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 Recent research has provided evidence that speech-related visual feedback presented to people 

who stutter may enhance fluency as effectively as well-established forms of altered auditory feedback. This 

study aimed to explore the effectiveness of visual feedback during speaking conditions that approximated 

naturalistic conversation.  In order to determine what aspects of visual feedback may contribute to fluency 

enhancement, the feedback was manipulated in terms of synchronicity and linguistic congruence to the 

original signal. Participants included ten adults diagnosed with developmental stuttering with no concurring 

conditions. The study consisted of the following four conditions: synchronous visual feedback, 

asynchronous visual feedback, non-speech related visual feedback, and a control condition. Speech samples 

were analyzed for the percent of syllables stuttered per condition. Upon analysis of data, no statistically 

significant effect of visual feedback was found on stuttering frequency, although individual results varied 

greatly.   
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1.  INTRODUCTION 

 Developmental stuttering is a condition which remains enigmatic to researchers for many reasons, 

including its elusive etiology and mechanism.  Stuttering is most commonly defined by speech dysfluencies 

including part-word repetitions, prolongations, and hesitations (Van Riper, 1982).  Beyond these 

characteristics, individuals who stutter vary greatly in many respects, including the sounds and situations in 

which dysfluencies most often occur (Andrews et al., 1983). Research has shown that, despite these 

differences, certain conditions exist in which the majority of people who stutter become reliably fluent 

(Lincoln, Packman, & Onslow, 2006).  These phenomena are collectively called fluency enhancing 

conditions.  Fluency enhancing conditions include a variety of situations such as singing or speaking in an 

altered pitch.  One of the most extensively studied types of fluency enhancing conditions involves the use 

of altered sensory feedback, most commonly through the auditory modality.  Altered auditory feedback 

(AAF) involves the manipulation of an auditory signal which the speaker listens to while speaking 

(Antipova, Purdy, Blakeley, & Williams, 2008). For over five decades, a significant amount of research has 

been devoted to the effects of AAF on the speech of people who stutter (PWS) demonstrating that AAF 

effectively and immediately creates a temporary condition of fluency for many PWS (Goldiamond, 1965; 

Andrews et al., 1983; Lincoln et al., 2006).  Current theoretical models of stuttering propose that PWS rely 

on speech-related sensory feedback to properly construct and/or execute speech motor plans (Howell, 

2004a; Civier, Tasko, & Guenther, 2010; Cai, 2012).  It also has been proposed that feedback through other 

sensory modalities besides audition, may prove equally effective (Kalinowski, Stuart, Rastatter, Snyder, & 

Dayalu; 2000). As of yet, relatively few studies have explored forms of altered feedback through other 

sensory modalities. New research examining the role of mirror neurons and gestural theories of speech 

production provide evidence of the importance of visual feedback in the communication process (Arbib, 

2002). Therefore, this study aimed to explore if sensory feedback through the visual modality may create 
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an effective fluency enhancing condition for PWS. The visual feedback was also manipulated in terms of 

its synchronicity and linguistic congruence to the original signal in order to examine what aspects possibly 

contribute to the effectiveness of the signal. This study posed the following questions: 

1.  Is visual feedback effective in significantly reducing stuttering frequency? 

2.  Does synchronicity to the signal have an effect on stuttering frequency? 

3.  Does linguistic congruence to the signal have an effect on stuttering frequency? 

1.1 Review of Altered Auditory Feedback 

 One of the most curious phenomena related to developmental stuttering is the effectiveness with 

which certain conditions induce greater fluency among the majority of PWS.  Of these fluency enhancing 

conditions, the most extensively researched have been various types of altered auditory feedback (AAF) 

(Lincoln et al., 2006). AAF is a collective term applied to a variety of techniques that alter the way a 

speaker hears his/her own voice.  The most common forms of AAF include delayed auditory feedback 

(DAF), frequency altered feedback (FAF), and auditory choral speech (ACS).  DAF creates a delay in the 

auditory signal, typically between 50-100ms. FAF alters the pitch of the auditory signal, which is usually 

increased or decreased 1/4 of an octave. ACS occurs when two or more people are speaking in unison, 

producing a choral effect. Collectively, these variations of AAF have been studied for purposes ranging 

from theoretical experimentation to clinical use. 

 Historically, DAF was the first form of AAF to be found successful as a fluency-enhancing 

condition.  In 1965, Goldiamond developed DAF as a method for inducing slowed speaking rates among 

study participants.  In addition to slowing speaking rates, significant reductions in stuttering were found. It 

wasn't until the 1990's that researchers began to study DAF as a possible means to reduce stuttering at 

natural speaking rates (Lincoln et al., 2006).  Much of the early literature researching AAF questioned the 

relationship between AAF and speaking rates. Originally, researchers proposed that AAF generated fluent 

speech by forcing speakers to adopt a novel way of speaking (e.g. altering rate or pitch) rather than as a 

means of sensory feedback. Goldiamond's initial study (1965), which sparked so much interest into DAF, 

used a delay of 250ms. Since then, maximum reductions in stuttering have been created using delays as 

short as 50ms, which is almost imperceptible to the listener (Lincoln et al., 2006). Kalinowski, Stuart, Sark, 
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& Armson (1996) produced a study wherein nine adults read passages at normal and fast speaking rates 

under DAF and FAF. They found that participants were able to maintain the same level of fluency at 

normal and fast speaking rates when using both forms of AAF. Subsequently, other studies provided 

evidence that AAF can produce significant reductions in stuttering at any speaking rate (Sparks, Grant, 

Millay, Walker-Batson, & Hynan, 2002, Hargrave, Kalinwoski, Stuart, Armson, & Jones,1994). Since then, 

the most commonly studied forms of AAF have consistently been DAF and FAF, which currently are often 

used in unison. 

 Lincoln et al. (2006) produced a review of all studies examining AAF from 1996-2006. During 

that time, research topics on AAF have included the necessary amount of delay/pitch change required for 

fluent speech, speech naturalness under conditions of AAF, effects on speech during oral reading and 

monologue, effects of prolonged exposure to AAF, and possible treatment effects.  When examining this 

span of studies, Lincoln et al. (2006) found that the majority of PWS exhibit a 40-85% reduction in 

stuttering frequency under conditions of DAF or FAF during conditions of oral reading in a laboratory 

setting (Armson & Stuart, 1998; Armson, Foote, Witt, Kalinwoski, & Stuart, 1997; Howell, Sackin, & 

Williams, 1999; Kalinowski et al., 1996; Sparks et al., 2002; Zimmerman, Kalinowski, & Stuart, 1997).  Of 

these studies, several found that approximately 10% of participants had no stuttering reductions when using 

DAF or FAF (Armson et al., 1997; Sparks et al., 2002; Zimmerman et al., 1997). 

 Research investigating the optimal amount of delay needed to increase fluency shows that delays 

in the range of 50-120 ms are most effective in enhancing fluency while sustaining a natural speaking rate 

(Kalinowski et al., 1996; Anitpova, Purdy, Blakeley, & Williams, 2008). When using FAF, the optimal 

pitch change was found to be an increase or decrease of approximately 1/4 of an octave (Lincoln et al., 

2006). Current research has shifted away from using MAF and ACS and has shifted towards examining 

DAF and FAF (usually together) as is used in many commercial devices including the SpeechEasy (Lincoln 

et al., 2006). This shift happened because MAF is generally considered less effective relative to DAF and 

FAF, and ACS (while effective) has less value for clinical use (Lincoln et al., 2006).  In regard to speech 

naturalness, it was found that fluent speakers rate the speech of PWS as sounding more natural under 

conditions of DAF than without it (Stuart, Kalinowski, & Rastatter, 1997).  
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 The majority of studies examining the effects of AAF on speech have done so using conditions of 

oral reading or monologue. Research has shown that AAF is significantly less effective at reducing 

stuttering when participants are producing monologue rather than reading orally (Stuart et al., 1997). In 

another study, four participants produced monologues under conditions of AAF, and only one of four 

participants had a significant reduction in stuttering frequency (Ingham, Moglia, Frank, Ingham, & Cordes, 

1997).  A study by Armson et al. (1998) also compared the effectiveness of AAF during conditions of oral 

reading versus monologue. They found a significant reduction in stuttering frequency during the oral 

reading condition, but not during the monologue condition. Additionally, only 50% of participants who 

experienced reductions maintained the reductions for the entire ten minutes.  

 The results of these studies lead researchers to ask one of the more relevant questions regarding 

AAF: what is its clinical significance? Few studies have examined the effectiveness of AAF devices 

clinically, or for an extended period of time. In a 2003 study, fMRI was used to examine whether the use of 

AAF for an extended period of time could produce treatment effects (Van Borsel, Achten, Santens, 

Lahorte, & VoetBrain; 2003).  Their results provided some evidence that neurological patterns established 

when using AAF carried over to non-feedback conditions. Commercially marketed devices using AAF 

(such as the SpeechEasy) have become popular among consumers. A study by Stuart et al. (1997) studied 

the effectiveness of the SpeechEasy over a four-month period. Data were collected at the initial fitting, and 

again four months later. Results indicated that the positive speaking effects experienced during the initial 

fitting did not fade over time, although carryover to speech without using the device, was not found. It 

should be noted that participants were instructed to adopt a novel speaking pattern (e.g. prolonging vowels) 

when using the device.  

 In summary, substantial amounts of research document the effectiveness of AAF in creating 

temporary fluency-enhancing conditions for PWS. Research is missing on its clinical significance as well 

as its effectiveness in naturalistic speaking environments. While AAF's effect on speech has been 

documented, the neural mechanism by which temporary fluency is achieved remains unknown. Fortunately, 

advancements in neuroimaging have provided insight into processes at a neurological level, although it 

remains difficult to separate etiology from developmental adaptations. By exploring the relationship 
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between the quantifiable effects of AAF and current theoretical models of stuttering, a more nuanced 

understanding of the role of the sensory systems in speech production can be achieved. To understand how 

sensory feedback functions within the speech production system, and how this function performs 

differently among PWS, a review of current neuroimaging data as well as relevant theoretical models of 

stuttering is needed.  

1.2 Neurological differences between PWS and NS 

 In the past ten years, the use of functional neuroimaging has provided substantial information 

regarding neural activity during speech production of non-stutterers (NS), neural activity during speech 

production of PWS, and neural activity when PWS are speaking under fluency enhancing conditions. 

Among NS, neuroanatomical areas associated with speech production include the left frontal operculum, 

the sensorimotor cortices, the primary auditory cortex and associational auditory areas, as well as 

subcortical regions including the cerebellum, anterior cingulate, thalamus, and putamen (Varga et al., 

1997).   

 Some researchers have proposed that differences in lateralization of language account for speech 

differences in PWS (De Nil, Kroll, Kapur, & Houle, 2000; Braun et al., 1997; Fox et al., 2000).  Whereas 

linguistic processing primarily occurs within the left hemisphere of most right-handed, non-stuttering 

individuals, abnormal activation of the right hemisphere has been found among some PWS (Braun et al., 

1997).  During speech and language production, PWS have shown absent activity in related regions of the 

left hemisphere, bilateral activity in both hemispheres, or complete lateralization to the right hemisphere 

(Braun et al., 1997; De Nil et al., 2000). While some have pointed to problems in lateralization as the 

etiology of stuttering, others propose that differences in lateralization stem from a compensatory 

mechanism for errors of timing within speech-related regions (Sommer, Koch, Paulus, Weiller, & Buchel, 

2002). Anatomical differences between PWS and NS include the structure of perisylvian speech and 

language regions, which contain significantly less white matter among PWS (Foundas, Bollich, Corey, 

Hurley, & Heilman, 2001). However, specific anatomical differences have been noted to vary among 

individuals (Foundas et al., 2001). Rather than focusing on fundamental differences in anatomy, other 

researchers point to a breakdown in coordination of activity as the primary difference among PWS 
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(Ingham, 2001).  Physiological differences revealed by functional neuroimaging include decreased 

activation of the auditory cortex and associational areas, decreased activation in sensory cortical areas, 

overactivity in left cerebellar areas, abnormal activity of the basal ganglia, and overactivation of motor and 

premotor regions relative to controls (Fox et al., 1996; Braun et al., 1997; De Nil et al., 2000; Max, 

Guenther, Gracco, Ghosh, & Wallace, 2004; Alm, 2004; Giraud et al., 2008). 

 In addition to providing information regarding neuroanatomy and neurophysiology of PWS 

relative to NS, functional imaging has allowed researchers to explore differences that arise when PWS 

speak under conditions of AAF. Under such conditions (which often consist of DAF, FAF, or ACS), 

research has shown that PWS are better able to coordinate the auditory and motor systems (Stager, Jeffries, 

& Braun, 2003). Additionally, cerebral activity of PWS under fluency-enhancing conditions does not 

completely normalize. Instead, fundamental differences in cerebral functions have been found during 

linguistic as well as non-linguistic oral-motor tasks (Braun et al., 1997).  Although complete normalization 

of activity does not occur, neural activity of PWS better approximates NS during conditions of AAF by 

decreasing activity in overactive motor areas, and increasing activation of the speech production and 

auditory systems (Fox et al., 1996). Additionally, research indicates PWS who are more responsive to 

DAF, exhibit atypical rightwards asymmetry of the planum temporale relative to other PWS, suggesting the 

possible existence of subgroups, which are more responsive to sensory feedback (Foundas et al., 2004).  

 Another study used neuroimaging to examine brain structure and function of PWS under 

conditions of DAF, FAF, and no auditory feedback (Watkins, Smith, Davis, & Howell, 2008). Regardless 

of the condition, overactivity was found bilaterally in the anterior insula, cerebellum and the midbrain, as 

well as under-activity in the ventral premotor cortex, Rolandic opercular, and sensorimotor cortex 

bilaterally(in areas correlated to articulation and speech production), and under-activity in Heschl's gyrus in 

the left hemisphere. These findings were consistent with a recent meta-analysis of neuroimaging studies 

examining PWS under conditions of AAF and regular speech (Brown, Ingham, Ingham, Laird, & Fox, 

2005). Overactivity in the mid-brain was at the level of the substantia nigra, pedunculopontine nucleus, red 

nucleus, and subthalamic nucleus. These findings support the theory that an excessive amount of dopamine 

contributes to stuttering.  Imaging also revealed reduction in white matter volume underlying the premotor 
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cortex, in the areas responsible for integration of articulatory planning and sensory feedback (Watkins et 

al., 2008).  

 The accumulation of structural and functional neuroimaging data on speech production processes 

among PWS reveals trends of differences, but great variation remains among individuals. These trends 

include structural differences in areas associated with motor-speech programming and integration of motor-

speech plans with sensory feedback, functional differences in the coordination of speech and motor 

processes, and a tendency for functions to approach normalcy under conditions of AAF. Evidence pointing 

to a disturbance in the integration of motor-speech plans and sensory feedback provides answers to what is 

happening at a neurological level when PWS are using AAF.  However, these findings do not answer 

questions of etiology or why altering sensory feedback can temporarily help normalize speech production. 

The definition of developmental stuttering as an incapacity for speech-related sensorimotor integration is 

not a novel concept (Andrews et al., 1983;  Wingate, 1981). The new wealth of information provided by 

neuroimaging has allowed the revision of theoretical models of stuttering in an attempt to approach a more 

complete and accurate picture of the condition. A further exploration of these models will provide possible 

explanations as to the role of sensory feedback in the speech production system, how the alteration of 

sensory feedback affects the speech production system of PWS, and why visual feedback is integral to 

speech production. 

1.3 The Role of Sensory Feedback in Theories of Stuttering 

 Several general viewpoints exist as to why fluent speech is obtained using altered sensory 

feedback. The first viewpoint is that fluency is obtained when the speaker alters typical motor-speech plans 

by changing normal speaking style (e.g. altering pitch, rate, loudness, etc.) (Wingate, 1981). Another 

possibility is that PWS are improperly processing sensory information and require additional sensory 

feedback for fluent speech production (either PWS are too reliant on sensory feedback, or not reliant 

enough) (Civier et al., 2010). A third suggestion proposed by researchers is that sensory feedback provides 

an external timing mechanism which temporarily ameliorates asynchronous neural activity (Howell & Au-

Yeung, 2002). Therefore it is possible that stuttering arises from faulty motor-speech programming, or a 

faulty reliance on feedback systems, or a combination of both. Theoretically, visual feedback could 
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function as a fluency enhancer through any of these theories.  In order to understand the current state of 

stuttering theories, and how these theories address the role of sensory feedback to speech production, a 

discussion of applicable theories is necessary.  Theories that will be reviewed include the DIVA model, the 

EXPLAN model, and the mirror neuron theory.   

 A recent model of motor-speech production that incorporates the creation, storage, and execution 

of motor speech plans is called DIVA (Directions Into Velocity of Articulators) (Civier et al., 2010). As the 

name suggests, DIVA proposes that articulation occurs by the execution of motor plans which are stored as 

dynamic trajectories of movement, rather than singular targets. The formulation and execution of motor-

speech plans arises from a balance of feedback and feedforward systems.  It is in the relationship between 

these systems that the role of sensory feedback becomes relevant. Under the feedback system, motor plans 

are not prepared in advance. Rather, motor planning occurs parallel to production, which is monitored by 

the comparison of sensory input to the desired output (Max et al., 2004). In contrast, the feedforward 

system projects a previously stored motor plan forward for execution (Max et al., 2004).  Under these 

assumptions, it is hypothesized that feedback models are initially used for learning and development of 

motor-speech plans.  Once stored, the speaker can rely on the feedforward system to project the motor plan 

to necessary regions for execution.  This theory was designed so that it could be replicated and tested using 

computer models. Research on computer-simulated DIVA models has provided evidence that the execution 

of these principles accurately replicates articulation (Civier et al., 2010).  Based on this design, Civier et al. 

(2010) hypothesized that developmental stuttering is caused by skewed reliance on feedback models, 

instead of feedforward models.   

 To computationally simulate this hypothesis, researchers developed an experiment wherein the 

DIVA program was skewed to weigh more heavily on the feedback, rather than feedforward, system 

(Civier et al., 2010). The computer was connected to an artificial articulation simulator that produced 

speech based on the computer model's commands.  Upon simulation, the model skewed towards feedback 

reliance produced stuttering-like dysfluencies.  Stuttering-like dysfluencies were determined by comparing 

the model's outputs to published acoustic and articulatory data of PWS as well as the data collected from an 

individual PWS. Once evidence was provided that a bias towards feedback could result in stuttering, the 
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researchers produced additional simulations which accounted for the effects of masking noise and 

prolonged speaking rates, thus supporting the theory that over reliance on feedback systems causes 

stuttering (Civier et al., 2010).  

 Civier et al. (2010) explain dysfluencies as occurring from oversensitivity to articulatory errors in 

the speech motor plan which build up and cause the system to "reset".  This "reset" is what causes 

dysfluencies such as repetitions and prolongations. They also argue that an over reliance on auditory and 

somatosensory feedback occurs in order to adjust productions based on the perception of dysfluency. Other 

theories that point to aberrant sensory feedback systems as the source of effective fluency enhancing 

conditions have difficulty explaining conditions such as MAF, or slowed speaking rates (Kiefte & Armson, 

2008). According to this study, the speaker is less able to detect sensorimotor areas when MAF is used, and 

therefore the system is less likely to "reset". This model also proposes that over reliance on feedback 

models is much slower than reliance on feedforward systems.  Therefore, slowed speaking rates reduce 

chances for dysfluencies.  Any mechanism which impedes auditory feedback may inhibit dysfluency.  

 According to this model, repetitions are "self-repair" strategies used in order to reset the 

sensorimotor mechanism. While other researchers (Dell, 1988; Yaruss & Conture, 1996) have pointed to 

the "self-repair" model in terms of phonological error, Civier et al. (2010) propose the self-repair model be 

considered in terms of sensorimotor error, thus explaining the effects of AAF on fluent speakers. This 

model accounts for the fact that many repetitions occur on consonants, and in the initial position of a word. 

Consonants occur during rapid formant transitions which are shown in this model to be more likely to 

create dysfluency.  The initial words of a phrase often come after a period of silence in which there is no 

auditory or sensorimotor information to build a motor plan from, also increasing the chance of repetitions. 

Finally, Civier et al. (2010) propose that individuals who rely too heavily on feedback use other sensory 

modalities, in addition to auditory, as a means to produce speech motor plans.   

 The DIVA model provides evidence that a system skewed towards over-reliance on sensory-

feedback creates stuttering-like dysfluencies, as well as evidence that conditions of MAF and slowed 

feedback can also enhance fluency due to sensory feedback mechanisms. This theory is beneficial because, 

due to its implementation as a computer model, it can be used for experimentation. Furthermore, rather than 
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merely quantifying behaviors, it is able to replicate or cause those behaviors. The authors did not suggest a 

theory as to how the bias towards feedback occurs, and did not explore the effects of feedback through 

other sensory modalities, although they did hypothesize that any sensory feedback which could be used for 

constructing a motor speech plan could be effective (Civier et al., 2010). Other researchers have also 

predicted that any type of sensory feedback has the ability to increase fluency in people who stutter 

(Wingate, 1981). 

 One possible explanation as to why feedback-bias occurs is that PWS are unable to accurately 

store motor-speech plans needed for the feedforward model to work properly.  Researchers debate whether 

stuttering originates from problematic plans at the linguistic level, or at the motor level (Howell & Au-

Yeung, 2002; Bajaj, 2007).  The EXPLAN model proposes that it is a combination of the two that results in 

developmental stuttering, pointing to the fact that there are abnormalities in both language and motor-

related neural regions (Howell & Au-Yeung, 2002).  The name EXPLAN stands for the combination of 

motor execution (EX) and linguistic planning (PLAN) processes necessary for speech production.  

According to EXPLAN,  these two processes occur separately, and in parallel (Howell & Au-Yeung, 2002). 

Once the linguistic plan has been formulated, it is then executed by the motor plan.  Dysfluencies arise 

when the linguistic plan is not ready when it is time for motor execution, thus causing stalling behaviors, or 

causing the motor plan to proceed before ready (Howell & Au-Yeung, 2002). There is evidence for some 

principles of the EXPLAN model, such as the importance of timing and coordination of systems in the 

production of fluent speech (Stager et al., 2003).  Proponents of the EXPLAN model view AAF as being 

effective due to external timing mechanisms, not due to sensory feedback systems.  Auditory feedback is 

not considered an essential part of speech production within this model.  Dysfluencies arise as stalling 

mechanisms because the necessary plans are not ready, or have not properly coordinated. AAF is 

considered successful as a fluency enhancing condition by means of increasing cognitive load, and thereby 

slowing the system which allows time for coordination (Howell, 2004a). Sensory feedback could not be an 

effective means for inhibiting stuttering because, according to this model, perception and production occur 

independently during the formulation of plans. It is not until the linguistic and motor processes interact for 

execution that perception and production become connected (Howell, 2004a). While the EXPLAN model 
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accounts for the fundamental problem of coordination in developmental stuttering, it does not account for 

the complex role that sensorimotor integration plays in articulatory planning, as revealed in previous 

neuroimaging studies. Recent developments in neuroscience have discovered the link connecting 

perception and production, providing evidence that they are not independent processes, and thus revealing 

the importance of visual information to the execution of motor-speech plans.  

 The discovery of mirror neurons has revolutionized researcher's conceptions of how humans learn, 

imitate, empathize, as well as the evolution of the capacity of language (Arbib, 2002). Mirror neurons have 

a unique function within the neural system. When someone views an action, their neurons fire in areas 

homologous with the execution of that same action. In other words, upon observation of an action, the 

observer's mirror neurons fire in regions as if the viewer was performing the action, although in reality the 

action is only being observed (Arbib, 2002).  With the discovery of mirror neurons, a direct link between 

perception and production is established. Mirror neurons were originally discovered in primates, in a region 

corresponding to the location of Broca's area in humans (Rizzolatti & Craighero, 2004). It should be noted 

that mirror neuron networks do not activate when viewing every action. Instead, activation is more likely 

when the observer is attempting to learn an action (Arbib, Billard, Lacobonic, & Oztopa, 2000). It has also 

been suggested that mirror neurons can facilitate reflexive responses from the observer (such as yawning), 

and this reflexiveness has been implicated in the immediacy with which fluency-enhancing conditions 

reduce dysfluencies (Kalinowski & Saltuklaroglu, 2003a). Research into mirror neurons points to their 

ability to enable the observer to breakdown visual movements into components that can be replicated and 

used in the construction of motor plans (Arbib, 2002). While the EXPLAN model proposes that perception 

and production occur independently (thus negating the role of external sensory feedback), the link provided 

by mirror neurons enables the possibility that sensory feedback, specifically through the visual modality, 

can have immediate effects on the speech production of PWS (Kalinowski & Saltuklaroglu, 2003a).  

 The importance of mirror neurons in the ability to learn and replicate movements through 

observation, in conjunction with the existence of a complex mirror neuron system within Broca's area 

(Nishitani & Hari, 2002) provides sufficient reason to investigate the role of visual feedback in the 

production of speech.  Furthermore, evidence from the DIVA model suggesting PWS over-rely on sensory 
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feedback provides further reason to explore the role of visual feedback as a possible fluency-enhancing 

condition. In addition to evidence from theoretical models, evidence of the dynamic nature of sensory 

integration presents yet another reason visual feedback is implicated in the speech production process, 

directly or indirectly. 

1.4 Evidence of Cortical Sensory Integration 

 Historically, the effectiveness of some fluency-enhancing conditions has been attributed to 

problems in the auditory feedback system (Lincoln et al., 2006). Neuroimaging shows irregular activation 

of the auditory cortex among PWS, and neural activity that approaches NS under conditions of AAF 

(Brown et al., 2005). While audition is the most salient sense related to speech, research demonstrates that 

vision is additionally important to speech production and comprehension (Calvert et al., 1997). 

Traditionally, sensory processing has been viewed as a variety of unimodal cortical areas independently 

processing signals prior to relaying them to association areas, allowing for sensory integration between 

unimodal regions (Brosch, Selezneva, & Scheich, 2005). Current views suggest that it may be 

counterintuitive to address the senses in isolation (Foxe et al., 2000; Ghazanfar & Schroeder, 2006).  The 

past decade of evidence from neuroimaging studies suggest how truly integrated sensory processing is at 

the cortical level, and that integration begins as early as the level of the brainstem (Foxe et al., 2000). 

Additionally, research shows that a significant number of neurons within the auditory cortex respond to 

visual information, with or without an auditory signal (Sams et al., 1991; Calvert et al., 1997; Stein, 1998; 

Giard & Peronnet, 1999; Molholm et al., 2002; Barraclough, Xiao, Baker, Oram, & Perrett, 2005; Brosch et 

al., 2005). Therefore, the previous view of the cortex in which sensory modalities are independently 

processed prior to integration, should be discarded.  Instead, sensory processing is much more complexly 

integrated by the time it reaches the level of the cortex.  

 One particular study used neuroimaging to explore the effect of visual speech-associated gestures 

on speech production of fluent speakers (Skipper, Goldin, Nusbaum, & Small, 2007). The results indicated 

that the pars opercularis bilaterally integrates visual and acoustic information with motor plans necessary 

for speech production.  Further research into the processing of visual stimuli reveals that visual information 

consisting of facial movements, bodily movements, and hand actions occur in the superior temporal sulcus 
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(Barraclough et al., 2005).  Similarly, there is evidence that the auditory cortex is activated when watching 

silent lip-reading, but only when the lips are perceived to be producing speech (Calvert et al., 1997).  The 

wealth of information describing integrated sensory processing within the cortex suggests another possible 

means by which visual feedback may be an effective fluency enhancing condition. If the effectiveness of 

AAF is attributed solely to the addition of auditory stimuli, then research has shown the speech-related 

visual feedback activates the auditory cortex as well.  

 With new evidence as to the multimodal processing of the cortex, the importance of the mirror 

neuron networks in Broca’s area, and theories implicating the role of multimodal sensory feedback for 

fluency enhancement, it is logical to propose that visual feedback may be an effective fluency enhancing 

condition for PWS. Whether through stimulating the auditory cortex, or providing additional speech-related 

sensory feedback for the construction of motor-speech plans, sensory feedback through the visual modality 

remains an area worth exploration. A handful of studies exist exploring altered feedback through the visual 

modality as a potential fluency-enhancing condition.  

1.5 Review of Visual Feedback Studies 

 There has recently been an increase in research examining the use of visual feedback as a fluency-

enhancing condition, although it remains relatively small compared to the many studies examining the 

effect of auditory feedback on the speech of PWS. The results of these studies demonstrated that visual 

feedback can be as effective as frequently used types of AAF, such as DAF and FAF (Smolka & 

Adamczyk,, 1992; Kuniszyk-Jozkowiak, Smolka, & Adamczyk, 1996; Kalinowski et al., 2000; Snyder, 

Hough, Blanchet, Ivy, & Waddell, 2009; Guntupalli, Nanjundeswaran, Kalinwoski, & Dayalu, 2011). 

 In 2000, Kalinowski et al. were the first to perform a study using a form of visual feedback which 

they coined “visual choral speech” (VCS). Essentially, VCS mimics the effects of ACS but through the 

visual, rather than auditory, modality. The researchers proposed that visual speech-related stimuli in the 

absence of auditory stimuli, could also produce fluency-enhancing effects comparable to ACS. Participants 

included ten adults with moderate to severe stuttering all of whom participated in two conditions: a visual 

choral speech (VCS) condition, and a non-visual choral speech (NVCS) condition, which functioned as the 

control. Participants memorized 5-7 word phrases and the speech samples consisted of approximately 300 
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syllables per condition. During the VCS condition, a research assistant sat across from the participant.  

Once the participant memorized the phrase presented on a cue card, the participant recited the phrase aloud. 

As the participant spoke, the research assistant silently mouthed the words.  If the participant stuttered, the 

research assistant would silently mouth the stuttered syllable until the participant moved on.  During the 

VCS condition, participants were instructed to focus on the articulators of the assistant while speaking. 

During the NVCS condition, participants recited the phrases looking at the assistant, who remained 

motionless. Results indicated that stuttering frequency was reduced by approximately 80% in the VCS 

condition. An ANOVA for repeated measures was performed revealing statistical significance of the VCS 

condition (p=.0025).  

 More recently, Snyder et al. (2009) performed a study evaluating the effects of synchronous and 

asynchronous visual feedback on the speech of PWS.  The study consisted of eight PWS who participated 

in two feedback conditions and one control. Once again, participants memorized short phrases (similar to 

Kalinowski et al., 2000) that totaled approximately 300 syllables per condition, and then recited them 

aloud.  During the synchronous condition, participants viewed visual feedback via a mirror. Participants 

were told to focus their attention on their articulators while speaking into the mirror. Asynchronous visual 

feedback was produced by connecting a webcam to a laptop computer.  Limitations of the technology 

created a visual delay which researchers later quantified to be approximately 0.36 seconds. For the control 

condition, participants were instructed to look away from the researcher, and no feedback was given.  

Analysis of data revealed a statistically significant main effect of self-generated visual feedback relative to 

the control condition. However, no statistical difference was found between the synchronous and 

asynchronous visual feedback conditions. 

 While Snyder et al.'s study (2009) explored synchronicity of the visual signal, Guntupalli et al. 

(2011) conducted a study comparing static to dynamic signals.  Eight PWS recited memorized phrases 

while watching a visual signal that consisted of a person producing /u/, a  person repeating the syllables /a-

i-u/, and third and fourth conditions where these visual signals were combined with a 1khz pure tone. The 

goal of the study was to examine if dynamic (/a-i-u/) signals were more effective as a form of visual 

feedback than static visual signals (/u/). Also, the addition of an auditory signal which was not congruent to 



15 

 

the visual signals was aimed at exploring if the combination of two sensory modalities was more effective, 

and if it was necessary for the signals to be congruent. Results showed no significant differences between 

the auditory-only conditions and the control, and no differences between the visual-only conditions and the 

control. A significant reduction in stuttering frequency occurred in the visual plus auditory conditions. The 

findings of this study contradict other studies showing significant reductions in stuttering frequency during 

visual feedback conditions, although the previously cited studies used speech as visual stimuli, rather than 

vowels in isolation (Kalinwoski et al., 2000; Snyder et al., 2009). The discrepancies that exist between this 

study and others reveal the need for further research into the effectiveness of visual feedback, as well as 

what manipulations alter its effectiveness. 

 As previously mentioned, the success of AAF was originally attributed to its ability to slow 

speaking rates. A recent study explored this same idea with the use of visual feedback to examine if visual 

feedback given at various delays and speaking rates produced different effects (Hudock, 2012).  In this 

study, ten PWS memorized and recited short phrases during five conditions of visual feedback. Participants 

performed each condition under normal and fast speaking rates. In this study, visual feedback consisted of 

watching the lower half of one's face on a computer monitor while speaking.  Conditions included a no-

feedback control, simultaneous visual feedback, a 50 ms delay, a 200 ms delay, and a 400 ms delay. Results 

showed a significant main effect of visual feedback in reducing stuttering, with no effect of speaking rate. 

All delayed conditions were more effective than the simultaneous condition, with no significant difference 

between delay conditions.  

A review of previous studies examining visual feedback as a fluency enhancing condition has 

shown that visual feedback is generally as effective as AAF in reducing dysfluencies. Relatively few 

researchers have studied visual feedback, and existing studies utilized speaking situations that did not 

approximate naturalistic speech (e.g. recitation of memorized passages). While the previously cited studies 

provide evidence of visual feedback as a fluency-enhancer, it is still unknown what elements of the signal 

make it effective. Studies which examined whether or not synchronicity of the signal has an effect on 

fluency, ended in mixed results (Snyder et al., 2009; Hudock, 2012). The study produced by Guntupalli et 

al. (2011) did not find a significant effect of visual feedback when the visual stimuli consisted of isolated 



16 

 

vowels, possibly suggesting that the content of the visual signal is what makes it effective as a fluency-

enhancing condition. These discrepancies as to what elements of the visual signal make it effective as a 

fluency-enhancing condition need further exploration in order to understand how such feedback can be 

used. In order to begin to answer these questions, two types of signal manipulation will be addressed: 

synchronicity and linguistic congruence of the signal to the speaker.   

1.6 Effect of Synchronicity of the Signal on Stuttering Frequency 

 In The Nature of Stuttering, Van Riper (1982) explores the idea that stuttering is primarily a 

disorder of timing.  He describes stuttering as a "disruption of simultaneous and successive programming of 

muscular movements required to produce a speech sound or its link to the next word" (Van Riper, 1982).  

There is support for this definition, both from neuroimaging data, and in current theories of stuttering, 

including the EXPLAN model.  According to the Neuropsycholinguistic Theory of stuttering (Perkins, 

Kent, & Curlee, 1991), linguistic and paralinguistic systems are separate, and must merge prior to speaking.  

If merging does not happen in synchrony, dysfluencies result (Perkins et al., 1991). Van Riper expresses his 

skepticism, however, in the lack of accounting for sensory feedback in this hypothesis. The commonality 

among all these theories is that an external source relating to the speech signal, whether it is timing-related, 

or sensory-related, provides information needed to execute a motor-speech plan. 

 MacKay and MacDonald (1984) also proposed that stuttering is a disorder of sequencing and 

timing.  Their theory combined speech at the phonemic level and timing mechanisms needed for speech 

production.  In this theory, phonemes are primed, and the phoneme with the greatest amount of priming 

will be selected for speech.  An internal timing mechanism triggers activation of a phoneme.  MacKay & 

MacDonald (1984) propose that among PWS, phonemic priming occurs too slowly and becomes out of 

synch with the timing mechanism.  Thus, the original phoneme remains the highest primed phoneme, 

causing it to be repeated until another phoneme receives the most priming. Proponents of the EXPLAN 

model theorize that the effectiveness of AAF lies in its ability to provide an external timing mechanism to 

compensate for faulty internal timing. As theorized in the EXPLAN model, motor and language planning 

occur in parallel and a timing source cues the execution of the combined motor-speech plan.  
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 Evidence for these theories has arisen via neuroimaging data which reveals a lack of coordination 

between regions needed for speech execution among PWS. Braun et al. (1997) found no differences in the 

areas activated during speech between NS and PWS, but rather, the coordination of the activation differed. 

NS showed activation earlier in the left inferior region than in the central motor region, a sequence which 

was reversed among PWS.  PWS showed activation in the motor area prior to the articulation-planning 

center. Ingham (2001) concluded that research increasingly points to abnormality within the temporal lobe 

that may cause, or occur from, breakdown in sequencing within the premotor region.  A review by Alm 

(2004) explored these studies and proposed that the lack of coordination lies in the basal ganglia circuit. 

The basal ganglia are believed to provide timing cues to initiate the execution of subsequent motor-speech 

segments.  Alm (2004) writes that the ability of PWS to produce fluent speech under conditions of AAF 

shows that a general motor-speech instability does not exist, but instead dysfluencies arise from problems 

in timing.  Alm (2004) also proposes that faulty basal ganglia circuitry results in compensation by the 

cerebellum (Giraud et al., 2008). Others have implicated the cerebellum in the etiology of stuttering, rather 

than in compensatory strategies. Several researchers have proposed that faulty cerebellar activity results in 

miscued timing for motor-speech execution (Fox et al., 1996; Fox et al., 2000; De Nil, Kroll, Lafaille, & 

Houle, 2003). De Nil et al. (2003) propose that overactivity in the cerebellum of PWS is indicative of a lack 

of automatization of speaking normally found in NS (De Nil et al., 2003).  One study used fMRI to 

compare treatment effects of a fluency-shaping program between PWS and NS (Neumann et al., 2003). 

Results showed some normalization in activity among PWS two years after therapy, but deactivations in 

left frontal regions remained consistent, suggesting that dysfunction originates in these areas (Neumann et 

al., 2003). The authors suggest that therapy provides synchronization between regions needed for speech 

monitoring and production.  

 Many studies exploring the effectiveness of AAF have also explored the effect of a synchronous 

signal versus an asynchronous signal. One of the most frequently used forms of feedback is DAF.  

Research shows some people experience increased stuttering reductions with a delayed signal, while others 

do not. There is a high degree of variability among PWS regarding which types of AAF are effective. The 

study by Guntupalli et al. (2011) comparing dynamic and static visual gestures proposed that synchronicity 
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of the signals was necessary for feedback to induce fluent speech.  While some argue the importance of 

synchronization, others point to flexibility (Kalinowski et al., 2003a). A 2008 study by Watkins et al. 

examined neural structure and function among PWS and NS under normal conditions and conditions of 

DAF or FAF while reading. In both groups, DAF caused increased activity in the right inferior frontal 

cortex, and also increased dysfluencies, relative to FAF, suggesting different effects with a delayed signal. 

 Theoretically, if stuttering is primarily a disorder of timing, and altered feedback is successful by 

means of providing an external timing mechanism, it would be assumed that the timing of the secondary 

signal would have an effect on the ability for PWS to self-repair.  As reported, timing has been explored in 

numerous studies of AAF, as well as several studies using visual feedback. It is still unclear if 

synchronicity of the signal has an overt effect on stuttering reduction when using visual feedback, or if 

some other aspect of the signal induces fluency.  Furthermore, studies examining visual feedback have 

strictly involved participants memorizing short (approx. 10 syllables long) phrases and then reciting them 

while viewing feedback.  The process of memorization and recitation has obvious disadvantages including 

practice effects and additional usage of attention and memory systems.  Rhythmically, conversational 

speech has much different patterns of timing.  In order to explore the role of timing and to ensure better 

external validity, this study includes a synchronous visual feedback condition and a delayed visual 

feedback condition.   

1.7  Effect of Linguistic Congruence of the Stimuli on Stuttering Frequency 

 Researchers who attribute the effectiveness of AAF to sensory feedback mechanisms propose that 

the more closely the signal relates to speech, the more effectively it will inhibit dysfluencies (Dayalu et al., 

2011; Hudock, 2012).  Through this viewpoint, conditions of altered feedback are often referred to as 

"second speech signals" in order to emphasize the signal's relatedness to speech. When reviewing the 

literature, the most effective form of AAF is auditory choral speech (ACS) in which multiple speakers 

speak in unison and one of the least effective forms of AAF is generally masked auditory feedback (MAF) 

in which the speaker's voice is masked (Lincoln et al., 2006). 

 The concept of the second speech signal is more broadly described by the Gestural Theory of 

Stuttering Inhibition.  The gestural theory holds that because PWS are biased towards afferent feedback 
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dependence, any additional sensorimotor signal containing information pertinent to speech will enhance 

fluency.  In this case, any type of speech-related sensorimotor information is termed a "gesture".  

According to this theory, effective feedback is not restricted to one sensory modality.  Instead any 

condition that increases gestural information regarding the speech signal will enhance fluency (Guntupalli, 

Kalinowski, Saltuklaroglu, & Nanjundeswaran, 2005). The greater the amount of information the gesture 

contains, and the greater the amount of gestures, the more likely that fluency will be enhanced.  

 Ideas put forth by the Gestural Model of Stuttering Inhibition are closely linked to new evidence 

regarding the role of mirror neuron systems in speech production (Liberman & Whalen, 2000; Hudock, 

2012). Hudock (2012) proposes that increased gestural information may activate mirror neuron networks 

allowing blocks in production to be released. Like the feedback/feedforward models of DIVA, The 

Gestural Model proposes that gestures are initially used to develop new motor-speech plans, and then 

stored for future use.  Mirror neurons link perception and production, and allow the viewer to perceive 

gestures, and then dissect them into components that can be reassembled into motor plans (Kalinowski, 

2003b). According to the Revised Motor Theory of Speech Perception, speech perception and production 

function from a repertoire of gestures representing dynamic trajectories of the vocal tract, and therefore no 

cue from a particular sensory modality is more effective than another (Liberman & Mattingly, 1985).  

According to this theory, visual feedback is a valid mode for transfer of gestural information, and 

furthermore, the more speech-related information contained in the gesture, the more effective the feedback.  

In order to test this hypothesis, a condition was added to this study in which participants view non-speech 

related visual feedback in order to assess if relatedness to the speech signal influences the effectiveness of 

visual feedback on stuttering inhibition. 

 Based on the presented information, an exploration into the possibility of visual feedback as a 

fluency-enhancing condition may provide new insight into the mechanism of stuttering, and may also 

provide implications for clinical use. By investigating the effectiveness of visual feedback through the use 

of more naturalistic speech samples, we can ascertain whether or not visual feedback can be a clinical tool. 

This study aims to explore visual feedback as a fluency enhancing condition by having participants engage 

in spontaneous speech with researchers while viewing three types of feedback consisting of a visual choral 
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speech condition, a delayed visual choral speech condition, and a condition with non-linguistic visual 

stimuli. These three feedback conditions, with the addition of a control, will help provide an understanding 

of the effectiveness of visual feedback as a fluency enhancing condition during naturalistic speech, and 

whether or not synchronicity to the signal and linguistic congruence to the signal play a role in its 

effectiveness. 
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2. METHODS 

2.1 Participants 

 Participants included ten adult men with ages ranging from 23-62 (average age = 45 years old) 

diagnosed with developmental stuttering by a certified speech-language pathologist. The participants had 

no concurring conditions and were fluent English speakers. Participants were recruited by emails sent out 

to local National Stuttering Association support groups. No reimbursement or monetary incentive were 

given for participation in this study. Participants were recruited following guidelines set by the FAU IRB.  

All participants signed approved consent forms. 

2.2 Materials 

 Visual feedback was created using video delay software downloaded from the internet (Poff, 

2011). The software produced a live video delay and allowed the amount of delay to be controlled by the 

user. The software is compatible with Mac operating systems and was downloaded to a Mac computer, 

version 10.5.8.  For recording purposes, a high definition Mac-compatible webcam was attached to the top 

of a free-standing tripod.  The webcam was connected via USB to the Mac computer.  The webcam/tripod 

was placed in front of participants, who were told to speak into the camera as if it were a microphone 

(approx. 5 inches away). The researcher assisted participants in positioning themselves so that the lower 

half of the face was visible during conditions.  

 The images recorded by the webcam and produced on the Mac computer were transmitted to a 

separate larger computer monitor, allowing participants better concentration on the visual feedback.  This 

was accomplished via a DVI (Digital Video Interface) to VGA (Video Graphics Array) converter, which 

then allowed for a VGA to VGA connection to be made between the laptop and computer monitor. 

Participants viewed visual feedback from the computer monitor.  Before each condition of visual feedback, 

participants viewed video clips to serve as speech sample topics. Video clips were obtained via Netflix and 

were presented on an iPad. A separate video camera was also used to videotape speech samples for data 

collection (see Figure 1).
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Figure 1. Diagram of Procedural Setup of Materials 

 

2.3 Procedures 

 Prior to beginning the study, participants were given consent forms approved by the FAU IRB and 

a brief demographic sheet to complete. Demographic information obtained included participants’ ages, 

description of stuttering severity, previous history with speech therapy, and previous experience with 

fluency enhancing conditions. Upon completion of paperwork, participants completed a vision screening 

using a standard eye chart, which was hung on a wall at eye level. Participants stood twenty feet away from 

the eye chart and were asked to read line 6 (corresponding to 20/20 vision). Participants were allowed to 

wear glasses or contact lenses if needed. 

 Once screening was passed and demographic forms completed, the researcher read scripted 

instructions to participants and asked if there were any questions.  It was emphasized to all participants that 

they must focus their attention on the articulators seen in the visual feedback during all parts of the speech 

sample, and if it was noted that their vision strayed, they would be reminded to focus on the visual 
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feedback.  It was also emphasized that any learned strategies to enhance fluency be avoided during the 

study. 

 Before each of the four conditions, participants watched a short video clip (between 3-5 minutes 

long) in order to provide a controlled conversational topic for each condition.  The same four video clips 

were used with each participant and they were randomized to different conditions. After watching the video 

(which was displayed using an iPad in front of the participant), participants were then asked a standardized 

series of questions about the video they saw by the researcher who sat behind the participants, out of view.  

While answering the questions, participants concentrated on the visual feedback being displayed on the 

computer monitor in front of them.  Black cardboard paper was posted on the wall behind the computer 

screen in order to avoid distractions from the visual feedback.  The participants were audio-recorded and 

video-recorded during each condition for data collection purposes.  

 The four conditions were as follows: visual choral speech, delayed visual choral speech, non-

linguistic visual feedback, and a control condition.  The order of the conditions was randomized for each 

participant.  In the visual choral speech condition, the frame delay was set to zero, so that participants 

viewed a mirror-like image of themselves on the computer monitor. During the delayed visual choral 

speech condition, the visual delay was set at 6 frames, creating approximately a 65ms delay.  This amount 

of delay was chosen because it is comparable to delays used in previous studies (Snyder et al., 2009) and it 

was the shortest delay perceptible to the viewer. During the non-linguistic visual feedback condition, a pre-

recorded 5 minute video of a male producing non-linguistic facial movements was shown to participants. 

This video was recorded in the same room in which the study was held, and showed the same portion of the 

face that participants saw in the other conditions in order to maintain the maximum amount of continuity 

between conditions. During the control condition, a black piece of paper was placed over the computer 

monitor (in order to avoid viewable reflection) and the participant continued to face it while speaking and 

did not face the researcher. For each of the four conditions, a speech sample was taken that was 

approximately 300 syllables in length, or the maximum amount of syllables obtained within 5 minutes.  

The audio and video recordings were used to determine the percent of syllables stuttered in each condition.  
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2.4 Data Analysis 

 Video and audio data were analyzed to calculate the percent of syllables stuttered for each speech 

sample.  Stuttered syllables were operationally defined as prolongations, hesitations, and part-word 

repetitions. Multiple repetitions of a single syllable were defined as a single stutter. Data were analyzed by 

the primary researcher.  Conditions were randomized by an independent third party so that the primary 

researcher was blind to the condition being analyzed. A master list was created naming the condition types, 

which was referenced upon completion of data collection. To ensure reliability, 20% of the speech samples 

were independently analyzed by the thesis advisor, a certified Speech Language Pathologist and fluency 

specialist, who was also blind to the conditions. Upon analysis, inter-rater agreement was established with 

Cohen’s Kappa equaling 0.586. An ANOVA for repeated measures was performed using SPSS version 20 

to analyze the data. A significance level of p<.05 was used. 
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3.  RESULTS 

 Upon analysis of the data (see Table 1), it was noted that the delayed visual choral speech 

condition had the lowest mean percentage of syllables stuttered relative to the other conditions (see Figure 

1). The visual choral speech and non-linguistic stimuli conditions resulted in roughly equivalent means of 

percent of syllables stuttered, with the greatest mean being for the control condition. No significant main 

effect of visual feedback was found on stuttering frequency (p=0.50, F=0.870). Additionally, the other 

variables assessed (i.e. synchronicity and linguistic congruence) had no significant effect on stuttering 

frequency. Mauschly's test of sphericity resulted in a W value of .152 indicating the assumption of 

sphericity was met. Of the ten participants, results varied but showed a pattern of stuttering reduction 

among participants, although the reductions were not statistically significant (see Figure 2) . The greatest 

reduction in stuttering seen across participants was a 21% reduction in stuttering frequency that occurred 

during the delayed visual choral speech condition of Participant 7. Across the four conditions, five 

participants demonstrated the greatest stuttering reduction during the delayed condition, three participants 

had the greatest stuttering reduction during the VCS condition, and one had the greatest stuttering reduction 

during the non-linguistic stimuli condition. Five participants showed an increase in stuttering frequency 

during at least one condition relative to the control condition.  

 Qualitative information was taken using a demographic questionnaire prior to the study, as well as 

a reactionary questionnaire given after the study. Notable observations included distraction during the non-

linguistic stimuli condition, increased self-awareness, and interest in a device (see Figure 3).  
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Table 1. Participants’ Stuttering Frequencies Per Condition 

 

Participants' Stuttering Frequencies Per Condition 

 Control VCS DVCS NLS 

Participant 1 42 40 38 37 

Participant 2 11 9 8 10 

Participant 3 3 4 2 4 

Participant 4 11 8 16 11 

Participant 5 8 9 8 10 

Participant 6 18 16 10 13 

Participant 7 34 17 13 24 

Participant 8 4 5 3 3 

Participant 9 30 35 33 31 

Participant 10 11 8 6 9 

 

 

 

*VCS=Visual Choral Speech, DVCS=Delayed Visual Choral Speech 

NLS=Non-Linguistic Stimuli 
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Figure 2. Average Percent of Syllables Stuttered Per Condition 
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Figure 3. Percent of Syllables Stuttered Per Condition 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Participants’ Reactions To Feedback 

 
 

*Value is the number of participants who reported the reaction, not percentage. 
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4.  DISCUSSION 

 There are many factors that may have contributed to the lack of any significant effect observed in 

this study compared to the effectiveness of visual feedback observed in other studies. Firstly, demographics 

such as age, stuttering severity, and previous exposure to therapy were not strictly controlled due to 

difficulty in recruiting participants, although these factors were also not controlled in comparable studies 

performed (Kalinowski et al., 2000; Snyder et al., 2009). 

 One of the most significant differences in this study's methods relative to previous studies was the 

use of speech samples which closely approximated conversational speech rather than the use of recitation. 

While the use of conversational speech forfeits the ability to closely control the phonemic value of the 

speech samples, it also better approximates real-world use. If visual feedback is to be accommodated as a 

therapeutic tool, it needs to be functional under real-world speaking situations. Observationally, some 

participants showed reductions in stuttering, but the reductions averaged a small percentage, meaning the 

benefits may not be perceivable to the listener, or offer great enough benefit to be effective tools. Future 

studies investigating visual feedback should compare conditions wherein participants recite memorized 

phrases relative to conditions using spontaneous conversation.  Such studies could help in answering if 

visual feedback is an effective fluency-enhancer, and for those whom it is effective, if the effectiveness is 

maintained across various speaking conditions.  For example, if visual feedback is found to be effective for 

certain participants when reciting phrases, but not when engaging in conversational speech, it is possible 

that another factor (such as working memory) is contributing to the feedback's effectiveness.  

 Such discrepancies in the effectiveness of AAF have been seen in previous studies due to varying 

speaking tasks. In1998, Armson and Stuart produced a study testing FAF during reading tasks and during 

monologue speech compared to a control condition. A significant reduction of stuttering was found during 

reading tasks, but not during monologue speech. Furthermore, studies examining the effectiveness of AAF  
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devices in real-world situations often only choose participants who respond to the device to be included in 

the study (Armson & Kiefte, 2008; O’Donnell, Armson & Kiefte, 2008).

 Additionally, participants are often coached as to how to speak with the device before its effectiveness is 

tested. While these studies show AAF devices to be effective, the results are only applicable to PWS who 

respond to AAF. Studies that do not selectively choose participants who respond to AAF have 

demonstrated that during monologue and conversational tasks, AAF is generally less effective (or not 

effective at all) relative to oral reading tasks.  This phenomenon may be applicable to visual feedback as 

well, but as this is the first study examining visual feedback during conversational speaking tasks, it 

remains to be seen whether or not visual feedback can be an effective fluency-enhancer during real-world 

speaking situations. 

It is possible that oral reading or recitation conditions are more taxing on attention and working 

memory systems, contributing to the difference in responses. The EXPLAN model proposes that linguistic 

processes may not provide output to motor processes with the efficiency needed.  A possible explanation is 

that problems arise in phonological encoding during retrieval from memory systems (Bajaj, 2007). Some 

researchers have posited that feedback may function as a distraction affecting working memory (Melnick et 

al., 2005; Bosshardt et al., 2005) rather than a means of sensorimotor integration. If the effectiveness of 

fluency enhancing conditions is a function of working memory systems, rather than sensory systems, it is 

possible that the memorization and recitation of passages is a greater burden on memory systems than 

spontaneous speech. 

 In this study, feedback was not customized for each participant.  In AAF studies that used 

naturalistic speaking situations, the amount of delay or frequency shift is often customized to produce the 

optimal reduction in stuttering for participants prior to testing its effectiveness.  Additionally, participants 

are often coached as to how to optimize the effects of the feedback. When used in studies, these adaptations 

make it difficult to determine whether or not sensory feedback is truly the cause of stuttering reduction.  

 Therefore, two possible explanations as to the previously reported effectiveness of altered visual 

feedback include a distraction affecting memory systems, or sensory stimulation affecting the speech 

signal. These explanations may account for previously reported reductions in stuttering frequency, but such 
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significant reductions were not found in this study. PWS vary greatly in a variety of ways, and the 

uniqueness of each individual as well as the small sample size of this study should be emphasized.  Such 

discrepancies in effectiveness have also been found in studies examining AAF. Some PWS experience 

significant stuttering reductions while using AAF, while others experience none at all. In this study, 

participants were not screened to only include those who experience reductions.  This may make the sample 

more realistic in terms of the percentage of PWS who are affected by the feedback. A significant 

disadvantage of this study is the small size of the sample, making it difficult to extend these results to the 

greater population of PWS. Previous visual feedback studies by Kalinowski et al. (2000) also utilized 10 

participants, but revealed very different results. In order to really determine whether or not visual feedback 

is comparable with auditory feedback, a much larger sample may be needed. 

 While non-statistically significant results were found, there are some slight trends in the data.  For 

example, most of the participants were least fluent in the control conditions.  Furthermore, participants 

were most often fluent during the visual choral speech and delayed visual choral speech conditions.  Of the 

visual feedback conditions, the non-linguistic visual stimuli produced the least reductions in stuttering. If 

this sample is representative of the larger population of PWS, another consideration is whether or not these 

reductions in stuttering are beneficial enough to further utilize visual feedback in daily living.  While trends 

in the data reveal stuttering reductions during the visual feedback conditions, these reductions may not be 

perceptible to the average listener. Multiple participants reported on a post-study questionnaire that use of 

VCS increased their self-awareness regarding speaking and stuttering behaviors.  In addition, multiple 

participants noted that they previously used mirrors in therapy and found it helpful.  One participant in 

particular cited a therapy program in which proprioceptive awareness training was used to facilitate control 

of stuttering moments.  While the effectiveness of such treatment methods is unknown, those participants 

reported positive reactions to the programs.  It may be possible that visual feedback could function 

clinically as a sort of awareness or proprioceptive training. Research into whether or not this is effective or 

useful to PWS is needed.  

 Another question unaddressed by this study is whether or not training speakers how to utilize the 

visual feedback would make it more effective, and if such training could be used as part of therapy to 
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reduce stuttering over time.  It is up to future researchers to decide if the variable results found regarding 

visual feedback merit further investigation into its use as part of treatment. There were other obstacles to 

visual feedback which were noted observationally during the conditions involving secondary behaviors.  

Common secondary behaviors observed by participants in this study included closing one’s eyes and 

averting one’s gaze during a stuttering event.  Most participants had to be reminded to focus on the visual 

feedback during conditions. Also, unlike recitation, it is common during conversational speech for the 

speaker to look around, or shift the eyes up or down while thinking about what to say.  All of these 

characteristics make the use of visual feedback more difficult during conversational speaking situations, 

and may mean that training to use the feedback is needed.  

 The theories addressed in this study, including EXPLAN, DIVA, and the Gestural Theory of 

Stuttering Inhibition, propose that developmental stuttering is either a fundamental problem in sensorimotor 

integration, or timing of linguistic or motor execution. This study utilized visual gestures containing both 

sensory and timing information, similar to other fluency-enhancing conditions, yet did not reveal 

significant stuttering reductions.  As was previously mentioned, the wealth of information documenting the 

effectiveness of AAF primarily uses conditions dissimilar to naturalistic speech. In order to account for the 

discrepancies observed between speaking conditions utilizing sensory feedback, the role of attention and 

working memory systems needs to be addressed in a comprehensive model of stuttering. Future studies 

exploring sensory feedback as a fluency-enhancing condition should focus on possible clinical applications, 

and whether or not it is truly is effective in reducing stuttering frequency during spontaneous speech. This 

study demonstrated that visual feedback does not necessarily induce an immediate reduction in stuttering, 

as shown in previous studies, and that conversational speech may alter the effectiveness of visual feedback 

as a fluency enhancing condition.  
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