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Attention and language are among the most intensively researched abilities in the cognitive
neurosciences, but the relation between these abilities has largely been neglected. There is
increasing evidence, however, that linguistic processes, such as those underlying the plan-
ning of words, cannot proceed without paying some form of attention. Here, we review
evidence that word planning requires some but not full attention. The evidence comes
from chronometric studies of word planning in picture naming and word reading under
divided attention conditions. It is generally assumed that the central attention demands
of a process are indexed by the extent that the process delays the performance of a con-
current unrelated task. The studies measured the speed and accuracy of linguistic and
non-linguistic responding as well as eye gaze durations reflecting the allocation of atten-
tion. First, empirical evidence indicates that in several task situations, processes up to
and including phonological encoding in word planning delay, or are delayed by, the per
formance of concurrent unrelated non-linguistic tasks. These findings suggest that word
planning requires central attention. Second, empirical evidence indicates that conflicts in
word planning may be resolved while concurrently performing an unrelated non-linguistic
task, making a task decision, or making a go/no-go decision. These findings suggest that
word planning does not require full central attention. We outline a computationally imple-
mented theory of attention and word planning, and describe at various points the outcomes
of computer simulations that demonstrate the utility of the theory in accounting for the key
findings. Finally, we indicate how attention deficits may contribute to impaired language

performance, such as in individuals with specific language impairment.
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INTRODUCTION

In his classic monograph Die Sprache, Wundt (1900) — the founder
of modern scientific psychology and psycholinguistics — criticized
the now classic model of normal and impaired word production
and comprehension of Wernicke (1874) by arguing that process-
ing words is an attention demanding rather than an automatic
process. According to Wundt (1900), a central attention system
located in the frontal lobes of the human brain actively controls a
lexical network centered around perisylvian brain areas, described
by the Wernicke model. More than a century later, attention and
language are among the most intensively researched abilities in
the cognitive neurosciences, but the relation between these abili-
ties has largely been neglected. Modern computational models of
normal and impaired picture naming and word reading build in
many respects on Wernicke’s model (e.g., Dell et al., 1997; Colt-
heart et al., 2001), but they do not address Wundt’s concern of
how word processing is controlled by attention. Word processing
in these models makes no demands on non-linguistic process-
ing mechanisms or resources and does not depend on top-down
attentional control.

There is increasing evidence, however, that most language
processes underlying picture naming and word reading cannot
proceed without paying some form of attention. It is generally
assumed that the central attention demands of a process are
indexed by the extent to which the process delays the performance

of a concurrent unrelated task (e.g., Johnston et al., 1995). Cir-
cumstantial evidence that language performance requires central
attention is provided by the effort associated with talking or read-
ingin a foreign language or talking while driving a car in heavy traf-
fic. Experiments on dual-task performance provide evidence that
the alleged prototype of an automatic language process, the gen-
eration of a phonological code (e.g., Ferreira and Pashler, 2002),
in fact requires central attention in both word reading (Reynolds
and Besner, 2006) and picture naming (Roelofs, 2008a). The evi-
dence asks for a reexamination of the century-old dogma that
most processes in naming and reading are automatic (i.e., require
no attentional capacity), which is the aim of the present article.

As Wundt (1900) argued, understanding the relation between
attention and language is of great theoretical and practical impor-
tance. To the extent that central attention determines language
performance, psycholinguistic models that only address language
processes are incomplete. Moreover, evidence suggests that inef-
ficient allocation and deficits of attention contribute to language
impairments in aphasia and dyslexia (e.g., Murray, 1999; Shay-
witz and Shaywitz, 2008). Also, there is evidence that attention
deficits play a role in the impaired language performance of indi-
viduals with specific language impairment (SLI; e.g., Im-Bolter
et al., 2006; Spaulding et al., 2008; Finneran et al., 2009). A better
understanding of the relation between attention and language may
help improve therapeutic interventions.
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Attention comprises several different abilities. A prominent
theory proposed by Posner and colleagues (e.g., Posner and
Raichle, 1994; Posner and Rothbart, 2007) distinguishes three fun-
damental aspects, referred to as alerting, orienting, and executive
control. Alerting concerns the achievement and maintenance of
an alert state. This maintenance is often referred to as sustained
attention or vigilance. Orienting concerns the direction of process-
ing toward a location in space by overtly shifting gaze or covertly
shifting the locus of processing while keeping the eyes fixed. Exec-
utive control concerns the regulative processes that ensure that
thoughts and actions are in accordance with goals. This ability is
engaged in the selection among competitors, controlled memory
retrieval, the coordination of processes, and the allocation of cen-
tral attentional capacity (e.g., Baddeley, 1996). Executive control
also regulates overt and covert orienting. The performance of the
central executive depends on the state of vigilance (e.g., Kahne-
man, 1973). In the present article, we concentrate on the executive
control aspect of attention, and briefly address the orienting of
attention (i.e., gaze shifting) and aspects of sustained attention.

The remainder of the article is organized as follows. We start
by outlining a computationally implemented theory of attention
and word planning, which serves as the theoretical framework for
the present article. The theory acknowledges many aspects of the
work of Wernicke, but also addresses Wundt’s critique by includ-
ing assumptions on how word planning is controlled. Next, we
review empirical results indicating that in several task situations,
processes up to and including phonological encoding in word
planning delay, or are delayed by, the performance of concurrent
unrelated non-linguistic tasks. These findings suggest that word
planning requires central attention. Then, we review empirical
results indicating that conflicts in word planning may be resolved
while concurrently performing an unrelated non-linguistic task,
making a task decision, or making a go/no-go decision. These
findings suggest that word planning does not require full central
attention, contrary to claims in the literature that processes in word
planning cannot occur in parallel with processes in non-linguistic
tasks if both require central attention (e.g., Ferreira and Pashler,
2002; Dell’Acqua et al., 2007; Ayora et al., 2011). At various points,
we describe the outcomes of computer simulations that demon-
strate the utility of our theory in accounting for the key empirical
findings on word production under divided attention conditions.
We end by indicating how attention deficits may contribute to
impaired language performance, such as in individuals with SLI.

OUTLINE OF A THEORY OF ATTENTION IN WORD PLANNING
FUNCTIONAL ASPECTS

In the present article, attention to word planning is addressed using
the theoretical framework of the WEAVER++ model (Roelofs,
1992, 1997, 2003, 2004, 2006, 2007, 2008a,b,c; Levelt et al., 1999;
Piai et al., 2011). This model makes a distinction between declar-
ative (i.e., associative memory) and procedural (i.e., rule system)
aspects of word planning (cf. Ullman, 2004). Information about
words is stored in a large associative network. WEAVER+-+’s lex-
ical network is accessed by spreading activation while condition—
action rules determine what is done with the activated lexical
information depending on the goal (e.g., to name a picture or
read aloud a word). When a goal is placed in working memory,

processing in the system is focused on those rules that include the
goal among their conditions. The rules mediate attentional influ-
ences by selectively enhancing the activation of target nodes in the
network in order to achieve speeded and accurate picture naming
and word reading.

A fragment of the lexical network of WEAVER++ is illus-
trated in Figure 1. According to the model, the naming of pictures
involves the activation of nodes for lexical concepts, lemmas, mor-
phemes, phonemes, and syllable motor programs in associative
memory. The nodes are selected by condition—action rules. For
example, naming a pictured dog involves the activation and selec-
tion of the representation of the concept DOG(X), the lemma
of dog specifying that the word is a noun (for languages such
as Dutch, lemmas also specify grammatical gender), the mor-
pheme (dog), the phonemes/d/,/»/,and/g/, and the motor program
[dog]. Not shown is that lemmas also allow for the specifica-
tion of morphosyntactic parameters, such as number (singular,
plural) for nouns and number, person (first, second, third), and
tense (past, present) for verbs, so that condition—action rules can
retrieve appropriate inflectional morphemes (e.g., plural or past
tense endings). Activation spreads from level to level, whereby
each node sends a proportion of its activation to connected nodes.
Consequently, network activation induced by perceived pictures
decreases with network distance. The activation flow from con-
cepts to phonological forms is limited unless attentional enhance-
ments are involved to boost the activation of target concept
nodes.

The model assumes that perceived pictures have direct access to
concepts [e.g., DOG(X)] and only indirect access to word forms
(e.g., (dog) and/d/,/>/,/g/), whereas perceived words have direct
access to word forms and only indirect access to concepts. Con-
sequently, naming pictures requires concept selection, whereas
words can be read aloud without concept selection. The latter
is achieved by mapping input word forms (e.g., the visual word
DOG) directly onto output word forms (e.g., (dog) and/d/,/>/,/g/),
without engaging concepts and lemmas. With such direct form-
to-form mapping, activation has to travel a much shorter network
distance from input to output than with a mapping via concepts
and lemmas. In word reading through the form-to-form route,
the activation of target morphemes is enhanced by the attention
system. Given the shorter network distance for word reading than
picture naming, the attentional enhancements may be less for read-
ing than naming, and successful reading relies much less on the
enhancement than does naming.

As already explained, the activation enhancements in
WEAVER++- are regulated by a system of condition—action rules.
When a goal is placed in working memory, word planning is con-
trolled by those rules that include the goal among their conditions.
The activation enhancements are required until appropriate motor
programs have been activated sufficiently, that is, above an avail-
ability threshold. The central executive determines how strongly
and for how long the enhancement occurs. The required duration
of the enhancement is assessed by monitoring the progress on
word planning (i.e., the updating in working memory of subgoals
to retrieve lemmas, morphemes, and so forth).

In planning words while simultaneously performing another
task, the central executive coordinates the processes involved in
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Picture stimulus

Word stimulus

FIGURE 1 | lllustration of the lexical network of WEAVER++.
Perceived pictures (e.g., of a dog) directly activate concept nodes and
perceived words (e.g., DOG) directly activate lemma, morpheme, and

Vocal response

Concepts

Lemmas

Morphemes

Phonemes

Motor programs

phoneme nodes, after which other nodes become activated through
spreading activation. The dashed lines indicate grapheme-to-phoneme
correspondences.

such a way as to maintain acceptable levels of speed and accuracy,
to minimize resource consumption and crosstalk between tasks,
and to satisfy instructions about task priorities (cf. Meyer and
Kieras, 1997a). Resources include the buffering of input, through-
put, or output representations (e.g., motor programs) and central
attentional capacity. The model assumes that attentional capac-
ity is limited (i.e., there is a limit to the top-down activation
enhancements), but the limit depends on the effort exerted at
any time. The degree of effort depends on the demand of the con-
current processes, which is evaluated during task performance (cf.
Kahneman, 1973).

NEURAL ASPECTS

To assess the neural basis of the word planning process, Indefrey
and Levelt (2004) conducted a meta-analysis of 82 neuroimaging
studies on word production. The meta-analysis included picture
naming (e.g., say “dog” to a picture of a dog), word generation
(producing a use for a noun, e.g., say “walk” to the word DOG),
word reading (e.g., say “dog” to the word DOG), and pseudo-
word reading (e.g., say “doz” to DOZ). Pseudowords are letter
strings that include only combinations of letters that are permis-
sible in the spelling of a language and that are pronounceable
for speakers of the language. According to the meta-analysis, per-
cepts and concepts in picture naming are activated in occipital and
inferiotemporal regions of the brain. The middle part of the left
middle temporal gyrus seems to be involved in lemma retrieval.
Next, activation spreads to Wernicke’s area, where morphemes
of the word seem to be retrieved. Activation is then transmitted
to Broca’s area for morphological assembly as well as phoneme

processing and syllabification (i.e., phonological encoding), see
also Sahin et al. (2009) and Ullman (2004), among others. Next,
motor programs are accessed. The sensorimotor areas control
articulation. The form-to-form mapping in word reading may be
accomplished by activating occipital and inferiotemporal regions
(i.e., the occipito-temporal sulcus) for orthographic processing,
inferioparietal cortex and the areas of Wernicke and Broca for
aspects of form encoding, and motor areas for articulation (cf.
Shaywitz and Shaywitz, 2008; Dehaene, 2009).

Neuroimaging studies have shown that especially the anterior
cingulate cortex (ACC) and lateral prefrontal cortex (LPFC) are
implicated in the executive control aspect of attention to word
planning. For example, the ACC and LPFC are more active in
word generation (say “walk” to the word DOG) when the attention
demand is high than in word reading (say “dog” to DOG) when
the demand is much lower (Petersen et al., 1988; Thompson-Schill
et al.,, 1997). The increased activity in the frontal areas disappears
when word selection becomes easy after repeated generation of
the same word (Petersen et al., 1998). Moreover, activity in the
frontal areas is higher in picture naming when there are several
good names for a picture, making selection difficult, than when
there is only a single appropriate name (Kan and Thompson-
Schill, 2004). Also, the frontal areas are more active when retrieval
fails and words are on the tip of the tongue than when words are
readily available (Maril et al., 2001). Frontal areas are also more
active in naming pictures with semantically related words super-
imposed (e.g., naming a pictured dog combined with the word
CAT) than without word distractors (e.g.,a pictured dog combined
with XXX), as observed by de Zubicaray et al. (2001). Thus, the
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neuroimaging evidence suggests that medial and lateral prefrontal
areas exert control over word planning. Along with the increased
frontal activity, there is an elevation of activity in temporal areas
for word planning (e.g., de Zubicaray et al., 2001).

Although both the ACC and LPFC are involved in executive
control aspects of attention to word planning, these areas seem
to play different roles. WEAVER++’s assumption that abstract
condition—action rules mediate goal-oriented retrieval and selec-
tion processes in prefrontal cortex is supported by evidence from
single cell recordings and hemodynamic neuroimaging studies
(e.g., Sakai, 2008, for a review). Much evidence suggests that the
dorsolateral prefrontal cortex is involved in maintaining goals in
working memory (for a review, see Kane and Engle, 2002). More-
over, evidence suggests that the ventrolateral prefrontal cortex
plays a role in selection among competing response alternatives
(Thompson-Schill et al., 1997), the control of memory retrieval,
or both (Badre et al., 2005). Researchers have found no agreement
on whether the ACC performs conflict monitoring (e.g., Botvinick
et al., 2001) or exerts regulatory influences over word planning
processes, as has been assumed for WEAVER++ (Roelofs and
Hagoort, 2002; Roelofs, 2003; Roelofs et al., 2006).

EVIDENCE THAT WORD PLANNING REQUIRES CENTRAL
ATTENTION

CENTRAL ATTENTION DEMANDS OF PICTURE NAMING

The assumption that word planning requires attentional activation
enhancements is not only supported by neuroimaging evidence,
but also by evidence from chronometric studies. In a study by
Roelofs et al. (2007), participants were shown pictures of objects
(e.g., a dog) while hearing a tone or a spoken word presented
600 ms after picture onset. When a spoken word was presented
(e.g., desk or bell), participants indicated whether it contained
a pre-specified phoneme (e.g., /d/) by pressing a button. When
the tone was presented, they indicated whether the picture name
contained the phoneme (Experiment 1) or they named the pic-
ture (Experiments 2 and 3). Phoneme monitoring latencies for
the spoken words were shorter when the picture name contained
the pre-specified phoneme (e.g., dog — desk) compared to when it
did not (e.g., dog — bell). However, no priming of phoneme mon-
itoring was obtained when the pictures required no response but
were only passively viewed (Experiment 4). Thus, passive picture
viewing does not lead to significant phonological activation. These
results suggest that attentional enhancements are a precondition
for obtaining phonological activation from perceived pictures of
objects.

In the passive-viewing condition of Roelofs et al. (2007), speak-
ers may have paid some attention to the picture, but apparently
not long enough to induce phonological activation. To assess how
long attention needs to be sustained to a picture, eye movements
and response times to the picture may be measured. Past research
showed that while individuals can shift the focus of attention with-
out an eye movement (covert orienting), they cannot move their
eyes to one spatial location while paying full attention to another
location (i.e., shifts of eye position require shifts of attention).
Thus, a gaze shift (overt orienting) indexes a shift of attention
(Wright and Ward, 2008). In a review of the literature on gazes and
language performance, Griffin (2004) stated that “the production

processes that appear to be resource demanding, based on dual-
task performance, pupil dilation, and other measures of mental
effort, are the same ones that are reflected in the duration of
name-related gazes” (p. 222).

Research on spoken word planning has shown that speakers
tend to gaze at words and pictures until the completion of phono-
logical encoding (e.g., Meyer et al., 1998; Griffin, 2001; Korvorst
et al., 2006). For example, when speakers are asked to name two
spatially separated pictures (e.g., one on the left side of a com-
puter screen and the other on the right side), they look longer
at first-to-be-named pictures with disyllabic names (e.g., baby)
than with monosyllabic names (e.g., dog) even when the picture
recognition times are the same (Meyer et al., 2003). The effect of
the phonological length suggests that the shift of gaze from one
picture to the other is initiated only after the phonological form
of the name for the picture has been encoded and the correspond-
ing articulatory program is available. The executive control system
appears to instruct the orienting system to shift gaze depending on
the completion of phonological encoding. By making gaze shifts
dependent on phonological encoding, resource consumption may
be diminished. Articulating a word such as “dog” can easily take
half a second or more. If gaze shifts are initiated as soon as the first
picture is identified, the planning of the name for the second pic-
ture may be completed well before articulation of the name for the
first picture has been finished. Consequently, the motor program
of the second vocal response needs to be buffered for a relatively
long time. By starting perception of the second picture only after
the planning of the first picture name is completed sufficiently,
the use of buffering resources can be limited. Another reason why
gaze shifts are made dependent on the completion of phonolog-
ical encoding is to reduce or prevent interference from the other
picture name, which promotes the speed and accuracy of naming
performance.

Malpass and Meyer (2010) provided evidence that the name of
the second picture may interfere with planning the name of the
first picture. The ease of naming the second picture was manipu-
lated. Easy and difficult second pictures were matched for difficulty
of picture recognition, but they differed in average naming laten-
cies and error rates. Participants gazed longer at the first picture
when the name of the second picture was easy than when it was
more difficult to retrieve. This suggests that planning the name
of the first picture suffers more interference from the easy than
the difficult second pictures. However, when the processing of the
first picture was made more difficult by presenting it upside down,
no effect of second picture difficulty on the gaze duration for the
first picture was found. These results suggest that participants can
retrieve the names of foveated and parafoveal pictures in paral-
lel, but only when the processing of the foveated picture does not
demand too much attention.

The avoidance of response buffering and the prevention of
interference from the second response are not the only reasons
for a phonology-dependent gaze shift. Gaze shifts still depend
on phonological encoding when the second naming response
is replaced by a manual response to a left- or right-pointing
arrow, so that there can be no interference from a second nam-
ing response (Roelofs, 2008a). Using the so-called psychological
refractory period (PRP) procedure (cf. Pashler, 1998), speakers
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were presented with pictures displayed on the left side of a com-
puter screen and left- or right-pointing arrows displayed on the
right side of the screen, as illustrated in Figure 2. The arrows
( and ) were flanked by two Xs on each side to prevent that they
could be identified through parafoveal vision, which was the case
for the second pictures in the study of Malpass and Meyer (2010).
The picture and the arrow were presented simultaneously on the
screen (SOA =0 ms) or the arrow was presented 300 or 1000 ms
after picture onset. The participants’ tasks were to name the picture

SOA

FIGURE 2 | Schematic illustration of the experimental set-up used in
the eye tracking study of Roelofs (2008a). On each trial, participants
named a picture and shifted their gaze to a left- or right-pointing arrow to
manually indicate its direction by pressing a left or right button. Picture and
arrow were presented at stimulus onset asynchronies (SOAs) of 0, 300, or
1000 ms. The latencies of vocal responding, gaze shifting, and manual
responding were recorded.

(Task 1) and to indicate the direction in which the arrow was point-
ing by pressing a left or right button (Task 2). Eye movements were
recorded to determine the onset of the shift of gaze between the
picture and the arrow. Phonological encoding was manipulated by
having the speakers name the pictures in blocks of trials where the
picture names shared the onset phoneme (e.g., dog, doll, desk), the
homogeneous condition, or in blocks of trials where the picture
names did not share the onset phoneme (e.g., dog, bell, pin), the
heterogeneous condition. Earlier research has shown that picture
naming RTs are smaller in the homogeneous than heterogeneous
condition.

Figure 3A shows the patterns of results. Phonological overlap in
ablock of trials reduced picture naming and gaze shifting latencies
at all SOAs. Gaze shifts were dependent on phonological encoding
even when they were postponed at the non-zero SOAs. Manual
responses to the arrows were delayed and reflected the phonologi-
cal effect at the short SOAs (i.e., 0 and 300 ms) but not at the long
one (i.e., SOA = 1000 ms). These results suggest that gaze shifts
still depend on phonological encoding when speakers name a pic-
ture and manually respond to an arrow. This finding suggests that
the avoidance of response buffering and the prevention of inter-
ference from the second response are not the only reasons for a
phonology-dependent gaze shift. Instead, some aspect of spoken
word planning itself appears to be the critical factor. If attentional
enhancements are required until the word has been planned far
enough, this would explain why attention, indexed by eye gazes, is
sustained to word planning until the phonological form is planned.
This should hold regardless of the need for response buffering and
the prevention of interference, as the eye tracking results indi-
cate. Figure 3B shows the results of computer simulations of the
experiment using WEAVER++, which we explain below.

To account for these results and related ones, the model assumes
that participants decide which processes may run in parallel in Task
1 and Task 2 (i.e., how attention is divided). To this end, they set a
point at which Task 2 processing is strategically suspended, called

A Observed B WEAVER++
1200 1 Manual Phonological condition Manual
1100 Heterogeneous
Ty i Homogeneous
£ 1000
Z 900 A
{ =4
£ 800 A
£ 700 - Vocal
(]
= 600 A
500 -
Gaze Gaze
400 -
0 300 1000 0 300 1000
SOA (ms)

FIGURE 3 | Latencies of vocal responding (Task 1), gaze shifting, and manual responding (Task 2) in the dual-task study of Roelofs (2008a; Experiment
1). (A) Shows the real latency data of the eye tracking experiment and (B) shows the results of the computer simulations. SOA = stimulus onset asynchrony.
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the “Task 2 lockout point” by Meyer and Kieras (1997b). Moreover,
they set a criterion for when the shift of attention between Task
1 and Task 2 should occur. Reaching the shift criterion is called
the occurrence of the “Task 1 unlocking event,” which unlocks
Task 2. The lockout point and shift criterion serve to maintain
acceptable levels of speed and accuracy, to minimize resource con-
sumption (including attentional capacity) and crosstalk between
tasks, and to satisfy instructions about task priorities (i.e., the com-
mon instruction is that the Task 1 response should precede the
Task 2 response). Presumably, the positions of the lockout point
and shift criterion are determined on the basis of the initial tri-
als of an experiment, when participants become familiar with the
experimental situation, and the lockout point and criterion stay
more or less constant throughout the experiment. At the begin-
ning of each trial, the attention system enables both tasks, engages
on Task 1 and temporarily suspends Task 2, instructs the ocular
motor system to direct gaze toward the Task 1 stimulus, and main-
tains engagement on Task 1 and monitors performance until the
task process reaches the task-shift criterion. Moreover, in homo-
geneous sets, the phonological encoder is instructed to prepare the
phoneme that is shared by the responses in a set. Also during the
planning of the target word, a saccade to the arrow is prepared.
When the shift criterion is reached during the course of Task 1,
attention disengages from Task 1 and shifts to Task 2, which is
then resumed, directly followed by a signal to the saccadic control
system to execute the prepared saccade to the Task 2 stimulus.
Figure 4 illustrates the timing of vocal responding, attention
and gaze shifting, and manual responding in the model when the
SOAs are short (i.e., 0 and 300 ms, Panel A) and long (i.e., 1000 ms,
Panel B). The unlocking event corresponds to the completion of
phonological encoding. At both short and long SOAs, the word
planning reaches the unlocking event earlier in the homogeneous
than the heterogeneous condition. This phonological facilitation

effect is reflected in the naming and gaze shift latencies. More-
over, at short SOAs, the facilitation is reflected in the manual
response latencies if there is a pause after the Task 2 lockout
point. At the short SOAs, the pause is simply the waiting period
until the eyes fixate the arrow so that it can be processed. Because
gaze shifted earlier in the homogeneous than the heterogeneous
condition, processing of the arrow (Task 2 stimulus) also started
earlier in the homogeneous than the heterogeneous condition.
Consequently, the phonological facilitation effect is reflected in
the manual response RTs. However, at the long SOA, the phono-
logical effect is reflected in the naming and gaze shift latencies, but
not in the manual response latencies. This is because the phono-
logical effect is absorbed when waiting for the arrow presentation.
That is, at the long SOA, gaze has already shifted to the position on
the screen where the arrow will later appear. If the arrow appears
after the gaze has shifted in the heterogeneous condition, the pro-
cessing of the arrow will start at the same moment in time for
the homogeneous and heterogeneous conditions. Consequently,
the phonological facilitation of vocal response planning will no
longer be reflected in the manual response RTs. Figure 3B shows
the WEAVER++ simulation results. A comparison with Figure 3A
shows that the fit between model and data is good. The computer
simulations demonstrate the utility of our theoretical account.
Further evidence that attention is sustained to word planning
until the completion of phonological encoding comes from exper-
iments by Cook and Meyer (2008) using the PRP procedure.
Participants had to perform picture naming (Task 1) and man-
ual tone discrimination (Task 2) tasks. In the critical conditions,
the pictures were combined with phonologically related or unre-
lated distractors. Experiment 1 used distractor pictures, whereas
the other experiments used distractor words, which were either
clearly visible (Experiment 2) or masked (Experiment 3). Relative
to the unrelated distractors, the phonologically related distractor

A Short SOA B Long SOA
Phonological condition
ATTENTION ATTENTION
Heterogeneous
/ \ Homogeneous /
STIMULUS 1 STIMULUS 2 STIMULUS 1
(picture) (arrow) (picture)
1% Lockout point
‘ Shift [ FPause Shift
Unlocking event Unlocking event
rPause
RESPONSE 1 RESPONSE 1 STIMULUS 2
(vocal) Vv (vocal) (arrow)
RESPONSE 2
(manual)
y
RESPONSE 2
(manual)
FIGURE 4 | Theoretical account of the time course of vocal responding (Task 1), attention and gaze shifting, and manual responding (Task 2) in the
dual-task study of Roelofs (2008a). The stimulus onset asynchrony (SOA) is short (A) or long (B).
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pictures reduced the naming (Task 1) and manual (Task 2) RTs.
Similarly, Roelofs (2008b) observed that the phonological effect
of picture distractors on picture naming is present in the gaze
durations. Cook and Meyer (2008) also obtained the phonologi-
cal effect for the distractor words in picture naming, but only when
the words were masked, not when they were clearly visible. The
clearly visible distractor words yielded phonological facilitation
in the naming RTs, but not in the manual RTs. For the manual
RTs, the phonological effect tended to be one of interference (i.e.,
longer RTs on the related than unrelated trials) rather than facil-
itation. The presence of the phonological effect in the manual
(Task 2) RTs for the picture and masked word distractors suggests
that participants maintained attention to word planning in picture
naming until the completion of phonological encoding. To explain
the absence of a phonological facilitation effect in the manual
RTs (or the presence of phonological interference) for the clearly
visible word distractors, Cook and Meyer (2008) proposed that
the phonological facilitation effect in picture naming was offset
by longer self-monitoring durations in the phonologically related
than unrelated condition.

Evidence from the study of Roelofs (2008a) supports the
assumption of WEAVER++ that the allocation of attention in
dual-task performance is not fixed but strategically determined
(cf. Meyer and Kieras, 1997a). When speakers name pictures in
homogeneous and heterogeneous trial blocks (Task 1) and man-
ually respond to arrows or tones (Task 2), phonological encoding
for word production delays the manual responses to the arrows
(Roelofs, 2008a; Experiments 1-3) but not to the tones (Experi-
ment 4). This suggests that speakers in the experiments of Roelofs
(2008a) shifted attention earlier to the tones (i.e., before phono-
logical encoding) than to the arrows (i.e., after phonological
encoding).

Whereas (Roelofs, 2008a; Experiment 4) obtained no phono-
logical effect in the tone task, Cook and Meyer (2008) observed
a phonological effect on the response to the tones when Task 1
had picture distractors (Experiment 1) or masked word distrac-
tors (Experiment 3), whereas no phonological effect was obtained
with visible word distractors (Experiment 2). These differences in
results suggest that participants may set the shift criterion (i.e.,
when to shift attention to Task 2) differently depending on the
exact circumstances. The shift criterion and lockout point are free
parameters of the WEAVER++ model, but the parameter val-
ues are constrained. Evidence suggests that when Task 1 requires
word planning, the shift criterion may differ in whether or not
phonological encoding is completed before attention is shifted. If
attention is shifted before phonological encoding, still some atten-
tional capacity will have to be allocated to phonological encoding
to make it possible. When Task 2 requires word planning, the
lockout point may differ in whether or not lemma retrieval is
completed before the planning process is suspended.

Evidence that attention may shift before phonological encoding
was not only obtained by Roelofs (2008a; Experiment 4) and Cook
and Meyer (2008; Experiment 2), but also by Ferreira and Pashler
(2002). They had participants name the picture of picture-word
combinations (Task 1) and indicate the pitch of a tone through
button presses (Task 2). The SOAs between picture—word stimu-
lus and tone were 50, 150, and 900 ms. The written distractor words

were semantically related (e.g., pictured dog, distractor CAT),
phonologically related (e.g., distractor DOLL), or unrelated to the
picture names (e.g., distractor PIN). Compared to the unrelated
distractor words, the semantically related words increased picture
naming RTs and the phonologically related words reduced the RTs.
Earlier research has suggested that the semantic interference arises
in lemma retrieval, whereas the phonological facilitation arises in
phonological encoding (cf. Levelt et al., 1999). Ferreira and Pash-
ler (2002) observed that the semantic interference, but not the
phonological facilitation, was propagated into the manual RTs.
That is, the manual RTs were longer in the semantically related
than unrelated condition, but equal in the phonologically related
and unrelated conditions. These results suggest that attention was
shifted from picture naming to tone discrimination before the
onset of phonological encoding, in line with the results of the tone
task obtained by Roelofs (2008a; Experiment 4).

Ferreira and Pashler (2002) observed that the semantic inter-
ference effect of word distractors in picture naming was carried
forward to the manual RTs, suggesting that resolving the conflict
underlying the interference requires attention. In line with this,
Roelofs (2007) observed that participants gaze longer at picture—
word stimuli in the semantically related than unrelated condition.
Similarly, gaze durations depend on the amount of conflict in the
color-word Stroop task (Roelofs, 2011). In a commonly used ver-
sion of the Stroop task, participants name the color attribute of
colored congruent or incongruent color-words (e.g., the words
GREEN or RED in green ink, respectively; say “green”) or neu-
tral series of Xs. Naming RT is longer in the incongruent than in
the neutral condition and often shorter in the congruent than in
the neutral condition (for reviews, see MacLeod, 1991; Roelofs,
2003). In line with the RTs, participants gaze longer at incon-
gruent than neutral stimuli and longer at neutral than congru-
ent stimuli (Roelofs, 2011), which suggests that there are differ-
ences in attention demand among the Stroop conditions. Greater
attentional effort is often reflected in a higher skin-conductance
response, which is observed for the incongruent compared with
the congruent Stroop condition (Naccache et al., 2005).

CENTRAL ATTENTION DEMANDS OF READING

It is often assumed that Stroop effects provide evidence for the
automaticity of reading (e.g., MacLeod, 1991). The presence of
interference and facilitation in this task is taken as evidence that
participants automatically read the word, despite the instruction
to ignore the word. However, given that the color and word are spa-
tially integrated and part of one perceptual object (i.e., a colored
word), it is also possible that Stroop effects reflect the difficulty
of not allocating attention to the word in this task (cf. Kahne-
man, 1973; Pashler, 1998). On this view, word reading occurs in
the Stroop task not because it happens automatically, but rather
because the word inadvertently receives some of the attention that
was meant for the color.

Accumulating evidence supports the attentional view of word
reading in the Stroop task (e.g., Besner et al., 1997; Besner and
Stolz, 1999). For example, when the color attribute of the color—
word Stroop stimuli is removed (i.e., changed into neutral white
color on a dark computer screen) 120 or 160 ms after stimulus
presentation onset (e.g., RED in green ink is changed into RED in
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neutral white ink), the magnitude of Stroop interference is reduced
compared with the standard continuous presentation of the color
until trial offset (La Heij et al., 2001). As argued by La Heij et al.
(2001), the duration effect on Stroop interference is paradoxical:
Whereas the only stimulus attribute present on the screen for most
of the trial is an incongruent word, Stroop interference is less. The
finding can be explained, however, if one assumes that removing
the color attribute hampers the grouping of the color and word
attributes into one perceptual object (i.e., a colored word) to which
attention is allocated (cf. La Heijj et al., 2001; Lamers and Roelofs,
2007). Because the written color—word receives less attention in the
removed than in the continuous condition, the magnitude of the
Stroop interference will also be less, as empirically observed. The
utility of this account was demonstrated by computer simulations
of the exposure duration effect using WEAVER++ (Roelofs and
Lamers, 2007). Color removal not only reduces Stroop interfer-
ence, but also Stroop facilitation. Moreover, color removal reduces
gaze durations, suggesting reduced attention demand (Roelofs,
2011).

Whereas the findings on Stroop task performance suggest that
word reading is affected by visual (input) attention, Reynolds
and Besner (2006) provided evidence on the central attention
demands of reading. Earlier, we indicated that form-to-form map-
ping in reading involves orthographic processing and word-form
encoding, including morphological, phonological, and phonetic
encoding. Reynolds and Besner (2006) obtained evidence that
word-form encoding in reading aloud requires central attentional
capacity. They used the PRP procedure with participants per-
forming manual tone discrimination (Task 1) and reading aloud
(Task 2) tasks. Experiment 1 manipulated the duration of the
form perception stage of word reading through long-lag repeti-
tion priming, which refers to shorter RTs for repeated than for
novel words over lags greater than 100 intervening trials. Accord-
ing to Reynolds and Besner (2006), this type of priming affects
orthographic—lexical processing, because it occurs for words but
not for pseudowords and it is not affected by changes in case.
Participants read aloud novel and repeated words presented 50 or
750 ms after tone onset. Reading RTs were shorter for the repeated
than for the novel words, and this effect was present in the read-
ing RTs at the long 750-ms SOA but not at the short 50-ms SOA.
These results suggest that orthographic—lexical processing of the
words (Task 2) occurred in parallel with tone processing (Task 1),
before the lockout point of the word reading process, and the effect
of repetition priming was absorbed by the pause, as we explain
below.

Assume that participants strategically lock out the word read-
ing process just before the onset of word-form encoding, so that
processes in the tone task (Task 1) and processes up to (but not
including) word-form encoding in reading (Task 2) are allowed
to run in parallel. As a result of the repetition priming, word pro-
cessing will reach the lockout point earlier for the repeated than
the novel words. However, at the short 50-ms SOA, word reading
will reach the lockout point before the tone processing has reached
the unlocking event. Consequently, processing in the reading task
has to wait for the unlocking event to occur and the difference in
processing time for the repeated and novel words will be absorbed
by the pause. In contrast, at the long 750-ms SOA, word reading

will not have to wait for the tone processing, and the repetition
priming effect will be observed in the reading RTs. Thus, over-
lap of orthographic—lexical processing and tone processing at the
short SOA, but not at the long one, explains why the effects of
repetition priming and SOA are underadditive.

In Experiments 2—4 of Reynolds and Besner (2006), pseudo-
word length and grapheme—phoneme complexity were manipu-
lated. In dual-route models of reading, such as the one proposed by
Coltheart et al. (2001), letter processing occurs in parallel across
a letter string, but sublexical grapheme-to-phoneme translation
occurs serially, from left to right across the string. Therefore, the
RT for reading pseudowords aloud increases with the number
of letters, as empirically observed in earlier research. Moreover,
grapheme-to-phoneme translation is more complex and takes
longer when at least one phoneme corresponds to a multiletter
grapheme (e.g., TH in STETH) than when each phoneme corre-
sponds to a single letter (e.g., STEK). Reynolds and Besner (2006)
observed that the effects of pseudoword length and grapheme—
phoneme complexity were additive with SOA, suggesting that
participants did not divide central attention between tone dis-
crimination and phonological encoding in reading aloud. Instead,
phonological encoding was locked out, so that it did not occur
in parallel with the tone discrimination task. Consequently, the
effects of length and grapheme—phoneme complexity were addi-
tive with SOA. In Experiments 5-7, Reynolds and Besner (2006)
examined whether participants divide attention between tone dis-
crimination and lexical aspects of word-form encoding by manip-
ulating orthographic neighborhood density, which refers to the
number of words created by changing each letter of a word, one at
a time. Reynolds and Besner (2006) reviewed evidence suggesting
that the RT of reading aloud words and pseudowords decreases as
neighborhood density increases. This effect of neighborhood den-
sity was argued to arise in word-form encoding. In the experiments
of Reynolds and Besner (2006), the effect of neighborhood density
was additive with SOA, suggesting that participants did not divide
central attention between tone discrimination and lexical aspects
of word-form encoding in reading aloud. To conclude, the results
of Reynolds and Besner (2006) suggest that lexical and phonologi-
cal stages of word-form encoding in reading aloud require central
attention, whereas the orthographic—lexical processing of letter
strings does not.

In all their experiments, Reynolds and Besner (2006) observed
that the tone discrimination RTs (Task 1) were shorter at the 50-ms
than the 750-ms SOA. If central attention is not divided between
tasks, as the results of Reynolds and Besner (2006) suggest, then
Task 1 RTs should be the same for long and short SOAs, because
Task 1 receives full capacity in both cases. In contrast, Task 1 RTs
were smaller at the short than the long SOA in the experiments of
Reynolds and Besner. However, Task 1 RTs should only be constant
across SOAs if attentional capacity is fixed, which does not need
to hold (Tombu and Jolicoeur, 2003). Evidence suggests that the
available capacity increases when participants put more effort into
the tasks, which depends on the demands of concurrent activities
(Kahneman, 1973). The demands are presumably higher at short
than long SOAs. Exerting greater effort may decrease RTs at short
SOAs, as was the case in the experiments of Reynolds and Besner
(2006).
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Whereas word reading requires central attention, it requires
less attention than picture naming, according to the WEAVER++
model. This is because the pathway through the lexical network
is shorter for reading than for picture naming, as illustrated in
Figure 1. In line with the model, evidence from eye tracking sug-
gests that shifts of gaze occur closer to articulation onset in naming
pictures than in reading their names (Roelofs, 2007). An eye track-
ing study measured the mean latencies for the vocal responses and
gaze shifts in picture naming and word reading in a semantic con-
dition (e.g., a pictured dog combined with the word CAT), an
unrelated condition (e.g., a pictured dog combined with the word
PIN), and a control condition (e.g., a pictured dog combined with
XXX for picture naming or the word DOG in an empty picture
frame for word reading). A distractor effect was obtained in pic-
ture naming but not in word reading, suggesting differences in
attention demands between the two tasks. In all three distractor
conditions, the gaze shifts occurred about 66 ms before articu-
lation onset in picture naming, whereas they happened already
about 156 ms before articulation onset in word reading (Roelofs,
2007). Given the shorter network distance for word reading than
picture naming (see Figure 1), attentional enhancements may be
less for reading than naming. If enhancements are required until
the word has been planned sufficiently, this explains why atten-
tion, as indexed by eye gazes, is sustained longer to word planning
in picture naming than in word reading, regardless of whether or
not distractors are present. However, such difference in gaze shift
latencies was not observed when participants switched between
naming the picture and reading the word aloud of picture-word
combinations (Roelofs, 2008b). Pictures and words were presented
in red and green. The task was picture naming or word reading
depending on whether the picture or word was presented in green
color, which varied randomly from trial to trial. In this task situa-
tion, gaze shifted around 100 ms before articulation onset in both
picture naming and word reading. Apparently, there is a greater
need to sustain attention to word reading when the distractor pic-
tures have to be named on other trials and therefore are more likely
to interfere with word reading.

EVIDENCE THAT WORD PLANNING DOES NOT REQUIRE FULL
CENTRAL ATTENTION

WEAVER++ assumes that all word planning processes up to
and including phonological encoding require some attentional
capacity. However, the planning processes do not require full
attentional capacity, meaning that central attention may be shared
between word planning and other attention demanding concur-
rent processes. In contrast, other researchers (i.e., Ferreira and
Pashler, 2002; Dell’Acqua et al., 2007; Ayora et al., 2011) proposed
a central bottleneck model in which a process requires undivided
attention or no attention, with no middle ground. For example,
Ferreira and Pashler (2002) argued that lemma and morpheme
selection in word planning preclude any other concurrent process
that also requires central attention, such as response selection in a
non-linguistic task.

Recent empirical results indicate that conflicts in word planning
may be resolved while concurrently performing an unrelated non-
linguistic task, making a task decision, or a go/no-go decision.
These findings suggest that word planning does not require full

central attention. A type of conflict that has been extensively stud-
ied is the increased response competition underlying the semantic
interference effect, described above: RTs are longer for picture
naming when the word is semantically related to the picture name
(e.g., picture of a dog combined with the word CAT) relative
to unrelated words (e.g., the word PIN). Whereas in single-task
performance, distractor words in picture naming yield seman-
tic interference, this effect may be absent when simultaneously
performing picture naming and a concurrent task or process.

CENTRAL ATTENTION SHARING IN DUAL-TASK PERFORMANCE
Dell’Acqua et al. (2007) observed that the semantic interference
effect in picture naming may diminish or disappear at short SOAs
in the PRP procedure. Participants performed a manual tone dis-
crimination task (Task 1) and a picture-word interference task
(Task 2). The tones preceded the picture—word stimuli by SOAs of
100, 350, or 1000 ms. The semantic interference effect was much
smaller at the 350-ms SOA than at the 1000-ms SOA, and the inter-
ference was absent at the 100-ms SOA. These results suggest that
the semantic interference in picture naming was resolved while
simultaneously performing the tone discrimination task.

This evidence suggests that central attention may be divided
between tone discrimination, on the one hand, and resolving
the conflict underlying the semantic interference effect in picture
naming, on the other hand. Figure 5 illustrates our account of the
data of Dell’Acqua et al. (2007), which are shown in Figure 6
together with the WEAVER++ simulation results obtained by
Piai et al. (2011). At the short SOA, picture naming has to pause
after resolving the conflict in lemma selection. Consequently, the
semantic interference in picture naming will be absorbed by the
pause. In contrast, at the long SOA, attention will have shifted away
from the tone task before the picture—word stimulus is presented.
As a result, the conflict in lemma selection cannot be resolved
while performing the tone task and semantic interference will be
reflected in the naming RTs.

A hallmark of attentional capacity sharing is that Task 1 RT
increases as SOA decreases in dual-task performance. If some pro-
portion of the attentional capacity is allocated to Task 1 and the
remainder to Task 2 when both tasks require central attention, this
will increase Task 1 response latencies at short SOAs compared to
long ones (when 100% of the capacity may be allocated to Task
1). We assumed that participants in the experiment of Dell’Acqua
et al. (2007) shared attentional capacity between the tone dis-
crimination task (Task 1) and the picture naming task (Task 2).
However, in that study, Task 1 RTs did not increase at short SOAs,
which seems to challenge the assumption that capacity was shared.

However, the Task 1 RTs should only be increased at short SOAs
if attentional capacity is fixed and the capacity allocated to Task 1
and Task 2 sums to full capacity (cf. Tombu and Jolicoeur, 2003),
which does not need to hold. As we indicated earlier, evidence sug-
gests that the available capacity increases when participants put
more effort into tasks (Kahneman, 1973). Exerting greater effort
may compensate for the slowing of tasks caused by dividing atten-
tional capacity at short SOAs. If the participants of Dell’Acqua
et al. (2007) increased capacity by exerting greater effort at short
SOAs, the Task 1 RTs do not need to become longer, as empir-
ically observed. According to Kahneman (1973), the amount of
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FIGURE 5 | Theoretical account of the time course of manual responding (Task 1) and vocal responding (Task 2) in the dual-task study of Dell’Acqua
et al. (2007). Pictures are named in semantically related and unrelated conditions. The stimulus onset asynchrony (SOA) is short (A) or long (B).
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FIGURE 6 | The semantic interference effect in picture naming as a
function of stimulus onset asynchrony (SOA) in the psychological
refractory period procedure. Shown are the real data (DellAcqua et al.,
2007) and WEAVER++ simulation results. The short SOA was 100 ms and
the long SOA was 1000 ms.

attentional capacity available at any time depends on the demands
of current activities, which is presumably less at long than short
SOAs. To conclude, given the potentially confounding effect of
effort across SOAs in the study of Dell’Acqua et al. (2007), the

absence of an increase of Task 1 RTs at short SOAs does not exclude
that attentional capacity was shared.

CENTRAL ATTENTION SHARING IN MAKING TASK-CHOICE AND
GO/NO-GO DECISIONS

In line with our account of the findings of Dell’Acqua et al. (2007)
illustrated in Figure 5, it was found that the semantic interference
effect in picture naming may also disappear when simultaneously
making a task choice (Piai et al., 2011). In the task choice proce-
dure (Besner and Care, 2003), participants receive a cue at every
trial indicating which task to perform. This cue can either be given
before the target or simultaneously with it. In this procedure, only
the response to the target stimulus is required, so no response selec-
tion takes place for the cue stimulus. The logic of the task-choice
paradigm is similar to the dual-task interference logic (Besner and
Care, 2003). Under our account, one or more stages of processing
for the target stimulus are postponed until the decision concerning
what task to perform has been made. If processes involved in the
task to be performed (e.g., picture naming) are run in parallel with
the task-choice process, effects related to these processes, such as
semantic interference, may (partly) be absorbed.

In the picture—word interference study of Piai et al. (2011),
participants had to decide between naming the picture or read-
ing the word aloud depending on the presentation color of the
word. Whereas semantic interference was obtained in a standard
picture—word interference experiment, the semantic interference
effect disappeared when task choices had to be made. Assuming
that semantic interference arises at the level of response selection,
these findings suggest that participants locked out picture naming
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processes after response selection and that the semantic interfer-
ence effect was absorbed by the pause created by the task-choice
process. Figure 7 depicts the account.

Figure 8 shows the empirical data of Piai et al. (2011) together
with the WEAVER++ simulation results. Without task decision,
a full-blown semantic interference effect occurs in the model, as
typically observed with picture naming in picture—word interfer-
ence experiments. However, when a task choice has to be made, the

Semantic condition
ATTENTION Related
/ \ Unrelated
STIMULUS 1 STIMULUS 2
(color) (picture/word)
WV Postselection lockout
Shift W Pause
Task Choice >
wW
RESPONSE
(vocal)

FIGURE 7 | Theoretical account of the timing of task-choice processes
(Task 1) and vocal responding (Task 2) in the task-choice study of Piai
et al. (2011). Pictures are named in semantically related and unrelated
conditions.
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FIGURE 8 | The semantic interference effect in picture naming as a
function of the presence or absence of a task choice. Shown are the real
data (Piai et al., 2011) and WEAVER++ simulation results.

pause created by the task-choice process may absorb the semantic
interference effect in the model, as empirically observed.

Importantly, under the assumption of a postselection lockout
point for the picture naming task, semantic interference will only
be absorbed if the choice processes take longer than the duration
of processes up to and including lemma selection for picture nam-
ing in the semantically related condition, as illustrated in Figure 7.
In contrast, if choice processes take less time than the processes up
to and including lemma selection, semantic interference should be
obtained. This corresponds to what Janssen et al. (2008) observed
using the task-choice procedure and to what Midebach et al.
(2011) observed when the choice processes consisted of a go/no-
go decision based on the color of the word. In the WEAVER++
model, decreasing the duration of the choice process a little (e.g., by
25ms) yields a semantic interference effect (e.g., of some 30 ms),
as observed in these studies.

Evidence that attention shifts occur earlier in go/no-go than
dual-task situations was obtained in an eye tracking study of
Lamers and Roelofs (2011). Participants vocally responded to con-
gruent and incongruent flanker stimuli presented on the left side of
acomputer screen and shifted gaze to left- or right-pointing arrows
presented on the right side of the screen. The arrows required a
manual response (dual task) or determined whether the naming
response to the flanker stimuli had to be given or not (go/no-go).
The results showed that the naming RTs and gaze shift latencies
were longer on incongruent than congruent trials in both dual-
task and go/no-go performance. In dual-task performance, the
flanker effect was also present in the manual RTs for the arrow
stimulus, reflecting a propagation of the distractor effect from the
naming to the manual responses. These results suggest that gaze
shifts occur after response selection in both dual-task and go/no-
go performance with vocal responding. However, the gaze shift
latencies were on average 185 ms shorter in the go/no-go condi-
tion than in the dual-task condition. Thus, although gazes shifted
after response selection in both the go/no-go and the dual-task
conditions (as suggested by the presence of the flanker effects in
the gaze shift latencies), attention seemed to shift earlier in the
go/no-go than the dual-task condition.

ATTENTION IN IMPAIRED LANGUAGE PERFORMANCE

Whereas attentional capacity may increase with effort, there is an
upper limit (Kahneman, 1973). Moreover, the increase may often
be insufficient to fully meet the demands of a task, especially when
the task is difficult. A task may be difficult, for example, when
it is complex or when the task is simple but the individual per-
forming the task has a deficit in one or more of the component
abilities that are required. For example, evidence suggests that indi-
viduals with developmental dyslexia have difficulty in perform-
ing grapheme-to-phoneme translations in reading, presumably
because they fail to develop strong connections. Evidence suggests
that dyslexic individuals try to compensate the weaker connec-
tions by allocation of more attention to the grapheme—phoneme
translation process. Brain areas associated with word-form percep-
tion, such as the left occipito-temporal sulcus, are less activated
in dyslexic than normal readers. In contrast, brain areas associ-
ated with attentional control, such as regions in prefrontal and
parietal cortex, are more highly activated in dyslexic than normal
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readers in reading performance (see Shaywitz and Shaywitz, 2008,
for a review). This suggests that dyslexic readers try to overcome
or diminish their reading problem by investing more attention.
However, given that problems remain (e.g., reading RTs are longer
for dyslexic than normal readers), the increased attention appears
insufficient to counteract the slowing caused by weak grapheme—
phoneme connections. Similarly, increased attention and effort
is typically insufficient to compensate for the detrimental conse-
quences of brain damage in acquired dyslexia and aphasia (e.g.,
Murray, 1999). Attention problems may worsen performance in
dyslexia and aphasia (e.g., Murray, 1999; Shaywitz and Shaywitz,
2008).

Evidence suggests that attention deficits also contribute to the
impaired language performance of individuals with SLI. This is a
disorder of language acquisition and use in children who other-
wise appear to be normally developing. The disorder may persist
into adulthood. The features of the impaired language perfor-
mance in SLI are quite variable, but common characteristics are
a delay in starting to talk in childhood, deviant production of
speech sounds, a restricted vocabulary, slow and inaccurate picture
naming, and use of simplified grammatical structures, includ-
ing omission of articles and plural and past tense endings (see
Leonard, 1998, for a review). In general, individuals with SLI
seem to have a problem in dealing with (relatively) complex lan-
guage structures, in both speech production and comprehension.
A prominent account of SLI holds that these difficulties with com-
plexity in language reflect a reduced capacity of systems underlying
language processes, resulting from a limitation in general process-
ing capacity (Leonard, 1998). It is becoming increasingly clear that
(subclinical) attention deficits also contribute to SLI.

Individuals with SLI appear to have reduced working memory
capacity, as assessed by pseudoword repetition and listening span
tasks (e.g., Ellis Weismer et al., 2005, for a review). Moreover, evi-
dence suggests that children with SLI have deficits in sustained
attention (e.g., Spaulding et al., 2008; Finneran et al., 2009). The
reduced working memory and sustained attention capacities may
have a common ground. In an influential functional analysis of
executive control by Miyake et al. (2000), three types of executive
abilities are distinguished: monitoring and updating of working
memory representations, inhibiting of dominant responses, and
shifting of tasks or mental sets. Evidence suggests that working
memory performance is specifically related to the updating ability
(Miyake et al., 2000), whereas sustained attention performance is
related to the updating and inhibiting abilities (Unsworth et al,,
2010). Im-Bolter et al. (2006) provided evidence that the updating
and inhibiting abilities are deficient in SLI.

Working memory and sustained attention play an impor-
tant role in WEAVER++. In this model, the lexical network is
accessed by spreading activation while the condition—action rules

REFERENCES

Ayora, P, Peressotti, E, Alario, E-
X., Mulatti, C., Pluchino, P, Job,
R, and Dell’Acqua, R. (2011).
What phonological facilitation tells
about semantic interference: a dual-
task study. Front. Psychol. 2:57.
doi:10.3389/fpsyg.2011.00057

Baddeley, A. (1996). Exploring the cen-
tral executive. Q. J. Exp. Psychol. 49A,
5-28.

Badre, D., Poldrack, R. A., Paré-Blagoev,
E., Insler, R. Z., and Wagner, A.
D. (2005). Dissociable controlled
retrieval and generalized
tion mechanisms in ventrolateral

selec-

determine what is done with the activated lexical information
depending on the task goal in working memory. The task goal
is achieved by successively updating subgoals in the course of the
word planning process. In conceptually driven word planning, an
initial subgoal is to select a lemma for a selected concept. The next
subgoal is to select one or more morphemes for the selected lemma.
Next, the subgoal is to select phonemes for the selected mor-
phemes. Then, the subgoal is to syllabify the selected phonemes
and to assign word accent. A final subgoal is to select syllable motor
programs for the syllabified phonemes. For the planning process to
be successful, attention needs to be sustained until the phonolog-
ical form has been planned and syllable motor programs may be
accessed. As discussed by Leonard (1998) for a WEAVER++- type
of model, difficulties in word planning may arise when there are
capacity restrictions in the language processes involved. For exam-
ple, a capacity restriction in activating or selecting morphemes for
the selected lemma may result in an omission of inflectional mor-
phemes, such as past tense endings. This type of problem will
be reinforced by capacity restrictions in working memory and
sustained attention (i.e., the updating ability). For example, prob-
lems in successively maintaining subgoals will impede the planning
process, especially when a subgoal concerns a complex mapping
between levels (e.g., such as the mapping between lemmas and
morphemes, e.g., Janssen et al., 2002, 2004).

A role of attention in dyslexia, aphasia, and SLI has practi-
cal implications. To the extent that attention deficits contribute
to the impaired language performance, therapeutic interventions
that only deal with the underlying language processes are not
providing the afflicted individuals with what they need. Rather,
interventions should aim at improving the attention abilities as
well (e.g., Murray, 1999; Shaywitz and Shaywitz, 2008; Finneran
et al., 2009).

CONCLUSION

Evidence suggests that word planning requires some but not full
central attention. Empirical results indicate that processes up to
and including phonological encoding in word planning delay, or
are delayed by, the performance of concurrent unrelated non-
linguistic tasks. These findings suggest that word planning requires
some attentional capacity. Moreover, empirical results indicate
that conflicts in word planning may be resolved while concur-
rently performing an unrelated non-linguistic task, making a task
decision, or making a go/no-go decision. These findings suggest
that word planning does not require full attentional capacity.

ACKNOWLEDGMENTS

Preparation of this article was supported by a grant (Open Com-
petition MaGW 400-09-138) from the Netherlands Organisation
for Scientific Research.

prefrontal  cortex. Neuron 47,
907-918.

Besner, D., and Care, S. (2003). A par-
adigm for exploring what the mind
does while deciding what it should
do. Can. J. Exp. Psychol. 57,311-320.

Besner, D., and Stolz, J. A. (1999).

What kind of attention modulates

the Stroop effect? Psychon. Bull. Rev.
6, 99-104.

Besner, D., Stolz, J. A., and Boutilier, C.
(1997). The Stroop effect and the
myth of automaticity. Psychon. Bull.
Rev. 4,221-225.

Botvinick, M. M., Braver, T. S., Barch,
D. M., Carter, C. S., and Cohen, J. D.

Frontiers in Psychology | Cognition

November 2011 | Volume 2 | Article 307 | 12


http://dx.doi.org/10.3389/fpsyg.2011.00057
http://www.frontiersin.org/Psychology
http://www.frontiersin.org/Cognition
http://www.frontiersin.org/Cognition/archive

Roelofs and Piai

Attention demands of word planning

(2001). Conflict monitoring and
cognitive control. Psychol. Rev. 108,
624-652.

Coltheart, M., Rastle, K., Perry, C., Lang-
don,R.,and Ziegler, J. (2001). DRC: a
dual route cascaded model of visual
word recognition and reading aloud.
Psychol. Rev. 108, 204-256.

Cook, A. E., and Meyer, A. S. (2008).

Capacity demands of phoneme

selection in word production: new

evidence from dual-task experi-
ments. J. Exp. Psychol. Learn. Mem.

Cogn. 34, 886—899.

Zubicaray, G. L, Wilson, S. ],

McMahon, K. K., and Muthiah, S.

(2001). The semantic interference

effect in the picture-word para-

digm: an event-related fMRI study
employing overt responses. Hum.

Brain Mapp. 14, 218-227.

Dehaene, S. (2009). Reading in the Brain.
New York: Viking.

Dell, G. S., Schwartz, M. F,, Martin, N.,
Saffran, E. M., and Gagnon, D. A.
(1997). Lexical access in aphasic and
nonaphasic speakers. Psychol. Rev.
104, 801-838.

Dell’Acqua, R., Job, R., Peressotti, E,
and Pascali, A. (2007). The picture-
word interference effect is not a
Stroop effect. Psychon. Bull. Rev. 14,
717-722.

Ellis Weismer, S., Plante, E., Jones, M.,
and Tomblin, J. B. (2005). A func-
tional magnetic resonance imag-
ing investigation of verbal working
memory in adolescents with spe-
cific language impairment. J. Speech
Lang. Hear. Res. 48, 405—-425.

Ferreira, V., and Pashler, H. (2002). Cen-
tral bottleneck influences on the pro-
cessing stages of word production. J.
Exp. Psychol. Learn. Mem. Cogn. 28,
1187-1199.

Finneran, D. A., Francis, A. L., and
Leonard, L. B. (2009). Sustained
attention in children with specific
language impairment (SLI). J. Speech
Lang. Hear. Res. 52,915-929.

Griffin, Z. M. (2001). Gaze durations
during speech reflect word selection
and phonological encoding. Cogni-
tion 82, B1-B14.

Griffin, Z. M. (2004). “Why look? Rea-
sons for eye movements related
to language production,” in The
Interface of Language, Vision, and
Action: Eye Movements and the Visual
World, eds J. M. Henderson and E
Ferreira (Hove: Psychology Press),
213-247.

Im-Bolter, N., Johnson, J., and Pascual-
Leone, J. (2006). Processing lim-
itations in children with specific
language impairment: the role of
executive function. Child Dev. 77,
1822-1841.

d

o

Indefrey, P., and Levelt, W. J. M. (2004).
The spatial and temporal signatures
of word production components.
Cognition 92, 101-144.

Janssen, D. P, Roelofs, A., and Levelt,
W. J. M. (2002). Inflectional frames
in language production. Lang. Cogn.
Process. 17,209-236.

Janssen, D. P, Roelofs, A., and Lev-
elt, W. J. M. (2004). Stem complex-
ity and inflectional encoding in lan-
guage production. J. Psycholinguist.
Res. 33, 365-381.

Janssen, N., Schirm, W., Mahon, B. Z.,
and Caramazza, A. (2008). Seman-
tic interference in a delayed nam-
ing task: evidence for the response
exclusion hypothesis. J. Exp. Psychol.
Learn. Mem. Cogn. 34, 249-256.

Johnston, J. C., McCann, R. S.,and Rem-
ington, R. W. (1995). Chronometric
evidence for two types of attention.
Psychol. Sci. 6, 365-369.

Kahneman, D. (1973). Attention
and Effort. Englewood Cliffs, NJ:
Prentice-Hall.

Kan, I. P, and Thompson-Schill, S. L.
(2004). Effect of name agreement on
prefrontal activity during overt and
covert picture naming. Cogn. Affect.
Behav. Neurosci. 4, 43-57.

Kane, M. J.,and Engle, R. W. (2002). The
role of prefrontal cortex in working-
memory capacity, executive atten-
tion, and general fluid intelligence:
an individual-differences perspec-
tive. Psychon. Bull. Rev. 9, 637-671.

Korvorst, M., Roelofs, A., and Levelt, W.
J. M. (2006). Incrementality in nam-
ing and reading complex numerals:
evidence from eye tracking. Q. J. Exp.
Psychol. 59, 296-311.

La Heij, W., van der Heijden, A. H. C,,
and Plooij, P. (2001). A paradoxi-
cal exposure-duration effect in the
Stroop task: temporal segregation
between stimulus attributes facili-
tates selection. J. Exp. Psychol. Hum.
Percept. Perform. 27, 622-632.

Lamers, M., and Roelofs, A. (2007).
Role of Gestalt grouping in selec-
tive attention: evidence from the
Stroop task. Percept. Psychophys. 69,
1305-1314.

Lamers, M., and Roelofs, A. (2011).
Attention and gaze shifting in dual-
task and go/no-go performance
with vocal responding. Acta Psychol.
(Amst.) 137,261-268.

Leonard, L. B. (1998). Children With
Specific Language Impairment. Cam-
bridge, MA: MIT Press.

Levelt, W. J. M., Roelofs, A., and Meyer,
A. S. (1999). A theory of lexical
access in speech production. Behav.
Brain Sci. 22, 1-38.

MacLeod, C. M. (1991). Half a century
of research on the Stroop effect: an

integrative review. Psychol. Bull. 109,
163-203.

Midebach, A., Oppermann, E, Hantsch,
A., Curda, C., and Jescheniak, J. D.
(2011). Is there semantic interfer-
ence in delayed naming? J. Exp. Psy-
chol. Learn. Mem. Cogn. 37,522-538.

Malpass, D., and Meyer, A. S. (2010).
The time course of name retrieval
during multiple-object naming: evi-
dence from extrafoveal-on-foveal
effects. J. Exp. Psychol. Learn. Mem.
Cogn. 36, 523-537.

Maril, A., Wagner, A. D., and Schac-
ter, D. L. (2001). On the tip of
the tongue: an event-related fMRI
study of semantic retrieval failure
and cognitive conflict. Neuron 31,
653—-660.

Meyer, A. S., Roelofs, A., and Lev-
elt, W. J. M. (2003). Word length
effects in object naming: the role of a
response criterion. J. Mem. Lang. 48,
131-147.

Meyer, A. S., Sleiderink, A. M., and
Levelt, W. J. M. (1998). Viewing
and naming objects. Cognition 66,
B25-B33.

Meyer, D. E., and Kieras, D. E. (1997a).
A computational theory of executive
cognitive processes and multiple-
task performance: part 1. Basic
mechanisms. Psychol. Rev. 104, 3-65.

Meyer, D. E., and Kieras, D. E. (1997b).
A computational theory of executive
cognitive processes and multiple-
task performance: part 2. Accounts
of psychological refractory-period
phenomena. Psychol. Rev. 104,
749-791.

Miyake, A., Friedman, N. P., Emer-
son, M. J., Witzki, A. H., How-
erter, A., and Wager, T. D. (2000).
The unity and diversity of executive
functions and their contributions to
complex “frontal lobe” tasks: a latent
variable analysis. Cogn. Psychol. 41,
49-100.

Murray, L. L. (1999). Attention and
aphasia: theory, research, and clin-
ical implications. Aphasiology 13,
91-111.

Naccache, L., Dehaene, S., Cohen,
L., Habert, M.-O., Guichart-Gomez,
E., Galanaud, D., and Willer, J.-C.
(2005). Effortless control: executive
attention and conscious feeling of
mental effort are dissociable. Neu-
ropsychologia 43, 1318-1328.

Pashler, H. (1998). The Psychology of
Attention. Cambridge, MA: MIT
Press.

Petersen, S. E., Fox, P. T., Posner,
M. I, Mintun, M., and Raichle,
M. E. (1988). Positron emission
tomographic studies of the cortical
anatomy of single-word processing.
Nature 331, 585-589.

Petersen, S. E., van Mier, H., Fiez, J.
A., and Raichle, M. E. (1998). The
effects of practice on the functional
anatomy of task performance. Proc.
Natl. Acad. Sci. U.S.A. 95, 853-860.

Piai, V., Roelofs, A., and Schriefers,
H. (2011). Semantic interference in
immediate and delayed naming and
reading: attention and task deci-
sions. J. Mem. Lang. 64, 404—423.

Posner, M. 1., and Raichle, M. E. (1994).
Images of Mind. New York: W. H.
Freeman.

Posner, M. I, and Rothbart, M. K.
(2007). Educating the Human Brain.
Washington, DC: APA Books.

Reynolds, M., and Besner, D. (2006).
Reading aloud is not automatic: pro-
cessing capacity is required to gener-
ate a phonological code from print. J.
Exp. Psychol. Hum. Percept. Perform.
32,1303-1323.

Roelofs, A. (1992). A spreading-
activation theory of lemma retrieval
in speaking. Cognition 42, 107-142.

Roelofs, A. (1997). The WEAVER
model of word-form encoding in
speech production. Cognition 64,
249-284.

Roelofs, A. (2003).
selection of verbal action: model-
ing attentional control in the Stroop
task. Psychol. Rev. 110, 88—125.

Roelofs, A. (2004). Error biases in
spoken word planning and moni-
toring by aphasic and nonaphasic
speakers: comment on Rapp and
Goldrick (2000). Psychol. Rev. 111,
561-572.

Roelofs, A. (2006). Context effects
of pictures and words in naming
objects, reading words, and generat-
ing simple phrases. Q. J. Exp. Psychol.
59,1764-1784.

Roelofs, A. (2007). Attention and gaze
control in picture naming, word
reading, and word categorizing. J.
Mem. Lang. 5, 232-251.

Roelofs, A. (2008a). Attention, gaze
shifting, and dual-task interference
from phonological encoding in spo-
ken word planning. J. Exp. Psy-
chol. Hum. Percept. Perform. 34,
1580-1598.

Roelofs, A. (2008b). Tracing attention
and the activation flow in spo-
ken word planning using eye move-
ments. J. Exp. Psychol. Learn. Mem.
Cogn. 34, 353-368.

Roelofs, A. (2008c). Dynamics of the
attentional control of word retrieval:
analyses of response time distrib-
utions. J. Exp. Psychol. Gen. 137,
303-323.

Roelofs, A. (2011). Attention, exposure
duration, and gaze shifting in nam-
ing performance. J. Exp. Psychol.
Hum. Percept. Perform. 37, 860-873.

Goal-referenced

www.frontiersin.org

November 2011 | Volume 2 | Article 307 | 13


http://www.frontiersin.org
http://www.frontiersin.org/Cognition/archive

Roelofs and Piai

Attention demands of word planning

Roelofs, A., and Hagoort, P. (2002).
Control of language use: cognitive
modeling of the hemodynamics of
Stroop task performance. Brain Res.
Cogn. Brain Res. 15, 85-97.

Roelofs, A., and Lamers, M. (2007).
“Modelling the control of visual
attention in Stroop-like tasks,”
in Automaticity and Control in
Language Processing, eds A. S.
Meyer, L. R. Wheeldon, and A.
Krott (Hove: Psychology Press),
123-142.

Roelofs, A., Ozdemir, R., and Levelt, W.
J. M. (2007). Influences of spoken
word planning on speech recogni-
tion. J. Exp. Psychol. Learn. Mem.
Cogn. 33,900-913.

Roelofs, A., van Turennout, M., and
Coles, M. G. H. (2006). Anterior cin-
gulate cortex activity can be inde-
pendent of response conflict in
Stroop-like tasks. Proc. Natl. Acad.
Sci. U.S.A. 103, 13884-13889.

Sahin, N. T, Pinker, S., Cash, S.
S., Schomer, D., and Halgren, E.

(2009). Sequential processing of lex-
ical, grammatical, and phonologi-
cal information within Broca’s area.
Science 326, 445—449.

Sakai, K. (2008). Task set and pre-
frontal cortex. Annu. Rev. Neurosci.
31, 219-245.

Shaywitz, S. E., and Shaywitz, B. A.
(2008). Paying attention to read-
ing: the neurobiology of reading
and dyslexia. Dev. Psychopathol. 20,
1329-1349.

Spaulding, T. J., Plante, E., and Vance,
R. (2008). Sustained selective atten-
tion skills of preschool children with
specific language impairment: evi-
dence for separate attentional capac-
ities. J. Speech Lang. Hear. Res. 51,
16-34.

Thompson-Schill, S. L., D’Esposito,
M., Aguirre, G. K., and Farah,
M. J. (1997). Role of left infe-
rior prefrontal cortex in retrieval
of semantic knowledge: a reevalua-
tion. Proc. Natl. Acad. Sci. U.S.A. 94,
14792-14797.

Tombu, M., and Jolicoeur, P. (2003).
A central capacity sharing model
of dual-task performance. J. Exp.
Psychol. Hum. Percept. Perform. 29,
3-18.

Ullman, M. T. (2004). Contributions
of memory circuits to language: the
declarative/procedural model. Cog-
nition 92, 231-270.

Unsworth, N., Redick, T. S., Lakey, C.
E., and Young, D. L. (2010). Lapses
in sustained attention and their
relation to executive control and
fluid abilities: an individual differ-
ences investigation. Intelligence 38,
111-122.

Wernicke, C. (1874). Der aphasische
Symptomencomplex [The Aphasic
Symptom Complex]. Breslau: Cohn
and Weigert.

Wright, R. D., and Ward, L. M. (2008).
Orienting of Attention. Oxford:
Oxford University Press.

Wundt, W. (1900). Die Sprache [Lan-
guage]. Leipzig: Verlag von Wilhelm
Engelmann.

Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.

Received: 06 July 2011; paper pend-
ing published: 10 August 2011; accepted:
13 October 2011; published online: 07
November 2011.

Citation: Roelofs A and Piai V (2011)
Attention demands of spoken word plan-
ning: a review. Front. Psychology 2:307.
doi: 10.3389/fpsyg.2011.00307

This article was submitted to Frontiers
in Cognition, a specialty of Frontiers in
Psychology.

Copyright © 2011 Roelofs and Piai. This
is an open-access article subject to a non-
exclusive license between the authors and
Frontiers Media SA, which permits use,
distribution and reproduction in other
forums, provided the original authors and
source are credited and other Frontiers
conditions are complied with.

Frontiers in Psychology | Cognition

November 2011 | Volume 2 | Article 307 | 14


http://dx.doi.org/10.3389/fpsyg.2011.00307
http://www.frontiersin.org/Psychology
http://www.frontiersin.org/Cognition
http://www.frontiersin.org/Cognition/archive

	Attention demands of spoken word planning: a review
	Introduction
	Outline of a theory of attention in word planning
	Functional aspects
	Neural aspects

	Evidence that word planning requires central attention
	Central attention demands of picture naming
	Central attention demands of reading

	Evidence that word planning does not require full central attention
	Central attention sharing in dual-task performance
	Central attention sharing in making task-choice and go/no-go decisions

	Attention in impaired language performance
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


