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ABSTRACT

Developmental stuttering is a complex disorder and children
who stutter form a heterogeneous group. Most contemporary resear-
chers would agree that multiple factors, including those associated with
linguistic, motor, sensory, and emotional processes, are likely involved
in its development and/or maintenance. There is growing evidence,
however, that cognitive processes also play a role. In this article, we
briefly review behavioral and parent-report studies of executive function
in children who stutter, the findings of which have generally suggested
that these skills may be challenging for at least some children who
stutter. We then consider how deficits in executive function could
provide an explanatory account for not only the multifactorial nature of
developmental stuttering but also the considerable amount of variability
that exists among individuals who stutter.

KEYWORDS: executive function, stuttering, fluency disorders,
memory, inhibition, flexibility

Learning Outcomes: As a result of this activity, the reader will be able to (1) identify and describe the major
components of executive function; (2) summarize the literature on executive function in developmental
stuttering; and (3) describe how executive function could potentially explain the multifactorial nature of
developmental stuttering and variability among individuals who stutter.

Exccutive functions have been likened by
some to an “air traffic control system” that
manages the flow of aircraft in the airspace,
guides pilots during takeoff and landing, and

monitors aircraft in ﬂight.1 To achieve seamless

aircraft control from departure to arrival, all
components of this system—radar, aircraft, air
traffic control towers, controllers, and commu-
nication systems—must collaborate. Similarly,
executive functions work together to guide,
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monitor, and regulate goal-directed behaviors
that are essential for learning and performing
everyday tasks.” The two systems differ in that
the components of an air traffic control system
are relatively discrete and easy to identify,
whereas those involved in executive function
partially overlap and have yet to be fully identi-
fied. Indeed, Packwood and colleagues3 revie-
wed 60 of the most frequently cited executive
function studies across the lifespan and identi-
fied 68 different components of executive func-
tion. By applying statistical methods to remove
semantic and psychometric overlap, they were
able to reduce the list to 18; while this repre-
sents an improvement, it is still quite large. As
the authors note, one consequence of this lack
of specificity in defining a small set of executive
function components is that it is difficult to
compare findings across studies and identify the
core structure of executive function.

While the quest to identify and describe
the construct of executive function remains
ongoing, most researchers generally agree that
there are at least three core components invol-
ved: inhibition (aka inhibitory control), wor-
king memory, and cognitive flexibility/
shifting.z‘z"5 Broadly speaking, inhibition refers
to the ability to ignore irrelevant information or
suppress a dominant or prepotent response
(simple response inhibition) with a less domi-
nant, but more appropriate response (complex
response inhibition).® Those who have strong
inhibition skills, for example, can better resist
the tendency to act on their first impulse and
suppress distracting information to remain
focused on a task—that is, they can exercise
self-control.” Working memory involves tem-
porarily storing information (short-term
memory) and then manipulating it in real
time.®” For example, during a conversational
interaction, people hold in mind information
they have already heard and then relate that to
what they are hearing now, while also conside-
ring their own msponse.7 Cognitive flexibility
builds on inhibition and working memory to
enable flexible switching from one perspective,
representation, or rule to another.®! That is, it
allows people to switch gears or approaches
when something is not working, change their
thinking when new information comes along to
challenge their current perspective, and shift

. . - 7,11
from one tOplC to another in conversation.

Factor analytic studies have indicated that these
executive function components not only deve-
lop gradually but also may emerge from a single
component early in life and become further
differentiated over time.*

As noted by Baggetta and Alexander,’
executive function research has exploded during
the past few decades and the literature is replete
with evidence to support the importance of
executive function in a variety of fields. The
field of developmental stuttering has not been
immune to this trend. In fact, during the past
15 years alone, upwards of 25 behavioral studies
have been published on the topic of executive
function in children who stutter (CWS). With
the inclusion of parent-report studies, this
figure easily surpasses 35. Thus, the study of
executive function in developmental stuttering
is clearly a burgeoning area of exploration.

Interest in the executive function skills of
CWS has been fueled by at least two factors.
First, studies have revealed that spoken lang-
uage development and executive function are
strongly interrelated.”™** This relationship is
further substantiated by the fact that children
with developmental language disorders have
been shown to have deficits in executive func-
tion.'*® Thus, since depressed language skills
have also been reported in some CWS relative
to their normally fluent peers (for a meta-
analysis, see the study by Ntourou et al'), it
stands to reason that these children may also
have weaknesses in executive function. Second,
studies examining temperament in CWS have
used parent-report questionnaires that include
items that measure aspects of effortful control.
Effortful control is similar to executive function
but focuses more on self-regulation in emotion-
laden contexts.>° For example, Kraft and col-
Ieaguesm’22 reported that parent ratings of
effortful control significantly predicted stutte-
ring severity, with low levels of effortful control
being associated with higher levels of severity.
Studies examining individual components of
effortful control have further revealed that the
parents of CWS typically rate their children as
having weaker inhibition and attention skills in
everyday life than the parents of children who
do not stutter (CWNS).?* Thus, in the

course of examining temperament, findings of
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differences in effortful control in CWS have
further prompted investigators to consider
these components in the emotionally neutral
context of executive function.

In this article, we briefly review the extant
literature on executive function in CWS,; inc-
luding inhibition, working memory, and cogni-
tive flexibility. We then consider how executive
function might play a role in developmental
stuttering. Although some aspects of executive
function, particularly working memory, have
been examined in adults who stutter,”* wi
limit our review to studies of preschool and

school-aged CWS.

€

THE INHIBITION SKILLS OF CWS

At least eight behavioral studies have been
published concerning the role of inhibition in
developmental stuttering (see Table 1). Of
these eight studies, four studies reported that
CWS have weaker inhibition skills than
CWNS,**33 three studies revealed that CWS
and CWNS have similar inhibition skills, >~
and one study found that CWS have stronger
inhibition skills than CWNS.?” Thus, the
findings from these studies are inconclusive
and contradictory as to whether CWS have
more difficulty than CWNS suppressing pre-

potent responses.

Table 1 Summary of behavioral studies that examined inhibition in children who do (CWS)
and do not stutter (CWNS)
Study N Age Task Stimuli (S) Results
and
response (R)
Anderson and 41 CWS  3;1t06;1 Grass-show S: Auditory The CWS exhibited signifi-
Wagovich®® 41 CWNS and baa-meow R: Manual cantly slower RTs on both
tasks tasks than the CWNS. The
CWS were significantly less
accurate than the CWNS on
the baa-meow task, but not on
the grass-snow task. Findings
indicate that complex
response inhibition is less
effective and efficient in CWS
Eggersetal®  30CWS  4;10to0 10,0 Go/NoGo S: Visual The CWS produced signifi-
30 CWNS task R: Manual cantly more false alarms and
premature responses than the
CWNS. The CWS also produ-
ced significantly faster RTs for
false alarms than the CWNS.
Findings indicate greater
impulsivity in CWS
Eggersetal®*  18CWS  7;4t010;11 Stop-signal S: Visual No significant difference in the
18 CWNS task R: Manual estimated stop-signal RT, sug-
gesting that CWS and CWNS
are comparable in exogenous
response inhibition
Eggers et al*® 16 CWS  6;41t09;10 Shifting set S: Auditory No significant difference bet-
16 CWNS task (Part II) R: Manual ween groups in RT or errors in
Part 1l, the response inhibition
component of the task
Harrewijn et al®” 17 CWS  9;0to 14;0  Stop-signal S: Visual Stop-signal RT was signifi-
19 CWNS task® R: Manual cantly faster for CWS than for

CWNS when 1Q was control-
led, which was interpreted,
along with the findings of a
self-report questionnaire, to
suggest that CWS were more
inhibited (i.e., less impulsive)

(Continued)
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Table 1 (Continued)

Study N Age Task Stimuli (S)  Results
and
response (R)
PiispalaetalP® 11 CWS 581096 Go/NoGo S: Visual No significant differences in
19 CWNS task R: Manual the number of errors, false
alarms, or premature respon-
ses. The CWS and CWNS did
not differ in ERP latencies and
N2 and P3 amplitude, measu-
red over 9 electrodes, in the
NoGo condition. Findings indi-
cate that CWS and CWNS
exhibit similar inhibition skills
Piispala et al®?b 11 CWS 58t 9,6  Go/NoGo S: Visual The CWS, when compared
19 CWNS task R: Manual with the CWNS, exhibited
reduced ERP P3 activity using
36 channels, in the NoGo con-
dition, suggesting difficulty
with inhibitory control
Piispala et al®®*c 12CWS 58t096  Go/NoGo S: Visual Compared to the CWNS, the
12 CWNS task R: Manual CWS showed reduced occipi-

tal a-activity in the NoGo con-
dition, which is suggestive of
difficulties with the inhibition
of visual attention

Abbreviations: Age, age range (years;months); ERP, event-related potentials; N, sample size; RT, reaction time.
aThe children also completed a rolling marble task,3® which measures voluntary action control in children using fMRI.
Children had to press a button to stop a marble from crashing on some trials and decide whether to execute or
inhibit this same response on other trials. Although this task does involve inhibition, whether a child chooses to
inhibit the response is entirely voluntarily. The authors reportedly chose this task because they wanted the two
groups of children to perform similarly (they did) so that they could examine neural differences that were not

induced by performance differences.

®The 11 CWS and 19 CWNS who participated in the study of Piispala et al*2 had also been participants in the study

of Piispala et al.%®

11 of the 12 CWS and all 12 CWNS had participated in the studies of Piispala et al.32-%¢

In examining the characteristics of these
studies, we observe that all but two studies
examined simple response inhibition and that
the findings from the two studies that examined
3035 \vere mixed.
Findings based on sample sizes also varied;
while two of the studies that reported differen-
ces had the largest sample sizes (30 or more
participants), some studies employing smaller
sample sizes also found differences. Response
modality did not vary across studies (all required
manual responses) and while most studies used
visual stimuli, the two studies that used auditory
stimuli yielded conflicting results. Thus, diffe-
rences in the type of inhibition being examined,
sample size, and stimulus/response modality do
not readily account for the variability in findings
across studies.

One important characteristic, however,
that may be contributing to the variability in

complex response inhibition

findings across studies is the chronological age
of the participants. The four studies reporting
that CWS have weaker inhibition skills than
CWNS all included preschool children as par-
ticipants.” While one study that failed to find a
difference between CWS and CWNS also
included preschool children (along with
school-aged children), the remaining studies
were all based on school-aged children. In fact,
the one study in which CWS were found to
have stronger inhibition skills than their
peers—largely based on participant self-
report—also included adolescents, as well as
school-aged children. Thus, it appears that the
ages of the participants being studied may have

“ Age group determinations vary across research reports and
government agencies, but typically preschool is from age 3;0
to 5;11 (years;months), school-age is from 6;0 to 12;11, and
adolescence s from 13;0 to 17;11 R
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accounted for at least some of the variability in
findings. It may be that in early childhood,
CWS are slower to develop inhibition skills
than CWNS, but over time, these differences
diminish and CWS eventually “catch up” with
their normally fluent peers.

Findings from studies of inhibition based
on parent report have also been contradictory,
with some reporting that the parents of CWS
rate their children lower in inhibition than the
parents of CWNS**! and others finding no
differences.*** However, when data from
these studies are combined in the form of a
meta-analysis, the resulting effect size is statis-
tically significant and negative, revealing that
the parents of CWS rate their children, on
average, almost half a standard deviation below
the mean of CWNS.?® Furthermore, even
though Ntourou et al** failed to find differences
between parent-reported inhibition in 75 CWS
and 75 CWNS based on the Behavioral Rating
Inventory of Executive Function—Preschool Ver-
sion (BRIEF-P*), 17.3% of the CWS exhibi-
ted clinically significant difficulties with
inhibition compared to 6.7% of the CWNS, a
significant difference that represents a two- to
threefold increase in risk for CWS.

In sum, despite inconsistencies in the lite-
rature, several behavioral studies suggest that
CWS, particularly in the preschool years, have
weaker inhibition skills than CWNS. Further-
more, while there are many ways in which
behavioral studies differ from those of parent-
report studies,”>*> whatever difficulties CWS
have with inhibition do not appear to be limited
by the context in which it is being measured.
That is, as a group, CWS are more likely than
CWNS to have difficulty suppressing inappro-
priate responses, regardless of whether the child
is being evaluated in a laboratory-based setting
or real-life activities. More research, however, is
clearly needed to resolve some of the discre-
pancies in the literature and, thus, arrive at a
better understanding of the potential impact of
inhibition on stuttering.

THE SHORT-TERM AND WORKING
NMEMORY SKILLS OF CWS

As revealed in Table 2, the short-term and
working memory abilities of CWS have recei-

ved the most attention in the literature, with at
least 17 studies having been published to date.”
Hakim and Ratner* were among the first to use
nonword repetition to examine phonological
short-term memory in CWS. Since then,
several other researchers have examined the
ability of CWS to repeat nonwords. Findings
from these studies have largely been contradic-
tory, with some suggesting that CWS are less
successful than CWNS in their ability to repeat
nonwords*>* ™ and others finding no diffe-
rences.**™2 As indicated by Anderson et al,>
these inconsistent findings are a likely conse-
quence of the tool being used to measure non-
word repetition; different nonword repetition
tasks have been shown to tap into different
skills, resulting in significantly different effect
sizes across studies.’® For example, some tasks
contain nonwords that are longer in length and/
or more articulatory complex (i.e., more conso-
nant clusters and/or late-acquired consonants),
whereas other tasks contain shorter nonwords,
singleton consonants, and/or early acquired
consonants, making them less complex.16

As also indicated by Anderson et al,” one
problem with using nonword repetition measu-
res to assess verbal short-term memory skills is
that, in addition to phonological memory, the
ability to repeat nonwords requires other skills,
such as auditory-perceptual processing and
phonological encoding.”* Speech motor skills
could also impact performance, although fin-
dings from some studies suggest that motor
skills do not play an appreciable role in the
accuracy with which children repeat words.>
Thus, while findings from most studies would
seem to suggest that CWS have difficulty with
nonword repetition, exactly what is it that
CWS are having difficulty with is less than
clear.

That said, findings from studies employing
forward span tasks have also revealed weakn-

esses in the short-term memory skills of
CWS,47’53’56’57 although not all studies have

 Note that while short-term memory typically does not fall
explicitly under the umbrella of executive functions, it is a
component of working memory. For that reason, we consider
this literature to be relevant, particularly since only a few
studies have incorporated measures of working memory,

none of which included preschool CWS.
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. . 48— -
arrived at the same conclusion.*¥%°8¢1 Of

note, although Kaganovich et al°® failed to find
differences between CWS and CWNS in their
performance on two forward span tasks and a
nonverbal memory task, they did find event-
related potential differences in the P3 compo-
nent during a nonlinguistic auditory oddball
paradigm. They discovered that the deviant
tones elicited the P3 component in CWNS,
but not CWS. These results were interpreted to
suggest that CWS are less efficient in their
ability to allocate attentional resources and
update the contents of working memory.

To date, only four studies have reported on
the working memory skills of CWS by inclu-
ding backward span tasks in their experimental
protocols, the findings of which have indicated
no significant difference between school-aged
and adolescent CWS and CWNS.”*>7%1 The
same task, the Digit Span subtest of the Wechsler
Memory Scale-IIT (WMS-III%’), was used to
measure backward (and forward) digit span in
all four studies. The WMS-III Digit Span
subtest, however, has received some criticism.
One of the most significant is that the variance
in scores is often large relative to the mean
because participants receive different numbers
of trials, the consequence of which is that
coefficients of variation are high and clinical
sensitivity is reduced.®® For example, as repor-
ted by Woods et al,*® one study found only
slight mean z-score differences between indi-
viduals with mild Alzheimer’s disease and age-
matched neurotypical adults (—0.22 for forward
digit span vs. —0.44 for backward digit span),
suggesting poor discriminative sensitivity.
Thus, if the WMS-II Digit Span subtest does
not adequately discriminate between adults
who have frank memory deficits and those
who do not, it is, perhaps, not surprising that
no differences have been found between CWS
and CWNS, especially considering that varian-
ces tend to be even higher in children than in
adults. Thus, while these studies provide
insights into the working memory skills of
CWS, more research using different types of
working memory measures is needed to draw
firm conclusions about the role of working
memory in developmental stuttering.

Taken together, although findings from

individual studies are far from consistent, col-

lectively they point toward the conclusion that,
when compared with CWNS, some CWS
likely have subtle limitations in short-term
memory. This conclusion is based on the fin-
dings from the meta-analytic study of Ofoe
et al,>> where CWS were found to score more
than half a standard deviation below CWNS on
nonword repetition measures and more than
one-third of a standard deviation below CWNS
on forward span measures. While current
research does not support the contention that
school-aged and adolescent CWS and CWNS
differ in their working memory skills, one study
reported that the parents of preschool CWS
rated their children higher (worse) on the
working memory scale of the BRIEF-P than
the parents of preschool CWNS.®

THE COGNITIVE FLEXIBILITY
SKILLS OF CWS

To our knowledge, only three behavioral stu-
dies of cognitive flexibility in CWS have been
conducted to date (see Table 3). Findings from
these studies®**7 revealed significant diffe-
rences in cognitive flexibility between CWS
and CWNS, with CWS performing more
poorly (slower and/or less accurately) than
CWNS. Of note, between-group differences
were observed across all studies even though the
children who participated in these studies were
exposed to different stimuli (auditory vs. visual;
verbal vs. nonverbal) and task requirements. For
example, the tasks used by Anderson et al®” and
Eichorn et al”® required children to shift in
response to the categorical and/or perceptual
nature of the stimuli (e.g., for a perceptual task,
showing the children a target picture and then
having them select one of three pictured asso-
ciates that “match” it based on color, shape, or
size), whereas the switch in the task used by
Eggers and Jansson-Verkasalo® required child-
ren to change their motor response (i.e., when
children heard a low-frequency tone, they had
to respond one way and when they heard a
high-frequency tone, they had to respond ano-
ther way).

Cognitive flexibility has also been exami-
ned in CWS using parent-report measures. In
the study by Ntourou et al,® the parents of
CWS rated their children higher (worse) on the
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Table 3 Summary of Behavioral Studies that Examined Cognitive Flexibility in Children who do (CWS) and do not Stutter (CWNS)

Results

Stimuli (S) and
Response (R)
S: Visual

Task

Age

Study

No significant between-group differences in response accuracy,

Double semantic and

perceptual
categorization tasks

3;0to 5;11

44 CWS

Anderson et al®®

but the CWS responded significantly more slowly than the

R: Manual

44 CWNS

CWNS on both tasks, suggesting less efficient CF

No significant difference in RT, but the CWS produced
significantly more errors than the CWNS (and Part |,

Shifting set task (Part Il1) S: Auditory
R: Manual

6;4 t0 9;10

16 CWS
16 CWNS

Eggers and

Jansson-Verkasalo®®

the baseline), suggesting less effective CF

The CWNS were significantly slower and less accurate in the

S: Visual

Dimension Card

3;,0t0 6,6

16 CWS
30 CWNS

Eichorn et al”®

postswitch phase compared with the preswitch phase.

R: Manual

Change Sort task

The CWS exhibited similar accuracy rates in both phases and

were even slower in the postswitch phase than the CWNS.

Findings interpreted to suggest that CWS have difficulty with CF

Abbreviations: Age, age range (years;months); CF, cognitive flexibility; N, sample size; RT, reaction time.

BRIEF-P Shift scale than the parents of
CWNS, which suggests that CWS have more
difficulty flexibly shifting from one situation,
activity, or aspect of a problem to another.
Similarly, Eggers et al* found differences
between CWS and CWNS in parent-reported
attentional shifting, with CWS again having
more difficulty than CWNS. These findings are
also consistent with other studies that have
reported that CWS have more difficulty adap-
ting to changes in the environment than
CWNS."172

In sum, findings from the studies that have
been conducted thus far would seem to suggest
that cognitive flexibility is an area of weakness
for CWS. However, these findings are not
altogether surprising considering that the abi-
lity to flexibly switch from one rule or dimen-
sion to another also requires inhibition and
working memory,(”7 skills that are at least
somewhat weaker for CWS, as indicated in
the preceding review.

HOW MIGHT EXECUTIVE
FUNCTION PLAY A ROLE IN
DEVELOPMENTAL STUTTERING?
Despite an exponential increase in our know-
ledge of stuttering over the years, in some
ways, its causal mechanisms remain as elusive
today as they were 100 years ago when the field
first emerged. This state of affairs is, perhaps,
symptomatic of the fact that stuttering is a
complex disorder and individuals who stutter
form a heterogeneous group. Indeed, most
contemporary researchers would agree that
multiple factors, including linguistic, motor,
sensory, and emotional factors, are likely invol-
ved in the development and/or maintenance of
childhood stuttering. The notion that stutte-
ring may be associated with multiple factors is,
perhaps, not surprising considering that
speech, whether it is fluent or not, is clearly
the end-product of a concatenation of sensory,
cognitive, linguistic, and motor processing
events. When viewed in this way, it may also
come as no surprise that children with primary
impairments in specific domains, whether it be
language or sensory, typically have deficits in
other areas. For example, children with deve-
lopmental language disorders exhibit more
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articulatory variability during speech produc-
tion”> and perform more poorly than their
peers on fine and gross motor tasks.”*”> Simi-
larly, deaf children who have more advanced
motor skills tend to perform better on spoken
language measures following cochlear implan-
tation compared with those with less advanced
motor skills.™

Nevertheless, the domain-specific proces-
ses associated with speech, language, motor,
sensory, and emotional development also
depend on shared domain-general cognitive
processes, including executive function, atten-
tion, and processing speed.M’15 The link bet-
ween domain-specific and domain-general
processes is evidenced, in part, by the fact
that children with impairments in specific
domains are often reported to have weaknesses
in executive function. For example, children
with developmental language disorders have
been shown to perform poorly on measures of
short-term and working memory,”® as have deaf
children with cochlear implants12 and children
with speech sound disorders.”””® As suggested
in this review, CWS may also have weaknesses
in the storage component of working memory
(i-e., short-term memory), as well as inhibition
and cognitive flexibility.

There are several specific ways in which
deficits in working memory, inhibition, and/or
cognitive flexibility could impact developmen-
tal stuttering based on the link between these
skills and language development. For example,
weaknesses in inhibition and/or working
memory could result in the development of
less stable long-term phonological and/or lexi-
cal representations of words in the mental
lexicon, making them more susceptible to
fluency disruptions.zs‘30 On a broader level,
however, given that domain-general processes
govern many other self-regulatory functions,
including language and motor behaviors (also
implicated in stuttering), differences in execu-
tive function could potentially explain the mul-
tifactorial nature of developmental stuttering
and the vast amount of variability among indi-
viduals who stutter.

In this way, given that domain-general and
domain-specific processes are interrelated, it is
conceptually possible for a deficit in executive
function to have a negative effect on domain-

specific processes and vice versa.'*'® To illust-
rate, imagine building a two-story house with a
concrete slab foundation, critical for the struc-
tural integrity of the house. The first floor
contains a kitchen and living room, while
the second floor contains two bedrooms and a
bathroom. Unbeknownst to you, the home
builder did not lay the foundation properly, a
problem compounded by the fact that the house
sits on an uneven ground of clay soil on top of a
hill. As a result, horizontal cracks appear in the
foundation of your new house. After a few
years, these cracks become larger, triggering a
cascade of events: cracks surface in the floors
and interior walls of the bedrooms and kitchen;
the large window in the living room becomes
difficult to open and close; and the bathroom
door jams and fails to latch. The same builder
built your neighbor’s house, as well, and alt-
hough the layout and style are different from
yours, the foundation of their home was notlaid
properly either. While the interior of your
neighbor’s house will also be affected by the
poorly laid foundation, it will experience difte-
rent symptomatic signs because the style and
floor plan are different.

Now imagine that the house is a young
CWS, and the four rooms each embody a
domain-specific process, such that the kitchen
is now speech, the living room is language, and
the upstairs bedrooms and bathroom are motor,
emotional, and sensory processes, respectively.
The foundation represents executive function.
Like the cracks in the foundation of your new
house, the young CWS has weaknesses in execu-
tive function. As the child grows, these weakn-
esses begin to cause problems with other aspects
of his speech, language, motor, sensory, and/or
emotional development—in much the same way
as the cracks in the foundation led to problems
with the home’s interior. Thus, what initially
started as a weakness in executive function
eventually resulted in subtle to not-so-subtle
difficulties with other domain-specific processes,
as these processes depend on strong working
memory, inhibition, and cognitive flexibility
skills to function properly. The extent to which
various processes are affected would manifest
themselves differently in individual CWS, in
much the same way that foundation problems
impact houses differently. Children are not
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Figure 1 A conceptual model of the relationship between developmental stuttering, executive function, and
the domain-specific processes of language, motor, sensory, speech, and emotion. Stuttering directly impacts
executive function in the direct pathway, leading to deficits in one or more domain-specific processes.
Stuttering is associated with weaknesses in language processes in the indirect pathway, which in turn affects
executive function and subsequently other domain-specific processes.

homogeneous by nature, but rather their deve-
lopment is influenced by different genetics,
socioeconomic factors, etc., any of which could
be linked to the expression of stuttering.

One critical question that has gone unan-
swered in this illustration is why young CWS
would have weaknesses in executive function in
the first place. At least two possibilities come to
mind, and we illustrate these in our Executive
Function Model of Developmental Stuttering
(see Fig. 1). First, the frequent fluency breaks
that represent the sine qua non of developmental
stuttering indicate that fluent speech and lang-
uage production is, by definition, less fluid and
automatic in CWS. Thus, from a resource alloca-
tion standpoint, as CWS struggle to plan or
execute speech/language and/or attempt to
manage their fluency breaks, they may overutilize
limited executive function resources, including
aspects of attention, to compensate for fluency
processes that do not come as automatically for
them (see the study by Kronenberger and Pisoni'?

for discussion of the compensatory role of execu-
tive function in language processing). Conse-
quently, the overall “pool” of available executive
function resources may be depleted more rapidly.
Furthermore, it seems reasonable to speculate
that over time, repeated instances of fluency
breakdown might negatively affect executive
function development, leading to a bidirectio-
nal relationship between domain-specific and
domain-general processes. With this possibi-
lity, the pathway between fluency and executive
function skills is direct: weaknesses in executive
function can emerge as a consequence of stutte-
ring or as the antecedent.

Second, and similarly, there is a strong
reciprocal relationship between spoken lang-
uage development and executive function.'? Tt
is well documented that the language skills of

° Note that findings from Schmeichel”® indicate that
executive function resources can, in fact, be depleted—at
least temporarily.
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otherwise typically developing CWS (ie.,
CWS without concomitant speech and lang-
uage disorders) are less robust than those of
CWNS.Y Thus, if CWS also have even subtle
weaknesses in language, regardless of whether it
is etiologically relevant, then this could theo-
retically affect their executive function develop-
ment, and spread to other domain-specific
processes. With this possibility, the pathway
between fluency and executive function is indi-
rect: concomitant weaknesses in language pro-
cessing result in limitations in executive
function, which subsequently lead to deficits
in other domain-specific processes.

Note that this conceptual model of the
relationships among developmental stuttering,
executive function, and the domain-specific
processes of language, motor, sensory, speech,
and emotion does not presume that all CWS
have weaknesses in executive function. Some
CWS, in fact, may have strong executive func-
tion skills. Thus, even if they are overutilizing
available resources, it might be theorized that
these children would have enough resources in
reserve to withstand repeated depletions and
would, therefore, experience no adverse effects
on executive function development. These
CWS, however, would not have deficits in
any other domain-specific processes.

SUMMARY AND FUTURE
DIRECTIONS

In summary, despite the inconsistent findings
in the literature, most research would seem to
suggest that CWS, as a group, have weaknesses
in short-term memory, inhibition, and cogni-
tive flexibility. Because executive function and
domain-specific processes, particularly lang-
uage, are reciprocally linked, it is reasonable
to suggest that weaknesses in executive function
and other domain-general cognitive processes
(e.g., attention) may provide an explanatory
account of the multifactorial nature of deve-
lopmental stuttering and the considerable varia-
bility among individuals who stutter.

Future research might address the effect of
executive function training on the frequency of
stuttering—not for clinical purposes, but rather
as a test of the relation between executive
function and stuttering. That is, if executive

function plays a role in the development and/or
maintenance of stuttering, then fluency ought
to improve following training. In fact, prelimi-
nary findings from Nejati et al®* support this
contention, as inhibition training not only
resulted in improved executive functioning in
15 CWS but also reduced stuttering severity.
These findings suggest that executive function
training may be one of many fruitful avenues of
research to pursue.

Research to define what, if any, role execu-
tive function plays in developmental stuttering
is rapidly growing and evolving. It is hoped that
this increased interest will lead to a deeper
understanding of the complex forces that shape
the emergence of stuttering in young children.

DISCLOSURES

Financial: J.D.A. is a full-time, salaried asso-
ciate professor in the Department of Speech
and Hearing Sciences at Indiana University,
whose research is funded by the National Insti-
tute on Deafness and Other Communication
Disorders, National Institutes of Health
(R01DCO012517; PI: J. Anderson). L.C.O. is
a doctoral student in the Department of Speech
and Hearing Sciences at Indiana University
who receives funding from the department.
Nonfinancial: No relevant nonfinancial rela-
tionships exist for either author.

CONFLICT OF INTEREST
None declared.

ACKNOWLEDGMENTS

This work was supported by a grant to the first
author from the National Institute on Deafness
and Other Communication Disorders, National

Institutes of Health (R0O1DC012517).

REFERENCES

1. Center on the Developing Child at Harvard Uni-
versity. Building the Brain’s “Air Traffic Control”
System: How Early Experiences Shape the Deve-
lopment of Executive Function: Working Paper
No. 11; 2011. Available at: http://www.develo-
pingchild.harvard.edu. Accessed June 3, 2019

2. Baggetta P, Alexander PA. Conceptualization and
operationalization of executive function. Mind

Brain Educ 2016;10:10-33


http://www.developingchild.harvard.edu
http://www.developingchild.harvard.edu

EXECUTIVE FUNCTION IN DEVELOPMENTAL STUTTERING/ANDERSON, OFOE

317

10.

11.

12.

13.

14.

15.

1e.

Packwood S, Hodgetts HM, Tremblay S. A multi-
perspective approach to the conceptualization of
executive functions. ] Clin Exp Neuropsychol 2011;
33(04):456-470

Karr JE, Areshenkoff CN, Rast P, Hofer SM,
Iverson GL, Garcia-Barrera MA. The unity and
diversity of executive functions: a systematic review
and re-analysis of latent variable studies. Psychol
Bull 2018;144(11):1147-1185

Lehto JE, Juujirvi P, Kooistra L, Pulkkinen L.
Dimensions of executive functioning: evidence
from children. Br J Dev Psychol 2003;21:59-80

. Garon N, Bryson SE, Smith IM. Executive func-

tion in preschoolers: a review using an integrative
framework. Psychol Bull 2008;134(01):31-60
Diamond A. Executive functions. Annu Rev Psy-
chol 2013;64:135-168

. Baddeley A. The episodic buffer: a new component

of working memory? Trends Cogn Sci 2000;4(11):
417-423

Baddeley A. Working memory and language: an
overview. ] Commun Disord 2003;36(03):189-208
Chevalier N, Wiebe SA, Huber KL, Espy KA.
Switch detection in preschoolers’ cognitive flexibi-
lity. ] Exp Child Psychol 2011;109(03):353-370
Diamond A. Why improving and assessing execu-
tive functions early in life is critical. In: Griffin JA,
McCardle P, Freund LS, eds. Executive Function
in Preschool-Age Children: Integrating Measure-
ment, Neurodevelopment,
Research. Washington, DC: America Psychologi-
cal Association; 2016:11-43

Kronenberger WG, Pisoni DB. Neurocognitive
functioning in deaf children with cochlear
implants. In: Knoors H, Marschark M, eds.
Evidence-Based Practice in Deaf Education. New
York: Oxford University Press; 2018:363-396
Miller U, Jacques S, Brocki K, Zelazo PD. The
executive functions of language in preschool child-
ren. In: Winsler A, Fernyhough C, Montero I, eds.
Private Speech, Executive Functioning, and the
Development of Verbal Self-Regulation. New
York: Cambridge University Press; 2009:53-68
Pisoni DB, Conway CM, Kronenberger W, Hen-
ning S, Anaya E. Executive function, cognitive
control, and sequence learning in deaf children with
cochlear implants. In: Marshark M, Spencer PE,
eds. The Oxford Handbook of Deaf Studies, Lang-
uage, and Education. New York: Oxford University
Press; 2010:439-457

Pisoni DB, Conway CM, Kronenberger W, Horn
DL, Karpicke J, Henning S. Efficacy and effecti-
veness of cochlear implants in deaf children. In:
Marschark M, Hauser P, eds. Deaf Cognition:
Foundations and Outcomes. New York: Oxford
University Press; 2008

Graf Estes K, Evans JL, Else-Quest NM. Differen-

ces in the nonword repetition performance of

and Translational

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

children with and without specific language impair-
ment: a meta-analysis. ] Speech Lang Hear Res
2007;50(01):177-195

Pauls L], Archibald LM. Executive functions in
children with specific language impairment: a
meta-analysis. ] Speech Lang Hear Res 2016;59
(05):1074-1086

Vugs B, Cuperus ], Hendriks M, Verhoeven L.
Visuospatial working memory in specific language
impairment: a meta-analysis. Res Dev Disabil
2013;34(09):2586—2597

Ntourou K, Conture EG, Lipsey MW. Language
abilities of children who stutter: a meta-analytical
review. Am J Speech Lang Pathol 2011;20(03):
163-179

Zhou Q, Chen SH, Main A. Commonalities and
differences in the research, on children’s effortful
control and executive function: a call for an integ-
rated model of self-regulation. Child Dev Perspect
2012;6:112-121

Kraft SJ, Ambrose N, Chon H. Temperament and
environmental contributions to stuttering severity
in children: the role of effortful control. Semin
Speech Lang 2014;35(02):80-94

Kraft SJ, Lowther E, Beilby J. The role of effortful
control in stuttering severity in children: replication
study. AmJ Speech Lang Pathol 2019;28(01):14-28
Ofoe LC, Anderson JD, Ntourou K. Short-term
memory, inhibition, and attention in developmen-
tal stuttering. ] Speech Lang Hear Res 2018;61
(07):1626-1648

Byrd CT, Sheng L, Ratner NB, Gkalitsiou Z.
Veridical and false recall in adults who stutter.
J Speech Lang Hear Res 2015;58(01):28—42

Byrd CT, Vallely M, Anderson JD, Sussman H.
Nonword repetition and phoneme elision in adults
who do and do not stutter. ] Fluency Disord 2012;
37(03):188-201

Dhatri SD, Kumar UA, Santosh M. Comparison of
working memory abilities in adults who do and do
not stutter. ] Indian Speech Lang Hear Assoc 2017;
31:42-47

Eichorn N, Marton K, Schwartz RG, Melara RD,
Pirutinsky S. Does working memory enhance or
interfere with speech fluency in adults who do and
do not stutter? Evidence from a dual-task para-
digm. J Speech Lang Hear Res 2016;59(03):
415-429

Markett S, Bleek B, Reuter M, et al. Impaired
motor inhibition in adults who stutter—evidence
from speech-free stop-signal reaction time tasks.
Neuropsychol 2016;1:444-450

Yang Y, Jia F, Fox PT, Siok WT, Tan LH.
Abnormal neural response to phonological working
memory demands in persistent developmental stut-
tering. Hum Brain Mapp 2019;40(01):214-225
Anderson JD, Wagovich SA. Explicit and implicit

verbal response inhibition in preschool-age



318

SEMINARS IN SPEECH AND LANGUAGE/VOLUME 40, NUMBER 4 2019

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

children who stutter. ] Speech Lang Hear Res
2017;60(04):836-852

Eggers K, De Nil LF, Van den Bergh BRH.
Inhibitory control in childhood stuttering.
J Fluency Disord 2013;38(01):1-13

Piispala J, Mittd S, Paikkonen A, Bloigu R, Kallio
M, Jansson-Verkasalo E. Atypical brain activation
in children who stutter in a visual Go/Nogo task: an
ERP study. Clin Neurophysiol 2017;128(01):
194-203

Piispala J, Starck T, Jansson-Verkasalo E, Kallio
M. Decreased occipital alpha oscillation in children
who stutter during a visual Go/Nogo task. Clin
Neurophysiol 2018;129(09):1971-1980

Eggers K, De Nil LF, Van den Bergh BRH. Exo-
genously triggered response inhibition in develop-
mental stuttering. ] Fluency Disord 2018;56:33-44
Eggers K, Jansson-Verkasalo E. Auditory atten-
tional set-shifting and inhibition in children who
stutter. ] Speech Lang Hear Res 2017;60(11):
3159-3170

Piispala ], Kallio M, Bloigu R, Jansson-Verkasalo
E. Delayed N2 response in Go condition in a visual
Go/Nogo ERP study in children who stutter.
J Fluency Disord 2016;48:16-26

Harrewijn A, Schel MA, Boelens H, Nater CM,
Haggard P, Crone EA. Children who stutter show
reduced action-related activity in the rostral cingu-
late zone. Neuropsychologia 2017;96:213-221
Kiihn S, Haggard P, Brass M. Intentional inhibi-
tion: how the “veto-area” exerts control. Hum
Brain Mapp 2009;30(09):2834-2843

Centers for Disease Control and Prevention. 2019
Child Development. Available at: https://www.
cde.gov/nebddd/childdevelopment/index.html.
Accessed June 5, 2019

Eggers K, De Nil LF, Van den Bergh BRH.
Temperament dimensions in stuttering and typi-
cally developing children. ] Fluency Disord 2010;35
(04):355-372

Embrechts M, Ebben H, Franke P, van de Poel C.
Temperament: a comparison between children who
stutter and children who do not stutter. In:
Bosshardt HG, Yaruss S, Peters H, eds. Procee-
dings of the Third World Congress on Fluency
Disorders: Theory, Res, Treatment, and Self-Help.
The Netherlands: Nijmegen Press; 2000:557-562
Anderson JD, Wagovich SA. Relationships among
linguistic processing speed, phonological working
memory, and attention in children who stutter.
J Fluency Disord 2010;35(03):216-234

Ntourou K, Anderson JD, Wagovich SA. Execu-
tive function and childhood stuttering: parent
ratings and evidence from a behavioral task.
J Fluency Disord 2018;56:18-32

Gioia GA, Espy KA, Isquith PK. BRIEF-P:
Behavior Rating Inventory of Executive Function-
Preschool Version: Professional Manual. Psychol

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Assessment  Resources; 2003. Awvailable at:
https://www.parinc.com/Products/Pkey/26. Acces-
sed June 5, 2019

Hakim HB, Ratner NB. Nonword repetition abi-
lities of children who stutter: an exploratory study.
J Fluency Disord 2004;29(03):179-199

Anderson JD, Wagovich SA, Hall NE. Nonword
repetition skills in young children who do and do
not stutter. ] Fluency Disord 2006;31(03):177-199
Oyoun HA, Dessouky HE, Shohdi S, Fawzy A.
Assessment of working memory in normal children
and children who stutter. ] Am Sci 2010;6:562-569
Pelczarski KM, Yaruss JS. Phonological memory in
young children who stutter. ] Commun Disord
2016;62:54-66

Bakhtiar M, Abad AD, Panahi MS. Nonword
repetition ability of children who do and do not
stutter and covert repair hypothesis. Indian ] Med
Sci 2007;61(08):462-470

Sasisekaran ], Byrd C. Nonword repetition and
phoneme elision skills in school-age children who
do and do not stutter. Int ] Lang Commun Disord
2013;48(06):625-639

Smith A, Goffman L, Sasisekaran J, Weber-Fox C.
Language and motor abilities of preschool children
who stutter: evidence from behavioral and kinema-
tic indices of nonword repetition performance.
J Fluency Disord 2012;37(04):344-358
Weber-Fox C, Spruill JE ITI, Spencer R, Smith A.
Atypical neural functions underlying phonological
processing and silent rehearsal in children who
stutter. Dev Sci 2008;11(02):321-337

Anderson JD, Wagovich SA, Brown BT. Phono-
logical and semantic contributions to verbal short-
term memory in young children with developmen-
tal stuttering. J Speech Lang Hear Res 2019;62
(03):644—667

Coady JA, Evans JL. Uses and interpretations of
non-word repetition tasks in children with and
without specific language impairments (SLI). Int
J Lang Commun Disord 2008;43(01):1-40
Archibald LMD, Joanisse MF, Munson B. Motor
control and nonword repetition in specific working
memory impairment and SLI. Top Lang Disord
2013;33(03):255-267

Reilly J, Donaher J. Verbal working memory skills
of children who stutter: a preliminary investigation.
Contemp Issues Commun Sci Disord 2005;
32:38-42

Stoki¢ M, Nenadovié¢ V, Dokovi¢ S. Short-term
verbal memory and psychophysiological response to
emotion-related words in children who stutter.
Spec Eduk Rehabil 2012;11:565-583

Kaganovich N, Wray AH, Weber-Fox C. Non-
linguistic auditory processing and working memory
update in pre-school children who stutter: an
electrophysiological study. Dev Neuropsychol
2010;35(06):712-736


https://www.cdc.gov/ncbddd/childdevelopment/index.html
https://www.cdc.gov/ncbddd/childdevelopment/index.html
https://www.parinc.com/Products/Pkey/26

EXECUTIVE FUNCTION IN DEVELOPMENTAL STUTTERING/ANDERSON, OFOE

319

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Sasisekaran J, Basu S. The influence of executive
functions on phonemic processing in children who
do and do not stutter. ] Speech Lang Hear Res
2017;60(10):2792-2807

Sasisekaran ], Brady A, SteinJ. A preliminary investi-
gation of phonological encoding skills in children
who stutter. ] Fluency Disord 2013;38(01):45-58
Sasisekaran J, Byrd CT. A preliminary investigation
of segmentation and rhyme abilities of children who
stutter. ] Fluency Disord 2013;38(02):222-234
Gathercole SE, Willis CS, Baddeley AD, Emslie
H. The children’s test of nonword repetition: a test
of phonological working memory. Memory 1994;2
(02):103-127

Wagner R, Torgesen J, Rashotte C. CTOPP:
Comprehensive Test of Phonological Processing.
2nd ed. Austin, TX: Pro-ed; 1999

Dollaghan C, Campbell TF. Nonword repetition
and child language impairment. J Speech Lang
Hear Res 1998;41(05):1136-1146

Gardner MF. Test of Auditory-Perceptual Skills
TAPS. Hydesville: Psychological and Educational
Publications; 1985

Gardner MF. Test of Auditory-Perceptual Skills—
Revised TAPS-R. Hydesville: Psychological and
Educational Publications; 1996

Wechsler D. Wechsler Memory Scale. 3rd ed. San
Antonio, TX: The Psychol Corporation; 1997
Woods DL, Kishiyamaa MM, Lund EW, et al.
Improving digit span assessment of short-term
verbal memory. J Clin Exp Neuropsychol 2011;
33(01):101-111

Anderson JD, Wagovich SA, Ofoe L. Cognitive
flexibility in developmental stuttering.  Poster
presented at: Annual Meeting of the American
Speech-Language-Hearing Association; Novem-
ber 2015; Denver, CO

Eichorn N, Marton K, Pirutinsky S. Cognitive
flexibility in preschool children with and without
stuttering disorders. ] Fluency Disord 2018;
57:37-50

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Anderson JD, Pellowski MW, Conture EG, Kelly
EM. Temperamental characteristics of young
children who stutter. ] Speech Lang Hear Res
2003;46(05):1221-1233

Schwenk KA, Conture EG, Walden TA. Reaction
to background stimulation of preschool children
who do and do not stutter. ] Commun Disord 2007;
40(02):129-141

DiDonato Brumbach AC, Goffman L. Interaction
of language processing and motor skill in children
with specific language impairment. J Speech Lang
Hear Res 2014;57(01):158-171

Hill EL. Non-specific nature of specific language
impairment: a review of the literature with regard to
concomitant motor impairments. Int ] Lang Com-
mun Disord 2001;36(02):149-171

Zelaznik HN, Goffman L. Generalized motor
abilities and timing behavior in children with
specific language impairment. ] Speech Lang
Hear Res 2010;53(02):383-393

Montgomery JW, Evans JL, Gillam RB. . Memory
and language in children with SLI. In: Packiam
Alloway T, ed. Working Memory and Clinical
Developmental Disorders: Theories, Debates and
Interventions. London: Routledge; 2018:27-37
Torrington Eaton C, Ratner NB. An exploration of
the role of executive functions in preschoolers’
phonological development. Clin Linguist Phon
2016;30(09):679-695

Wiaring R, Eadie P, Rickard Liow S, Dodd B. The
phonological memory profile of preschool children
who make atypical speech sound errors. Clin Lin-
guist Phon 2018;32(01):28-45

Schmeichel BJ. Attention control, memory upda-
ting, and emotion regulation temporarily reduce
the capacity for executive control. ] Exp Psychol
Gen 2007;136(02):241-255

Nejati V, Pouretemad HR, Bahrami H. Attention
training in rehabilitation of children with develop-
mental stuttering. NeuroRehabilitation 2013;32
(02):297-303



