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                                                         CHAPTER I 

INTRODUCTION 

Stuttering can be defined as an abnormally high frequency or duration of stoppages in 

the forward flow of speech affecting its continuity, rhythm, rate and effortfulness. 

(Guitar,1998). The various dysfluencies observed in stuttering given by Hegde and 

Davis (1992) includes repetition, silent pauses, incomplete phrases, revisions, 

interjections, prolongation. Repetitions seen in stuttering can be whole word 

repetition, part word repetition and phrase repetition. Silent pauses or unfilled pauses 

can be seen before a word is told or in between a word. Incomplete phrases are where 

the person with stuttering fails to complete a phrase or sentence due to the fear that he 

may stutter on a particular word. Revisions are those where the person tells a phrase 

and then change the phrase by substituting other words. Interjections are where the 

person uses schwa vowels or uses sound like ‘mm’, in between before the sentence or 

in between the sentence. Prolongations are where the duration of a sound is increased.  

Wingate (1985) hypothesised stuttering as a prosodic disorder. Brown (between 1935 

and 1945) conducted a series of studies to investigate the sounds on which stuttering 

occurred more. Johnson and Brown (1935, 1939) found that not all stutterers had 

difficulty on the same sounds. Furthermore, the data did not indicate any specific 

group of sounds which was difficult for stutterers. However, the frequency with which 

the various sounds were stuttered could be arranged in rank order, and from this 

ranking, those sounds whose rank order value was above the average was identified as 

difficult. The results indicated that words beginning with vowels and four easy 

consonants were less frequently associated with stuttering. Thus the authors reported 

that words beginning with some consonants, words from grammatical classes of 
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nouns, verbs, adjectives and adverbs (content words) were stuttered more often than 

function words. Also, long words were more often stuttered than short words; words 

in the initial position of a sentence and stressed syllables were more frequently 

stuttered than others.  These findings were investigated and corroborated by 

subsequent research. Hahn (1942a, 1942b), Quarrington (1963), Lanyon (1968, 1969) 

Schlesinger, Forte, Fried and Milkman (1965), Soderberg (1962, 1966, 1967), and 

Taylor (1966b) addressed some of Browns’ findings, especially the grammatical 

factor and corroborated his findings.  The last variable, stress, was compromised, till 

Wingate (1979) looked into it. In English, words of certain grammatical classes are 

typically spoken only with certain levels of stress. Word stress in English falls mostly 

on the first syllable and if not on the second syllable (data from Brown, 1937; 

Voelker, 1942; Hejna, 1955; Berger, 1967).  

Wingate (1967) conducted a study where he constructed two lists of words: one 30 

two syllable words and another list containing 30 pairs of single syllable words. Both 

the lists were phonemically matched, where each pair of the single syllable words was 

phonemically the same as that of a word in the two syllable list, although all the 

words differed in Standard English spelling. (For example fan sea   fancy; bay bee      

baby; not whole   knothole).  

Persons with stuttering were taken as participants for the study. The participants were 

initially made to read the first list containing the single syllable pair of words and then 

to read the second list containing the single two syllable words. It was found that there 

was more stuttering when the participants read the first list containing two syllable 

words when compared to the single syllable words. Also, it was seen that stuttering 

was mainly in the initial part of the word. This study supported that word length plays 
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a role in stuttering.  In this study, the major dimension of the word length difference 

was that long words had prosodic pattern which can be seen by the variations in stress 

over the two syllables. In contrast, the single syllable words were spoken as separate 

syllabic units. This study hence showed that prosodic factors influence stuttering 

occurrences even at the level of individual words. Further, the results of two studies 

by Wingate (1979, 1984a) showed that grammatical class and early sentence position 

were not separate factors in their influence on stuttering.  

It has been known for a long time that stuttering can be markedly reduced if a stutterer 

speaks under certain circumstances or in certain manners. These include singing, 

speaking rhythmically, choral speaking, speaking under reduced hearing acuity, 

speaking under delayed auditory feedback etc. The beneficial influences of these have 

been explained in several ways. However Wingate based on his experiments (1969, 

1970, 1976) indicated that there is a change in the manner of speaking in all these 

circumstances and manners, which is the change in prosody.  

“Stuttering is characterized by an impairment of speech rhythm or fluency 

(Bloodstein and Ratner, 2008). Speech disruptions typically include blocks, 

repetitions, or prolongations of speech segments (WHO, 2007b), and may be 

accompanied by movements of face and limb muscles and by negative emotions such 

as fear or embarrassment. About 5% of the population stutters at some point during 

childhood (Mansson, 2000). Although spontaneous recovery rate is high, stuttering 

without obvious neurological origin persists after puberty in about 1% of adults 

(Andrews and Harris, 1964; Bloodstein and Ratner, 2008; Craig et al., 2002). 

Exploring the underlying neural mechanisms of this disorder provides insights into 

mechanisms of dysfluent speech production and into models of speech planning and 
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production in general. These insights into the physiology of stuttering may ultimately 

serve to improve treatments enhancing speech fluency. Temporal patterns in speech 

occur on multiple timescales (i.e., subsegmental, segmental and suprasegmental, 

Levelt, 1989). In adults who stutter (AWS), acoustic-temporal and spatio-temporal 

characteristics are affected in stuttered and fluent speech on all these timescales 

(Jancke, 1994; Kleinow and Smith, 2000; Max and Gracco, 2005; Prins and Hubbard, 

1992). Most consistent are the observations of increased variability of duration and 

relative timing of acoustic and kinematic features. Additionally, stuttering has been 

associated with altered auditory feedback control mechanisms (Max et al., 2004; 

Tourville et al., 2008). Altogether, these facts underline a deficit of speech motor 

timing and the impact of the timing of auditory information during speaking in AWS. 

Alterations of timing abilities in AWS exceed the domain of speech and affect the 

motor control of non-speech movements as well. For example, AWS performed 

poorly in reproducing varying rhythmic patterns (Hunsley, 1937) or unpredictable 

digit sequences (Webster, 1986). Additionally, AWS exhibit prolonged initiation and 

execution times in finger movement sequencing tasks (Smits-Bandstra et al., 2006; 

Webster, 1997) and increased manual reaction times (Bishop et al., 1991; Webster 

and Ryan, 1991). Phase variability is greater during bimanual coordination of auditory 

paced movements (Zelaznik et al., 1997) and movement variability is increased 

during simultaneous synchronization of speech and hand movements (Hulstijn et al., 

1992). However, studies on auditory paced isochronous finger movements did not 

find differences of timing accuracy and timing variability between AWS and controls 

(Hulstijn et al., 1992; Max and Yudman, 2003; Melvine et al., 1995; Zelaznik et al., 

1994). Two separate processes have been related to timing accuracy: a neural clock 

mechanism (Rao et al., 1997; Ivry and Spencer, 2004), and an emergent property of 



5 

 

the kinematics of movements itself (Ivry and Spencer, 2004; Mauk and Buonomano, 

2004). This dissociation between event timing and emergent timing has been 

corroborated by previous findings (Spencer et al., 2003; Zelaznik et al., 2005, 2002). 

Timing in the sub- and supra-second range involves dissociable neural networks 

(Gibbon et al., 1997; Lewis and Miall, 2003; Wiener et al., 2010). Sub-second timing 

engages cerebello-thalamocortical network (Pollok et al., 2005), whereas supra-

second timing tasks were more prone to activate cortical structures such as 

supplementary motor area (SMA) and prefrontal cortex (Wiener et al., 2010). For an 

event timing task like self-paced finger tapping, Wing and Kristofferson (1973) 

indicate a dichotomy between central clock and motor execution by suggesting that a 

central timekeeper supplies intervals of the adequate length and drives motor 

commands at the end of each interval. The original Winge-Kristofferson model was 

concerned with the special case of self-paced finger tapping and therefore neglected 

the process of integrating external cues. This contrasts with finger tapping in 

synchrony with an acoustically presented pacer, a timed motion task that additionally 

involves the integration of the external event and the monitoring of the synchrony of 

the pacer and the tapping. Theoretical frameworks on stuttering suggest an aberrant 

timing of neural activity in different brain regions that are relevant for speech 

processing (Alm, 2004; Howell, 2004; Ludlow and Loucks, 2003). Specifically, the 

basal gangliacortical route might be impaired in providing internal cues for the exact 

timing of movements, while the PMd in concert with the cerebellum successfully 

utilizes external time cues resulting in enhanced fluency for example during 

metronome speaking (Alm, 2004). Interestingly, in AWS even a non-speech motor 

task like externally paced finger tapping mirrored an irregular right-shifted activation 

(Morgan et al., 2008). This increased right pre-central activation suggests that the 
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cortical contribution to the process of timed movements is less left lateralized” 

(Nicole, Jung, Rothkegel, Pollok, Gudenberg,  Paulus and Sommer , 2010).  

Prosodic features are features that extend beyond the segmental features and include 

intonation, stress, rhythm, and quantity. According to Lehiste (1970) “Suprasegmental 

features are features whose arrangement in contrastive patterns in the time dimension 

is not restricted to single segments defined by their phonetic quality”. Intonation can 

be defined as “the distinctive use of patterns of pitch or melody” (Crystal, 1985). 

Intonation is the melodic pattern of an utterance. Intonation serves a grammatical 

function, distinguishing one type of phrase or sentence from another (Britannica 

encyclopedia). Rhythm is the systematic patterning of timing, accent and grouping in 

sequences of events (Patel, 2008). 

Rhythm is considered to enhance fluency by shortening the unstressed syllables, and 

anticipating upcoming movements, hence aiding in rapid speech production. Further 

listener actively enters into the speaker’s tempo and the movements of listeners tend 

to be in synchrony with the speech rhythm produced by the speaker (Martin, 1972).    

It is seen that rhythm is affected in persons with stuttering when compared with 

normal individuals. Van Riper (1982) also considered stuttering to be, at its root, "a 

disorder of timing," and suggested that "when a person stutters on a word, there is a 

temporal disruption of the simultaneous and successive programming of muscular 

movements required to produce one of the word's integrated sounds...". Kent (1984) 

suggested that "a primary difference between stutterers and nonstutterers lies in their 

capacity to generate temporal programs, or time structures of action". 

A temporal misalignment or improper temporal alignment of one variable to another 

implies a mismatch. The rapidity which instances of stuttering come and go strongly 
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suggest that whatever processes underlie instances of stuttering must also come and 

go rapidly. Sometimes the processes are temporally aligned and the resulting speech 

behavior is smooth and fluent. Other times, the processes are subtly to not- so- subtly 

misaligned and the resulting speech is hesitant, repetitious or actually stopped until 

the underlying processes are temporally aligned (Manning, 1996). 

The above studies suggest that stuttering may be a prosodic disorder. If stuttering is a 

prosodic disorder then there is ample evidence to believe that persons with stuttering 

will behave differently on prosody – intonation, stress and rhythm. In this context the 

present study examined the perception of rhythm in persons with stuttering (PWS) 

and compared it with persons with no stuttering (PWNS).   

Specifically the objectives of the study were multifold and as follows: 

 To compare the accuracy of tapping for the different ta:las in diotic and dichotic 

conditions in PWS and PWNS, 

 To compare the percent accuracy for each ta:la in PWS and PWNS, 

 To compare the ear preference for the perception of ta:la in PWS and PWNS, 

 To compare the ta:la preferred by PWS and PWNS, and  

 To compare the reaction time in PWS and PWNS.  
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                                                       CHAPTER II 

                                           REVIEW OF LITERATURE 

Prosody or suprasegmentals refer to features superimposed on segments and include 

intonation, stress and rhythm. Intonation refers to the pitch movement in a sentence, 

stress refers to the extra effort and rhythm refers to repeated movements. Stuttering 

has been considered as a disorder of prosody (Wingate, 1984a). Wingate examined 

studies on grammatical variables on stuttering and conducted several studies and 

proposed stuttering as a prosodic disorder.  

Johnson and Brown (1935, 1939) found that not all stutterers had difficulty on the 

same sounds. Furthermore, the data did not indicate any specific group of sounds 

which was difficult for stutterers. However, the frequency with which the various 

sounds were stuttered could be arranged in rank order, and from this ranking, those 

sounds whose rank order value was above the average was identified as difficult. The 

results indicated that words beginning with vowels and four easy consonants were less 

frequently associated with stuttering. Thus the authors reported that words beginning 

with some consonants, words from grammatical classes of nouns, verbs, adjectives 

and adverbs (content words) were stuttered more often than function words. Also, 

long words were more often stuttered than short words; words in the initial position of 

a sentence and stressed syllables were more frequently stuttered than others.  These 

findings were investigated and corroborated by subsequent research. Hahn (1942a, 

1942b) Quarrington (1963), Lanyon (1968, 1969) Schlesinger, Forte, Fried and 

Milkman (1965), Soderberg (1962, 1966, 1967), and Taylor (1966b) addressed some 

of Browns’ findings, especially the grammatical factor and corroborated his findings.  

The last variable, stress, was compromised, till Wingate (1979) looked into it. In 
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English, words of certain grammatical classes are typically spoken only with certain 

levels of stress. Word stress in English falls mostly on the first syllable and if not on 

the second syllable (data from Brown, 1937; Voelker, 1942; Hejna, 1955).  

Wingate (1967) conducted a study where he constructed two lists of words: one 30 

two syllable words and another list containing 30 pairs of single syllable words. Both 

the lists were phonemically matched, where each pair of the single syllable words was 

phonemically the same as that of a word in the two syllable list, although all the 

words differed in Standard English spelling. (For example fan sea   fancy; bay bee      

baby; not whole   knothole).  

Persons with stuttering were taken as participants for the study. The participants were 

initially made to read the first list containing the single syllable pair of words and then 

to read the second list containing the single two syllable words. It was found that there 

was more stuttering when the participants read the first list containing two syllable 

words when compared to the single syllable words. Also, it was seen that stuttering 

was mainly in the initial part of the word. This study supported that word length plays 

a role in stuttering.  In this study, the major dimension of the word length difference 

was that long words had prosodic pattern which can be seen by the variations in stress 

over the two syllables. In contrast, the single syllable words were spoken as separate 

syllabic units. This study hence showed that prosodic factors influence stuttering 

occurrences even at the level of individual words. Further, the results of two studies 

by Wingate (1979, 1984a) showed that grammatical class and early sentence position 

were not separate factors in their influence on stuttering.  

It has been known for a long time that stuttering can be markedly reduced if a stutterer 

speaks under certain circumstances or in certain manners. These include singing, 
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speaking rhythmically, choral speaking, speaking under reduced hearing acuity, 

speaking under delayed auditory feedback etc. The beneficial influences of these have 

been explained in several ways. However Wingate based on his experiments (1969, 

1970, 1976) indicated that there is a change in the manner of speaking in all these 

circumstances and manners, which is the change in prosody.  

 Studies has been done regarding the perception of rhythmic patterns since the 

nineteenth century (Hall & Jastrow, 1886; Bolton, 1894). Bolton (1894)  conducted a 

psychophysical experimental study on the perception of rhythm. The stimulus used 

was clicks. When asked to reorganize the clicks, the subjects at first reported of 

hearing a steady, unchanging beat, but after a short period of time, the clicks became 

organized into groups which had the requested number of clicks. Most of the subjects 

were not able to maintain the requested organization of groups for a longer duration, 

and soon went back to their preferred organization. Few of the subjects were not able 

to hear any organization at all and kept on hearing a steady, unchanging series of 

clicks even when they were asked to count and tap their finger at every second or 

fourth click. The inter–click interval was varied and it was noted that as the rate of the 

click was varied, the number of clicks per group also changed, which was normal for 

the subjects. It was also noted that the length of time per group remained relatively 

constant, although it did tend to decrease as the number of clicks per group increased. 

Woodrow (1934) had done a study on the perception of duration between sequences 

of clicks in terms of his concept of the indifference interval. Individual differences 

were found such that for each subject, i, there was a time interval, Ti such that the 

subjects tend to say that the interval between the first pair of clicks was longer when t 
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< Ti seconds and the interval between the second pair of clicks was longer when t > 

Ti seconds. 

Studies by Cameron, Potter, Wiggins and Pearce (2010), done on musicians and non 

musicians states that musical training provides an advantage in processing rhythmic 

information. It was also found that Clapping Music’s (starting with the first 2 

rhythmic figures, up to the full 12 figures) compositional process of rhythmic 

transformation can provide additional information used by listeners to distinguish 

rhythms, and that the perceived similarity of rhythms can depend on the order in 

which they are presented. 

A study was done by Odekar (2001) to examine the perception of rhythm in normal 

individuals. She took 32 right handed subjects of the age range 18-25 yrs for the 

study. Four ta:las of Carnatic music were used as the stimuli which were Tisra, 

Misra, Caturasra and Khanda ta:las. She presented the ta:las in monoaural condition 

where each ear was separately tested for each ta:la and in a dichotic condition where 

two ta:las were sent to each ear simultaneously. The subjects were asked to tap 

according to the rhythm. It was found that there were no ear advantages in the 

monoaural condition. There was a right ear advantage found in dichotic condition. 

Reicker, Wildgruber, Dogil, Mayer, Ackermann and Grodd (2002) used fMRI and 

reported that left subcortical and right cortical structures play an important role 

during rhythmic syllable production. Jeffries, Fritz and Braun (2003) had done a 

study where they compared the patterns of activation during speech with the pattern 

during song with words. It was seen that speech occurs mainly due to activation of 

the left hemisphere, while singing had a widespread activation of the right 

hemisphere. It was also noted that during speech there was increased activation in the 
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left dorsal putamen (the basal ganglia motor circuit) but singing did not result in any 

activation of the right or left putamen. This result indicated that normal speech 

requires timing cues from (the left) basal ganglia system, while singing is based on a 

different strategy for timing of syllables, which mainly involves the structures of the 

right hemisphere.  

A study was done by Gauri (2004) where the perception of rhythm was studied in 

both stutterers and non stutterers. The stimuli were presented monoaurally to each 

ear during the first experiment and the time taken for perception of the rhythm was 

noted. It was found that, in general stutterers identified rhythms better compared to 

non stutterers. It was also seen that normals identified rhythms presented to the right 

ear better than those presented to the left ear and stutterers identified rhythms 

presented to the left ear better than those presented to the right ear.  

Limb, Kemeny, Ortigoza, Rouhani, and Braun (2006) used MRI, where 12 non 

musicians and 12 non musicians participated. Conjunction analysis revealed a shared 

network of neural structures which are mainly the bilateral superior temporal areas, 

left inferior temporal lobe, right frontal operculum irrespective of the musical 

background. The left hemisphere lateralization was seen more in musicians 

compared to non musicians. The results indicated that musical training leads to the 

involvement mostly of the perisylvian areas in the left hemisphere which are 

otherwise active during language comprehension. The mechanism of cerebral control 

of singing differs from the control of speech. Grahn and Brett (2007) investigated the 

perception of rhythm and beats, in musicians and non musicians by using fMRI scans 

and observed that there was a higher activity in the basal ganglia and supplementary 

motor area. Musicians showed increased activation unrelated to rhythm type in the 
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premotor cortex, cerebellum, and supplementary motor areas (pre-supplementary 

motor area and supplementary motor area). It was concluded that in addition to their 

role in movement production, the basal ganglia and supplementary motor areas may 

mediate beat perception.  

Hampton and Fox (2008) had done a study in adults with and without stuttering 

using an odd ball paradigm of tones. It was seen that adults with stuttering performed 

less accurately compared to the other group. Also, the P300 was found to be reduced 

in the stuttering group which suggests that in adults with stuttering, there is a 

possibility of having a weaker update in the short term memory for representing the 

target tone stimuli. 

 Vuust, Ostergaard, Pallesen, Bailey and  Roepstorff (2009) conducted a study using 

MEG where sequences of rhythm was investigated, which contained greater salient 

violations of the expectancy of the rhythm. The error term was predicted to be shown 

by the mismatch negativity component (MMNm).A mismatch negativity (MMNm) 

and a subsequent P3am component were noted, and they were strongest for the 

condition with the biggest expectancy violation. Musicians had a greater sensitivity, 

when compared to non-musicians, to milder violations, by having larger MMNm 

peaks which were found to occur slightly early. The authors suggest that this 

indicates that musicians have a better internal representation of the metrical structure, 

which enables them to make more precise predictions about the incoming stimuli. 

The brains of the musicians therefore respond more strongly and more quickly than 

non-musicians to any slight changes from their predictions. 

Neef, Jung, Rothkegel, Pollok, Gudenberg, Paulus and Somme (2009) investigated 

rhythm in persons with and without stuttering. Subjects were asked to perform paced 



14 

 

finger tapping using right and left hand according to the beats heard in a metronome.  

It was seen that in individuals with no stuttering, there was an inhibition of left dorsal 

precortex which affected synchronization accuracy of left hand. In individuals with 

stuttering, trans magnetic stimulation over right dorsal premotor cortex increased the 

asynchrony of left hand. This result supports the earlier studies confirming a 

particular role of the left dorsal premotor cortex in auditory paced rhythmic finger 

tapping (Pollok, Rothkegel, Schnitzler, Paulus & Lang, 2008). The study indicates an 

altered functional connectivity in individuals with stuttering in which the right dorsal 

premotor cortex seems to be important for the control of timed non speech 

movements. Moreover, a shift in the laterality suggests a compensatory role of the 

right dorsal premotor cortex to successfully perform paced finger tapping. In this 

study the subjects were asked to perform paced finger tapping using right and left 

hand according to the beats heard in a metronome. The beats presented had been 

constant with no change in the rhythm. However, the reaction time was not noted. 

The beats were presented to both the ears simultaneously where the hemisphere 

which was activated first could not be found out. 

In a study by Kaganovich, Wray and Fox (2010), event related potentials were used 

and 18 children with stuttering and 18 children without stuttering participated in the 

study. An odd ball paradigm was used as the stimulus where 1 kHz tones were given 

more often and 2 kHz tone was presented rarely in between these 1 kHz tones. It was 

seen that the event related potentials were almost the same in both the groups. There 

was no change in the peaks P1 and N1 which indicates that the encoding of pure 

tones is unimpaired in children with stuttering. The P300 was found to be less robust 

in children with stuttering.  In the above study, the behavioural responses of the 
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clients were not assessed. Also only one type of auditory change was noted since 

only two frequencies were used for the study.  

The above studies suggest that stuttering may be a prosodic disorder. If stuttering is a 

prosodic disorder then there is ample evidence to believe that persons with stuttering 

will behave differently on prosody – intonation, stress and rhythm. In this context the 

present study examined the perception of rhythm in persons with stuttering (PWS) 

and compared it with persons with no stuttering (PWNS).   
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CHAPTER III 

                                                           METHOD 

Participants: Two groups of subjects participated in the study. Group I  consisted of 

15 persons with stuttering ranging from moderate to severe degree, as diagnosed by a 

speech pathologist. Group II consisted of 15 age and gender matched normal 

individuals. All the subjects selected were non- musicians with normal hearing and 

with no psychological, sensory, motor or cognitive impairments on observation by the 

experimenter.  The details of the participants in group I are in table1. 

Participant Age in years Severity of stuttering 

1.       18    Severe 

2.       19    Moderate 

3.       19    Moderate 

4.       21    Moderate 

5.       21    Mod- Severe 

6.       21    Moderate 

7.       23    Moderate 

8.       23    Mod- Severe 

9.       25    Severe 

10.       26    Moderate 

11.       26    Moderate 

12.       27    Moderate 

13.       29    Severe 

14.       29    Mod- Severe 

15.       30    Severe 

Table 1: Details of participants in group I. 

Stimuli: Four ta:las of Carnatic music  - Tisra, Caturasra, Khanda, and Misra – were 

selected. Tisra ta:la has three beats with stress on the first beat; Caturasra ta:la has 

four beats with stress on the first beat; Khanda ta:la has five beats with stress on first 

and third beat and Misra ta:la has seven beats with stress on first, fourth and sixth 

beat.  Table 2 shows the beats of the ta:las.  
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Tisra  Iii sariga sariga  3 

Caturasra Iiii sarigama sarigama 4 

Khanda Ii Iii sarisariga sarisariga 5- 2,3 

Misra IiiIiIi sarigasarisari  sarigasarisari – 7 – 3,2,2 

Table 2: Beats of the ta:las (Capitalized I indicates stress on the beat). 

 These ta:las in Ma:ya:ma:lavagaula ra:ga were sung five times by a female musician 

aged 59 years with an experience of 51 years in music. The ta:las were audio-recorded 

using Omega digital tape recorder. From the recordings the best singings in each ta:la 

were selected and displayed as waveform using PRAAT software (Boersma & 

Weenink, 2011). Silence if any was deleted and each ta:la was repeated twice. Two 

experiments were conducted. Experiment I involved diotic listening and experiment II 

involved dichotic listening.  

Stimuli for experiment I: Using Adobe Audition (Adobe Systems, 2003) multitrack, 

same ta:las were aligned in two channels. Thus the participant would hear the same 

ta:la in both ears. A total of four stimuli were generated in this manner. Figure 1 

shows an example of diotic stimuli.  

 

 

                 

Figure 1: Diotic stimuli /sariga sariga/. 

Stimuli for experiment II: The duration of the ta:las differed. For example, Tisra 

was short and Misra was long. Hence in order to minimize the effect of duration on 
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rhythm perception the ta:las were loaded on to PRAAT software. The duration of each 

ta:la was measured from the waveform display. Using PSOLA, the duration of Tisra 

(which was the shortest) was lengthened to be equal to Misra. Similarly, the duration 

of the other two ta:las was lengthened to be equal to Misra. Following this, dichotic 

stimuli were generated so that all possible combinations were obtained. For example, 

Tisra was in the first track and Caturasra was in the second track of the multitrack 

recording of Adobe Audition; Tisra was in the first track and Khanda was in the 

second track; Tisra was in the first track and Misra was in the second track. In the 

same manner combinations of other ta:las were also generated. Table 3 shows the 

combinations of ta:las and the ears to which they were supposed to be presented.  

          Ear 

Right Left 

Tisra Caturasra 

Tisra Khanda 

Tisra Misra 

Caturasra Tisra 

Caturasra Khanda 

Caturasra Misra 

Khanda Tisra  

Khanda Caturasra 

Khanda Misra 

Misra Tisra 

Misra Caturasra 

Misra Khanda 

Table 3: Dichotic presentation of ta:las. 

Stimuli were randomized and presented thrice. Thus a total of 12 and 36 stimuli were 

generated in diotic and dichotic conditions, respectively.  

Procedure: Participants were seated comfortable and were tested individually. The 

stimuli were presented using the Adobe Audition software (Adobe Systems, 2003) 

through headphones diotically and dichotically.  Before the actual experiment subjects 

were familiarized with the task using three diotic and dichotic stimuli. A loud speaker 
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was connected with the computer which was kept on the table in front of the 

participant. Further, the digital tape recorder was kept close to the loud speaker. The 

purpose of the loud speaker was to enable recording the stimuli and the response in 

the Omega tape recorder so that reaction time could be measured.  

Procedure for experiment I: Participants were instructed to listen to the stimuli 

carefully and tap the rhythm on the table in front of them as soon as they perceive it. 

The tapings and the stimuli from the loud speaker were audio- recorded using the 

Omega tape recorder placed on the table in front the participant. 

Procedure for experiment II: Participants were instructed to listen to the stimuli 

carefully and tap the rhythm on the table in front of them as soon as they perceive it 

irrespective of the ear in which they heard the ta:la. The tapings and the stimuli from 

the loud speaker were audio- recorded using a microphone placed on the table in front 

the participant. 

The audio-recorded stimuli and taps were listened to by the experimenter and the 

accuracy of the taps was decided. Only accurate tappings were used for further 

measurements. The audio-recorded stimuli and taps were displayed on PRAAT as 

waveform and reaction time was measured as the time difference between the onset of 

the stimuli to the onset of the tapping. Figure 2 illustrates the measurement of reaction 

time. 
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Figure 2: Illustration of measurement of reaction time. 

Statistical analyses: Commercially available SPSS software (version 17.0) was used 

statistical analyses. The percent accuracy for diotic and dichotic stimuli for each ta:la 

was calculated. Equality of proportions was used to find out significant difference 

between groups. Chi-square test was used to find significant difference between 

groups on ear preferences for each ta:la. Mixed ANOVA, Repeated measures 

ANOVA and Independent sample t- test were used to find the significant difference in 

reaction time across and within group in the diotic condition. A graph was plotted to 

find the differences in reaction time of the ta:la pairs in dichotic condition across and 

within groups. 
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                                                    CHAPTER IV 

                                                       RESULTS 

The results are discussed under the following headings: 

1) Accuracy of responses in PWS and PWNS, 

2) Percentage accuracy for each ta:la in PWS and PWNS, 

3) Comparison of ear preference in PWS and PWNS, 

4) Comparison of ta:la preferences in  PWS and PWNS, and  

5) Comparison of reaction time in PWS and PWNS. 

 

1) Accuracy of responses in PWS and PWNS 

The results indicated that the overall accuracy of responses in PWS was 51.5% 

(Diotic – 67.7; dichotic – 46.1) and 67.6 in PWNS (Diotic – 83.3; dichotic – 

62.4). Accuracy was better in diotic condition compared to dichotic condition. 

Further, results of equality of proportions indicated significantly poorer 

accuracy in PWS compared to PWNS (Diotic condition - |z| = 3.4, p<0.05; 

dichotic - |z| = 5.37, p<0.05; Overall - |z| = 6.2, p<0.05). Table 4 shows the 

percent accuracy of ta:las in PWS and PWNS. 

Groups  Diotic Dichotic                 Overall  

I 67.7                                     46.1%                                   51.5 

II 83.3 62.4 67.6 

Table 4: Percent accuracy of  ta:las in PWS and PWNS. 
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2) Percentage accuracy for each ta:la in PWS and PWNS 

Accuracy was best for Tisra ta:la followed by Catusra, Khanda and Misra 

ta:las in both groups in diotic condition. Results of equality of proportions 

indicated significantly poorer accuracy in PWS compared to PWNS on 

Khanda and Misra ta:las in diotic condition. Table 5 shows percent accuracy, 

Z values and p values for four ta:las in diotic condition. 

Ta:la Group I  Group II Z value p value  

Tisra 100 100                     - 

Catusra 84.4 88.8 0.62  >0.05 

Khanda 64.4 86.6 2.45 <0.05 

Misra 22.2 60 3.64 <0.05 

 Table 5: Percent accuracy of ta:la in both groups, Z and p values in diotic 

condition.  

3) Comparison of ear preference in PWS and PWNS 

Results of chi-square test indicated significantly better response in right ear for  

T-C, T-K, T-M, C-K, C-M, C-T. K-M ta:las; significantly better response in 

left ear for M-C,M-T ta:las and equal preference for K-T ta:la in dichotic 

condition in PWS. Table 6 shows the number of times the ears were preferred 

and the Z and p value on chi-square test.  
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Stimuli Ear Total Z value p value 

 Right Left    

T-C 22 7 29 3.38 <0.05 

T-K 18 5 23 3.14 <0.05 

T-M 17 2 19 3.87 <0.05 

C-K 25 2 27 5.29 <0.05 

C-M 18 2 20 4.05 <0.05 

C-T 25 9 34 3.47 <0.05 

K-C 9 15 24 1.43 >0.05 

K-M 11 2 13 2.69 <0.05 

K-T 12 12 24 0.0 >0.05 

M-C 2 9 11 2.25 <0.05 

M-K 3 3 6 0.0 >0.05 

M-T 4 15 19 2.8 <0.05 

Total 166 83 249  <0.05 

Table 6: Ear preference, Z and p values on Chi-square test in PWS (T – Tisra, 

C – Caturasra, K- Khanda, M – Misra). 

Results of chi-square test indicated significantly better response in right ear for  

C-K, C-M, C-T, K-M, T-M ta:las and significantly better response in left ear 

for M-C ta:las in dichotic condition in PWNS.  Table 7 shows the number of 

times the ears were preferred and the Z and p value on chi-square test.  

Stimuli Ear Total Z value p value 

 Right Left    

T-C 15 19 34 0.86 >0.05 

T-K 17 12 29 1.12 >0.05 

T-M 19 6 25 3.05 <0.05 

C-K 28 7 35 4.54 <0.05 

C-M 14 6 20 2.02 <0.05 

C-T 37 6 43 6.54 <0.05 

K-C 13 24 37 2.35 <0.05 

K-M 18 3 21 3.73 <0.05 

K-T 19 12 31 1.55 >0.05 

M-C 3 19 22 3.92 <0.05 

M-K 7 11 18 1.05 >0.05 

M-T 12 10 22 0.49 >0.05 

Total 202 135 337   

Table 7: Ear preference, Z and p values on Chi-square test in PWNS (T – 

Tisra, C – Caturasra, K- Khanda, M – Misra). 
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Both the groups preferred right ear compared to left ear for most of the 

stimuli.  

4) Comparison of ta:la preferences in  PWS and PWNS 

Results of chi-square test indicated no significant difference between groups 

on ta:la preferences. However, Group I had significantly lower preference for 

C-T and M-T in right ear. Table 8 shows the number of times groups preferred 

each ta:la in right year, Z and p values on Chi-square test. 

Stimuli PWS  PWNS Z value p value 

T-C 22 15 1.49 >0.05 

T-K 18 17 0.21 >0.05 

T-M 17 19 0.43 >0.05 

C-K 25 28 0.64 >0.05 

C-M 18 14 0.88 >0.05 

C-T 25 37 2.70 <0.05 

K-C 9 13 0.98 >0.05 

K-M 11 18 1.50 >0.05 

K-T 12 19 1.55 >0.05 

M-C 2 3 0.46 >0.05 

M-K 3 7 1.30 >0.05 

M-T 4 12 2.20 <0.05 

Table 8: Ta:la preference between groups, z and p values in right ear (T – 

Tisra, C – Caturasra, K- Khanda, M – Misra). 

Results of chi-square test also indicated no significant difference between 

groups on ta:la preferences. However, Group I had significantly lower 

preference for T-C and M-C in left ear. Table 9 shows the number of times 

groups preferred each ta:la in right year, Z and p values on Chi-square test. 
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Stimuli PWS  PWNS Z value p value 

T-C 7 19 2.79 <0.05 

T-K 5 12 1.88 >0.05 

T-M 2 6 1.48 >0.05 

C-K 2 7 1.75 >0.05 

C-M 2 6 1.48 >0.05 

C-T 9 6 0.04 >0.05 

K-C 15 24 1.90 >0.05 

K-M 2 3 0.46 >0.05 

K-T 12 12 0.0 >0.05 

M-C 9 19 2.2 <0.05 

M-K 3 11 2.32 <0.05 

M-T 15 10 1.17 >0.05 

Table 9: Ta:la preference between groups, z and p values in left ear (T – Tisra, 

C – Caturasra, K- Khanda, M – Misra). 

5) Comparison of reaction time in PWS and PWNS 

The reaction time was 164.69 ms and 125.60 ms in PWS and PWNS, 

respectively. Results of ANOVA showed that reaction time was significantly 

longer in PWS compared to PWNS [F = 17.865, p<0.05]. However, SD was 

high in both groups. Table 10 shows the mean, SD and N of reaction time in 

both groups for each ta:la. 

 

Ta:la Groups Mean SD N 

Tisra 1 179.00 46.709 14 

2 129.00 29.211 15 

Total 153.14 45.674 29 

1 171.00 35.117 14 

Caturasra 2 134.80 16.891 15 

Total 152.28 32.467 29 

1 144.07 22.023 14 

Khanda 2 113.00 22.181 15 

Total 128.00 26.849 29 

 

Table 10: Mean, SD and N of reaction time in both groups for each ta:la. 



26 

 

Results of Mixed ANOVA showed significant difference between reaction 

times of Tisra and Khanda ta:las and Tisra; Khanda and Caturasra ta:las; 

Khanda and Tisra ta:las in both groups. Misra tala was not considered in the 

statistical analyses since there was less number of observations. Table 11 

shows the mean difference and p values between ta:las in both groups.  

Ta:la Ta:la Mean Difference  p value 

Tisra Caturasra 1.100 >0.05 

 Khanda 25.464 <0.05 

Caturasra Tisra -1.100 >0.05 

 Khanda 24.364 <0.05 

Khanda Tisra -25.464 <0.05 

 Caturasra -24.364 <0.05 

    

Table 11: Mean difference and p values between ta:las in both groups. 

Results of repeated measure ANOVA indicated significant difference within 

the groups in the diotic condition. Comparison of Tisra, Caturasra and Khanda 

ta:las indicated that reaction times significantly differed between Tisra and 

Khanda, and Caturasra and Misra ta:las in PWS. However, in PWNS 

significant difference was noticed between Caturasra and Khanda ta:las.  

Table 12 shows the mean difference and p values within groups for ta:las.  

  Group I  Group II  

Ta:la Ta:la Mean difference p value Mean difference p value 

1 2 8.000 >0.05 -5.800 >0.05 

 3 34.929 <0.05 16.000 >0.05 

2 1 -8.000 >0.05 5.800 >0.05 

 3 26.929 <0.05 21.800 <0.05 

3 1 -34.929 <0.05 -16.000 >0.05 

 2 -26.929 <0.05 -21.800 <0.05 

Table 12: Mean difference and p values within groups for ta:las for reaction 

time (1 = Tisra, 2 = Caturasra, 3 = Khanda). 
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Results of Independent sample t-test showed significant difference [t (18) = -

3.199, p<0.05] between groups on the reaction time of Misra ta:la with other 

ta:las in diotic condition. Within group II significant difference between 

Caturasra and Misra ta:las was noticed. Table 13 shows t, df and p values for 

reaction time between Misra and other ta:las in both groups. 

 Group I   Group II 

Pair T Df p value     t   df     p value 

Tisra-Misra 1.691 6    >0.05    1.83 12 >0.05 

Caturasra-Misra 1.142 6    >0.05 3.02 12 <0.05 

Khanda- Misra -1.052 6    >0.05 -0.543 12 >0.05 

Table 13: t, df and p values for reaction time between Misra and other ta:las in 

both groups. 

In the dichotic condition all the tal:a pairs were compared within and across 

groups.  Significant differences were seen within and across groups. Misra-

Tisra pair and Caturasra- Tisra pairs had the longest reaction time in PWS and  

PWNS, respectively. Figure 3 shows the reaction time for ta:la pairs in both 

groups.  

 

 

Figure 3: Reaction time for ta:la pairs in both groups. 
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 CHAPTER V 

DISSCUSSION 

The results indicated several points of interest. First of all the overall accuracy of 

responses was significantly lower in PWS compared to PWNS. Accuracy was better 

in diotic condition compared to dichotic condition. Further, results of equality of 

proportions indicated significantly poorer accuracy in PWS compared to PWNS. This 

result is in consonance with the study done by Gauri (2004), where it was found that 

the accuracy of the response was less in PWS compared to PWNS and it was also 

found that the accuracy of both the groups decreased in dichotic condition with PWS 

having lesser accuracy than PWNS. These results indicate that there is some 

impairment in the perception of the rhythm or in the motoric abilities in PWS. This 

result is also in consonance with the study done by Hampton & Fox (2008) where odd 

ball paradigm of tones were used and it was seen that PWS had poorer accuracy in 

identifying the tones compared to PWNS. According to Bloodstein & Ratner 

(2008)“Stuttering is characterized by an impairment of speech rhythm or fluency”. 

Rhythmic speech is impaired in PWS, there may be an impairment at the level of 

rhythm perception as well. Further, the lower accuracy scores in the dichotic 

presentation might have been due confusions. This greater confusion can be due to 

impairment in perceiving and in focusing and responding to only one stimulus. 

Second, accuracy was best for Tisra ta:la followed by Caturasra, Khanda and Misra 

ta:las in both groups in diotic condition. Results of equality of proportions indicated 

significantly poorer accuracy in PWS compared to PWNS on Khanda and Misra ta:las 

in diotic condition. This is expected as Tisra was the simplest ta:la and Misra was the 

most complex ta:la among the four ta:las. This result is in consonance with the study 
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done by Odekar (2001) where it was seen that the subjects were able to correctly 

identify Tisra and Caturasra ta:las compared to Khanda and Misra ta:las. The increase 

in the number of beats in Khanda and Misra ta:las leads to increase in the complexity 

of the ta:las. Tisra ta:la has three beats and Caturasra ta:la has four beats, wheareas 

Khanda ta:la has five beats and Misra ta:la has seven beats. Hence, the accuracy of 

Tisra ta:la was the best followed by Caturasra, Khanda and Misra ta:las. The result is 

not in consonance with the study done by Gauri (2004), where it was found that Tisra 

ta:la and Khanda ta:la were more easily identified when compared to the other ta:las. 

This may be because of the similarity in the stress of these two ta:las. Tisra ta:la has 

stress in the first beat wheareas Khanda ta:la has stress on the first and the fourth beat. 

So the pattern of stress is almost similar. Moreover, the presentation of the ta:las were 

different in these two studies. In the former study, the presentation was in a monotic 

condition whereas in the present study, the presentation is in a diotic condition. This 

might have also lead to variation in the responses, as the subjects might have 

concentrated more on the stress patterns and hence might have perceived Tisra ta:la 

and Khanda ta:la as similar and easy. 

Third, results of chi-square test indicated significantly better response in right ear 

for T-C, T-K, T-M, C-K, C-M, C-T. K-M ta:las; significantly better response in left 

ear for M-C,M-T ta:las and equal preference for K-T ta:la in dichotic condition in 

PWS. Also, significantly better response in right ear for C-K, C-M, C-T, K-M, T-M 

ta:las and significantly better response in left ear for M-C ta:las in dichotic condition 

in PWNS was noticed. The results indicated a right ear preference in both groups. 

Thus no differences between groups on ear preferences were noticed. This result 

where PWNS preferred right ear is in consonance with the study done by Gauri 
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(2004). The results are not inconsonance with the study done by Odekar (2001), 

where PWS had a left ear preference. In the present study, it appeared that simple 

ta:las were preferred when presented in right ear. However, when simple ta:las like 

Tisra and Caturasra were presented in the left ear along with complex ta:la in right 

ear, left ear was preferred. Thus it appears that ta:las were preferred rather than ears.  

Fourth, reaction time was significantly longer in PWS compared to PWNS. The 

results are in consonance with those by Cross & Luper (1979) and Reich, Till & 

Goldsmith (1981). Cross & Luper (1979), reported a significantly longer reaction time 

in voicing /^/ to each stimulus for PWS compared to PWNS. Reich & Goldsmith 

(1981) noted reaction time for subjects for button pressing, inspiratory phonation, 

expiratory throat clearing and also production of isolated vowel and word and 

reported that the reaction time for PWS was significantly longer than for PWNS for 

all the tasks. It was interesting to note that reaction time decreased from Tisra to 

Caturasra to Khanda in PWS and from Khanda to Tisra to Caturasra in PWNS. 

Ludlow and Loucks (2003) indicate that studies of dynamic inter-relationships among 

brain regions during normal speech and in persons who stutter (PWS) suggest that the 

timing of neural activity in different regions may be abnormal in PWS. “The 

symptoms of stuttering are compared with basal ganglia motor disorders like 

Parkinson's disease and dystonia. It is proposed that the basal ganglia-thalamocortical 

motor circuits through the putamen are likely to play a key role in stuttering. The core 

dysfunction in stuttering is suggested to be impaired ability of the basal ganglia to 

produce timing cues for the initiation of the next motor segment in speech. 

Similarities between stuttering and dystonia are indicated, and possible relations to the 

dopamine system are discussed, as well as the interaction between the cerebral cortex 



31 

 

and the basal ganglia. Behavioral and pharmacologic information suggests the 

existence of subtypes of stuttering” (Alm, 2004). Further, Andrade,  Sassi , Juste, and 

Mendonça (2008) examined  the rest muscle tension and speech reaction time of 

fluent (G1) and stuttering (G2) adults. They reported that the groups were 

significantly different considering rest muscle tension (G2 higher recordings) and did 

not differ when considering speech reaction time and muscle activity during speech. 

There was a strong positive correlation between speech reaction time and speech 

muscle activity for G2--the longer the speech reaction time, the higher the muscle 

activity during speech.  

Last, Misra-Tisra pair and Caturasra- Tisra pairs had the longest reaction time in 

PWS and PWNS, respectively. It is interesting to note that Misra is a complex ta:la 

and Tisra is a simple ta:la and that PWS had longest reaction time on this pair. 

Probably they had confusion in detecting ta:la presented in the right ear. Or it may be 

that since Tisra ta:la was very slow compared to Misra ta:la, they had a tendency to 

tap for Tisra  ta:la. However, PWNS did not have this confusion. It might be because 

that they did not have much difficulty tapping to Misra ta:la. They had confusion only 

in two simple ta:las (Caturasra and Tisra) presented dichotically. It might be because 

of the similarity between these two ta:las. Tisra ta:la has three beats, Caturasra ta:la 

has four beats, Khanda ta:la has five beats and Misra ta:la has seven beats. There is a 

difference of only one beat between these two ta:las, whereas there is a difference of 

more than one beat in all the other ta:la combinations. Hence, the similarity between 

these two ta:las might have caused confusion and a longer reaction time to choose one 

ta:la and respond according to it.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Andrade%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Sassi%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Juste%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Mendon%C3%A7a%20LI%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
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The results indicate some differences between PWS and PWNS. However, these are 

not strong to support any model on the cause of stuttering. Future studies are 

warranted which could more specifically investigate the responses of PWS to rhythm 

along with rhythm production tasks. 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Wingate (1985) hypothesised stuttering as a prosodic disorder. A study was conducted 

by Wingate where PWS were asked to read two syllable words and pairs of single 

syllable words which were phonemically same. It was observed that PWS were able 

to read the single syllable pairs with dysfluencies compared to the single two syllable 

words. This study hence showed that prosodic factors influence stuttering occurrences 

even at the level of individual words. Studies have proven that the perception of 

rhythm is affected in stuttering (Odekar 2001;Gauri 2004; Hampton & Fox,2008). 

The present study examined the perception of rhythm in PWS and PWNS. 15 PWS 

with a severity range from moderate to severe as diagnosed by an SLP, and 15 age 

and gender matched PWNS participated in the study. The age range of the participants 

was from 18-30 years. All the participants were right handed, non-musicians and did 

not have any psychological, cognitive, sensory or motor impairments, on an informal 

assessment by the experimenter. Four ta:las of Carnatic classical music- Tisra, 

Caturasra, Khanda and Misra were considered for the study. A 59 year old female 

musician with 51 years of experience in music sung the ta:las in Ma:ya:ma:lavagaula 

ra:ga which was audio recorded using a digital tape recorder. Two conditions- diotic 

and dichotic - were considered. Using the Adobe audition software the same ta:las 

were copied in the two channels of multitrack recording which were saved for diotic 

condition. Thus, there were four files for diotic condition. The duration of all the 

ta:las was equalized using PSOLA software of PRAAT. Following this a ta:la was 

copied on track one and another ta:la on track two. In this manner twelve files were 

generated and saved for dichotic condition. The four files in diotic condition and 
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twelve files in dichotic condition was iterated thrice and randomized. Thus, a total of 

twelve files and thirty six files formed the stimuli for diotic and dichotic conditions, 

respectively. 

Participants were seated comfortably and tested individually. They were audio- 

presented with the stimuli through headphones and were instructed to tap for the 

stimuli on the table in front of them as soon as possible. Further, they were instructed 

to tap to the stimuli, they perceived in the diotic condition. The stimuli through a 

loudspeaker, and the taps were audio- recorded using a digital tape recorder. The 

recordings were listened to and the accuracy of the taps was determined. Recordings 

which had accurate taps only were considered for further analysis. The reaction time 

was calculated for the accurate responses, by calculating the duration from the onset 

of the stimulus to the onset of the response.  

A commercially available SPSS (version 17.0) was used for statistical analysis. 

Percent accurate taps for groups, ears, and ta:las were calculated. Equality of 

proportions and Chi- square test were used to find significant difference between 

groups, ears, ta:las.  

The results indicated several points of interest. The results indicated several points of 

interest. First of all the overall accuracy of responses was significantly lower in PWS 

compared to PWNS. Accuracy was better in diotic condition compared to dichotic 

condition. Further, results of equality of proportions indicated significantly poorer 

accuracy in PWS compared to PWNS. This result is in consonance with the study 

done by Gauri (2004), where it was found that the accuracy of the response was less 

in PWS compared to PWNS and it was also found that the acuuracy of both the 

groups decreased in dichotic condition with PWS having lesser accuracy than PWNS. 
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These results indicate that there is some impairment in the perception of the rhythm or 

in the motoric abilities in PWS. This result is also in consonance with the study done 

by Hampton & Fox (2008) where odd ball paradigm of tones were used and it was 

seen that PWS had poorer accuracy in identifying the tones compared to PWNS. 

According to Bloodstein & Ratner (2008)“Stuttering is characterized by an 

impairment of speech rhythm or fluency”. Rhythmic speech is impaired in PWS, there 

may be an impairment at the level of rhythm perception as well. Further, the lower 

accuracy scores in the dichotic presentation might have been due confusions. This 

greater confusion can be due to impairment in perceiving and in focusing and 

responding to only one stimulus. 

Second, accuracy was best for Tisra ta:la followed by Caturasra, Khanda and Misra 

ta:las in both groups in diotic condition. Results of equality of proportions indicated 

significantly poorer accuracy in PWS compared to PWNS on Khanda and Misra ta:las 

in diotic condition. This is expected as Tisra was the simplest ta:la and Misra was the 

most complex ta:la among the four ta:las. This result is in consonance with the study 

done by Odekar (2001) where it was seen that the subjects were able to correctly 

identify Tisra and Caturasra ta:las compared to Khanda and Misra ta:las. The increase 

in the number of beats in Khanda and Misra ta:las leads to increase in the complexity 

of the ta:las. Tisra ta:la has three beats and Caturasra ta:la has four beats, wheareas 

Khanda ta:la has five beats and Misra ta:la has seven beats. Hence, the accuracy of 

Tisra ta:la was the best followed by Caturasra, Khanda and Misra ta:las. The result is 

not in consonance with the study done by Gauri (2004), where it was found that Tisra 

ta:la and Khanda ta:la were more easily identified when compared to the other ta:las. 

This may be because of the similarity in the stress of these two ta:las Tisra ta:la has 
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stress in the first beat wheare as Khanda ta:la has stress on the first and the fourth 

beat. So the pattern of stress is almost similar. Moreover, the presentation of the ta:las 

were different in these two studies. In the former study, the presentation was in a 

monotic condition whereas in the present study, the presentation is in a diotic 

condition. This might have also lead to variation in the responses, as the subjects 

might have concentrated more on the stress patterns and hence might have perceived 

Tisra ta:la and Khanda ta:la as similar and easy. 

Third, results of chi-square test indicated significantly better response in right ear 

for T-C, T-K, T-M, C-K, C-M, C-T. K-M ta:las; significantly better response in left 

ear for M-C,M-T ta:las and equal preference for K-T ta:la in dichotic condition in 

PWS. Also, significantly better response in right ear for C-K, C-M, C-T, K-M, T-M 

ta:las and significantly better response in left ear for M-C ta:las in dichotic condition 

in PWNS was noticed. The results indicated a right ear preference in both groups. 

Thus no differences between groups on ear preferences were noticed. This result 

where PWNS preferred right ear is in consonance with the study done by Gauri 

(2004). The results are not inconsonance with the study done by Odekar (2001), 

where PWS had a left ear preference. In the present study, it appeared that simple 

ta:las were preferred when presented in right ear. However, when simple ta:las like 

Tisra and Caturasra were presented in the left ear along with complex ta:la in right 

ear, left ear was preferred. Thus it appears that ta:las were preferred rather than ears.  

Fourth, reaction time was significantly longer in PWS compared to PWNS. The 

results are in consonance with those by Cross & Luper (1979) and Reich, Till & 

Goldsmith (1981). Cross & Luper (1979), reported a significantly longer  reaction 

time in voicing /^/ to each stimulus for PWS compared to PWNS. Reich, Till & 
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Goldsmith (1981) noted reaction time for subjects for button pressing, inspiratory 

phonation, expiratory throat clearing and also production of isolated vowel and word 

and reported that the reaction time for PWS was significantly longer than for PWNS 

for all the tasks. It was interesting to note that reaction time decreased from Tisra to 

Caturasra to Khanda in PWS and from Khanda to Tisra to Caturasra in PWNS. 

Ludlow and Loucks (2003) indicate that studies of dynamic inter-relationships among 

brain regions during normal speech and in persons who stutter (PWS) suggest that the 

timing of neural activity in different regions may be abnormal in PWS. “The 

symptoms of stuttering are compared with basal ganglia motor disorders like 

Parkinson's disease and dystonia. It is proposed that the basal ganglia-thalamocortical 

motor circuits through the putamen are likely to play a key role in stuttering. The core 

dysfunction in stuttering is suggested to be impaired ability of the basal ganglia to 

produce timing cues for the initiation of the next motor segment in speech. 

Similarities between stuttering and dystonia are indicated, and possible relations to the 

dopamine system are discussed, as well as the interaction between the cerebral cortex 

and the basal ganglia. Behavioral and pharmacologic information suggests the 

existence of subtypes of stuttering” (Alm, 2004). Further, Andrade,  Sassi , Juste, and 

Mendonça (2008) examined  the rest muscle tension and speech reaction time of 

fluent (G1) and stuttering (G2) adults. They reported that the groups were 

significantly different considering rest muscle tension (G2 higher recordings) and did 

not differ when considering speech reaction time and muscle activity during speech. 

There was a strong positive correlation between speech reaction time and speech 

muscle activity for G2--the longer the speech reaction time, the higher the muscle 

activity during speech.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Andrade%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Sassi%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Juste%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Mendon%C3%A7a%20LI%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
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Last, Misra-Tisra pair and Caturasra- Tisra pairs had the longest reaction time in 

PWS and PWNS, respectively. It is interesting to note that Misra is a complex ta:la 

and Tisra is a simple ta:la and that PWS had longest reaction time on this pair. 

Probably they had confusion in detecting ta:la presented in the right ear. Or it may be 

that since Tisra ta:la was very slow compared to Misra ta:la, they had a tendency to 

tap for Tisra  ta:la. However, PWNS did not have this confusion. It might be because 

that they did not have much difficulty tapping to Misra ta:la. They had confusion only 

in two simple ta:las (Caturasra and Tisra) presented dichotically. It might be because 

of the similarity between these two ta:las. Tisra ta:la has three beats, Caturasra ta:la 

has four beats, Khanda ta:la has five beats and Misra ta:la has seven beats. There is a 

difference of only one beat between these two ta:las, whereas there is a difference of 

more than one beat in all the other ta:la combinations. Hence, the similarity between 

these two ta:las might have caused confusion and a longer reaction time to choose one 

ta:la and respond according to it.  

The results indicate some differences between PWS and PWNS. However, these are 

not strong to support any model on the cause of stuttering. Future studies are 

warranted which could more specifically investigate the responses of PWS to rhythm 

along with rhythm production tasks. 

 

 



39 
 

                                                       REFERENCES 

 

Alm, P. A. (2004). Stuttering and the basal ganglia circuits: A critical review of 

possible relations. Journal of Communication Disorders, 37, 325-369 

Andrade, C. R.,  Sassi, F. C., Juste, F., & Mendonça, L. I. (2008). Persistent 

developmental stuttering as a cortical-subcortical dysfunction: evidence from 

muscle activation. Arq Neuropsiquiatr, 66, 659-64. 

Andrews, G., & Harris, M. (1964).  The Syndrome of Stuttering. Clinics in 

Developmental Medicine no. 17,  London: Heinemann 

Bishop, J. H., Williams, H. G., & Cooper, W. A. (1991). Age and task complexity 

variables in motor- performance of stuttering and nonstuttering children. 

Journal of Fluency Disorders, 16, 207-217 

Bloodstein, O., & Ratner, B.N.(2008). A Handbook on Stuttering. 6
th

 Ed. Delmar 

Thomson Learning, Canada 

Boersma, P., & Weenink, D. (2013). Praat: Doing phonetics by computer [computer 

program].Version 5-3.48, retrieved May 2013 from http://www.praat.org  

Bolton, T. L. (1894). Rhythm. American Journal of Psychology, 6, 145-238 

Britannica encyclopedia, http://www.britannica.com 

Brown, S. F. (1938). Stuttering with relation to word accent and word position.  

Journal of Abnormal Social Psychology, 33,112-120. 

Brown, S. (1937). The influence of grammatical function on the incidence of 

stuttering. Journal of Speech Disorders, 3, 223-230. 

Cameron, D., Potter, K., Wiggins, G., & Pearce, M. (2010). Factors influencing the 

perception of rhythmic similarity, University of London 

Craig, A., Hancock, K., Tran, Y., Craig, M., & Peters, K. (2002). Epidemiology of 

stuttering in the community across the entire life span. Journal of Speech, 

Language, and Hearing Research, 45, 1097-1105 

Cross, D., & Luper, H. (1979). Voice reaction times of stuttering and nonstuttering 

childen and adults, Journal of Fluency Disorders, 4, 59- 77 

Crystal, D. (1985). A dictionary of linguistics and phonetics. Oxford: Basil Blackwell. 

Gauri, D. T. (2004). Perception of musical rhythm in stutterers. An unpublished 

dissertation submitted to University of Mysore 

Gibbon, J., Malapani, C., Dale, C. L., & Gallistel, C. (1997). Toward a neurobiology 

of temporal cognition: advances and challenges. Current Opinion in 

Neurobiology, 7, 170-184 

Grahn, J. A., & Brett, M. (2007).Rhythm perception in motor areas of the brain. 

Journal of Cognitive Neuroscience, 19, 893–906 

http://www.ncbi.nlm.nih.gov/pubmed?term=Andrade%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Sassi%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Juste%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18949258
http://www.ncbi.nlm.nih.gov/pubmed?term=Mendon%C3%A7a%20LI%5BAuthor%5D&cauthor=true&cauthor_uid=18949258


40 
 

Guitar, B. (1998). Stuttering: An integrated approach to its nature and treatment (2nd 

Ed), Baltimore: Williams and Willkins 

Hahn, E. (1942a). A study of the relationship between stuttering occurrences and 

grammatical factors in oral reading. Journal of Speech Disorders, 7, 329-335 

Hahn, E. (1942b). A study of the relationship between stuttering occurrences and 

phonetic factors in oral reading. Journal of Speech Disorders, 7, 143-151. 

Hall, G. S., & Jastrow, J. (1886). Studies of rhythm. Mind, 11, 55–62. 

Hampton, A., Spruill, J. E., Brown, B., & Fox, C. (2008). Rhyming behavior & neural 

correlates in young children who stutter. Developmental neuropsychology, 23, 

34-42 

Hegde, M. N., & Davis, D. (1992). Clinical Methods and Practicum in Speech-

Language Pathology Singular Publishing Group  

Hejna, R. F. (1955). A study on the loci of stuttering in spontaneous speech. 

Dissertation abstracts, 15, 1674-1675 

Howell, P. (2004). Assessment of some contemporary theories of stuttering that apply 

to spontaneous speech. Contemporary Issues in Communication Science and 

Disorders, 31,122-139 

Hulstijn, W., Summers, J. J., van Lieshout P. H., & Peters H, F. (1992). Timing in 

finger tapping and speech: A comparison between stutters and fluent speakers. 

Human Movement Science, 11, 113-124 

Hunsley, Y. L. (1937). Dysintegration in the speech musculature of stutterers during 

the production of a non-vocal temporal pattern. Psychological Monographs, 

49, 32-49 

Ivry, R. B., & Spencer, R. M. (2004). The neural representation of time. Current 

Opinion in Neurobiology, 14, 225-232 

Jancke,  L,. (1994). Variability and duration of voice onset time and phonation in 

stuttering and nonstuttering adults. Journal of Fluency Disorders, 19, 21-37 

Jeffries, K. J., Fritz, J. B., & Braun, A. R. (2003). Words in melody: an H(2)15O PET 

study of brain activation during singing and speaking. Neuroreport. 15, 749-

54. 

Johnson, W., & Brown, S. F. (1935). Stuttering in relation to various speech sounds.  

Quarterly Journal of Speech, 21, 481-496. 

Johnson, W., & Brown, S. F. (1939). Stuttering in relation to various speech sounds: 

A correction. Quarterly Journal of Speech, 25, 20-22 

Kaganovich, N., Hampton W. A., & Weber-Fox, C. (2010). Non-linguistic auditory 

processing and working memory update in pre-school children who stutter: An 

electrophysiological study. Developmental Neuropsychology, 35, 712-736. 

Kent, R. D. (1984). Stuttering as a temporal programming disorder. InR. 



41 
 

Kleinow, J., & Smith, A. (2000).  Influences of length and syntactic complexity on the 

speech motor stability of the fluent speech of adults who stutter. Journal of 

Speech Language and Hearing Research, 43, 548-559 

Lanyon, R. (1968). Some characteristics of normal speakers and stutterers. Journal of 

Abnormal Psychology, 73, 550-555 

Lanyon, R. (1969). Speech relation of nonfluency to information value. Science, 164, 

451-452 

Lehiste, I. (1970). Suprasegmentals. Cambridge, The MIT press  

Levelt, W. J. M,. (1989). Speaking: From Intention to Articulation. Cambridge, MA: 

MIT Press 

Lewis, P. A., & Miall, R. C,. (2003). Distinct systemsfor automaticandcognitively 

controlled time measurement: evidence from neuroimaging. Current Opinion 

in Neurobiology, 13, 250-255 

Limb, C. J., Kemeny, S., Ortigoza, E. B., Rouhani, S., & Braun, A. R. (2006). Left 

hemispheric lateralization of brain activity during passive rhythm perception 

in musicians. The Anatomical Record Part A Discoveries in Molecular, 

Cellular and Evolutionary Biology, 288, 382-389 

Ludlow, C. L., & Loucks, T,. (2003). Stuttering: A dynamic motor control disorder. 

Journal of Fluency Disorders, 28, 273-295 

Manning, W. (1996). Clinical decision making in the diagnosis and treatment of 

fluency disorders. Albany, NY Delmar 

Mansson, H. (2000). Childhood stuttering: Incidence and development. Journal of 

Fluency Disorders, 25, 47-57 

Martin, J. G. (1972). Rhythmic (hierarchical) versus serial structure in speech and 

other behaviour. Psychological Review, 79, 487-509. 

Mauk, M. D., & Buonomano, D. V. (2004). The neural basis of temporal processing. 

Annual Review of Neuroscience, 27, 307-340 

Max, L., & Yudman, E. A. (2003). Accuracy and variability of isochronous rhythmic 

timing across motor systems in stuttering versus nonstuttering individuals. 

Journal of Speech, Language, and Hearing Research, 46, 146-163 

Max, L., Guenther, F. H., Gracco, V. L., Ghosh, S.S., & Wallace, M. E. (2004). 

Unstable or insufficiently activated internal models and feedback-biased motor 

control as sources of dysfluency: A theoretical model of stuttering. 

Contemporary Issues in Communication Science and Disorders, 31, 105-122 

Max, L., & Gracco, V. L. (2005). Coordinationoforalandlaryngealmovements in the 

perceptually fluent speech of adults who stutter. Journal of Speech, Language, 

and Hearing Research, 48, 524-542 

 



42 
 

Melvine, C., Williams, H., Bishop, J., McClenaghan, B., Cooper, W., & McDade H. 

(1995). Vocal and manual timing control of adult stutterers and nonstutterers. 

In Starkweather CW and Peters UFM (Eds), Stuttering: Proceedings of the 

first World Congress on Fluency Disorders. Nijmegen, The Netherlands: 

University of Nijmegen,  35-38. 

Morgan, A., Reilly, S., Anderson, A., Reutens, D., & Wood, A. (2008).  Functional 

Brain Activation Differences for Motor versus Language Regions in Adults 

with and without Stuttering: An fMRI Study. Secondary Titl. Oxford.  

Neef, N. E., Jung, K., Rothkegel, H., Pollok, B., Gudenbergc, A. W., Paulus, W., & 

Sommer, M. (2010). Right shift for non-speech motor processing in adults 

who stutter. Cortex, 47, 945-954  

Odekar, A. S. (2001). Perception of rhythm in music. An unpublished dissertation 

submitted to University of Mysore 

Patel, A. D. (2008).  Music, Language, and the Brain. New York: Oxford University 

 Press 

Pollok,  B., Rothkegel, H., Schnitzler, A., Paulus, W., & Lang, N. (2008). The effect 

of rTMS  over left and right dorsolateral premotor cortex on movement timing 

of either hand. The European Journal of Neuroscience, 27, 757-64 

Prins, D., & Hubbard, C. P. (1992). Constancy of interstress intervals in the fluent 

speech of people who stutter during adaptation trials. Journal of Speech and 

Hearing Research, 35, 799-804 

Quarrington, B. J. (1963). Positional effects in the stuttering of contextually organized 

verbal  material. The Journal of Abnormal and Social Psychology, 67, 299-

303. 

Rao, S.M., Harrington, D. L., Haaland, K.Y., Bobholz, J. A., Cox, R. W., & Binder, J. 

R. (1997).  Distributed neural systems underlying the timing of movements. 

Journal of Neuroscience, 17, 5528-5535 

Reich, A., Till, J., & Goldsmith, H. (1981). Laryngeal and manual reaction times of 

stuttering and ninstuttering adults. Journal of Speech and Hearing Research, 

24, 192-196 

Riecker, A., Wildgruber, D., Dogil, G., Mayer, J., Ackermann, H., & Grodd, W. 

(2002). Hemispheric lateralization effects of rhythm implementation during 

syllable repetitions: An fMRI study. Presented in The Pennsylvania State 

University 

Schlesinger, I.M., Forte, M., Fried, B., & Milkman, R. (1965).Stuttering, information, 

load and response strength. The Journal of Speech and Hearing Disorders, 30, 

32-62 

Smits-Bandstra, S., De Nil, L. F., & Saint-Cyr, J. A. (2006). Speech and nonspeech 

sequence skill learning in adults who stutter. Journal of Fluency Disorders, 

31, 116-136 



43 
 

Soderberg, G. (1966). The Relations of Stuttering to Word Length and Word 

Frequency. Journal of Speech and Hearing Research, 9, 584-589 

Soderberg, G. (1967). Linguistic factors in stuttering. Journal of speech and hearing 

research, 10, 801-810 

Soderberg, G. (1962). Phonetic influences upon stuttering. Journal of Speech and 

Hearing Research, 5, 315-320 

Spencer, R. M., Zelaznik, H. N., Diedrichsen, J., & Ivry, R. B. (2003). Disrupted 

timing of discontinuous but not continuous movements by cerebellar lesions. 

Science, 300, 1437-1439 

Taylor, T. K. (1966). What words are stuttered? Psychological bulletin, 65, 233-242 

Tourville, J. A., Reilly, K. J., & Guenther, F. H. (2008). Neural mechanisms 

underlying auditory feedback control of speech. NeuroImage, 39, 1429-1443 

Van Riper. (1982). The nature of stuttering (2nd Ed.). Prentice-Hall 

Voelkar, C. H. (1942). On the semantic aspects of stuttering in non stutterers. 

Quarterly Journal of Speech, 28, 78-80 

 Vuust, P., Ostergaard, L., Pallesen, K. J., Bailey, C. & Roepstorff, A. (2009). 

Predictive coding of music--brain responses to rhythmic incongruity. Cortex, 

45, 80-92 

Webster, W. G., & Ryan, C. R. (1991). Task complexity and manual reaction times in 

people who stutter. Journal of Speech and Hearing Research, 34, 708-714 

Webster, W. G. (1997). Principles of human brain organization related to 

lateralization of language and speech motor functions in normal speakers and 

stutterers. In Hulstijn W, Peters H, F, M, and P, H, H, Mv Lieshout (Eds), 

Speech Production: Motor Control, Brain Research and Fluency Disorders: 

Proceedings of the Third International Conference on Speech Motor 

Production and Fluency Disorders, Amsterdam 119-139 

Webster, W. G. (1986). Response sequence organization and reproduction by 

stutterers.  Neuropsychologia, 24, 813-821 

WHO. ICD-10, F98.5 (2007b) Stuttering. Secondary Titl 

Wiener, M., Turkeltaub, P., & Coslett, H. B. (2010). The image of time: A voxel-wise 

meta-analysis. NeuroImage, 49, 1728-1740 

Wing, A. M., & Kristofferson, A. B. (1973). Response delays and the timing of 

discrete motor responses. Perception and Psychophysics, 14, 5-12 

Wingate, M. E. (1970). Effect on stuttering of changes in audition. Journal of Speech 

and Hearing Research, 13, 861-863. 

Wingate, M. E. (1976). Stuttering: Theory and treatment. New York: Irvington 

Wingate, M. E. (1967). Stuttering and word length. Journal of Speech and Hearing 

Research, 10, 146-152. 



44 
 

Wingate, M. E. (1979). The first three words. Journal of Speech and Hearing 

Research.  22,  604–612. 

Wingate, M. E. (1985). Stuttering as a prosodic disorder. In R. F. Curlee and W. H. 

Perkins  (Eds), Nature and Treatment of Stuttering: New Directions (San 

Diego, CA: College- Hill Press) 

Woodrow, H. (1934). The temporal indifference interval determined by the method of 

mean error. Journal of Experimental Psychology, 17, 167–188 

Zelaznik, H. N., Smith, A., & Franz, E. A. (1994).  Motor performance of stutterers 

and nonstutterers on timing and force control tasks. Journal of Motor 

Behavior, 26, 340-347 

Zelaznik, H. N., Smith, A., Franz, E. A., & Ho, M. (1997).  Differences in bimanual 

coordination associated with stuttering. Acta Psychologica, 96, 229-243 

Zelaznik, H. N., Spencer, R. M., Ivry, R. B., Baria, A., Bloom, M., Dolansky L, et al. 

(2005). Timing variability in circle drawing and tapping: Probing the 

relationship between event and emergent timing. Journal of Motor Behavior, 

37, 395-403 

Zelaznik, H. N., Spencer, R. M. C., & Ivry, R. B. (2002).  Dissociation of explicit and 

implicit timing in repetitive tapping and drawing movements. Journal of 

Experimental Psychology of Human Perception and Performance, 28, 575-

588 

 

 


	1
	2
	3
	4

