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Exploring the nature of stuttering through
a behavioral-neuro-modulation intervention
program in bilinguals with stuttering

ABSTRACT

Purpose: Investigations on identifying the nature of stuttering present varying views. The argument remains
whether the stuttering dysfluencies have a motor or a linguistic foundation. Though stuttering is considered a
speech-motor disorder, linguistic factors are increasingly reported to play a role in stuttering. Current literature
points towards deficits in speech-related motor areas of the brain to abnormalities in linguistic planning and
phonological memory playing a role in stuttering. Examining cross-linguistic generalization of treatment gains
from treated to untreated language in bilinguals who stutter may provide a unique opportunity to explore
the motor and linguistic factors in stuttering. Methods: In the current study, we explored this potential by
experimentally controlling the language of treatment in bilinguals with stuttering (BWS). We hypothesized
that if the dysfluencies in stuttering arise from the underlying motor deficits, then the language of treatment
would not play a significant role in cross-linguistic generalization. Sixteen BWS were given transcranial direct
current stimulation (tDCS) along with behavioral intervention for three weeks. The language of treatment was
randomized, wherein participants in one group received behavioral intervention in their dominant language and
the other in their non-dominant language. Results: Results showed that participants in both groups showed a
reduction in their stuttering dysfluencies (% stuttered syllables) regardless of the language of treatment, and the
treatment gains were generalized to the non-treated language. Conclusion: Linguistic factors such as language
dominance and structure of languages did not surface to play a role in the generalization, signaling the motoric
nature of dysfluencies in stuttering.
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INTRODUCTION

Decades of research employing behavioral and neuroimaging
paradigms on the nature of dysfluencies in stuttering hover around
motor versus linguistic substrates of this speech disorder®.
Literature on the neural correlates of stuttering shows subtle
structural and functional anomalies in the speech-related motor
areas in the brains of persons who stutter (PWS) as compared
to people with no stuttering (PWNS)@7. Reduced activations
in the left speech motor areas and increased activations in the
contralateral right regions are frequently observed in PWS®, Other
areas that show reduced activity include the left supplementary
motor area (SMA) and inferior frontal regions®®?, These findings
collectively point toward deficits in motor response initiation
and timely activation in speech-related motor areas, leading to
dysfluencies in stuttering.

On the other hand, several linguistic factors are reported
to play a role in stuttering®. The association between the
occurrence of stuttering and linguistic planning/ execution
is indicative of linguistic deficits in stuttering® and neural
abnormalities associated with phonological working memory
deficits!?. Poor performance in retaining and reproducing novel
phonological sequences is interpreted as the linguistic nature
of stuttering"V. Corroboratively, neuroimaging data show
evidence of abnormalities in both language and speech areas
in the brain. Watkins et al.(V argued that though stuttering is
expressed in its motor characteristics, the cause might not be
purely in the motor system as certain linguistic factors impact
stuttering frequency.

Investigations on cross-linguistic generalization of treatment
effects in bilinguals who stutter (BWS) highlight the factors
underlying the nature of stuttering'>!3. These include both
language-related and motoric factors. Language-related factors
include language dominance, proficiency!'®, and structural
similarity between languages. Motor factors include the practice
effect observed in the untrained language following training in
another language'®. Delving deep into these factors may shed
light on the real nature (i.e., motor vs linguistic) of stuttering.

Lim et al.!"® used a speech restructuring program on 19 BWS
in English, and the outcomes were measured in both English
and Mandarin spoken by them. Stuttering reduction in English
was generalized to Mandarin. The authors suggested that the
altered speech rate in English was automatically transferred to
the untreated Mandarin language. However, how these treatment
effects were transferred was not scientifically investigated
in their study. Vong et al."¥ reported similar findings from
a single-subject study on four Malaysian bilingual children
using the Lidcombe program. In two children who underwent
the treatment program, stuttering was reduced in both treated
and untreated languages, showing positive treatment outcomes.
Among the other two participants, one did not reach stage 2
of the program, and for the other, the post-treatment data were
unavailable to make a comparison. In another study? on a
cross-linguistic generalization of treatment (non-programmed
prolonged speech technique), five BWS who received treatment
in their first (and preferred) language showed improvement in

both their treated and untreated languages (i.e., generalization
of treatment gains).

A common observation from these studies is that the language
of treatment was not controlled or decided based on any scientific
reason. Rather, it was merely selected based on participants’
or clinician’s preferences. Further, the participants were not
given explicit instructions to avoid using the techniques in the
untreated language. However, in previous interventional studies
in BWS that altered the speech characteristics, there was no
way to document the use of learned techniques in the untreated
language. This limitation made the authors’ postulations on the
mechanism (linguistic versus motoric) behind the generalization
of treatment effects to the untrained language speculative.

In the current study, we maintained that the mechanism
underlying stuttering (i.e., linguistic versus motor) can be
determined by the experimental manipulation of these factors
rather than merely observing and comparing the dysfluencies in
two languages'>'®, Thus, the current study aimed to investigate
the nature of stuttering by experimentally controlling the language
of treatment in BWS.

METHOD

Ethics statements

The study was initiated after obtaining approval from the
institutional ethics committee (IEC:900/2018). All recruited
participants read the participant information sheet and signed
the written informed consent form before being part of the study.

Study design

A parallel-group randomized trial was conducted in which
the participants were divided into two groups. Group A received
tDCS stimulation along with behavioral intervention in their
dominant language, while Group B received the same stimulation
and behavioral intervention in their non-dominant language.

Participants

A total of 89 participants who visited the outpatient department
of a tertiary care hospital with complaints of stuttering were
screened for eligibility. Of these, 16 Kannada-English bilinguals
were recruited for the study, while others were excluded (see
Figure 1 for the reasons for exclusion). The recruited participants
had a mean age of 21.13 years (SD=2.90; range: 18-35 years).
To qualify for participation in this study, all were diagnosed
with stuttering using Stuttering Severity Instrument-4 (SSI-
4)19_ Additionally, they either had Kannada or English as
their first or second language and were classified as either
‘Kannada-dominant’ or ‘English-dominant’ based on a self-
report classification tool (Lim et al.!?), adapted and validated
for Kannada-English bilinguals. Finally, all participants were
exposed to both languages before age seven. The participants ¢
demographic details and language characteristics are provided
in Tables 1 and 2, respectively.
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Figure 1. CONSORT Flowchart

Table 1. Participant details

Participant Age Occupation Dominant Treatment Language
code Language group® of treatment
XX5 19 Student English B Kannada
KT4 19 Student Kannada A Kannada
NY1 23 Software  Kannada B English

Engineer
BRO 22 Civil Kannada A Kannada
Engineer
uL6 21 Student Kannada B English
MI1 18 Student Kannada B English
NI3 21 Engineer English A English
JR8 18 Student English A English
GP6 19 Student Kannada A Kannada
XV7 20 Nurse Kannada B English
Qwv4 23 Builder Kannada A Kannada
GH9 23 Auditor Kannada B English
TH7 21 Student Kannada B English
WT4 22 Student Kannada B Kannada
SNA1 20 Student English A English
NB1 27 Engineer  Kannada A Kannada

aParticipants in Group A were treated in their dominant language and
participants in group B were treated in their non-dominant language

Randomization

A research scholar who was not a part of the study generated
the randomization list using a computer random generator. We

Analysed (n=5)
+ Excluded from analysis (give reasons) {n=0)

Table 2. Language Characteristics of Participants

Group A Group B value'
(n=8) mg) "
Age (mean, SD) 21.12(2.90) 20.87 (1.80) 0.84
Age of exposure to 1.28(1.75) 0.75(1.16) 0.49
Kannada
Age of exposure to 5(1.41) 5.37 (1.06) 0.57
English
Years of exposure to 18.26 (2.43) 18.75(2.31) 0.69
Kannada
Years of exposure to 16 (2.56) 16.75 (3.73) 0.65
English
*p<0.05

Caption: SD, Standard Deviation

used the block randomization method. The same investigator
prepared the randomization sequence using sequentially
numbered opaque, sealed envelopes. The allocation sequence
remained concealed till the assignment. Figure 1 (CONSORT
Flowchart) depicts the details of the recruitment, randomization,
and allocation of participants to the two groups.

Intervention details

As mentioned in the Study Design, Group A participants
received tDCS along with a behavioral intervention in their
dominant language. In contrast, Group B participants received
tDCS along with behavioral intervention in their non-dominant
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Figure 2. Intervention timeline

language. Each participant underwent treatment for three
weeks (5 days per week), with each session lasting 40 minutes.
During the first half of the session, tDCS was administered
along with behavioral intervention, after which the stimulator
was turned off, and the behavioral intervention continued for
the rest of the session. This was done to maximize the benefits
of stimulation, as increased excitability can last up to several
hours post-stimulation®”. The flow of intervention delivery is
depicted in Figure 2.

Procedure

In this study, we followed the treatment paradigm used by
Chesters et al.®). The site of stimulation was area FC5 (left
inferior frontal cortex) on the 10-10 electrode system for EEG
recording. This area has consistently shown atypical activation
patterns in individuals who stutter®, and studies have shown a
reduction in stuttering dysfluencies following tDCS stimulation
of this area®?». The anode was placed over area FC5, while
the cathode was placed over the right supraorbital ridge. The
current stimulation was delivered at 1 mA current for 20 minutes,
after which the stimulator was turned off. The participants
were instructed to report any discomfort experienced during
the stimulation.

For behavioral intervention, we used choral speech followed
by a metronome speech task. In the choral speech task, audio
samples in both English and Kannada languages were prerecorded
using standardized passages and sentences. In the metronome
task, participants were instructed to speak along with an external
metronome beat at a rate comfortable to the participants®?.

Outcome measures

We recorded speech samples at baseline and at the end of
each week during the four-week intervention period, i.c., at
baseline, end of 5th day, end of 10th day, and end of 15th day of
intervention (post-intervention). The samples collected at each
time-point included reading, conversation, and monologue tasks
in Kannada and English. Subsequently, we transcribed these
samples and calculated the percentage of stuttered syllables
(%SS), which was the primary outcome measure. No formal
tool was used to document the tDCS adverse effects; however,
we instructed the participants to report any discomfort or side
effects experienced during the intervention.

Table 3. Percentage of stuttered syllables (%SS) at baseline and post-
intervention in both the languages (Kannada and English)

Group Timepoint Language Mean SD  Median IQR

A 0 Kannada 8.85 4.62 7.87 6.11-11.9
English  11.1  4.54 10.6  8.63-14.7

15 Kannada 3.05 2.29 214  1.43-4.52

English  4.79  3.89 3.14  1.57-7.92

B 0 Kannada 6.22 3.25 5.04  4.21-7.63
English 7.76 5.73 5.92  4.08-8.50

15 Kannada 1.99 1.61 152  1.20-2.28

English 2.4 1.68 2.00 1.47-3.20

Caption: SD, Standard Deviation, IQR, Interquartile range

Statistical analysis

The primary outcome measure, the percentage of stuttered
syllables %SS, was expressed using descriptive statistics (Table 3).
For data analysis, we used the Linear Mixed Effects method
(implemented in Jamovi, version: 2.3.21) with participants as
the Random effect and Group and Timepoint as the Fixed effects.

RESULTS

At baseline, participants in both groups had similar
characteristics. The mean age of participants was 21.12 (2.90)
years in group A and 20.87 (1.80) years in group B. Independent
samples t-test showed no significant difference in baseline
characteristics between the groups in terms of their age (p=0.84)
and language characteristics, such as the age of exposure and
the number of years exposed to Kannada and English languages
(Table 2). Table 3 provides the descriptive statistics for %SS
as a function of Group, Timepoint, and Language. Upon visual
inspection of the data, %SS showed a reduction for participants
in both groups and their dominant and non-dominant languages
(i.e., English or Kannada).

To examine the significance of this effect, we conducted a
linear mixed analysis (Table 4). The Linear Mixed Effects model
(%SS ~ 1 + Group + Language + Timepoint + Group: Language
+ Group: Timepoint + Language: Timepoint + Group: Language:
Timepoint+( 1 + Group + Language + Timepoint | Participant)
showed a significant main effect of the Timepoint (F (1,14.9) =
69.58, p<0.001) and Language (F (1,46.26) = 13.91, p<0.001).
That is, %SS showed a significant reduction from the baseline
(Mean = 8.5; SE = 0.93) to the end of the intervention (Mean
=3.03; SE = 0.57), and the same was higher in English (Mean
= 6.51; SE = 7.83) compared with Kannada (Mean = 5.02;
SE = 0.67) (Figure 3). However, the main effect of Group (F
(1,11.1)=3.05, p=0.11) was not significant. Along with this, the
interaction between the Group and Timepoint (p=0.36), Group
and Language (p=0.19), Timepoint and Language (p=0.25),
and all these three variables (p=0.68) did not reach statistical
significance.

The percentage of syllables stuttered (%SS) may vary between
participants even when their stuttering is categorized to the same
degree (such as mild or moderate stuttering). Interclass correlation
variation (ICC) was measured to examine the variability in the
%SS between the subjects and was found to be 0.405.
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Table 4. Fixed effects parameters estimate

95%Cl
Names Effect Estimate SE Lower Upper df t P value
(Intercept) (Intercept) 5.731 0.690 4.379 7.083 11.6 8.3-9 <0.001*
Group B-A -2.456 1.379 -5.160 0.247 11.6 -1.781 0.101
Language K-E -1.482 0.438 -2.341 -0.623 32.8 -3.380 0.002
Time point 15-0 -5.528 0.413 -6.338 -4.718 163.6 -13.379 <0.001*
Group * Language B-A* K-E 1.067 0.877 -0.652 2.785 32.8 1.217 0.232
Group * Timepoint B-A*15-0 1.096 0.826 0.523 2.716 163.6 1.327 0.186
Language * Timepoint K-E *15-0 0.872 0.817 -0.729 2.472 161.8 1.068 0.287
Group *Language B-A * Language 0.635 1.633 -2.566 3.836 161.8 0.389 0.698
*Timepoint *Time Point
*p<0.05

Caption: Cl, Confidence Interval; SE, Standard error; df, degrees of freedom; t, test statistic; A, Group A, B, Group B, K, Kannada language, E, English language
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Figure 3. Pre (0) and post-intervention (15) %SS for participants in
Group A and Group B. Abbreviations: E, English; K, Kannada, %SS,
Percentage of stuttered syllables

Cronbach’s alpha was used to assess the inter-rater and
intra-rater reliability of the outcome measure (%SS). For intra-
rater reliability, the first author reanalyzed 20% of the data six
months apart. For inter-rater reliability, an independent assessor,
blind to the study outcomes, assessed 20% of the data. Both
inter-rater (0=0.98) and intra-rater reliability (a¢=0.95) were
found to be high.

DISCUSSION

The current study aimed to examine the motor and linguistic
nature of stuttering by experimentally controlling the language

of treatment in BWS. The left inferior frontal cortex was selected
as the site for tDCS stimulation as this area is consistently
shown to have abnormal activation patterns in individuals who
stutter®?. This area has also shown a reduction in stuttering post-
stimulation using tDCS®"??, In the current study, stimulating
this area with tDCS along with behavioral tasks yielded positive
results in reducing stuttering dysfluencies.

Results from the analysis showed a reduction in stuttering
dysfluencies was noted in both the languages spoken by bilinguals
(English and Kannada) in both groups A (treated in dominant
language) and B (treated in non-dominant language), regardless
of the selection of language for treatment.

Stuttering is a speech-motor disorder that occurs due to neural
deficits in the left motor areas”. The findings from this study
support the notion that targeting left motor areas in the brain
with current stimulation (tDCS) could contribute to improved
speech fluency, regardless of the linguistic factors in play. The
observed reduction in stuttering dysfluencies in both the treated
and untreated language suggests a bi-directional generalization
of the intervention effects, thus cementing the motoric nature
of dysfluencies in stuttering.

Many linguistic factors have been reported to play a role
in the generalization of treatment gains and in the differential
manifestation of stuttering in bilinguals. The reported factors
include language-related factors such as language proficiency or
dominance"¥, linguistic similarity between the two languages'?
that a bilingual speaks, and the structure of the languages.
However, in the current experiment, these factors did not surface
to play a role in cross-linguistic generalization of treatment
gains from one language to another.

Cross-linguistic generalization in BWS is reported to occur
in languages that are related in terms of belonging to the same
language families or having a similar language structure!'?.
However, the generalization observed in the current study
cannot be explained with this factor as the languages spoken
by the participants (i.e., English and Kannada) are neither
related to each other in terms of their structure nor the terms of
their language families®*?%. Kannada belongs to the family of
Dravidian languages®”, whereas English is an Indo-European
language®®. These languages are structurally and phonetically
different from each other®”. Hence, the structural or phonetic
similarities may not be essential in the cross-linguistic
generalization of treatment effect in stuttering, supporting the
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Vong et al." study, where generalization to untreated language
was observed in linguistically and phonetically distinct languages
(i.e., Mandarin and English).

Second, authors have speculated on the role of several factors,
such as language proficiency or dominance, in cross-linguistic
generalization of treatment gains'®. It is assumed that even
when individuals receive treatment in a non-dominant language,
the stuttering levels may not show a comparable reduction as
when a dominant language is treated. However, in the current
study, the dominance of the participants was experimentally
controlled, and the participants were randomized to receive
treatment either in their dominant or non-dominant language.
It was observed from the study findings that the treatment gains
generalized to untreated language regardless of the dominance
status of the treated language.

Yet another factor believed to play a role in cross-linguistic
generalization in bilinguals is the practice of learned speech
techniques in the untreated language'>'?. Treatment of stuttering
usually involves employing speech modification strategies to
alter the natural characteristics of speech®, with participants
being instructed to use these techniques consistently to maximize
treatment outcomes. For BWS, adhering strictly to these instructions
in only the language of treatment can become challenging, and
these individuals may inadvertently apply the speech modification
strategies in the untreated language beyond clinical settings.
Consequently, it becomes difficult to assess cross-linguistic
generalization as it remains unclear whether the participants
used the treatment techniques solely in the treated language or
in both the languages they speak>!?. In this current study, the
behavioral techniques used included temporary fluency-enhancing
conditions (choral speech and metronome speech)?®", and the
participants were not given any explicit instructions to use these
techniques beyond clinical settings. The neural effects observed
during these fluency-enhancing conditions are temporary and
revert to pre-treatment levels once fluency-enhancing conditions
are no longer applied. However, when combined with tDCS,
these techniques have been shown to cause lasting changes in
speech networks by neuromodulating the activity in the left
IFC®%39, Similarly, in the current study, using these behavioral
techniques, combined with tDCS, could have improved speech
fluency in both languages of the individuals with stuttering.

The results obtained in this study find support from the results
of neuroimaging data in PWS, which show motor-speech areas
to be implicated in stuttering. Deficits in the left inferior frontal
cortex, specifically in the SMA 43D abnormal activation in left
inferior frontal areas®?, speech motor initiation, and execution
have been identified to be aberrant in (PWS)!3339), The site of
stimulation in this study was FC5 as per the 10-10 electrode
positioning system®®. Stimulating these areas showing a
reduction in stuttering dysfluencies suggests tDCS could have
led to the normalization of aberrant activation patterns in this
area as tDCS is shown to enhance synaptic plasticity when
applied in combination with a potentiating neuronal activity®¢3".
Combining tDCS along with a specific behavioral task is shown
to enhance the tDCS effect and show improvement in behavioral
tasks along with neural gains®® by supporting efficient inferior

frontal cortex function during speech, leading to improvement
in stuttering®?,

Overall, cross-linguistic generalization from the dominant
to non-dominant language in Group A and Non-Dominant to
Dominant in Group B render limited evidence for the role of
linguistic factors playing a role in stuttering. This study is not
without limitations. The stuttering severity of the participants
varied, making it a heterogeneous group. Language factors
were controlled at baseline for randomization; however, no
measure was taken to randomize participants based on their
stuttering severity.

CONCLUSION

The core nature of dysfluencies in stuttering remains
whimsical. Researchers suggest stuttering is a pure speech
motor disorder; however, others suspect linguistic factors play
a role in the occurrence of dysfluencies. In the current study,
bilinguals with stuttering were randomized to receive stuttering
intervention using behavioral treatment (in dominant or non-
dominant language) and transcranial direct current stimulation.
Several factors suspected to play a role in cross-linguistic
generalization, such as language-related factors and treatment
practice effect, were controlled in the study. The findings from
the study show that cross-linguistic generalization occurred even
when linguistic factors were regulated, suggesting the possibility
of motor factors playing a role in stuttering disfluencies.
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