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The present study examined how the updating, inhibiting, and shifting abilities underlying executive
control inﬂuence spoken noun-phrase production. Previous studies provided evidence that updating
and inhibiting, but not shifting, inﬂuence picture-naming response time (RT). However, little is
known about the role of executive control in more complex forms of language production like generating phrases. We assessed noun-phrase production using picture description and a picture–word interference procedure. We measured picture description RT to assess length, distractor, and switch effects,
which were assumed to reﬂect, respectively, the updating, inhibiting, and shifting abilities of adult participants. Moreover, for each participant we obtained scores on executive control tasks that measured
verbal and nonverbal updating, nonverbal inhibiting, and nonverbal shifting. We found that both
verbal and nonverbal updating scores correlated with the overall mean picture description RTs.
Furthermore, the length effect in the RTs correlated with verbal but not nonverbal updating scores,
while the distractor effect correlated with inhibiting scores. We did not ﬁnd a correlation between
the switch effect in the mean RTs and the shifting scores. However, the shifting scores correlated
with the switch effect in the normal part of the underlying RT distribution. These results suggest
that updating, inhibiting, and shifting each inﬂuence the speed of phrase production, thereby demonstrating a contribution of all three executive control abilities to language production.
Keywords: Executive control; Language production.

Individuals learn to produce language long before
they acquire other cognitive skills, such as solving
mathematical equations or playing chess.
However, the mechanisms underlying fundamental
language production abilities are not simple. To
begin with, in producing an utterance, a speaker
needs to select and encode appropriate words. A
well-known theory of word production

distinguishes between two stages: lexical selection
and word-form encoding (Levelt, 1989, 2001;
Levelt, Roelofs, & Meyer, 1999). During the
lexical selection stage, a lemma representing the
syntactic properties of the word is retrieved, while
during the word-form encoding stage the appropriate morphophonological and phonetic form is
encoded (Levelt, 2001). Lexical selection seems to
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be subject to competition in that a number of coactivated lemmas compete for selection, and their
level of activation determines the speed of word
production (Levelt, 2001; Piai, Roelofs, Jensen,
Schoffelen, & Bonnefond, 2014; Roelofs, 1992,
2003). Moreover, in order to successfully complete
an intended utterance, a speaker may need to allocate working memory capacity to the planning
stages, monitor whether the internal or actually
produced speech matches the intended utterance,
and ignore environmental distractors (Roelofs,
2003, 2004; Roelofs & Piai, 2011). All these processes require some form of executive control,
which refers to the higher level processes that regulate our perceptions, thoughts, and actions (e.g.,
Baddeley, 1996; Barkley, 2012; Gilbert &
Burgess, 2008; Logan, 1985; D. E. Meyer &
Kieras, 1997; for a recent overview, see Goldstein
& Naglieri, 2014).
Executive control is an umbrella term covering a
number of abilities. According to an inﬂuential
proposal by Miyake and colleagues (Miyake et al.,
2000), executive control consists of three main
components: updating and monitoring of working
memory representations, inhibiting of unwanted
responses, and shifting between tasks or mental
sets (see also Collette et al., 2005; Friedman
et al., 2008). Updating is the ability to monitor
incoming information for relevance to the task at
hand, and maintain or actively manipulate the contents of working memory (e.g., Ecker,
Lewandowsky, Oberauer, & Chee, 2010).
Inhibiting is the ability to lower the activation of
unwanted dominant, automatic, or prepotent
responses (e.g., Aron, Robbins, & Poldrack,
2004). Shifting is the ability to switch back and
forth between multiple tasks, operations, or
mental sets (e.g., Allport & Wylie, 2000;
Monsell, 2003). In the context of language production, updating may include the ability to
manage communicative goals as well as monitor
and schedule conceptual and linguistic processes
(e.g., Levelt, 1989). For example, in a picturenaming task, the updating ability may determine
how well a speaker keeps in mind the requirements
of the task (e.g., to be fast and accurate) while engaging in conceptual and linguistic processes. The
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contribution of the inhibiting ability to language
production may include the suppression of coactivated but incorrect lemmas. In order to correctly
name a picture, a speaker may need to inhibit activated words different from the picture name (e.g.,
dog, tail, or kitten in naming a cat). The shifting
ability may be engaged in language production,
for example, when a speaker needs to switch from
planning one type of phrase or sentence to
another, from planning an utterance to monitoring
output, or from planning an utterance to listening
to a conversation partner.
Several types of evidence suggest that impaired
language performance is associated with deﬁcits
in executive control, suggesting that executive
control is important for skilled language performance. For example, individuals with developmental
language disorder (Leonard et al., 2007;
Montgomery, Magimairaj, & Finney, 2010), attention-deﬁcit/hyperactivity disorder (ADHD; Bruce,
Therlund, & Nettelbladt, 2006), Parkinson’s
disease (Altmann & Troche, 2011; Bastiaanse &
Leenders, 2009), or stroke-induced brain damage
(Brownsett et al., 2014; Schnur et al., 2009) experience language problems that may be related to problems in executive control, to varying extents and in
different ways. Moreover, recent studies have
demonstrated that individual differences in the
speed of language production in healthy young
speakers are also related to differences in executive
control abilities.
Shao, Roelofs, and Meyer (2012) presented evidence for involvement of different executive control
components in picture naming in healthy participants. They found that better updating and inhibiting abilities lead to shorter response times (RTs) for
picture naming. More speciﬁcally, better updating
ability was associated with shorter mean RTs for
action naming, while better inhibiting ability was
associated with shorter mean RTs for both object
and action naming. Picture-naming RTs did not
correlate with shifting ability. Analyses of the RT
distributions suggested differential engagement of
updating and inhibiting abilities across the experimental trials. RTs are not normally distributed
but have a positive skew—that is, the tail is
longer on the right than on the left side. The
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longer right tail of the distribution reﬂects the proportion of the slowest responses, while the remaining responses are in the normal part of the
distribution. Shao et al. observed that updating
ability was correlated with the length of the right
tail of the distribution of both action and object
naming (i.e., the slowest responses), while inhibiting ability was correlated with the normal part of
the RT distribution of action naming and the tail
of the distribution of object naming.
These ﬁndings suggest that both updating and
inhibiting play important roles in picture naming
but in different ways. Updating ability is reﬂected
in individual differences in picture-naming RT
for the slowest responses, for both objects and
actions. This result suggests that updating ability
is especially taxed on the most demanding trials
of picture naming. In contrast, inhibiting ability
seems to be involved on most of the trials in
action naming but only on the demanding trials
in object naming. This may be due to the fact
that action naming is generally more demanding
than object naming, as reﬂected in longer mean
RTs for the former. As mentioned, Shao et al.
(2012) did not ﬁnd a correlation between shifting
ability and picture-naming RT. However, this
does not exclude the possibility that shifting
ability is involved in forms of language production
that are more complex than picture naming,
especially when actual switching is required. To
conclude, Shao et al. found evidence that updating
and inhibiting contribute to the speed of picture
naming, in particular when naming is highly
demanding, as reﬂected in the long RTs.
Piai and Roelofs (2013) assessed object-naming
performance as part of a dual-task procedure and
found evidence that the engagement of executive
control depends on processing demand. In contrast
to Shao et al. (2012), they did ﬁnd a correlation
between updating ability and mean object-naming
RT. This result suggests that object naming taxes
updating ability more in dual-task than in singletask performance, such that individual differences
in this ability are reﬂected in the mean naming
RTs.
To summarize, previous studies provided evidence for contributions of executive control to

picture naming. To assess whether these ﬁndings
generalize to more complex language performance,
it is necessary to investigate whether each hypothesized component of executive control inﬂuences
other forms of language production than picture
naming. Moreover, it is important to assess
whether shifting ability contributes to language
production in situations that more explicitly
engage this ability. The aim of the present study
was to examine these issues by investigating the
contributions of updating, inhibiting, and shifting
to spoken phrase production in healthy adult
participants.

Outline of the present study
We assessed phrase production performance using
picture description and a picture-word interference
procedure. First, we measured length, distractor,
and switch effects in the picture description RTs,
which were hypothesized to relate to updating,
inhibiting, and shifting abilities, respectively.
Second, for each participant we obtained scores
on executive control tasks that measure verbal and
nonverbal updating, nonverbal inhibiting, and nonverbal shifting abilities. We then tested for correlations between these executive ability scores and
the magnitudes of the corresponding RT effects
in the picture description task.
Participants described pictures of simple objects
by producing noun phrases in Dutch. We used a set
of only four pictures (i.e., a fork, a plate, a glass, and
a bottle) to reduce variance due to differences in
processing speed among pictures and words. The
pictures were presented on the screen for only
250 ms. The brief presentation served to increase
the demands on executive control. The small
number of pictures and their brief presentation
are somewhat uncommon features of our task
meant to improve our assessment of the contributions of executive control. The pictures were presented in colour (e.g., a black line-drawing of a fork
in green colour on a white computer screen) or
without colour (e.g., a black line-drawing of a
fork in white on a white computer screen).
In response to the coloured pictures, participants
produced determiner–adjective–noun phrases, with
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the adjective referring to the colour, henceforth the
long phrases. In response to the white pictures, they
produced determiner–noun phrases without the
adjective, henceforth the short phrases. In one
block of trials, the determiners were gendermarked deﬁnite articles, “de” (for nouns with
common gender) or “het” (for nouns with neuter
gender), and in another block of trials, the determiner was an indeﬁnite article without gendermarking, “een”. Thus, we examined not only the
production of deﬁnite noun phrases, as has been
done before (e.g., Roelofs, 2003, 2006; Schriefers,
1992, 1993; Schiller & Caramazza, 2003), but
also the production of indeﬁnite phrases, which
has been neglected in previous research. In the
determiner–adjective–noun phrases with the indeﬁnite article, the adjective is inﬂected to mark the
gender of the noun. For example, the adjective
groen becomes “groen” for neuter nouns (e.g.,
“een groen bord”, a green plate) and “groene” for
common nouns (e.g., “een groene vork”, a green
fork). In contrast, with deﬁnite articles, the article
but not the adjective is marked for grammatical
gender (e.g., “het groene bord” and “de groene
vork”). In planning determiner–adjective–noun
phrases, speakers have to conceptually identify not
only the pictured object but also its colour, and
they have to retrieve from long-term memory a corresponding noun and colour adjective. Moreover,
they have to retrieve the indeﬁnite article and
inﬂect the colour adjective (in the indeﬁnitearticle blocks) or retrieve the appropriate gendermarked article (in deﬁnite-article blocks).
Following this, a syntactic structure has to be computed (Levelt, 1989) or retrieved from memory
(Vosse & Kempen, 2000), and the determiner,
adjective, and noun have to be serially ordered. In
contrast, in planning determiner–noun phrases,
speakers have to conceptually identify the pictured
object but not the colour, retrieve a corresponding
noun and deﬁnite or indeﬁnite article, compute or
retrieve a syntactic structure, and serially order the
words. Conceptual preparation and syntactic
encoding are followed by morphophonological
and phonetic encoding and, ﬁnally, articulation
(e.g., Levelt, 1989). Given that more information
needs to be derived from the picture and
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manipulated in working memory for the long
phrases than for the short phrases, we expected
that updating ability would be more strongly
engaged
when
producing
the
former.
Consequently, the magnitude of the difference in
RT between these phrase types, henceforth the
length effect, is expected to reﬂect a speaker’s updating ability (Korvorst, Roelofs, & Levelt, 2006;
A. S. Meyer, Roelofs, & Levelt, 2003).
To assess the contribution of inhibiting ability,
the pictures were combined with auditory distractor
words, which could be congruent (e.g., the auditory
distractor word “vork” combined with a picture of a
fork) or incongruent (e.g., the auditory distractor
word “bord” combined with a picture of a fork).
We expected that inhibiting would be more
strongly engaged with incongruent distractors
than with congruent distractors and that the magnitude of the difference in RT between these distractor types, henceforth the distractor effect,
would reﬂect a speaker’s inhibiting ability. Note
that the grammatical gender of the picture name
and the incongruent distractor word may be the
same or different, creating an additional source of
interference, at either the level of the articles
(“de” versus “het”) or the inﬂection of the adjective
(e.g., “groen” versus “groene”). The difference in
RT between incongruent distractors with the
same or different gender is referred to as the
gender congruency effect.
As suggested by Schriefers, Meyer, and Levelt
(1990) in a seminal article on the effect of spoken
distractors in picture naming, there exists no good
neutral baseline. For example, presenting a
spoken word distractor will delay picture naming
relative to a silence condition regardless of the
relationship between picture and distractor simply
because of the sound of the spoken distractor.
However, presenting pink noise instead of using
silence will suffer from the problem of comparing
the effect of linguistic and nonlinguistic distractors.
Therefore, the psycholinguistic literature has
settled on testing between different word conditions, such as semantically related versus unrelated, phonologically related versus unrelated, or
incongruent (semantically related) versus congruent
(identical), as is often done in the literature on
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Stroop-like effects (e.g., colour–word Stroop,
Eriksen ﬂanker, or Simon, see Piai, Roelofs,
Acheson, & Takashima, 2013). We decided to
use incongruent and congruent distractors,
because this contrast typically yields the largest
and most robust RT effect (e.g., Schriefers et al.,
1990), which would increase the chance of
ﬁnding a correlation with inhibiting ability. The
incongruent–congruent contrast does not allow us
to speciﬁcally relate the effect to any stage of
word production (unlike semantic or phonological
effects), but this was also not the aim of our
study. Table 1 gives example materials for the
length and distractor conditions for each of the
grammatical genders and deﬁniteness conditions.
To assess the contribution of the shifting ability,
the required phrase type (long or short) changed
every second trial. Thus, two short phrases (for pictures in white) could be followed by two long
phrases (for pictures in colour) or vice versa. A
trial that repeats the previous phrase type (short
preceded by short or long preceded by long) is
referred to as a repeat trial, and a trial that does
not repeat the previous phrase type (short preceded
by long or long preceded by short) is referred to as a
switch trial. Speakers may need to engage the shifting ability on switch trials to enable to production
of a different phrase type. We expected that shifting
would be more strongly engaged on switch than on
repeat trials and that the magnitude of the difference in RT between these trial types, henceforth
the switch effect, would reﬂect a speaker’s shifting
ability.
In addition, we measured participants’ updating,
inhibiting, and shifting abilities with standard tasks
commonly used to assess executive control (Collette
et al., 2005; Conway et al., 2005; Friedman et al.,
2008; Miyake et al., 2000). It could be possible
that there are linguistic updating processes that are
partly independent from the nonverbal processes
(e.g., Montgomery et al., 2010). Therefore, we
used the operation-span and odd-one-out tasks
(Conway et al., 2005) to assess verbal and nonverbal
updating ability, respectively. Moreover, we used the
stop-signal task (Verbruggen, Logan, & Stevens,
2008) to assess nonverbal inhibiting ability, and
the shape–colour switching task (Miyake et al.,

2000) to assess nonverbal shifting ability. Detailed
descriptions of these tasks are given below in the
Method section. We expected that individual differences in the scores for these executive control tasks
would correlate with the corresponding effects in
the picture description RTs. In particular, the operation-span and odd-one-out scores were expected to
correlate with the length effect in RTs (both reﬂecting the updating ability), the stop-signal scores were
expected to correlate with the distractor effect (both
reﬂecting the inhibiting ability), and the scores on
the shape–colour switching task were expected to
correlate with the RT switch effect (both reﬂecting
the shifting ability).
Following Shao et al. (2012), we examined correlations of executive control scores not only with
mean RTs but also with components of the underlying RT distribution by performing ex-Gaussian
analyses. The ex-Gaussian function consists of a
convolution of a Gaussian (i.e., normal) and an
exponential distribution, which generally provides
good ﬁts to empirical RT distributions (e.g.,
Luce, 1986; Ratcliff, 1979). The analyses provide
three parameters characterizing a distribution,
called μ, σ, and τ. The μ and σ parameters reﬂect
the mean and standard deviation of the Gaussian
portion, and τ reﬂects the mean and standard deviation of the exponential portion. The mean of the
whole distribution (i.e., the mean RT) equals the
sum of μ and τ. Thus, ex-Gaussian analyses decompose mean RTs into two additive components,
which characterize the normal part (μ) and the
right tail (τ) of the underlying RT distribution.
Finally, following Shao, Meyer, and Roelofs
(2013), we performed delta-plot analyses to
further examine the contribution of inhibiting.
Previous research distinguished between nonselective and selective inhibition (Forstmann et al.,
2008). Nonselective inhibition is involved in the
suppression of any unwanted response (like in the
stop-signal task or any distractor in the picture–
word interference task), while selective inhibition
is involved in the suppression of speciﬁc responses
that compete for selection (like semantically
related distractors in the picture–word interference
task). A way to measure selective inhibition is by
calculation of delta plots. Delta plots can be
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Table 1. Example materials for the length and distractor conditions for each of the two grammatical genders and deﬁniteness conditions
Length

Deﬁniteness
Deﬁnite article

Gender

Short

Long

Common

de vork
(the fork)

de groene vork
(the green
fork)
het groene bord
(the green
plate)
een groene vork
(a green fork)
een groen bord
(a green plate)
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Neuter

Indeﬁnite
article

Distractor

Common
Neuter

het bord
(the
plate)
een vork
(a fork)
een bord
(a plate)

Congruent/
congruent

Incongruent/
congruent

Incongruent/
incongruent

vork
(fork)

ﬂes

bord
(plate)

glas
(glass)

vork
(fork)

vork
(fork)
bord
(plate)

ﬂes

bord
(plate)
vork
(fork)

(bottle)

(bottle)
glas
(glass)

bord
(plate)

Note: Length: short, long; distractor: congruent noun and gender, incongruent noun with congruent gender, incongruent noun with
incongruent gender; grammatical gender: common, neuter; deﬁniteness condition: deﬁnite, indeﬁnite. English translations of the
Dutch materials are shown in parentheses.

derived by rank ordering condition RTs and dividing them into quantiles (e.g., 20% bins). The distractor effect or “delta” is then determined for each
quantile—that is, as a function of the relative
speed of responding. Evidence suggests that selective inhibition builds up over time, so that the inﬂuence of inhibition is most strongly reﬂected in the
slowest responses (e.g., Ridderinkhof, 2002; Van
den Wildenberg et al., 2010). That is, better inhibitory ability is associated with smaller distractor
effects for the slowest responses. This may be
quantiﬁed by computing the slopes of the delta
plots—that is, the difference between the deltas of
consecutive quantiles divided by the difference in
the corresponding quantile mean RTs. Previous
research has suggested that better inhibiting ability
is associated with shallower or negative-going
slopes for the slowest responses—that is, the slopes
of the slowest delta segments (e.g., Ridderinkhof,
2002; Van den Wildenberg et al., 2010).
Shao et al. (2013) obtained evidence that both
selective and nonselective inhibition are involved
in picture naming but in different ways.
Participants had to name pictured objects (e.g., a
fork) with superimposed written distractor words,
which were semantically related (e.g., knife) or
unrelated (e.g., car). Nonselective inhibiting
ability, as indexed by scores for the stop-signal
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task, was correlated with the mean RT regardless
of the type of word distractor (i.e., semantically
related or unrelated) in picture naming. In contrast,
selective inhibiting ability, as indexed by slopes of
the slowest delta segment, was correlated with the
magnitude of the semantic effect (i.e., the difference in RT between semantically related and unrelated distractors). Moreover, the selective and
nonselective inhibiting measures were not correlated. This suggests that selective inhibiting is
engaged to selectively suppress distractors that are
semantically related (thereby reducing the magnitude of the semantic effect), whereas nonselective
inhibiting is engaged to suppress any competing
word, regardless of semantic relatedness (thereby
reducing the mean RTs). In the present study, we
used the stop-signal task to assess nonselective
inhibiting ability, and we performed delta-plot analyses to assess selective inhibiting ability.

EXPERIMENTAL STUDY
Method
Participants
Forty native speakers of Dutch participated in the
experiment (28 women and 12 men, mean age =
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24.08 years, age range: 19 to 37 years). The participants were recruited via the Radboud University
SONA system. They received 12.50 euros or 1.5
credits for their participation.
Procedure and design
The participants signed the informed consent
before the experimental session. Following standard practice in individual differences research,
tasks and blocks within tasks were presented to all
the participants in the exact same order to minimize
any measurement error due to participant by order
interaction (cf. Friedman et al., 2008; Miyake et al.,
2000). First, they performed the picture description
task, followed by the odd-one-out task, the stopsignal task, the operation-span task, and the
shape–colour switching task. After the experimental session, participants were debriefed and paid for
their participation. An experimental session lasted
about 1 hour and 15 minutes.
Picture-description task. In this task, participants
had to describe a picture presented in the middle
of a computer screen while trying to ignore a
spoken distractor that was played via headphones.
Each trial began with a ﬁxation cross, which
remained on the screen for 700 ms, followed by
the presentation of a spoken distractor and a
picture simultaneously (i.e., with the same presentation onset). The picture remained on the screen
for 250 ms followed by a blank screen for 2150
ms. Each picture was presented with a congruent
distractor, an incongruent distractor with congruent gender, and an incongruent distractor with
incongruent gender. Hence, each picture was
pared with three different spoken distractors.
Each spoken distractor was presented an equal
number of times in the experiment. For each participant, the stimulus list was randomized using
the programme Mix (Van Casteren & Davis,
2006) with the restriction that stimuli were not
repeated on consecutive trials. To focus on the
inﬂuences of executive control and to reduce variance due to differences in processing speed
among pictures and words, only a limited number
of objects and colours were used. The set of
stimuli consisted of four pictures—namely, a

bottle, a plate, a glass, and a fork, and four
spoken distractors, which were the names of these
objects. All spoken distractors were monosyllabic
Dutch words: ﬂes (bottle), bord (plate), glas (glass),
and vork (fork). The words were all semantically
related (like in the colour–word Stroop task, e.g.,
Roelofs, 2003). The spoken words were recorded
by a female native speaker of Dutch. The mean
duration of the spoken distractor was 530 ms. All
the participants ran through the experiment in
the exact same order (cf. Friedman et al., 2008;
Miyake et al., 2000). There were two practice
blocks and eight experimental blocks of trials.
Each experimental session began with two practice
blocks. In the ﬁrst practice block, participants had
to describe all the pictures using noun phrases
with a deﬁnite article, and in the second practice
block participants described all the pictures using
phrases with an indeﬁnite article. Next, in the
experimental part, participants used deﬁnite
phrases (deﬁnite condition) in four of the blocks
and indeﬁnite phrases (indeﬁnite condition) in
another four blocks. Participants always began
with a deﬁnite article block followed by an indeﬁnite article block. The four deﬁnite and four indeﬁnite blocks of trials were alternated: deﬁnite,
indeﬁnite, deﬁnite, indeﬁnite, and so on. Before
each experimental block, participant received information about the required type of noun phrase,
deﬁnite or indeﬁnite. Each experimental block consisted of 48 trials. In total there were 192 trials for
the deﬁnite condition and 192 trials for the indeﬁnite condition.
As mentioned earlier, the Dutch language distinguishes between common nouns, which take
the article “de”, and neuter nouns, which take the
article “het” as deﬁnite determiners. Two words,
glas (glass) and bord (plate), were neuter-gender
nouns, and the two other words, vork ( fork) and
ﬂes (bottle), were common-gender nouns. The
picture names and the spoken distractors could be
two identical nouns (congruent condition), two
different nouns taking the same grammatical
gender (incongruent noun with congruent gender
condition), or two different nouns taking different
genders (incongruent noun with incongruent
gender condition). Each of these distractor
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conditions had the same number of trials. The pictures were either black-and-white drawings or
coloured drawings, either blue or green. The participants were instructed to produce determiner–
noun phrases (e.g., “de vork” or “een vork”) when
the presented picture was a black-and-white
drawing (the short phrase condition). When the
picture was presented in one of the two colours,
the participants had to produce a phrase that
included an article, a colour adjective, and the
name of the object (e.g., “de groene vork” or “een
groene vork”, the long phrase condition). The
number of trials for these conditions was the
same. The pictures were presented such that the
required phrase type changed every second trial.
Thus, in the trial sequence, two black-and-white
pictures were followed by two coloured pictures,
which were followed by two black-and-white pictures, and so on. This designed allowed us to
measure picture description RT on repeat and
switch trials. The number of trials for the repeat
and switch conditions was equal.

sequentially pressing the corresponding buttons.
This was followed by a next set of new ﬁgures.

Odd-one-out task. The odd-one-out task measures
nonverbal updating ability (Conway et al., 2005).
The odd-one-out task consisted of 60 triples of
drawings representing arbitrary shapes. For each
triple, two shapes were identical, and one was
different. The three ﬁgures were presented on the
computer screen, and the participants were
instructed to indicate by pressing one of three
buttons which ﬁgure is different from the others
(i.e., the odd-one-out). The left button denoted
the left ﬁgure, the middle button denoted the
middle ﬁgure, and the right button denoted the
right ﬁgure. Moreover, the participants were told
to remember the location of the odd-one-out
ﬁgure on each trial. After a random number of
trials (varying between two and six), the participants had to recall the location of all odd-one-out
ﬁgures since the beginning of a set. A table with
three columns was presented on the computer
screen. Each column referred to the three locations,
and the rows referred to the trials. The participants
indicated the recalled locations of the odd-one-out
ﬁgures in the table, in the correct order, by

Stop-signal task. The stop-signal task measures
nonverbal inhibiting ability (Verbruggen et al.,
2008). The task consisted of 75% “go” trials and
25% “stop” trials. Each go trial began with a ﬁxation point presented in the middle of the screen
for 250 ms, followed by a target stimulus. The
target stimulus was either a square or a circle. The
participants were instructed to respond to the
stimuli by pressing one button (labelled “?”) when
they saw a circle and another button (labelled
“Z”) when they saw a square. The stimuli remained
on the screen until the participant responded but
not longer than for 1250 ms. The participants
were told to respond to the stimuli as quickly and
accurately as possible. On the stop trials also an
auditory stimulus was presented. The auditory
stimuli followed the visual stimuli. The participants
were instructed to inhibit their response to the
visual stimuli on the trials when the auditory
stimuli were presented. First the auditory stimuli
were presented 250 ms after onset of the visual
stimuli (the stop-signal delay). After each successful stop trial, the stop-signal delay was increased
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Operation-span task. The operation-span task
measures verbal updating ability (Conway et al.,
2005). The operation-span task consisted of 60
mathematical operations and 60 Dutch words.
Materials were presented on the computer screen.
Each trial began with a ﬁxation cross presented
for 800 ms followed by a mathematical operation
and a word presented in the middle of the screen
(e.g., 12 – 4/2 = 3? Strand). The participants were
instructed to read aloud the mathematical operation
and the word. Next, the participants had to indicate
by a button press whether the mathematical operation was correct. After a random number of
trials (varying between two and six), participants
had to recall all words presented since the beginning of a set. The instruction “write down” displayed on the screen indicated that a participant
had to recall and write down all words in the
correct order. This was followed by a new set of
mathematical operations and words.
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with 50 ms, while after each unsuccessful stop trial
the stop-signal delay was decreased with 50 ms.
The task consisted of one practice and three experimental blocks. The practice block included 32
trials, and each experimental block included 64
trials.
Shape–colour switching task. The shape–colour
switching task measures nonverbal shifting ability
(Miyake et al., 2000). The task consisted of visual
stimuli presented on the computer screen. The
stimuli were a square or a circle that could be
either red or green. The participants were
instructed to respond to the colour of the stimuli
when the ﬁgures were presented in the top of the
screen, and to the shape of the stimuli when the
ﬁgures were presented in the bottom of the
screen. Response buttons were “↓” and “↑”. The
participants had to press “↓” as a response to the
stimuli that were either red or a circle, and they
had to press “↑” as a response to the stimuli that
were either green or a square. There were three
practice blocks and three experimental blocks. In
the ﬁrst block, stimuli were presented only in the
top of the screen, the colour block. In the second
block, stimuli were presented only in the bottom
of the screen, the shape block. In the last block,
stimuli were presented in clockwise rotation, beginning in the upper left quadrant of the screen, followed by the upper right quadrant, followed by
the lower right quadrant, and the lower left quadrant. The shape and the colour blocks consisted
of 48 trials. The mixed block consisted of 128 trials.
Data analysis
Picture-description task. The data of four participants for this task were excluded from the analysis
because they did not correctly follow the instructions. In total, the data of 36 subjects were included
in the analysis. Responses were excluded from the
analysis if the produced phrase did not match the
correct phrase or when the response included any
kind of disﬂuency or was not completed before
the end of a trial. Mean RTs were calculated separately for the deﬁnite blocks and indeﬁnite blocks.
For each block, mean RTs were calculated for
seven conditions: long phrase condition, short

phrase condition, congruent condition, incongruent noun with congruent gender condition, incongruent noun with incongruent gender condition,
repeat condition, and switch condition. Repeated
measures analyses of variance (ANOVAs) were
conducted to test for main effects and interactions
between conditions. Four effects were deﬁned: deﬁniteness (deﬁnite vs. indeﬁnite), length (short vs.
long phrase), distractor (congruent vs. incongruent
noun with congruent gender vs. incongruent
noun with incongruent gender), and switch
(repeat vs. switch trials).
Pearson correlations were computed between
the scores for the executive control tasks and the
three effects measured by the language production
task (length, distractor, and switch). The length
effect was calculated for each participant by subtracting the mean RT of the short phrase condition
from the mean RT of the long phrase condition.
The distractor effect was calculated by subtracting
the mean RT of the congruent condition from
the mean RT of the incongruent noun with congruent gender condition. Note that the incongruent
noun with incongruent gender condition was not
entered into the correlation analyses. Whereas the
congruent condition and the incongruent noun
with congruent gender condition differ in the congruency of the noun but not the grammatical
gender (which is the same for picture name and distractor word), the grammatical gender differs
between the congruent condition and the incongruent noun with incongruent gender condition.
Thus, the latter contrast includes a difference not
only in noun but also in grammatical gender,
which complicates the interpretation of the effect.
Therefore, the distractor effect that entered the correlation analyses concerned the difference in RT
between the congruent condition and the incongruent noun with congruent gender condition.
Finally, the switch effect was calculated by subtracting the mean RT of the repeat condition from the
switch condition.
Odd-one-out task. Scores for the odd-one-out task
were calculated following the guidelines of
Conway et al. (2005). The score of one participant
was excluded from the analysis because the accuracy
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in the odd-one-out task was below 85%. The
number of correctly recalled locations of the odd
ﬁgures in a set was calculated. The number of
ﬁgures in a set varied between two and six. The participants received 1 point for each correctly recalled
set. There were in total 15 sets. Thus, the total
scores could range between 0 and 15. The score
for each set was calculated as the proportion of
the correctly recalled locations and the total
number of locations to be recalled within the set.
For example, correctly recalling the locations of
two odd ﬁgures of a set of six ﬁgures was scored
as 0.33 point, while correctly recalling the locations
of two odd ﬁgures of a set of four ﬁgures was scored
as 0.5 point. Higher total scores on the odd-oneout task indicate better (nonverbal) updating
ability.
Operation-span task. Scores for the operation-span
task were also calculated following the guidelines
of Conway et al. (2005). The scores of two participants were excluded from the analysis as one of the
participants had lower than 85% accuracy for the
mathematical operations, and another participant
did not correctly follow the instructions. The
number of correctly recalled words for each set
was calculated. The number of the words in each
set varied between two and six. In total there
were 15 sets. Participants could receive 1 point
for each correctly recalled set; hence the total
score could range between 0 and 15. The score
for each set was calculated as the proportion of
the correctly recalled words and the total number
of words to be recalled within the set, similar to
the scoring of the odd-one-out task. Higher total
scores for the operation-span task indicate better
updating ability.
Stop-signal task. Scores were calculated following
the instructions of Verbruggen et al. (2008). The
data of three participants were excluded from the
analysis because of poor performance. The stopsignal reaction time (SSRT) was calculated for
each participant. The SSRT is equal to the difference between the mean RT of all go-trials and
the mean stop-signal delay. Shorter SSRTs indicate
better inhibiting ability.
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Shape–colour switching task. Trials were categorized
as errors and excluded from the analysis if a participant failed to respond correctly to the presented
ﬁgure. Mean RTs for the switch trials from the
third experimental block (trials from the upper
left and the lower right quadrants of the screen)
and for the repeat trials from the third experimental
block (trials from the upper right and lower left
quadrants of the screen) were calculated. The
shifting score was obtained by subtracting the
mean RT for the repeat trials from mean RT for
the switch trials. Lower values indicate better shifting ability.
Correlation analyses. Pearson correlations were
computed between the scores of the executive
control tasks and the length, distractor, and
switch effects in the picture description RTs as
well as the overall mean RTs. Moreover, correlations were computed between the executive
scores and the length, distractor, and switch
effects in the three ex-Gaussian parameters (μ, σ,
and τ) as well as the mean values of the parameters
across all conditions.
Ex-Gaussian analyses. For each participant, we estimated the values of the three ex-Gaussian parameters μ, σ, and τ for the RTs in each
condition. The parameter values were estimated
using the quantile method implemented in the
QMPE software (Brown & Heathcote, 2003).
We then computed the effects of length, distractor,
and switch in these parameters. As explained
earlier, the effects in the three ex-Gaussian parameters as well as the mean values of the parameters
across all conditions were entered into the correlation analyses.
Delta-plot analyses. For each participant, the RTs of
the congruent condition and the incongruent noun
with congruent gender condition were rankordered and divided into quintiles (i.e., 20%
bins), for each condition separately. For each quintile, mean RTs were calculated, and the interference effect (delta) for each quintile was computed.
Finally, the slopes of the lines that connect the
delta values of consecutive quintiles were computed
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(Ridderinkhof, 2002). The literature suggests that
the slope of the slowest delta segment (i.e., the
slope of the line connecting the fourth and ﬁfth
quintiles) best indexes inhibition ability (e.g.,
Forstmann et al., 2008; Van den Wildenberg
et al., 2010).
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Results
Mean picture-description performance
The mean RTs and error rates for each of the conditions of the picture-description task are presented
in Table 2. Mean RTs were longer for the deﬁnite
than for the indeﬁnite phrases (deﬁniteness effect),
shorter for the short than for the long phrases
(length effect), shorter for the congruent condition
than for the incongruent noun with congruent
gender condition (distractor noun effect), shorter
for the incongruent noun with congruent gender
condition than for the incongruent noun with
incongruent gender condition (gender congruency
effect), and longer for switch than for repeat trials
(switch effect).
In tests of sphericity of the RT data, Mauchly’s
test of sphericity was signiﬁcant for the interaction
of deﬁniteness and distractor, χ²(2) = 6.52,
p , .05, which indicates a violation of the assumption of sphericity. Therefore, Greenhouse–Geisser

Figure 1. Mean response time (RT) for the picture descriptions per
distractor condition (congruent noun/congruent gender, incongruent
noun/incongruent gender, incongruent noun/congruent gender) and
deﬁniteness condition (deﬁnite, indeﬁnite). The error bars indicate
one standard error.

estimates of sphericity were used to correct the
degrees of freedom (ε = .85).
All main RT effects were found to be signiﬁcant
at p , .001. There was a main effect of deﬁniteness:
The participants responded faster in the indeﬁnite
than in the deﬁnite condition, F(1, 35) = 145.39,
MSE = 22,801, h2p = .81. In addition, there was a
main distractor effect, F(2, 70) = 44.25, MSE =
9060, h2p = .56: Participants responded faster in
the congruent noun condition than in the incongruent noun with congruent gender condition (distractor noun effect), F(1, 35) = 44.85, MSE = 2085,
h2p = .56, and slower in the incongruent noun with
incongruent gender condition than in the incongruent noun with congruent gender condition
(gender congruency effect), F(1, 35) = 10.30,
MSE = 1647, h2p = .23. There was also a main
length effect: Participants responded faster in the
short than in the long phrase condition, F(1, 35)
= 29.81, MSE = 30,827, h2p = .46. Finally, there
was a main switch effect: The participants
responded faster in the repeat than in the switch
condition,
F(1, 35) = 24.57, MSE = 5682,
h2p = .41.
Additionally, we found three signiﬁcant interactions. There was an interaction between deﬁniteness and distractor, F(1.7, 59.6) = 11.8, MSE =
70,160, p , .001, h2p = .25. As Figure 1 shows,
this interaction occurred because the incongruent
distractors yielded a difference in RT between the

Figure 2. Mean response time (RT) for the picture descriptions per
phrase type (long, short) and deﬁniteness condition (deﬁnite,
indeﬁnite). The error bars indicate one standard error.
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Table 2 Mean reaction times and percentage errors in the picture-description task
Switch
Deﬁniteness condition
Deﬁnite article

Distractor/Gender
Congruent/congruent

Incongruent/congruent

Downloaded by [Radboud Universiteit Nijmegen] at 03:41 06 April 2016

Incongruent/incongruent

Total

Indeﬁnite article

Congruent/congruent

Incongruent/congruent

Incongruent/incongruent

Total

Overall

Congruent/congruent

Incongruent/congruent

Incongruent/incongruent

Total

Length

Repeat

Switch

Total

Long
Short
Total
Long
Short
Total
Long
Short
Total
Long
Short
Total

845 (12)
714 (5)
779 (8)
891 (15)
778 (6)
834 (10)
935 (21)
808 (12)
871 (17)
890 (16)
767 (6)
828 (11)

819 (10)
773 (3)
796 (7)
877 (14)
838 (5)
857 (10)
934 (19)
876 (9)
905 (14)
876 (14)
829 (7)
853 (10)

831 (11)
744 (4)
788 (7)
884 (14)
808 (5)
846 (10)
934 (20)
842 (10)
888 (15)
883 (15)
798 (6)
840 (10)

Long
Short
Total
Long
Short
Total
Long
Short
Total
Long
Short
Total

728 (10)
629 (2)
678 (6)
739 (14)
677 (4)
708 (9)
768 (14)
680 (5)
724 (9)
745 (13)
662 (3)
703 (8)

701 (8)
690 (3)
696 (5)
760 (13)
746 (5)
753 (9)
740 (14)
741 (8)
740 (11)
734 (11)
726 (5)
730 (8)

714 (9)
660 (2)
687 (6)
750 (13)
712 (4)
731 (9)
754 (14)
710 (6)
732 (10)
739 (12)
694 (4)
717 (8)

Long
Short
Total
Long
Short
Total
Long
Short
Total
Long
Short
Total

786 (11)
672 (3)
729 (7)
815 (14)
728 (4)
771 (9)
851 (18)
744 (8)
797 (13)
817 (14)
714 (5)
766 (10)

760 (9)
732 (3)
746 (6)
819 (13)
792 (5)
805 (9)
837 (17)
809 (8)
823 (13)
805 (13)
777 (5)
791 (9)

773 (10)
702 (3)
737 (7)
817 (14)
760 (5)
788 (9)
844 (17)
776 (8)
810 (13)
811 (14)
746 (5)
779 (10)

Note: Response times in milliseconds. Error percentages in parentheses.

incongruent- and congruent-gender conditions for
the deﬁnite phrases but not for the indeﬁnite
phrases. Moreover, there was an interaction
between deﬁniteness and length, F(1, 35) = 23.94,
MSE = 86,108, p , .001, h2p = .41. Figure 2
shows that this interaction occurred because the
length effect was larger for the deﬁnite than for

1730

the indeﬁnite phrases. Finally, there was an interaction between length and switch, F(1, 35) = 33.9,
MSE = 304,638, p , .001, h2p = .49. Figure 3
shows that this interaction occurred because the
switch effect was present for the short phrases,
t = 8.79, p , .001, but not for the long phrases,
t = −1.192, p = .24.
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Correlation analyses
We analysed the correlations among the scores of
the executive control tasks (i.e., operation span,
odd-one-out, stop signal, and shape–colour switching), the mean picture description RTs, and the
three effects in the RTs (i.e., length, distractor,
and switch). Excluded data points were coded as
missing values. Moreover, the score of one participant on the operation-span task was identiﬁed as an
outlier using the Mahalanobis distance (Conway
et al., 2005) and was excluded from the analysis.
The correlations are presented in Tables 3 and 4.
Table 3 presents the correlations among the
scores on the executive control tasks. The table
shows that there were no signiﬁcant correlations
except between the scores for the operation-span
and odd-one-out tasks. Table 4 presents the correlations among the scores for the executive control
tasks, the mean picture description RTs, and the
three effects in the RTs. The table shows that the
operation-span and odd-one-out scores correlated
with the overall mean RT, and, additionally, the
operation-span scores correlated with the length
effect in the RTs. Moreover, the stop-signal
scores correlated with the distractor effect. For
the shape–colour switching scores no signiﬁcant
correlations were obtained.
In the correlation analyses, we did not include an
equal number of participants for each test. Instead,
we included the score of a participant if it met the

Figure 3. Mean response time (RT) for the picture descriptions per
length condition (short, long) on repeat and switch trials. The error
bars indicate one standard error.

criterion of a test (i.e., operation span task, oddone-out task, stop-signal task, and colour–shape
task) regardless of whether the participant met the
criteria of all the other tests. For instance, if a participant had to be excluded from the stop-signal task
because the score did not qualify according to the
criteria of this test (e.g., too many errors), the
scores of this participant on other tests were still
included if these scores passed the criteria of those
tests. If we exclude a participant’s scores on all of
the tests because the scores of one test did not pass
the criteria of that test, the number of participants
entering the correlation analyses would considerably
decrease. This would likely result in weaker correlations. Still, to test whether the reported results
were due to the unequal number of participants on
the tests, we ran our analysis with an equal number
of participants on all tests (i.e., using the general
exclusion criterion) and thus a lower total number
of participants. These correlations are presented
between parentheses in Table 4. As can be seen,
the correlations were overall weaker but still signiﬁcant. Thus, the pattern of correlations is the same
with unequal and equal numbers of participants for
the executive control tasks.
Ex-Gaussian analyses
We also analysed the correlations between the
scores for the four executive control tasks and the
values of the three ex-Gaussian parameters across
conditions. Moreover, we analysed the correlations
between the executive control scores and the
length, distractor, and switch effects in the three
ex-Gaussian parameters characterizing the RT
distributions.
We found correlations between the scores on the
operation-span and odd-one-out tasks and the μ of
the distribution of RTs across all conditions, r
= −.407, p , .01, and r = −.509, p , .001, respectively. Moreover, we found a positive correlation
between the scores on the shape–colour switching
task and the switch effect in μ, r = .316, p , .05,
while the correlation was negative for the switch
effect in the τ parameter, r = −.36, p , .05. The negative correlation between the scores on the shape–
colour switching task and the τ parameter was surprising. We address this ﬁnding in the Discussion section.
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Table 3. Correlations among the scores for the executive control tasks

Task

Downloaded by [Radboud Universiteit Nijmegen] at 03:41 06 April 2016

Operation span
Stop signal
Shape–colour
switching

Odd-oneout

Operation
span

Stop
signal

.582**
−.212
−.217

—
−.014
−.098

—
—
.085

Note: Odd-one-out and operation span are assumed to index
updating ability, stop signal is assumed to index inhibiting
ability, and shape–colour switching is assumed to index
shifting ability.
**p , .01.

Delta-plot analyses
We analysed the correlations among the slope of
slowest delta segment, the scores on the stopsignal task, and the mean distractor effect in the
RTs.
The stop-signal scores correlated with the mean
distractor effect in the RTs, r = .451, p , .01.
Moreover, we found a correlation between the
slopes of the slowest delta segment (i.e., the ﬁnal
slope) and the distractor effect, r = .294, p , .01.
Figure 4 shows the corresponding scatter plots.
There was no correlation between the stop-signal
scores and the slopes of the slowest delta
segment, r = .073, p = .34.

Discussion
The present study examined the inﬂuence of executive control on language production. More speciﬁcally, we investigated how individual differences in
updating, inhibiting, and shifting abilities inﬂuence

phrase production. The language task used in this
study allowed us to measure the involvement of
all three components of executive control proposed
by Miyake et al. (2000). We measured how fast a
speaker produces a phrase in higher demand updating, inhibiting, and shifting conditions as compared to lower demand conditions. We argued
that executive control will be more strongly
engaged in more demanding conditions, and
hence differences in the speed of performance
between higher and lower demand conditions will
reﬂect differential engagement of the speakers’
updating, inhibiting, and shifting abilities. We
found that participants responded faster in the
lower than in the higher demand conditions, as
reﬂected in the mean RTs. More speciﬁcally,
speakers described pictures faster in the shortthan in the long-phrase condition, faster in the
congruent than in the incongruent distractor conditions, and faster in the repeat than in the switch
condition. These ﬁndings suggest that an increase
in executive demand has consequences for the
speed of language production.
On the long phrase trials, speakers had to
process and maintain in working memory the relevant information for three components of the
phrase—namely, the determiner, adjective, and
noun, whereas on short phrase trials, this was
required only for two components—namely, the
determiner and noun. This difference in processing
demand was reﬂected in the RTs as the length
effect. Moreover, individual differences in verbal
updating scores, obtained by the operation-span
task, correlated with the magnitude of the length
effect in the RTs. Better updating scores were
associated with smaller length effects. Both verbal

Table 4. Correlations among the scores for the executive control tasks and the mean reaction times and effects in the picture-description task
Task
Odd-one-out
Operation span
Stop signal
Shape–colour switching

Length effect

Distractor effect

Switch effect

Total RT

.085 (−.033)
−.353* (−.336*)
−.079 (−.141)
.112 (−.142)

−.276 (−.214)
−.089 (−.092)
.451** (.402*)
−.031 (.056)

.046 (−.049)
.057 (.047)
.121 (.153)
.031 (.021)

−.510** (−.418*)
−.307* (−.338*)
.186 (.167)
.148 (.067)

Note: RT = response time. The correlations for participants with scores on all executive control tasks are shown in parentheses.
*p , .05. **p , .01.
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Figure 4. Scatter plots of the relationship between (a) the distractor
effect and the stop-signal response time and (b) the distractor effect
and the slope of the slowest delta segment.

and nonverbal updating scores (the latter obtained
by the odd-one-out task) correlated with overall
mean RTs. Better updating scores were associated
with shorter RTs. These results suggest that the
speed of phrase production is inﬂuenced by the
updating ability of the speaker.
On incongruent distractor trials, speakers had to
overcome interference of incongruent distractor
words, whereas on congruent distractor trials,
there was no such interference. This difference in
processing demand was reﬂected in the RTs as
the distractor effect. Moreover, individual differences in inhibiting scores, as obtained by the
stop-signal task, correlated with the magnitude of
the distractor effect in the RTs. Better inhibiting
scores were associated with smaller distractor
effects. These results suggest that phrase production is inﬂuenced by inhibiting ability.

On repeat trials, the length of the phrase was the
same as that on the previous trial, whereas the
length of the phrases differed on switch trials.
Thus, speakers could keep the previous task
demands in working memory (e.g., to maintain
and process information for two or three phrase
components) on repeat trials, whereas they had to
change the task demands on switch trials. This
difference in processing demand was reﬂected in
the RTs as the switch effect. In addition, there
was an interaction with phrase length: The switch
effect in RTs was present for the short phrases
but not for the long ones. Individual differences
in shifting scores, as obtained by the shape–colour
switching task, did not correlate with the magnitude of the switch effect in the mean RTs.
However, analyses of the shape of the RT distributions revealed that individual differences in shifting scores correlated positively with the switch
effect in the normal part of the distribution and
negatively with the switch effect in the tail. Thus,
better shape–colour shifting scores were associated
with a smaller switch effect on most of the
picture-description trials but with a larger switch
effect on the abnormally slow trials. These results
suggest that phrase production is inﬂuenced by
the shifting ability.
To summarize, we observed length, distractor,
and switch effects in mean RTs and/or RT distributional components in noun-phrase production.
The magnitude of these length, distractor, and
switch effects correlated with individual differences
in updating, inhibiting, and shifting scores,
respectively. Thus, all three components of executive control distinguished by Miyake et al. (2000)
appear to inﬂuence language production. Our ﬁndings are in agreement with previous studies that
observed an inﬂuence of updating and inhibiting
ability on picture naming (Piai & Roelofs, 2013;
Shao et al., 2012). The present study not only
shows that updating and inhibiting ability may
have an inﬂuence on more complex forms of
language production than picture naming—
namely, phrase production—but also shows a
novel inﬂuence of shifting ability. In the remainder
of the manuscript, we discuss how the present ﬁndings relate to previous results in the literature and
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what they imply for the role of executive control in
language production.
Psycholinguistic ﬁndings
The aim of the present study was to examine the
inﬂuence of executive control on noun-phrase production. To reduce error variance due to differences
in processing speed among pictures and words, only
a limited number of objects (four) and colours (two)
were used in the present study. In contrast, previous
investigations of phrase production in the literature
used larger numbers of items. For example, in a
seminal study of noun-phrase production,
Schriefers (1992) used 32 pictures and four
colours. Nevertheless, the present study replicated
a number of basic psycholinguistic ﬁndings in the
literature, including the effect of congruency of
grammatical gender between picture name and distractor word, and the interaction between deﬁniteness and gender congruency. We brieﬂy discuss
these ﬁndings in turn, starting with the basic
effect of deﬁniteness.
We observed that the picture description RTs
were shorter for indeﬁnite phrases than for deﬁnite
phrases. For both phrase types, the grammatical
gender of the noun needs to be processed.
However, for deﬁnite phrases, the grammatical
gender determines the article (de vs. het), whereas
for indeﬁnite phrases the gender determines the
inﬂection of the adjective (e.g., groene vs. groen).
In the production of indeﬁnite phrases, inﬂectional
encoding of the adjective may occur while the
speaker is articulating the indeﬁnite article (een,
which is the same on all indeﬁnite trials), whereas
the deﬁnite article (de or het) needs to be encoded
before articulation onset for the deﬁnite phrases.
This factor may explain why articulation onset is
somewhat later for deﬁnite phrases. However,
although the deﬁnite and indeﬁnite blocks of
trials were alternated in the experiment (i.e., deﬁnite, indeﬁnite, deﬁnite, indeﬁnite, etc.), all participants received the blocks in the same order (cf.
Friedman et al., 2008; Miyake et al., 2000),
always starting with a deﬁnite block of trials.
Thus, in performing the ﬁrst indeﬁnite block, participants had already responded to the pictures by
producing deﬁnite phrases. Consequently,
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indeﬁnite blocks may have been associated with a
greater amount of practice with the pictures than
deﬁnite blocks, yielding shorter RTs for the indeﬁnite than for the deﬁnite condition. Thus, it
remains possible that the ﬁnding of a shorter
mean RT for the indeﬁnite than for the deﬁnite
condition is fully or partly due to a differential
amount of practice.
We also observed a gender congruency effect,
replicating Schriefers (1993), Schriefers and
Teruel (2000), Schiller and Caramazza (2003), La
Heij, Mak, Sander, and Willeboordse (1998), and
Van Berkum (1997), among others. Picture
description RTs were shorter when the incongruent
distractor word had the same grammatical gender
as the picture name than when it had a different
gender. This gender congruency effect was
obtained for the deﬁnite phrases but not for the
indeﬁnite phrases. This suggests that the gender
congruency effect arose in selecting the appropriate
article, which involved a choice for the deﬁnite
phrases (between de or het) but not for the indeﬁnite phrases (always een). Schiller and Caramazza
(2003) obtained a similar ﬁnding for the production of noun phrases in Dutch and German.
Participants had to refer to one or two pictured
objects by producing singular or plural noun
phrases. For the singular phrases, the article is
gender-marked (de or het in Dutch), but for plural
phrases it is not (i.e., de in Dutch regardless of
grammatical gender). A gender congruency effect
was obtained for the singular but not for the
plural phrases, suggesting that the congruency
effect arises in the selection of the article.
To conclude, although fewer pictures and
colours were used in the present study than in previous studies in the literature, we replicated basic
psycholinguistic ﬁndings. Thus, the inﬂuences of
executive control on noun-phrase production in
the present study were obtained in the context of
a replication of basic psycholinguistic ﬁndings.
Updating ability and language production
We found that the length effect in phrase
production RTs correlated with scores on the operation-span task but not with those on the odd-oneout task. Several studies in the literature suggest
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that the operation-span and odd-one-out tasks
both measure updating ability (Conway et al.,
2005), whereas other studies make a distinction
between verbal and nonverbal updating (e.g.,
Montgomery et al., 2010). We found that speakers
with better verbal updating scores had a smaller
length effect in the picture description RTs,
whereas no such correlation was found with nonverbal updating scores. Thus, better verbal updating
ability in particular may help to process and maintain a larger amount of information during
language production. Moreover, both verbal and
nonverbal updating scores correlated with the
mean RTs across all conditions. This ﬁnding corresponds to the observations of Shao et al. (2012) and
Piai and Roelofs (2013), showing that verbal
updating scores correlate with picture-naming
RT. In line with the present study, speakers with
better verbal updating scores were faster to name
pictures in those previous studies. We not only
replicated this correlation between verbal updating
scores and RT for the production of noun phrases,
but also observed that this correlation is obtained
for both verbal and nonverbal updating scores.
It is not clear why verbal but not nonverbal
updating scores correlated with the length effect
in the RTs, whereas both scores correlated with
overall mean RT. This difference in correlation
pattern may be further investigated in future
research. Regardless, the key point here is that
our results indicate that updating ability inﬂuences
phrase production.
We also found correlations between the scores of
both the odd-one-out and operation-span tasks
and the mean of the normal part of the RT distribution (i.e., the μ parameter of the ex-Gaussian distribution) across all conditions. As discussed
before, this μ parameter represents the majority of
the trials making up the distribution. These ﬁndings suggest that verbal and nonverbal updating
abilities inﬂuence the speed of phrase production
on a regular basis. Speakers with better updating
scores were able to describe the pictures faster on
most of the trials. In contrast, Shao et al. (2012)
found that the (verbal) updating scores correlated
with the τ parameter of the RT distribution of
picture naming. The τ parameter represents the

right tail of the RT distribution, made up by the
abnormally slow responses, suggesting that, in
picture naming, updating is reﬂected only in the
slowest responses. In contrast, in the present
study we found that updating was related to the
normal part rather than the tail of the RT distribution. The phrase production task used in our
study is more complex than picture naming. In
more demanding situations like phrase production,
speakers need to plan and process more information. Therefore, updating ability may be more
regularly engaged in picture description requiring
phrase production than it is in picture naming
involving only single word production.
Consequently, individual differences in updating
ability are reﬂected in the normal part of the RT
distribution in phrase production but only in the
distribution tail in picture naming, as empirically
observed.
To summarize, we found that both verbal and
nonverbal updating abilities inﬂuenced the overall
speed of phrase production. Individuals with
better updating ability produced the phrases faster
on most of the trials. Moreover, we observed that
better verbal updating ability was associated with
a smaller magnitude of the length effect. Speakers
with better updating ability had a smaller difference
in RT between the long and small phrases. These
results provide evidence that updating ability is
important for phrase production.
Inhibiting ability and language production
We found a correlation between the scores for the
stop-signal task and the distractor effect in the
picture description RTs. Individuals with better
inhibiting scores had smaller distractor effects in
the RTs. Thus, inhibiting ability may inﬂuence
how well speakers can overcome interference from
irrelevant spoken information during phrase production. It is generally assumed that a picture of
an object activates not only its name in lexical
memory but also, to a lesser extent, the names of
semantically related objects (e.g., Levelt et al.,
1999; Piai et al., 2014; Roelofs, 1992, 2003). For
example, a picture of a fork activates not only the
word fork but also competing words such as plate,
bottle, and glass. An incongruent spoken distractor
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(e.g., plate) will boost the activation of one of those
competitors, whereas a congruent distractor will
activate the picture name. The present results
suggest that speakers with better inhibiting abilities
are able to suppress the competitors better than
speakers with poorer inhibiting abilities.
Similar to Shao et al. (2012), we did not ﬁnd a
correlation between the updating and inhibiting
scores. Moreover, updating scores were correlated
with the length effect in RTs, whereas the inhibiting scores were correlated with the distractor effect.
As suggested by Miyake et al. (2000), inhibiting
and updating abilities are separable components
of executive control. Our data suggest that, at
least to some extent, the inﬂuences of updating
and inhibiting abilities on language production
are also separable.
In addition, we investigated what kind of inhibition inﬂuences language production. We
obtained evidence suggesting that both selective
and nonselective inhibition are involved. First, we
found a correlation between the magnitude of the
distractor effect in the mean picture description
RTs and the scores on the stop-signal task, which
are taken to index nonselective inhibiting ability
(Forstmann et al., 2008). Second, we found a correlation between the magnitude of the distractor
effect in the mean picture description RTs and
the slopes of the slowest delta segment, which are
taken to index selective inhibiting ability
(Forstmann et al., 2008). We did not ﬁnd a correlation between the scores on the stop-signal task
and the slopes of the slowest delta segment,
which suggests that these measures index separable
kinds of inhibiting abilities (i.e., nonselective and
selective).
Whereas Shao et al. (2012) found a correlation
between the scores on the stop-signal task and
picture-naming RT, we did not observe such a correlation. In the study of Shao et al., no distractors
were presented. Thus, the inhibiting ability inﬂuenced the degree to which competitors activated
by the picture affected the naming RT. In the
present study, a congruent or incongruent spoken
distractor was presented on all trials, which dominated the competition on each trial.
Consequently, the inﬂuence of inhibiting ability
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was reﬂected in the correlation with the magnitude
of the distractor effect rather than the picture
description RT per se.
To summarize, we obtained evidence for the
involvement of both selective and nonselective
inhibiting in phrase production. Our ﬁndings
suggest that speakers with better selective as well
as nonselective inhibiting abilities had smaller distractor effects in the picture description RTs.
These results provide evidence that inhibiting
ability is important for phrase production.
Shifting ability and language production
We did not obtain a correlation between shifting
scores and the magnitude of the switch effect in
the picture description RTs. However, RT distribution analyses revealed that shifting scores correlated positively with the switch effect in the
normal part of the distribution and negatively
with the switch effect in the distribution tail.
Thus, better shifting scores were associated with a
smaller switch effect on most of the trials but
with a larger switch effect on the abnormally slow
trials. Similar to the ﬁndings of Shao et al. (2012)
for picture naming, we did not ﬁnd a correlation
between shifting scores and the overall mean
picture description RTs. However, the role of shifting ability in simple picture naming is unclear,
whereas it is much clearer in a situation involving
actual switching, such as in the present study.
This explains why we did obtain an inﬂuence of
shifting ability, whereas Shao et al. did not.
We found a positive correlation between the
shifting scores and the magnitude of the switch
effect in the normal part of the RT distribution
and a negative correlation with the switch effect
in the tail. These opposite correlations explain
why no overall correlation was found for the
switch effect in the mean RT. The positive correlation between the shifting scores and the switch
effect in the normal part of the distribution is as
expected. Speakers with better shifting ability
tend to have smaller switch effects on most of the
trials. However, the negative correlation between
the shifting scores and the switch effect in the tail
of the distribution is unexpected. It implies that
speakers with better shifting ability tend to have
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larger rather than smaller switch effects on the trials
associated with long responses. This surprising
ﬁnding may be due to the following. Participants
had a limited amount of time to complete each
trial. On trials that were for some reason difﬁcult
(for instance, because of a lapse of attention),
speakers with poorer shifting ability might not
have been able to complete the noun phrase in
time, resulting in an error rather than a very slow
response. In contrast, speakers with better shifting
ability might have been able to complete the noun
phrase in time, resulting in a very slow response
rather than an error. As a consequence, the magnitude of the switch effect in the slowest responses
may be larger for speakers with better than for
those with poorer shifting ability, as we observed.
We suggest that speakers with better shifting
ability would tend to be able to complete the
phrase in time on trials that were for some reason
difﬁcult (the slowest trials making up the tail of
the RT distribution), whereas speakers with
poorer shifting ability would not tend to complete
a correct phrase in time on those difﬁcult trials.
This would result in a larger magnitude of the
switch effect in the slowest responses (i.e., the τ
parameter) for speakers with better shifting
ability. Thus, speakers with poorer shifting ability
are expected to have more time-out errors on
switch trials, predicting a positive correlation
between the shifting ability as measured by
shape–colour task and the switch effect on timeout errors. We calculated the difference in the
number of time-out errors between switch and
repeat trials, and we found that it correlated positively with the scores on the shape–colour task, r
= .299, p , .05. This suggests that subjects with
poorer updating ability had indeed more time-out
errors on switch than on repeat trials when compared with subjects with better updating ability.
For subjects making time-out errors, we assessed
the correlation between the shape–colour task
scores and the switch effect in τ and found a signiﬁcant negative correlation, r = −.612, p , .05. Thus,
poor shifting ability leads to a larger switch effect
on time-out errors and a smaller switch effect in
τ. This supports our conjecture that on difﬁcult
trials, speakers with better shifting ability are able

to complete phrases in time, whereas speakers
with poorer shifting ability are not.
We obtained an interaction between switching
and length: The switch effect in mean RTs was
obtained for short phrases but not for long
phrases. This observation corresponds to the asymmetry in switch costs that is often obtained in task
switching. For example, in switching between
Stroop colour naming and word reading, a switch
effect is obtained for the (faster) word reading
task but not for the (slower) colour naming task
(e.g., Allport & Wylie, 1999, 2000; Gilbert &
Shallice, 2002). Similarly, in the present study, a
switch effect was obtained for the (faster) short
phrase production but not for the (slower) long
phrase production. According to Allport and
Wylie (1999, 2000), the switch effect is caused by
task-set inertia: The irrelevant task set of the previous trial is still active on the current trial and
needs to be actively disengaged. Asymmetrical
switch effects may occur when the disengagement
takes longer for one task than the another because
of differential positive or negative priming of task
set. For example, word reading is faster than
colour naming. Therefore, to prevent inadvertent
word reading responses on Stroop colour naming
trials, the task set of the word reading task may
be inhibited, and the task set of colour naming
may be enhanced. In contrast, on word reading
trials, inhibition of colour naming and enhancement of word reading are not needed. As a consequence, disengagement from the previous task set
will take much longer in switching to word
reading than to colour naming. Switching to
word reading will be delayed because of positive
priming of task set (i.e., previous enhancement of
the colour naming task), negative priming of task
set (i.e., previous inhibition of the word reading
task), or both.
In the present study, picture description RTs
were shorter for the short than for the long
phrases. Coloured pictures (e.g., a green fork)
allowed both long-phrase responses (“de groene
vork”) as well as short-phrase responses (“de
vork”), whereas the noncoloured pictures allowed
for short-phrase responses only (i.e., “de groene
vork” cannot be produced in response to a fork in
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white colour). Therefore, to prevent the inadvertent
production of short phrases in response to coloured
pictures, the task set for producing short phrases
may be inhibited, and the task set of producing
long phrases may be enhanced. In contrast, on
trials with noncoloured pictures requiring a short
phrase, inhibition of long phrases or enhancement
of short phrases is not needed (because the pictures
only allow a short-phrase response). As a consequence, disengagement from the previous task set
will take much longer in switching to a short
phrase than to a long phrase, as we observed.
Switching to the production of a short phrase will
be delayed because of positive priming of task set
(i.e., previous enhancement of the task set for producing a long phrase), negative priming of task set
(i.e., previous inhibition of the task set for producing a short phrase), or both.
The switching between phrase types is assumed
to engage a shifting ability that is domain general,
as is generally assumed in the executive control literature (e.g., Miyake et al., 2000). It now seems
generally accepted in the task switching literature
that asymmetrical switch costs are due to differential task-set inertia (Koch, Gade, Schuch, &
Philipp, 2010), as originally proposed by Allport
and colleagues (e.g., Allport & Wylie, 1999,
2000). This idea is also accepted by Monsell and
colleagues (Yeung & Monsell, 2003), who originally proposed an alternative account. Moreover,
also in the bilingual literature, language switching
is assumed to engage a domain-general shifting
ability (e.g., Abutalebi & Green, 2007). The
task-set inertia idea seems to be generally accepted
as an account of asymmetrical language switch
costs (e.g., Koch et al., 2010, for a review), following the seminal proposal by Meuter and Allport
(1999).
To conclude, the interaction between switch and
length effects in the RTs in the present study is in
line with previous ﬁndings obtained for switching
between tasks of different strengths. The present
interaction may receive an analogous explanation
in terms of task set inertia (positive or negative
priming of the previous task set), which may be
different for the production of short and long
phrases.
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Conclusion
The goal of the present study was to examine
whether the updating, inhibiting, and shifting abilities underlying executive control inﬂuence spoken
noun-phrase production. We obtained evidence
that all three executive abilities inﬂuence nounphrase production and that they contribute to
varying extents and in different ways.
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