o2 it e THE EUROPEAN SOCIETY OF MEDICINE
® ™. +»®  Medical Research Archives, Volume 12 Issue 7
[ N

Characteristics of Attentional Focus of Movement among Adults who

Stutter

Shinobu Murase!

! Faculty of Education, Gifu University, Japan

a OPEN ACCESS

PUBLISHED
31 July 2024

CITATION

Murase, S., 2024. Characteristics of
Attentional Focus of Movement among Adults
who Stutter. Medical Research Archives,
[online] 12(7).

https: //doi.org/10.18103 /mra.v12i7.5627

COPYRIGHT

© 2024 European Society of Medicine. This is
an open- access article distributed under the
terms of the Creative Commons Attribution
License, which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author and source are
credited.

DOI
https://doi.org/10.18103 /mra.v12i7.5627

ISSN
2375-1924

ABSTRACT

Certain conditions are known to eliminate stuttering immediately. These
conditions are referred to as fluency-inducing conditions, and they infer
abnormalities of attentional characteristics among people who stutter. The
aims of this study were to elucidate how the motor performance of
stutterers is influenced by attentional foci: external focus of attention and
internal focus of attention. A typing task involving sequential key pressing
was conducted under the external focus and internal focus conditions
among 13 adults who stutter and 12 matched control adults who do not
stutter. Typing accuracy and typing speed were analyzed. The results
revealed that the typing speed was significantly lower under the internal
focus condition than the external focus condition in both groups, indicating
that internal focus reduces the efficiency of finger movement compared to
external focus. Moreover, for adults who stutter, typing accuracy also
decreased significantly under the internal focus condition. It is speculated
that adults who stutter are more vulnerable to disruptions in motor control
under internal focus conditions than adults who do not stutter. The clinical
implications of these findings are discussed.

Keywords: stuttering, focus of attention, finger movement, motor
performance
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Introduction

The cause of stuttering is not known. Therefore, there is no
medical treatment that targets its cause. Speech therapy
is widely used to alleviate stuttering. According to recent
studies on the effectiveness of speech therapy for
stuttering, treatments using speech restructuring strategies
have benefitted both children and adults who stutter.!.2
However, the limitations of the treatment are evident
since speech restructuring treatments require stutterers to
acquire a novel speech pattern—such as easy onsets,
prolonging sounds/words, and slowing down speech
rate—and to use it in one’s daily life. Brignell et al.’ found
that the reduction in stuttering remains only at about 50%,
and Tasko et al.3 argued that the acquired speech
pattern often sounds unnatural.

Despite the difficulty in establishing natural fluency
through speech therapy, certain conditions are known to
eliminate stuttering immediately and almost completely.
Examples of these conditions, known as fluency-inducing
conditions (FCs), include speaking with someone else,
following the rhythm of a metronome, speaking under
delayed auditory feedback, and singing songs.# Although
the reasons that stuttering disappears in FCs are not
clearly understood, the most common explanation for this
effect is "distraction.”> Because stuttering is partly an
anticipatory struggle behavior, a distraction from one’s
stuttering reduces fear or anxiety and, thus, may prevent
stuttering. Hesse® argued that this cannot fully account for
the complete fluency usually observed under FCs. Instead,
he proposed the attention theory, which explains that FCs
reduce stuttering by changing the allocation of attention
in people who stutter.

The relation between motor performance and attention
has been well studied. Since Wulf et al.¢ revealed that
motor performance is greatly affected by the direction
of the performer's attention, numerous studies have been
conducted and have consistently shown that external
focus of attention (EF) results in more effective
performance than internal focus of attention (IF).
According to Wulf,” EF involves directing attention to the
environment, such as an apparatus or objects, while IF
involves directing attention to one's own body movements.
McNevin et al® postulated the constrained action
hypothesis to explain the different effects of these
attentional focus types on motor control. The hypothesis
suggests that an EF facilitates performance because it
enhances automatic control of movement, while an IF
induces more conscious control of movement, disrupting
the process of automatic control.

Rong-Na et al.? implemented speech therapy for adults
who stutter using shadowing, a task during which subjects
listen to a spoken passage and repeat it simultaneously.
They reported that some subjects with pronounced
symptoms showed a markedly reduced frequency of
stuttering through speech therapy with shadowing. They
speculated that stuttering was reduced because the
subjects distracted their attention from their stuttering to
the model speech. Considering this result from the
perspective of the constrained action hypothesis, it can be
inferred that stutterers pay too much attention to their
articulatory movements (IF condition) and become fluent
with shadowing because they alter their attention to their

environment (EF condition). However, there is little
information about the characteristics of attentional focus
and motor performance in people who stutter.

This study aimed to clarify the characteristics of the motor
control of people who stutter. A typing task under EF and
IF conditions was used to investigate how these conditions
affect motor performance among people who stutter and
those who do not.

Methods

SUBJECTS

Subjects were 13 adults who stutter (AWS; M=26.6;
SD=%5.3) and 12 matched control adults who do not
stutter (ANS; M=21.7; SD=%*1.7). The AWS were
recrvited from university student bodies or self-help
groups in Japan, while the ANS were all graduate or
undergraduate university students. All subjects were male
with normal hearing and no self-reported neurological
conditions affecting finger movement. Although one
participant in the AWS had a history of social anxiety
disorder, no one was currently taking any medication.

Among the AWS, the stuttering severity during informal
conversations with the experimenter, assessed using the
Standardized Test for Stuttering Second Edition,'0
ranged from very mild to very severe as follows: two very
mild, six mild, four moderate, and one severe. The ANS
did not show any signs of stuttering. According to the
FLANDERS  handedness  questionnaire,  Japanese
translation version,'’ all subjects were right-handed
except for three AWS. The average typing time per day
over the past month was surveyed and recorded as
3.3%£2.8 hours (range: 0—8 hours) for the AWS and
1.1£0.5 hours (range: 0.5—-2 hours) for the ANS. A t-test
indicated no significant difference in typing time between
the AWS and the ANS (t=2.181, p=.052).

The experiment received approval from the Ethics Review
Committee of the Special Needs Education Division,
Graduate School of Education, Gifu University.
Additionally, all subjects were provided with written and
verbal explanations of the purpose and content of the
experiment, and written informed consent was obtained
from all subjects.

EQUIPMENT

The experiment was conducted in a quiet room where
subjects were comfortably seated in a chair. A desk was
set in front of the subject, and a computer keyboard
(ELECOM TK-FCMO062) connected to a PC (Panasonic CF-
SZ5) and a monitor (BENQ GL2760B) was placed on the
desk in an easy-to-reach position for typing. The F, T, Y,
U, and K keys on the keyboard were labeled with stickers
with the numbers 1, 2, 3, 4, and 5, respectively. For later
analysis, characters that subjects input with the keyboard
were recorded. Subjects’ finger movements were also
recorded using an external webcam (Logicool HD720p)
attached to the computer.

TYPING TASK

The typing task involved sequential key pressing using all
five fingers of the dominant hand in two attentional
conditions: EF and IF. Each of the five fingers was paired
with a single numbered key. Right-handed subjects were
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required to use the thumb for 1 (F key), index finger for
2 (T key), middle finger for 3 (Y key), ring finger for 4 (U
key), and little finger for 5 (K key). Conversely, left-
handed subjects were directed to use the thumb for key
5 (K key), index finger for key 4 (U key), middle finger
for key 3 (Y key), ring finger for key 2 (T key), and little
finger for key 1 (F key). The sequence of key presses was
12345135245432153142 for right-handed subjects

and 54321531421234513524 for left-handed subjects.

Subjects memorized the sequence in three minutes and
then performed 10 trials in each condition (EF and IF).

PROCEDURE

Initially, subjects were advised to adjust their posture,
chair, and keyboard position to ensure optimal comfort
and efficiency in key manipulation. Following this, the task
was explained to the subjects. After the explanation,
subjects were presented with a document delineating the
sequence of key presses. They were allotted three
minutes to practice and memorize the sequence. During
this practice period, subjects manipulated the keyboard
freely and ensured the firm depression of keys. After the
practice period, subjects received the following
instructions for typing: After the experimenter says "yes"
(indicating start), subjects should silently count "three, two,
one" in their minds, and then begin typing. Upon
completing one sequence of typing, subjects should say
"yes" (indicating finish). This process is to be repeated
until the 10th trial is completed. There was a five-second
interval between each trial.

After the practice period, all subjects completed 10 trials
of typing in the EF condition and 10 trials in the IF
condition. Since a within-subject design was employed, all
subjects performed both EF and IF conditions. The order
of EF and IF conditions was counterbalanced. In the EF
condition, subjects were instructed to focus on the numbers
on the keys. In contrast, in the IF condition, they were
instructed to focus on the movement of their fingers with
their eyes closed. Upon the execution of each condition,
the following instructions were given to each subject.

EF Condition: "Please type as quickly and accurately as
possible. When typing, make sure to pay attention to the
number of the key you are pressing."

IF Condition: "Please type as quickly and accurately as
possible. When typing, close your eyes and pay attention
to the movement of your fingers."

Subjects in the IF condition were allowed to open their
eyes between trials to check their fingers’ positions on the
keyboard. During the trials, the computer screen was
positioned facing away from the subjects and toward the
experimenter to prevent subjects from monitoring their
typing. Subjects were instructed to continue typing even
if they made a mistake and not to verbalize the numbers
while typing.

Measurement

ATTENTION OUTCOME

The self-evaluation of focus of attention was measured.
Subjects were asked about their compliance with
instructions on attentional focus at the end of the
experiment. The questionnaire employed a 7-point scale

ranging from 7 (very well) to 1 (not at all). Subjects were
asked whether they had focused on the numbers on the
keys in the EF condition and whether they had focused on
their finger movements in the IF condition. They marked
the most applicable number.

TYPING OUTCOMES

Regarding typing errors, the keystrokes of the subjects
were recorded on the PC as strings. After the experiment,
the characters pressed by the subjects were compared to
the instructed string to detect errors and the number of
errors was counted in each trial. The average number of
errors per trial was analyzed for each subject. Typing
errors included "substitution," "insertion," "omission," and
"repetition." The definitions of each error are as follows:
Substitution: Typing the wrong key instead of the correct
one.

Insertion: Typing unnecessary keys in addition to the
required ones.

Onmission: Failing to type the required key.

Repetition: Continuously pressing the same key.

Even if one key was typed more than twice, it was
counted as one error. For example, in the sequence FTY,
typing FTTY would result in one insertion, and typing
FTYYYYYYYY would result in one repetition. The total
number of errors for each condition was counted per
subject, and a group average was calculated.

Regarding typing time, video-recorded data were used
to analyze the duration of typing. The duration of typing
was defined as the time it took a subject to finish one trial.
The time between the first key press and the last key
press was measured with a visual inspection of the video-
recorded data. The average duration of typing per trial
was calculated for each subject, and a group average
was obtained.

STATISTICAL ANALYSIS

The subjective evaluation of attentional focus, the number
of errors, and the duration of typing were analyzed using
repeated-measures ANOVA with group (AWS, ANS) as
a between-group factor and condition (EF, IF) as a within-
group factor.

Results

SELF-EVALUATION OF FOCUS OF ATTENTION

The average scores of self-evaluation of attentional focus
for AWS were 5.7 (£1.2) for EF and 5.8 (+1.0) for IF.
For ANS, these scores were 5.8 (£0.6) for EF and 5.8
(£1.0) for IF. Repeated-measures ANOVA with group
and condition did not reveal any statistical differences.
The results indicate that both groups were able to adopt
attentional focus as instructed.

TYPING ERRORS

Figure 1 shows the average error of AWS and ANS in EF
and IF. Repeated-measures ANOVA with factors of
Group(AWS, ANS) and Condition(EF, IF) revealed a
significant Group and Condition interaction,
F(1,20)=8.353, p=.005. Follow-up analysis by simple
main effect showed a main effect of condition in AWS,
F(1,20)=18.28, p=.001, and a main effect of group in IF,
F(1,20)=6.06, p=.023. The results indicate that AWS
made significantly more errors in IF than in EF. Moreover,
in IF, AWS made significantly more errors than ANS.
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Fig.1. Mean numbers of typing erros in EF and IF for AWS and ANS

TYPING DURATION

Figure 2 shows the average duration of typing of AWS
and ANS in EF and IF. Repeated-measures ANOVA with
factors of Group(AWS, ANS) and Condition(EF, IF)
revealed a significant main effect of condition, indicating
that the average duration in EF was significantly shorter
than in IF, F(1,22)=12.611, p=.002. However, no
significant main effect of groups, F(1,22)=0.928, p=.346,
or interaction effect, F(1,22)=0.305, p=.587, was
observed.
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Fig.2. Mean duration of typing in EF and IF for AWS and ANS

Discussion

MAIN FINDINGS

As focusing attention is a highly cognitive task, it is not
possible to observe objectively whether subjects comply
with attentional instructions. Therefore, this study used
self-evaluation to assess whether participants directed
their attention following the experimenter's instructions.
The results showed that the subjects’ self-evaluation rates
were high for both the EF and IF conditions, suggesting
that they could focus their attention internally or
externally as instructed. Furthermore, both the AWS and
ANS groups performed similarly; no difference in the rate
was observed between them. Therefore, both groups
were regarded as equally capable of directing their
attention correctly. The characteristics of the motor
performance of the AWS are discussed based on this
interpretation.

First, no significant difference in typing speed between
the AWS and ANS was found. However, the typing speed
was slower under the IF condition than under the EF
condition in both groups. Previous studies investigating
limb movements have shown that movements performed
under EF conditions are more efficient than those

performed under IF conditions.’2-'5 To the best of our
knowledge, no studies on sequential finger movements
like typing have been conducted. However, studies on leg
movements among runners have reported that the
efficiency of runners' leg movements improves under EF
conditions, resulting in increased running speed.’¢-18 The
current study demonstrated that the speed of sequential
finger movements also increased under EF conditions.
However, no difference was evident between the AWS
and ANS.

In contrast, differences in the numbers of typing errors
were observed between the AWS and ANS. Typing
accuracy in the ANS was not influenced by focus of
attention, while typing accuracy in the AWS significantly
decreased under IF conditions, indicating that AWS are
more vulnerable to disruptions in motor control under IF
conditions. The findings of the present study regarding
the typing accuracy in the ANS differ from those reported
by Rossettini et al.'® They assessed typing errors in
healthy adults using a task similar to that used in the
present study and demonstrated an increase in typing
errors under IF conditions. Although the results appear
contradictory, this discrepancy may be attributable to
differences in experimental methods. Specifically,
Rossettini et al.’? employed a metronome to ensure a
constant typing speed, whereas this study did not
implement a metronome, but gave subjects instructions to
type at their maximum speed. Therefore, the subjects in
this study likely slowed their finger movements to enhance
typing accuracy in the IF condition. This can be explained
by the "speed-accuracy trade-off" phenomenon (for a
review, see Heitz, 20): when individuals are required to
be faster, their performance becomes less accurate, and
when they focus on accuracy, their speed decreases.
However, in the AWS, despite a reduction in typing
speed under the IF condition, there was still a significant
increase in errors. This suggests that the AWS may have
greater  difficulty  maintaining  accurate  motor
performance under IF conditions than the ANS.

Although no neurophysiological measurements were
conducted in this study, the results are discussed from a
neurophysiological perspective, drawing on previous
research. Zentgraf et al.2! explored the blood oxygen
level-dependent responses in a typing task under EF and
IF conditions. They reported increased responses in the
primary motor cortex, primary somatosensory cortex,
and the insular region of the left hemisphere during EF.
They suggested that sensory processing increased in the
EF. Other fMRI studies, such as those by Zimmermann et
al.22and Raisbeck et al.23, also demonstrated augmented
activation in motor- and sensory-related areas during EF.
These results suggest that sensory integration plays a
crucialrole inmotor tasks, particularly under EF conditions.24
Regarding sensorimotor integration, some studies have
pointed out that people who stutter exhibit abnormalities
in sensorimotor integration.25-27  Nevertheless, it is
noteworthy that no difference in motor performance was
observed under EF in the AWS. These findings challenge
previous research  suggesting abnormalities in
sensorimotor integration in people who stutter. The studies
that reported sensorimotor abnormalities in people who
stutter used auditory stimuli; 28-31 however, the current
study used visual stimuli to which the subjects directed
their attention. Therefore, it is necessary to conduct
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research incorporating auditory stimuli under EF to
investigate whether similar results to can be obtained.

Raisbeck et al.23 reported increased activation in the
motor regions, especially the precentral gyrus,
postcentral gyrus, and cerebellum, in the IF condition.
Although the mechanisms by which increased activation of
the motor region disrupts movement coordination lack
understanding, hyperactivation in motor-related areas
has been observed in cases of yips and other forms of
focal dystonia. 32-34 Parr35 suggested that the disruption
of intracortical inhibition within the primary motor cortex
leads to "an overflow of activation at the cortex, which
becomes reciprocated at the muscular level.” Indeed,
some electromyographic studies have revealed increased
co-contraction of antagonist muscle pairs in the IF
condition.36.37 Therefore, it is plausible that abnormal
muscle contractions occur in the AWS under IF conditions.
This hyperactivity of the antagonist muscles may hinder
smooth and  efficient movement, as indicated by these
findings.

The above possible kinematic state of the AWS in the IF
condition may have important implications for speech
therapy for stuttering. Speech restructuring treatments for
stuttering usually incorporate instructions for clients to
monitor their articulatory movements to produce a novel
speech pattern,® which seems to be an internal focus
condition. However, to ensure efficient performance,
therapists should instruct their clients to focus their
attention externally rather than internally. Future studies
are needed to determine the specific instructions that
should be given to clients and how they can be effectively
implemented in speech therapy for stuttering.

Limitations

One of the limitations of this study was that articulatory
movements were not observed. Since speech movements
are quite automatized, different control mechanisms may
be involved. So far, only one study by Lisman et al. 38 has
examined the effect of foci of attention on speech motor
movements. They showed the effects of the focus of
attention on articulatory movements. However, their

research used the experimenters' perceptual judgment to
measure articulatory accuracy, which seems to be very
subjective.  Objective  measurement methods of
articulatory movement urgently need to be established to
explore speech motor movement and examine speech
motor control in AWS.

Another limitation is that no reports of neural activation
or kinematic information were available in this study.
Hence, the assumption of the kinematic state of the AWS
in the IF condition is very speculative. Brain activity or
muscle activity needs to be measured to verify the
assumption.

This study was limited by the small number of participants
and the restriction to males, making it challenging to draw
robust conclusions. Future studies with larger sample sizes
must validate the results of this study. Given that the
findings of Rong-Na et al. ¢ strongly suggest that
differences in motor control characteristics depend on the
severity of stuttering, a study with a larger sample size
would allow for the exploration of potential subgroups
within the AWS.

Conclusions

To the best of the researcher’s knowledge, this is the first
study to clarify the effect of attentional foci on movement
control among people who stutter. According to the results,
people who stutter exhibited significantly slower and
more inaccurate movement of fingers under the IF
condition compared to people who do not stutter. Since
the present results are of clinical relevance, future
research on speech motor control among people who
stutter is promising.
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