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Abstract 

The disorder of stuttering is viewed in terms of speech motor control perspective in the recent times. Most of the 
theories and models hint upon difficulty in initiating and controlling the speech movements as a common factor in 
persons with stuttering. Reaction time measures have been extended to study the common neuromotoric deficits 
across unrelated motor systems to generate an extensive data to verifY that stuttering is a disorder extending 
beyond speech. Reaction time paradigms have been modified to tap the intended measure. In this study a modified 
reaction time paradigm called 'Self-Select Reaction Time Paradigm ' is used to delineate the motor programming 
deficits if any seen in Person with stuttering (PWS) across non speech and speech tasks. Fifteen PWS who had 
undergone speech therapy, JO PWS without any treatment and 25 normal controls in the age range of 16-30 years 
participated in the study. The Self Select Reaction Time Paradigm was used to measure the reaction time for two 
motor programming processes namely INT and SEQ across speech and non speech tasks within four (1 short, 
1 long, 4long & 4short) conditions. The results revealed that both the groups differed in various conditions across 
speech and non speech tasks. A modality independent deficit in the INT process was evident which supported a 
generalized motor programming deficit in the organization of spatiotemporal sequences in PWS. The potential 
utility of the paradigm and the implications of the results to the current understanding of the disorder of stuttering 
are discussed 
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Van Riper (1982) defined stuttering as a by using EMG measurements (Peters, Hulstijn & 
disruption of the simultaneous and successive Starkweather, 1989). These studies reported a 
programming of muscular movements required disruption of normal reciprocal action of abductor 

to produce a speech sound or its link to the next sound muscles in non fluent utterances which inturn 
in a word. This definition suggests a possible scope of suggested that stuttering might be due to the 
understanding the disorder from the speech motor discoordinated activity between and within speech 
control perspective. The speech motor control subsystems. Many other studies also supported the 
perspective of stuttering is more than just one single above hypothesis (Adams, 1974; Wingate, 1976; 
theory or model and all these theories share the Zimmerman, 1980; Van Riper, 1982; Borden, 1983; 
common hypothesis that PWS have difficulties in Gracco, Caruso & Abbs, 1988; Harbison, Porter & 
initiating and controlling speech movements in one Tobey, 1989). The hypothesis gradually lost its 
way or other. They suggest that, in stuttering the significance since few of the studies showed no 
speech mechanisms responsible for a precise differences in terms of discoordination between 
adjustment of the respiratory, laryngeal and normals and PWS (Conture, Colton & Gleason, 1988). 
articulatory movements are operating less efficiently. Also, it failed to account for the core behavioural 
At certain moments, this inefficiency causes a features seen in PWS. 
breakdown of speech fluency and results in 
dysfluencies. How exactly this takes place has not 
been understood in a strict sense. 

The 'discoordination hypothesis' states that 
stuttering is presumably the result of constitutional 
inability to temporally co-ordinate respiratory, 
phonatory and articulatory subsystems in speaking 
(Perkins, Rudas, Johnson & Bell, 1976; Caruso, 1991 ). 
Few studies supported the discoordination hypothesis 
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. An alternative to the 'discoordination 
hypothesis' is the 'Speech planning hypothesis' 
(Postma & Kolk, 1993) where a central dysfunction is 
proposed which operates before the actual execution of 
speech occurs. The speech motor plan is an elaborate 
representation of all or most of the 'intended 
utterance' constructed prior to the actual execution of 
the utterance itself (Sternberg, Monsell, Knoll & 
Wright, 1978). Many models were also proposed 
which explained stuttering as a motor 
planning/programming deficit (Mackay, 1982; 
Schmidt, 1988; Postma & Kolk, 1993; Van Leishout, 



1995; Van Der Merwe, Mc Neil, Robin & Schmidt, 

1997). 

Reaction Time (RT) Paradigm is the most 
commonly used technique to investigate motor 
programming in speech prod~ction and . many 
investigators have used RT paradigms to address the 
issue of speech motor control in general and 
particularly in stuttering (Kahneman, 1973; Peters et 
al., 1989; Van Leishout, Hulstijn & Peters, 1996; 
Aravind & Savithri, 1997). The underlying assumption 
of this paradigm is that differences in the latency of 
reaction time (dependent variable) consequent to 
manipulation of the elicited stimuli (the independent 
variable) are a result of alteration in motor 
programming and helps in studying the response 
preparation in the temporal domain. The majority of 
these studies have recorded slower reaction times for 
stutterers than for non stutterers (Adams & Hayden, 
1976; Cross & Luper, 1979; Cross, Shadden & Luper, 
1979; Starkweather, Franklin & Smigo, 1983) along 
with few studies which contraindicated the presence of 
slower reaction times in speech as well as in non 
speech tasks (Mcfarlane & Prins, 1978; Till, Reich, 
Dickey & Seiber, 1983). 

A two-stage model of motor programming for 
both speech and non speech movements was 
developed by Klapp (1995, 2003). Unlike the other 
models, this model distinguishes two separate 
processes in speech motor programming namely 
INT/SEQ and assumes that preparation of a sequential 
movement involves an organization of a series of 
motor programs. The first process (INT) refers to the 
internal spatiotemporal structure of an individual unit 
of movement and reads it into a motor buffer (Klapp, 
2003). INT can be completed prior to initiation 
(preprogrammed) and is sensitive to unit complexity, 
with longer processing time for units that are more 
complex. The second process (SEQ) refers to the 
sequencing of units into their correct serial order after 
initiation. The SEQ process involves on-line retrieval 
of units from the motor buffer and therefore cannot be 
preprogrammed. SEQ is sensitive to the number of 
units in the buffer but not to the complexity of a unit. 

Klapp (1995, 2003) validated the INT/SEQ 
model using RT paradigms. In a simple RT paradigm, 
the response to be produced on a given trial is cued 
before the imperative signal that prompts response 
production; this allows pre-programming and reflects 
S_EQ process. In a choice RT paradigm, the imperative 
signal specifies the response to be produced, and thus 
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preprogramming is not possible thereby reflecting the 
INT process. Klapp ( 1995) found an effect of button 
press duration (finger movements) on Choice Reaction 
Rime and an effect of sequence length on Simple 
Reaction Time. 

Klapp's model (1995, 2003) was replicated 
using a Self-Selection RT Paradigm which measured 
the INT and SEQ processes on each trial (Immink & 
Wright, 2001; Wright, Black, Immink, Brueckner & 
Magnuson, 2004). In these studies the participants 
prepare the upcoming responses and indicated the 
same by pressing a button when they are ready. This 
preparation duration was referred to as the ST (ST) 
which inturn reflected on the INT process. A go-signal 
will prompt the individuals to execute the response. 
The latency between the go-signal and the response is 
measured and this was called as RT which inturn 
reflected on the SEQ process. 

Many of the studies in the past have reported a 
programming deficit in Stuttering (Peters et al. , 1989; 
Aravind & Savithri, 1997). All the studies viewed 
speech motor programming errors seen in stutterers as 
a unitary stage and a very few of these attempted to 
address the nature of speech and non speech motor 
programming deficit in stutterers. Studies based on 
Klapp ' s model (1995, 2003) have led to the 
observation that speech motor programming involves 
two distinct processes in a hierarchical sequence and it 
is not necessarily a unitary process (Immink & Wright, 
2001; Wright et al. , 2004). The two processes, INT 
and SEQ have been studied in subjects with Apraxia of 
speech (lmmink & Wright, 2001; Wright et. al. , 2004) 
using Self Select Reaction Time Paradigm. Such an 
attempt has not been made in persons with stuttering. 
This study is proposed to examine the performance of 
PWS on the Self Select Reaction Time paradigm for 
speech and non speech tasks. 

The aim of the study was to compare the 
performance of PWS and normal controls on speech 
and non ' speech tasks using Self Select Reaction Time 
Paradigm. The study investigated the difference if any 
between normal controls, PWS with treatment and 
PWS without treatment with respect to: (a) Motor 
programming for non speech and speech tasks, and 
thus its relation to INT or SEQ processes of 
programming (b) the modality independent or 
modality dependent factors with respect to INT or 
SEQ processes and ( c) the effect of treatment in PWS 
with respect to INT or SEQ processes. 
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