresponding to the
parallel analysis for RTs (NB: The “first” repetitions of each
object in each blocking condition include three presenta-
tions of the object, once with all three distractor conditions,
see previous section). At temporo-parietal sites (electrode
locations TP9 and TP10; cf. Figure 5), ERP modulations
directly reflected the semantic facilitation and interference
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effects observed in RTs as a function of semantic blocking
and the order of semantic blocking conditions. Here, beha-
vioral facilitation effects (dominant for the first repetitions
in participants starting with the heterogeneous blocking
condition) were reflected in a strong bilateral positivity
between 200 and 300 msec, whereas interference effects
(dominant for the first repetitions in participants starting
with one of the homogeneous blocking conditions) were as-
sociated with a bilateral negativity in the same time window.

This visual impression was confirmed by an ANOVA
with the within-participants factors Semantic Blocking
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(homogeneous vs. heterogeneous) and Hemisphere (left
and right) and the between-participants factor Order of
semantic blocking conditions (starting with homogeneous
vs. heterogeneous blocking condition), which revealed
an interaction of Semantic Blocking and Order of block-
ing conditions, F(1, 28) = 7.374, MSE = 1.524, p < .02, and
F(1, 28) = 9.344, MSE = 1.840, p < .005, for the time
windows 200-250 and 250-300 msec, respectively. There
was no main effect of Hemisphere (Fs < 1), but there was
a marginally significant interaction between Hemisphere
and Semantic Blocking between 250 and 300 msec post-
target onset, F(1, 28) = 3.172, MSE = 0.273, p = .08,
as well as a three-way interaction of Hemisphere, Seman-
tic Blocking, and Order of blocking conditions between
200 and 300 msec (both Fs > 3.5). Separate comparisons

yielded a significant blocking effect corresponding to the
bilateral positivity observed in participants who started
with a heterogeneous blocking condition, 200-250 msec,
F(1,9) = 6.625, MSE = 1.321, p < .05 and 250-300 msec,
F(1,9) = 6.264, MSE = 1.679, p < .05, and a marginally
significant blocking effect corresponding to the bilateral
negativity observed in participants who started with the
homogeneous blocking condition within the later time por-
tion, 200-250 msec, F(1, 19) = 1.626, MSE = 1.620, p =
.218 and 250-300 msec, F(1, 19) = 3.513, MSE = 1.915,
p = .076.

The ERP modulations between 200 and 300 msec sug-
gest that semantic context effects of opposite polarity ob-
served for the first presentation block might be located at
the same or highly interactive processing stages and/or

Figure 4. Effects of semantic
blocking and distractor type
at frontal sites.
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brain regions. This conclusion is further confirmed by a topo-
graphical analysis of the distributions of the respective
blocking effects (as difference waves between the homo-
geneous and the heterogeneous blocks for the two groups
of participants starting with the homogeneous or hetero-
geneous blocking condition between 200 and 300 msec;
cf. Figure 5). This analysis revealed no topographical dif-
ferences between the ERP modulations that reflect seman-
tically induced facilitation and interference (Fs < 1).

DISCUSSION

In this study, we investigated the microstructure of seman-
tic context effects during speech production with event-
related brain potentials during overt picture naming. We
combined two types of frequently used semantic context
manipulations, namely, the semantic blocking and the
picture-word interference paradigms, and reported dis-
tinct ERP modulations for facilitative and inhibitory context
effects, thus contributing to the debate on the time course
and functional loci of these effects in several ways.

The current report adds to the now growing evidence
demonstrating the advantage of combining ERP measures
with overt naming. Research on speech production has
thus far mostly concentrated on behavioral measures. The
majority of prior ERP studies used delayed naming, covert
naming, or manual responses to avoid the contamination of
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the ERP signal by artifacts (cf. Introduction). One shortfall of
these approaches is the failure to directly link behavioral
effects to ERP components. Without direct evidence that
the experimental manipulation produced reliable be-
havioral effects, interpretation of the ERP signal is limited.
A recent development, however, demonstrates growing
interest in measuring ERPs while participants overtly speak
(e.g., Aristei et al., under revision; Strijkers et al., 2010; Verhoef
etal., 2006, 2009; Abdel Rahman & Sommer, 2008; Ganushchak
& Schiller, 2008; Hirschfeld et al., 2008; Koester & Schiller,
2008; Verhoef, 2008; Christoffels et al., 2007; Schmitt et al.,
2002; Greenham et al., 2000; cf. Introduction).

The present study adds to the rapidly increasing number
of studies demonstrating that ERPs and overt articulation
can be successfully combined. This allows us to relate clas-
sic RT effects from two paradigms to ERP modulations and
to track their time course and distribution. Extending the
findings reported in the few other recent studies that com-
bine these two measures to investigate semantic context
effects induced in the PWI and blocking paradigm during
speaking (Ganushchak & Schiller, 2008; Hirschfeld et al.,
2008; Schmitt et al., 2002), our study produced reliable
ERP modulations that can be directly linked to effects in-
duced by distractor words and semantic blocking as well
as to both facilitation and interference effects.

From a methodological point of view, our data revealed
the feasibility of EEG registration during overt speaking.
Nonetheless, as is usually the case, for every benefit there

Volume 23, Number 7



is some price to pay. In this case and in line with previous
reports (e.g., Wohlert, 1993; Brooker & Donald, 1980;
Grozinger et al., 1975), caution is recommended when
coregistering EEG and overt articulation. First, because
the morphology of the speech artifacts in the ERPs seems
to vary systematically with the phonetic properties of the
utterance, we would recommend comparing experimental
conditions in which identical words are produced. This pro-
cedure will significantly reduce the danger of interpreting
differences because of potential artifacts as experimental ef-
fects. Second, at least in the case of producing brief utter-
ances, the influence of speech-related artifacts appears to
be largely confined to time periods after the initiation of
the utterance. The time interval before articulation does
not seem to be irremediably contaminated.

Furthermore, we directly related well-established RT
effects in classic speech production paradigms to ERP
modulations and track their time course. This latter contri-
bution provides support for previously proposed temporal
dynamics underlying the production process as inferred
from meta-analyses (Indefrey & Levelt, 2000, 2004). One
of the main goals here was to shed light on the functional
loci of semantic context effects by assessing the temporal
characteristics of ERPs reflecting such effects. The findings
will be discussed in the following sections.

Effects of Combining Distractors and
Semantic Blocking

The behavioral results reflect the standard naming time
patterns observed for categorical and associative distractor
words in the PWI paradigm. Categorically related dis-
tractors slowed naming, whereas associatively related dis-
tractors sped naming, relative to unrelated distractors. The
results also replicate established effects observed in the
semantic blocking paradigm, namely, slower naming times
for categorically and associatively homogeneous com-
pared with heterogeneous blocks. Thus, in line with Abdel
Rahman and Melinger’s (2007) findings, our results pro-
vide converging evidence that the polarity of associative
effects is context dependent: Associative relations facili-
tate naming in the PWI paradigm but hamper naming in
the blocking paradigm.

Both manipulations of semantic context produced reli-
able and temporally overlapping overall ERP modulations:
Distractor effects started at 200 msec, and blocking effects
emerged with a latency of 250 msec postpicture onset. This
time course is in line with the estimated time window of
around 150 to 250 msec for conceptually driven lexical ac-
cess (Indefrey & Levelt, 2004). Because the meta-analysis
was mostly based on fMRI, PET, and behavioral studies,
only indirect evidence was available for the latter estimate.
In line with Maess et al. (2002), the current study thus pro-
vides some of the first direct insights into the temporal
dynamics of the fine-grained microstructure of semantic
context effects in speech production. These initial findings
have two implications for our understanding of inter-

ference effects: First, the onset of semantic interference
effects induced from both PWI and semantic blocking
has a similar time course and is thus likely to have the same
or similar underlying mechanisms. Second, both effects oc-
cur within a time window consistent with a lexical locus.
We will return to the theoretical implications of this second
point below.

Although several explanations for distractor induced
interference effects have been proposed, comparatively
little attention has been directed at understanding how in-
terference from semantic blocking arises. Many researchers
assume that the same principles underlie distractor and
blocking effects (Abdel Rahman & Melinger, 2007; Belke
et al., 2005; Damian et al., 2001; Kroll & Stewart, 1994; for
an exploration of the underlying mechanism, see Damian
& Als, 2005). However, little direct evidence supports this
assumption. Here, we show reliable interactions in behav-
ioral and electrophysiological measures when the two para-
digms are combined. The overall interaction of distractor
and blocking effects in ERPs started at 200 msec postpicture
onset. This finding supports the assumption that inter-
ference in the two paradigms reflects the same underly-
ing mechanisms, possibly located at the level of lexical
selection.

Detailed RT analyses revealed that the interaction was
mainly driven by associative relations. Presenting associa-
tively related distractor words in associatively homo-
geneous blocks eliminates the facilitation observed when
the same distractor words are presented in heterogeneous
blocks. In contrast, categorically related distractors exert
the same influence on naming times regardless of the
blocking condition. These effects are partially mirrored
in the ERPs: Associative relations produced a strong and
long-lasting interaction between distractor and block-
ing contexts, whereas categorical relations produced a
weaker and short-lived interaction. This pattern is con-
sonant with the predictions of the lexical cohort account
suggested by Abdel Rahman and Melinger (2007, 20092).

According to this proposal, RTs are the combined result
of conceptual facilitation and lexical competition. Crucially,
the activation of a cohort of lexical competitors is a nec-
essary condition for observing measurable interference ef-
fects. Categorical and associative relations differ in their
natural ability to activate a lexical cohort. Categorical rela-
tions, by virtue of sharing several defining features with
other members of the category, naturally induce a cohort
effect. Hence, embedding a categorical distractor in a cate-
gorically homogeneous block does not produce strong
interactions because the cohort is activated by the PWI
manipulation alone. The situation is different for associa-
tive relations. Associatively related pairs tend to not have
many shared features, and two associates of a single con-
cept are often themselves unrelated (e.g., whiskers and
milk are both associates of CAT but are themselves dis-
similar and unassociated). Thus, a single target—distractor
pair fails to coactivate a lexical cohort, and thus competition
does not overcome conceptual facilitation, resulting in the
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net facilitation reported in the literature. However, homo-
geneous blocks convert this typical one-to-one relationship
into a more category-like one-to-many situation. Presum-
ably, homogeneous blocks reinforce the common context
that interrelates items presented in the block, similar to the
creation of an ad hoc category (Barsalou, 1983). The com-
mon context thus induces converging activation and lexical
cohort competition. In turn, the whole cohort of active lexi-
cal competitors generates sufficient competition to detect-
ably slow target selection compared with the condition in
which the same distractors are embedded within heteroge-
neous blocks.

Semantic Context Effects at Frontal Regions

The combination of blocking and PWI manipulations also
revealed interactive context effects at frontal regions,
apparently driven by the “double matching relatedness”
conditions: Frontal ERP modulations were present when
the same contexts were established by blocking and dis-
tractor manipulations. Specifically, a larger negative going
waveform was elicited for categorically related distractors
presented in categorically homogeneous blocks and for
associatively related distractors presented in associatively
homogeneous blocks. In contrast, no difference was found
between related and unrelated distractor conditions in het-
erogeneous blocks or between homogeneous and heter-
ogeneous blocks when the distractors were unrelated to
the target or did not match the type of blocking.

This result is in accordance with several reports of
semantic context effects at (left) frontal regions (cf. Intro-
duction). That the effect was only present when the same
contexts were established by blocking and distractor ma-
nipulations might be accounted for in terms of differ-
ences in experimental power. The effects might only be
strong enough to be detected in the “double matching
relatedness” conditions. Functionally, the finding might
reflect highly demanding cognitive control or selection
processes. For instance, it might be due to a “high-load”
condition of selecting targets from among competing se-
mantic alternatives. As discussed in the Introduction, sev-
eral authors suggest the involvement of the left inferior
frontal cortex in semantic selection (e.g., Kan & Thompson-
Schill, 2004). Thus, in line with previous neuroimaging
data, the double relatedness effect might represent a
strong case of such highly demanding selection processes.
Alternatively, the results are also in line with suggestions
that the frontal activation reflects the detection of re-
sponse conflicts (e.g., de Zubicaray et al., 2001, 2006; Barch,
Braver, Sabb, & Noll, 2000). de Zubicaray et al. (2001, 2006)
suggested an involvement of the ACC and pFC in conflict
detection and control processes. The authors proposed
two mechanisms, conceptual and phonological, which
are involved in semantic interference. Semantic/lexical
competition is reflected in frontal areas, and phonological
competition is associated with activation changes in the
middle temporal gyrus. Finally, our results might be inter-
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preted in terms of directing attention to task relevant goals
rather than conflict detection (e.g., Roelofs, van Turennout,
& Coles, 2006; Roelofs, 2003; for a comprehensive review
of control demands during word planning, see Roelofs,
2008). The double matching relatedness condition might
induce a high goal-related attentional load condition, thus
enhancing frontal (ACC) activation levels. All of the above-
discussed mechanisms are in line with our interpreta-
tion that the frontal modulations observed here reflect
the involvement of executive processes during context-
embedded speech production.

Distinguishing Facilitation and Interference at
Temporal Sites

The final contribution of this study is the comparison of
ERP modulations reflecting facilitation and interference
effects. An analysis of the first three repetitions of each
picture with all three distractor conditions makes this
comparison possible: Blocking-induced facilitation effects
in RTs emerged for these first repetitions when the experi-
mental session started with the heterogeneous blocking
condition, and interference emerged when the session
started with either of the homogeneous conditions. This
polarity reversal, which is largely consistent with prior re-
ports (Abdel Rahman & Melinger, 2007), serves as a basis
for a comparison of the ERP modulations associated with
interference and facilitation.

Facilitation is reflected in an early positive deflection at
temporal sites, starting at around 200 msec postpicture
onset. Interference is reflected in a negative deflection at
temporal sites, emerging slightly later (250 msec post-
picture onset). Several theoretical accounts located facilita-
tion at the level of conceptual processing, realized in terms
of semantic priming. Our data suggest that participants
starting the session with the homogeneous conditions
benefit from the meaningful contexts, which facilitate the
ease of object identification. In contrast, participants start-
ing the session with the heterogeneous condition cannot
make use of semantic cues to aid initial object identifica-
tion. In line with these assumptions, the early onset of
the facilitation effects is in line with a conceptual locus.
More specifically, consistent with prior ERP research, this
result confirms that basic-level object identification, namely,
recognizing an object as a banana (to be distinguished
from the earlier process of coarse object classification
as, for instance, a fruit or a living thing) occurs between
200 and 300 msec after stimulus presentation (e.g., Scott,
Tanaka, Sheinberg, & Curran, 2006; Sehatpour, Molholm,
Javitt, & Foxe, 2006; Martin-Loeches, Sommer, & Hinojosa,
2005; Low et al., 2003; Itier & Taylor, 2002; Doninger et al.,
2000; Hinojosa, Martin-Loeches, Gomez-Jarabo, & Rubia,
2000; Martin-Loeches, Hinojosa, Gomez-Jarabo, & Rubia,
1999; Schweinberger, Pfiitze, & Sommer, 1995).

Alternatively, the time course of the facilitation effect may
also be in line with a localization at the lexical level (e.g.,
Indefrey & Levelt, 2004). In fact, the amplitude modulations
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associated with facilitation and interference are tempo-
rally overlapping—with a slight temporal advantage of
the facilitation effects, associated with conceptual pro-
cessing, followed after around 50 msec by interference,
associated with lexical processing. Furthermore, the ef-
fects have similar topographical distributions, albeit with
opposite polarities. Although facilitation is associated with
a positive deflection at posterior areas and a more central
negativity, the opposite distribution was found for inter-
ference effects: A negative deflection at posterior areas
and a central positivity (this might be due to overlapping
networks of neurons firing with a different strength in
the case of semantic facilitation and semantic interference,
although at a similar time point). The distribution of the
facilitation effect is slightly right lateralized, in line with
several neuroimaging and neuropsychological studies
linking the right (anterior) temporal lobe to semantic pro-
cessing (e.g., Moore & Price, 1999). In contrast to other
empirical observations (e.g., Maess et al., 2002), we did
not find a dominance of the left hemisphere for the inter-
ference effects.

The close onset and similar scalp distribution of ERPs
related to conceptual and lexical processing indicates that
object conceptual features and lemma activation can occur
in a cascade or parallel manner. This supports the idea of a
bidirectional link and a continuous information transmis-
sion between semantic and lexical layers in the model of
Levelt et al. (1999), which is fundamental for semantic con-
text interference to take place. This is also in line with pre-
vious studies showing that phonological encoding and
access to semantic properties of the presented object can
proceed in parallel (Abdel Rahman & Sommer, 2003; Abdel
Rahman et al., 2003).

The discussed pattern of facilitation and interference in
ERPs impacts the theoretical debate regarding the locus
of semantic interference in picture naming. As discussed
in the Introduction, a longstanding view holds that facil-
itation arises during conceptual processing (realized as a
semantic priming due to the coactivation of semantically
related items), whereas interference arises as a result of
competition between lexical representations that have
been activated by their corresponding representations at
the conceptual level. Furthermore, the activation flow
between conceptual and lexical level is assumed to be bi-
directional (Levelt, 1999; Levelt et al., 1999), and the polar-
ity of the context effect will depend on which of the two
activations overcomes the other (see Abdel Rahman &
Melinger, 2007, 20092, 2009b). Hence, according to this tra-
ditional view, the two effects arise at two interactive and
temporally overlapping processing stages (Bloem & La
Heij, 2003; Levelt et al., 1999; Caramazza, 1997; Starreveld
& La Heij, 1996; Roelofs, 1992; Glaser & Glaser, 1989; La
Heij, 1988).

However, recently an alternative proposal has been put
forward suggesting that interference effects arise post-
lexically (Mahon et al., 2007; Finkbeiner & Caramazza,
2006). From this proposal, the prediction can be derived

that the time courses of facilitation and interference effects
should be distinct and nonoverlapping; facilitation should
arise during conceptual or lexical processing at around
200 msec, whereas interference should arise postlexically,
between approximately 400 and 600 msec postpicture
onset. In the present study, none of the observed context
effects had onset latency later than 300 msec postpicture
onset. Rather, facilitation and interference effects were
strongly overlapping in time, both starting between 200
and 250 msec, and had similar topographical distributions
of opposite polarity. Together, these findings suggest that
facilitative and inhibitory semantic context effects originate
from tightly linked and interacting processing stages rela-
tively early in the planning process. Alternatively, they may
even be localized at a common stage (i.e., lexical selection),
although it does not seem easy to assign effects of oppo-
site polarity with a highly overlapping time course to a
common processing stage. Hence, our findings are not
easily reconciled with a late locus for semantic inter-
ference, as such a model assumes two different and non-
interacting processing stages as functional loci of the
respective effects. Instead, the results are in line with the
meta-analysis by Indefrey and Levelt (2000, 2004), suggest-
ing conceptually driven lemma selection at around 150 to
250 msec at temporal regions (for further supporting
evidence, see also Strijkers et al., 2010).

However, one might argue that although the early onsets
of the effects clearly suggest an early locus of interference,
additional interference effects at later (postlexical) stages
cannot be ruled out. This is because the blocking and the
distractor effects are present up to 400 and 550 msec, re-
spectively. Their long durations may effectively mask the
onset of later processes. Thus, we cannot exclude the pos-
sibility that additional effects arise postlexically. However,
itis important to note that no existing theoretical proposal
posits two loci for semantic interference and such a pro-
posal, without direct supporting evidence, is not parsi-
monious. The early onset of our effects supplies direct
evidence for an early locus for semantic interference ef-
fects, and as of yet, there is no such evidence for similar
late effects.

Ideally, a comparison of differential ERP modulations
for interference and facilitation effects produced by cate-
gorically and associatively related distractor words would
have nicely complemented the above argument. Unfortu-
nately, the individual RT effects induced by the distractor
types were not reliably reflected in detectable ERP modu-
lations, rendering the further investigation of this inter-
action with ERPs impossible. Such a comparison could
have provided converging evidence regarding the time
course of associative facilitation and categorical inter-
ference in the PWI paradigm. Similar to the predictions
for facilitation and interference effects induced in the first
repetitions of the blocking manipulation, the lexical activa-
tion account predicts that the two distractor effects have
overlapping time courses, whereas the postlexical hypoth-
esis predicts temporally distinct effects. The absence of
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reliable ERP correlates for specific distractor effects in our
study replicates other studies that had similar difficulty
(Hirschfeld et al., 2008). As both studies were novel and
somewhat exploratory, they may be characterized by con-
servative analyses (and interpretations) that can lead to
“false negatives.” Future investigations will hopefully opti-
mize the procedure for combining ERPs and overt naming
and in turn be more successful at revealing these specific
effects.

To summarize, in line with recent developments, the
present study demonstrates the feasibility and informative
value of investigating overt speech production with ERPs.
Although thus far theories and models of speech produc-
tion have relied mostly on chronometric data or speech
errors, the temporal resolution of ERPs can provide a use-
ful complement to study the microstructure of speaking.
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Note

1. Recall that each picture is combined with three types of
distractor words and embedded within three semantic blocks.
Thus, for this and subsequent analyses, “first repetition” is defined
not as the first presentation of a picture within the experiment
but rather as the first time a picture is named within a particular
semantic context. As such, within each blocking condition, a
picture will occur three times at each repetition, once with each
type of distractor word; across the experiment, nine naming trials
contribute to the first repetitions of a picture.
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