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 It is well established that individuals with Parkinson’s disease (PD) have difficulty 

performing skilled movement when forced to rely on internal cues versus responses guided by 

external stimuli. This discrepancy has been attributed to the dysfunctional basal ganglia lacking 

an adequate, internally generated model causing persons with PD to become overly reliant on 

external cues to guide skilled movement. The extent to which speech production aligns with 

theories of internal versus external cuing is not well understood. The purpose of this study was 

to examine the effect of an internally versus externally cued speech task on the 

understandability and naturalness of speakers with PD and a clinical comparison group of 

speakers with cerebellar disease (CD) as perceived by 10 experienced speech-language 

pathologists. A direct comparison was made between sentences extracted from a covertly-

recorded conversational sample (internally cued) and the reading of those same sentences by 

the speakers (externally cued). The listeners rated the speech samples using a visual analog 

scale for the perceptual dimensions of understandability and naturalness. Results suggest that 

experienced listeners perceived the speech of participants with PD as more natural and more 

understandable during the reading condition. The cerebellar group also demonstrated a 

difference between speaking conditions, but only for understandability. Thus, the percept of 

naturalness appeared to be sensitive to capturing the differences between speakers with 

Parkinson’s disease and cerebellar disease. 
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Introduction  

 It is well established that individuals with Parkinson’s disease (PD) have difficulty 

performing skilled movement when forced to rely on internal cues versus responses guided by 

external stimuli (Gowen & Miall, 2007; Ketcham et al., 2003; Sawamoto et al., 2002; Morris, 

2000; Van Donkelaar et al., 2000).  Most attribute this difficulty to dopaminergic deficits 

affecting the basal ganglia and fronto-striatal networks, areas involved in the preparation of 

internally generated movements (Briad et al, 1999; Cunnington et al., 1995; Lewis et al., 2007; 

Morris et al., 2000; Schenk et al., 2003). As a result, individuals with PD become overly reliant 

on external cues (i.e., visual, auditory) to guide skilled movement (Romero et al., 2003). 

Converging evidence suggests marked improvement in performance with external cues for 

behaviors such as gait (Luessi, Mueller, Breimhorst, & Vogt, 2012; Mak, Yu, & Hui-Chan, 2013), 

writing (Oliverira et al., 1997; Teulings et al, 1997), and driving (Scally et al., 2011; Stolwyk et al., 

2005).  While the effect of internal versus external cues on speech intelligibility has been 

investigated for a small number of speakers, findings have been inconsistent. Some 

investigators report that individuals with PD speak more intelligibly during speech tasks that 

provide an external model (e.g., reading, repeating) compared to spontaneous speech tasks 

(Kempler & Van Lancker, 2002; Sidtis et al., 2012). However, others suggest that intelligibility is 

negligibly changed with an external auditory or visual cue, and thus similar in monologue and 

reading conditions (Bunton and Keintz, 2008; Tjaden and Wilding, 2011). These discrepancies 

are likely due to differences in methodology and analyses making it difficult to draw conclusions 

about the presence and nature of task-based speech differences.  
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 While intelligibility is often affected in speakers with PD, it is perhaps not the most 

salient indicator of impaired communication in this population.  It is not unusual for speakers 

with PD to have relatively preserved intelligibility, but disrupted prosody (Duffy, 2013).  Yet, to 

date, studies of speaking task differences in PD have focused exclusively on speech intelligibility 

to the neglect of speech naturalness. Speech naturalness relates to a speaker’s prosody which 

encompasses speech rate, rhythm, intonation, stress patterns and loudness (Yorkston et al., 

1999)– features that are often dramatically and pervasively affected in speakers with dysarthria 

from PD. Thus, relying solely on intelligibility may not provide the most sensitive or complete 

indicator of task-based speech changes.  

The purpose of this proposal is to examine the effect of an internally versus externally 

cued speech task on understandability and naturalness in speakers with hypokinetic dysarthria 

from PD. Specifically, this study will explore differences in perceived understandability and 

naturalness across two tasks, reading and a conversational speech sample recorded covertly, 

while content is held constant across the two elicitation conditions. It is predicted that 

understandability and naturalness will be perceived more favorably in a speech elicitation 

condition that provides an external model (i.e., reading) versus one that relies on an internal 

model (i.e.,  covert-conversation).  If there are indeed pronounced differences in performance 

between speech elicitation tasks for individuals with PD, then a better understanding of this 

phenomenon should inform both theory and clinical practice.   

To establish motivation for this study, a summary will first be provided of clinically-

focused research on internal versus external cueing in limb movements of individuals with PD. 

Next, theories will be reviewed that address the discrepancy in performance between internally 
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and externally cued tasks. Then, a summary of the literature detailing the influence of external 

and internal cueing on speech intelligibility will be provided. A brief background also will be 

given on the importance of including naturalness as an outcome measure, and including a 

clinical comparison group (i.e., speakers with ataxic dysarthria).   

Internal vs. External Cueing: Limb Motor Control 

 External cues have been shown effective in triggering sequential movements and 

improving movement characteristics in individuals with PD (Burleigh-Jacobs et al., 1997; 

Freeman et al., 1993; Lehman et al., 2005; Majsak et al., 1998; Mak et al. 2004; McIntosh et al., 

1995; Morris et al., 1996; Thaut et al., 1996). Considerable research has demonstrated 

improvements in gait, upper extremity movements, and complex behaviors such as driving 

when visual and/or auditory cues are provided (Bagley et al, 1991; Bryant et al., 2010; 

Enzensberger & Fischer, 1996; Forssberg et al, 1984; Freedland et al., 2002; Howe et al, 2003; 

Jahanshahi et al., 1995; Lehman et al., 2005; Lim et al., 2005; Lings & Dupont, 1992; Madeley et 

al., 1990; McCoy et al, 2002; Nieuwboer et al., 2009; Norwak et al., 2005; Oliverira et al., 1997; 

Ringebach et al., 2011; Scally et al., 2005, 2011; Swinnen et al., 2002; Teulings et al., 2002; 

Zesiewics et al., 2002).   

Effect of external cues on gait 

 Visual cues have been shown by numerous studies to be a powerful means of improving 

gait in PD (Rubinstein et al., 2002). These external cues include strategies such as markings on 

the floor and laser projections. Floor markings are typically placed perpendicular to the gait 

path, spaced about one step length apart, and can be used to improve spatial and temporal 

parameters of walking.  In a series of experiments, Morris and colleagues (1996) examined the 
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use of visual floor markings in 16 participants with mild-to-severe PD and 16 age-matched 

controls. Participants were asked to walk 12 meters while a computerized clinical stride 

analyzer measured temporal and spatial parameters of footstep patterns. The study revealed 

that visual cue training was effective for enhancing stride length regulation. This training effect 

transferred to walking without visual cues and led to normalization of stride length, velocity, 

cadence, and double support duration for at least two hours post training. These findings were 

consistent with earlier studies (Bagley et al, 1991; Forssberg et al, 1984; Morris et al., 1994) 

which reported immediate performance effects with floor markers.  Although many studies 

support the utilization of floor markings, some investigators have reported negative findings in 

visual cue use for gait. For instance, Azulay et al. (1996) found no sizeable changes in stride 

length and velocity with visual cues (transverse white stripes placed on the floor) in 13 

individuals with PD. Even so, the vast majority of research supports the use on floor markings to 

improve gait in persons with PD. 

 Lasers have also been used as another type of visual cue that results in improved 

walking performance in individuals with PD. Placement of the laser requires the use of a Subject 

Mounted Light Device that allows for laser attachment to the participant’s chest via a specially 

designed vest. The device projects two laser lines onto the floor in front of the participant. The 

participant is then instructed to “step up to the line as you walk along the runway.”  Using this 

device, Lewis et al. (2000) examined stride length and gait velocity in 14 participants with PD 

(Hoehn & Yahr Stages 1-4, M = 2.8) and 14 age-matched controls. Participants were asked to 

walk up and down a 10m runway 10 times. Three-dimensional kinematic and kinetic gait 

analyses were conducted using motion analysis equipment and a full body marker set. Results 



5 

 

demonstrated that the use of laser generated lines were able to improve spatiotemporal gait 

patterns. Given these outcomes, the authors speculated that improvements in gait pattern with 

the use of visual cues may arise through the patients' ability to utilize visual feedback to 

regulate movement amplitude, reducing their reliance on kinesthetic feedback. Comparable 

finds, along with a reduction in freezing of gait, was demonstrated in six individuals with PD 

(Van Gerpen et al., 2012).  

 Auditory cues are another form of external cueing shown to enhance gait (Cubo et al, 

2004; Eni, G., 1988; Enzensberger & Fischer, 1996; Freedland et al., 2002; Freeman et al., 1993; 

Howe et al, 2003; Jahanshahi et al., 1995; Lehman et al., 2005; Lim et al., 2005; McCoy et al, 

2002; Thaut et al., 1996). Auditory cues can be verbal instructions (e.g., “take big steps”) or 

rhythmic auditory stimulation which includes use of a metronome or a steady beat from a 

musical listening device. Lehman et al. (2005) examined the use of verbal instructional cues to 

improve gait in five participants with PD (Hoehn & Yahr Stage 2-2.5). Participants were asked to 

walk 1800 feet while being instructed to "take long steps". Results revealed a significant 

increase in step length and velocity with a significant decrease in cadence. Similar 

improvements to step length and velocity with the use of verbal instructions have also been 

shown by Behrman et al. (1998) and McCoy et al. (2002). 

 A study by Freedland and colleagues (2002) serves as an example of the benefit of 

rhythmic auditory stimulation on gait.  In their investigation, metronome cueing was 

implemented to examine the gait of 16 individuals with PD. Participants were asked to walk 

along a 4.6 meter walkway with sensors that allowed for recording of gait parameters. Results 

revealed significant improvements in cadence, cycle time, double support, step length, mean 
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normalized velocity, and step-extremity ratio. Similar benefits of rhythmic auditory stimulation 

have been reported in a number of studies (Enzensberger & Fischer, 1996; Freeman et al., 

1993; Ito et al., 2000; Jahanshahi et al., 1995; McIntosh et al., 1995; Rochester et al., 2005; Taut 

et al., 1996; Thaut et al., 1996). Although rhythmic auditory stimulation is advocated as a 

walking aid in several studies, auditory metronome pacing slowed walking and was not a 

beneficial intervention for freezing in a study by Cubo et al. (2004). Further, Lim et al. (2005) in 

a systematic review of rhythmic auditory stimulation cautions that although strong evidence 

favors auditory rhythmic cuing in the treatment of gait, the impact of reported effects 

measured in a laboratory setting are difficult to generalize to home and other everyday 

environments. As such, additional research regarding the generalization of these external cues 

is warranted. 

Effect of external cues on upper extremity movement 

External cues have also been shown to be effective in improving characteristics of upper 

extremity movements (Bryant et al., 2010; Freeman et al., 1993; Majsak et al., 1998; Nieuwboer 

et al., 2009; Norwak et al., 2005; Oliverira et al., 2009; Ringebach et al., 2011; Scally et al., 2011; 

Swinnen et al., 2002). Similar to gait, visual cues can enhance arm reaching movements and 

writing as well. For example, Majsak et al. (1998) used a moving ball to examine accuracy and 

velocity of reaching movements in six individuals with PD (Hoehn & Yahr Stage 3) and six age-

matched controls.  Using two-dimensional kinematic analysis, the researchers demonstrated 

that individuals with PD, in the presence of a visuotemporal stimulus, were able to generate 

reaching velocities that exceeded their self-regulated maximal speed and that matched the 

speed of healthy subjects. Furthermore, participants with PD increased their reaching speed 
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without a notable compromise in movement accuracy. The authors suggested that the moving 

target provided individuals with PD a means of organizing the timing and speed of their 

movements, compensating for their loss of internal cueing mechanisms. Increased reach 

velocity and decreased movement time using a visual cue has also been demonstrated in other 

studies of arm movements in PD (Curra et al., 1997; Georgiou et al., 1993; Kelly et al., 2002).  

 Like other motor skills, writing becomes increasingly difficult for individuals with PD. 

Over time, writing becomes abnormally small and difficult to read, a condition referred to as 

micrographia. Research examining the use of visual cues, such as dots, parallel lines, and grids, 

has demonstrated improvements in writing amplitude, velocity, and consistency of spatial 

trajectories.  For instance, Bryant et al. (2010) examined the use of parallel and grid lines to 

improve letter size in 11 participants with mild-to-moderate PD compared to free writing. 

Similar to previous studies (Oliverira et al., 1997; Teulings et al., 2002), the provision of visual 

cues helped to specify the desired amplitude of movement, improving overall letter size and 

accuracy. Moreover, Nieuwboer et al. (2009) reported that in addition to improvements in 

movement amplitude, visual cues also decreased the number of upper limb freezing episodes 

during writing in 20 participants with PD (Hoehn & Yahr Stages 2-4). 

 In addition to visual cues, upper extremity movements have also been shown to benefit 

from the use of auditory cueing. In 2002, Swinnen and colleagues compared improvement 

following practice of a bimanual figure drawing in 13 individuals with mild-to-severe PD and 

healthy age-matched controls. At initiation of practice, the typical symptoms associated with 

PD became evident, such as bradykinesia and hypometria. Following two practice sessions, 

during which a metronome was used to pace performance, participants with PD showed 
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marked improvements in the speed of execution, the consistency of spatial trajectories, and 

synchronization of limbs, though performance levels did not quite reach those obtained by the 

elderly controls. In a later experiment, Ringebach and colleagues (2011) investigated the 

performance of unimanual and bimanual upper limb line drawing using auditory (verbal and 

tonal) and visual cues in 15 participants with PD (UPDRS range 9-45), 15 elderly individuals, and 

15 young adults. Comparisons between the groups indicated that participants with PD actually 

showed greater relative improvements in bimanual motor performance following external 

movement cues. The authors point out that improved upper extremity function, especially in 

tasks requiring a timing component, suggests cue-based interventions may be useful in 

improving upper extremity motor function in people with PD. Even though the benefit of 

auditory and visual cues to upper extremity movements has been well documented, 

investigations are needed examining the long term maintenance of improved function, 

including improvements noted in micrographia.  

Effect of external cues on driving 

The impact of impaired internal cueing mechanisms can also be seen in the driving 

performance of individuals with PD, an issue that can have critical implications for safety (Rizzo 

et al., 2010; Klimkeit et al., 2009). Findings from simulator studies have consistently 

demonstrated increased reaction times, greater inaccuracy of steering, a higher number of 

missed red lights, and increased collisions (Lings & Dupont, 1992; Madeley et al., 1990; Scally et 

al., 2005, 2011; Zesiewics et al., 2002). With progression of the disease, persons with PD 

become increasingly reliant on external cues to regulate driving behavior (Stolwyk et al., 2005).  

As such, Scally and colleagues (2011) investigated the impact of external cue validity on 
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simulated driving performance in 19 participants with mild-to-moderate PD and 19 healthy age-

matched controls. Braking points, and distance between deceleration point and braking point, 

were analyzed for red traffic signals preceded either by Valid Cues (road sign with flashing 

green or red light congruent with the upcoming traffic signal), Invalid Cues (flashing green or 

red light incongruent with the upcoming traffic signal), and No Cues (no flashing light). 

Participants with PD were found to brake significantly later than controls under Invalid and No-

Cue conditions, yet braked comparably to controls under Valid Cue conditions. This pattern of 

findings reinforces the benefits of valid external cues on motor performance in PD (Azulay et 

al., 2006; Baker et al., 2007, 2008; Cunnington et al., 1999; Ledger et al., 2008; Lim et al., 2005; 

Nieuwboer et al., 2007; Scally et al., 2005; Van Wegen et al., 2006).  

In summary, external cues have been shown effective in enhancing movement 

characteristics of gait, writing, and driving in individuals with PD. While limb movement studies 

are not a direct parallel to the speech tasks of interest, they do provide evidence that external 

cues improve performance of skilled movements. Like with limb movements, the basal ganglia 

are also involved with the selection, scaling, and guidance of speech movements. With these 

physiological commonalities between the two systems, examination of the similar 

manifestations of deficits and similar benefit of external cueing to speech movement is 

receiving growing attention in the speech literature.   

Theories of Internal vs. External Cueing Differences in PD 

Neuroanatomical Basis for Internal Cueing 

 The basal ganglia as a whole have been implicated in a wide variety of motor functions, 

including the planning, programming, initiation, and execution of movements (Abbruzzese & 
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Berardelli, 2003; DeLong, 2000; Houk & Wise, 1995; Martin et al., 1994). However, unlike most 

other components of the motor system, they do not have direct connections with the spinal 

cord. Rather, the basal ganglia receive afferent fibers from the cerebral cortex via the striatum 

and send efferent fibers exiting the basal ganglia through the globus pallidus and substantia 

nigra to the brain stem and thalamus and, via the thalamus, back to the frontal cortex (Turner, 

2010). The basal ganglia strongly influence motor control through four different functional 

circuits or “loops” that include the thalamus and the cortex (DeLong, 2000; Shumway-Cook & 

Woollacott, 2012, Turner, 2010). These circuitries comprise the skeleto-motor circuit (including 

the premotor cortex, supplementary motor cortex, primary motor cortex, putamen, globus 

pallidus, and ventrolateral thatlamus), the oculomotor circuit, the prefrontal circuits, and the 

limbic circuit (Alexander et al., 1995; Turner, 2010). Although each circuit contributes to 

movement, it is the skeleto-motor circuit that contributes to both the preparation and 

execution of skilled motor acts. 

Movement can be initiated in response to external stimuli and cues or through 

internally driven, self-initiated processes. Different areas of the brain are thought to be 

preferentially involved in each form of movement. The basal ganglia are thought to be more 

important for internally cued movements (Jueptner & Weiller, 1998; Mushiake & Strick, 1995; 

Van Donkelaar et al., 1999, 2000). The major output pathways of the BG originate in the globus 

pallidus and travel through the thalamus for relay back to the Supplementary Motor Area 

(SMA) and prefrontal motor areas (Duffy, 2013). The SMA also sends projections into the BG 

(Saint-Cyr et al., 1995), the putamen (Ferrandez et al., 2003), and subthalamic nucleus (Paradiso 

et al, 2003). These fibers transmit information that is important to movement initiation and the 
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inhibition of unwanted movements. Additionally, these connections allow for involvement of 

the SMA in the internal cueing process (Berardelli et al., 2001; Cunnington et al., 1996; Curra et 

al., 1997; Georgiou et al., 1994; Goldberg, 1985; Cueye et al., 1998; Inzelberg et al., 2001; 

Morris & Passingham, 1997; Robertson & Flowers, 1990). Evidence of SMA involvement in the 

internal cueing process can be inferred from movement-related potentials which are associated 

with the preparation and execution of voluntary or internally determined movements 

(Cunnington et al., 1995). Cunnington and colleagues (1995) investigated movement-related 

potentials associated with sequential movements under various cueing conditions in individuals 

with PD and age-matched controls. In controls, movement-related potentials revealed 

involvement of the SMA in movements which can be internally determined (non-cued and 

externally cued, predictable movements, but not unpredictable movements). In PD, however, 

the SMA was only involved in movements which must be internally determined (non-cued 

movements, but not externally cued movements). Therefore, impaired internal control 

mechanisms, operating via the SMA, are bypassed when external cues are given (Cunnington et 

al., 1995). As a result, patients with PD are more reliant on external cues and are unable to use 

predictive models to internally guide movement. Thus, with disrupted BG output impacting the 

SMA, individuals with PD have a difficult time switching to an internal mode of control to 

improve movement performance (Cunnington et al., 1995).  

 An example of defective internal cueing can be seen in the gait of individuals with PD. 

Morris and colleagues (1996) hypothesized that the BG are involved in providing phasic, 

internal cues to the SMA, which is responsible for activating and deactivating each sub-

movement within a movement sequence. When internal rhythmic cues are not supplied 
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properly due to basal ganglia/SMA disruption, movements lose their smoothness. As a result, 

internal walking rhythm may exhibit freezing and festination of movement, a primary gait 

deficiency in PD (Giladi et al., 1992; 2001). In speech motor control, the SMA plays a role in 

sequencing and self-initiation of planned speech acts (Bohland et al., 2009). As a result of basal 

ganglia/SMA impairment, the preparatory aspects of speech production such as speech motor 

planning, programming, and motor program maintenance for movement sequences may 

become disrupted (Ho et al., 1999; Iansek et al, 1995; Spencer, 2007).  

Internal Modeling of Speech Production and the Role of Cueing  

  The preparatory aspects of a motor act, its initiation, and execution are a dynamic 

process. Before preparation can begin, the motor cortex must first receive information from the 

periphery regarding the current situation and the body’s position within the environment. The 

basal ganglia are able to access and gather this incoming somatosensory, visual, and auditory 

information via numerous afferent and efferent connections discussed previously (Brooks, 

1986; Evarts & Wise, 1984; McGeer & McGeer, 1987; Nauta & Domesick, 1984). The BG then 

works closely with other brain regions, including the cerebellum, SMA, motor cortex, and the 

frontolimbic system, to plan and program movement sequences. These preparatory processes 

are guided by numerous internal triggers throughout the basal ganglia circuitry. Following 

preparation, movements are released through competition between the direct and indirect 

pathways, mediated by the basal ganglia (Graybiel, 2000; Turner, 2010). This battle allows for 

the “filtering” out of unwanted motor patterns, allowing for execution of desired motor 

programs through the motor system. During movement execution, the nervous system must 

constantly receive sensory information from the outside world and relay it to the basal ganglia. 
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The basal ganglia can make any adjustments needed, ensuring that the movements are fast, 

precise, smooth, and coordinated (Wichmann & DeLong, 1999). Following completion of the 

movement, the basal ganglia, along with the cerebellum, can evaluate the accuracy of the 

movement outcome to determine how well the motor goal was achieved and update any 

motor plans that were in error (Turner, 2010). Impairments to this preparatory process, such is 

the case in individuals with PD, reduces and/or delays the proficiency at which internal triggers 

are able to guide movement, explaining some of the movement dysfunctions seen in this 

population (Cunnington et al., 1995).  

 The basal ganglia’s involvement in the speaking process parallels many of the same 

processes seen for limb motor control. Yet here, speakers must plan the phonological content 

of their utterances before their release as speech motor acts (Bohland et al., 2009). Planning 

involves the translation of an abstract, internal linguistic-phonologic representation into a code 

that can be interpreted by the motor system (Duffy, 2013; Van Der Merwe, 1997). Once the 

phonologic representation of a verbal message is in place, a program to guide movements for 

speech execution can be organized and activated. A program supplies certain movement 

parameters to specific muscles or muscle groups regarding muscle tone, direction, force, range, 

and rate (Duffy, 2013; Van Der Merwe, 1997). The neural areas involved in motor programming 

of speech include the basal ganglia, cerebellum, SMA, motor cortex, and the frontolimbic 

system (Van Der Merwe, 1997). Similar to the limb motor system, the basal ganglia uses 

numerous afferent and efferent connections to gather somatosensory and auditory inputs that 

help guide the selection of muscle commands that will match predicted sensory consequences 

of speech acts (Lidsky et al., 1985; Bohland et al., 2009). Following speech execution, the 
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resulting somatosensory and auditory signals can be fed back into the system and compared to 

predictions, allowing for updating of the program error for subsequent trials (Bohland et al., 

2009).  When this internal mapping process is disrupted due to basal ganglia disease such as 

Parkinsonism, the selection and guiding of speech muscle movements become incomplete. 

Thus, hypokinetic speech gives the impression that the underlying speech movements are 

there, but have been attenuated in range or amplitude and restricted in their flexibility and 

speed (Duffy, 2013).  

The Role of Attention in Speech Intelligibility  

 Externally cued tasks, by their very nature, often heighten a person’s awareness and 

attention to the task itself.  As such, could differences between internally and externally cued 

tasks be driven simply by attention to task? External factors such as use of speech materials, 

physical setting, and/or motivation could increase speaker’s attention to their speech 

productions, enhancing performance (Goberman & Elmer, 2005; Hustad & Weismer, 2007; Kent 

et al., 1989). During a speech evaluation, clinicians implement various testing materials and 

tasks designed to elicit a speech sample from the patient. The sample is then used to ascertain 

the speech capabilities of the speaker. When using these materials, it is likely that the clinician 

has increased the speaker’s attention to the task of speech production and thus affected his or 

her behavior (Kent et al., 1989). Speakers can improve intelligibility of their speech through 

attention to effort or selective enhancement of particular aspects of the signal. As a result, 

speech production is clearer.  Similar performance effects for speakers with PD in clinical and 

laboratory settings have been reported (Keintz et al., 2007; Neelly, 1956; Sarno, 1968; Weismer, 

1984). In these studies, improvement in speech performance was thought to be due to the 
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presence of simple visual cues (e.g., facial expressions) that focus a speaker’s attention on the 

target behavior. Thus, it might be that increased attention alone is successful in normalizing 

many of the deficits of performance associated with PD, including speech. 

Internal vs. External Cueing: Speech 

 Although our understanding of the effects of internal versus external cueing stems 

primarily from the limb motor literature, evidence is emerging regarding speech production. 

For instance, Ho et al. (1999) examined the regulation of speech volume in hypophonic subjects 

with PD and age-gender matched controls. Control participants were able to adjust their 

speaking volume automatically when competing against increasing levels of background noise. 

When the background noise was decreased, the controls automatically decreased their 

speaking volume appropriately. The authors attributed this finding to the ability of healthy 

individuals to rely on internal cueing mechanisms that allows them to adjust their speaking 

volume in order to match the needs within the speaking environment. Individuals with PD, on 

the other hand, were less able to adjust their volume with changes in background noise. The 

authors suggested that the dysfunctional internal cueing mechanisms of the basal ganglia were 

not able to recognize and prepare the appropriate motor commands to increase or decrease 

volume as needed to compensate for changes in environment. When an external cue was 

provided instructing the hypophonic speakers to focus on their speaking volume, performance 

normalized to that of controls. Thus, by providing an external cue to compensate for faulty 

internal cueing triggers of the basal ganglia, participants with PD were able to speak with 

normal volume. 
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 The ability of individuals with PD to regulate their volume through the use external cues 

was investigated and developed into a successful treatment protocol referred to as the Lee 

Silverman Voice Treatment (LSVT) (Ramig et al., 1995). LSVT teaches hypophonic speakers to 

disregard their defective internal cues and instead “recalibrate” their volume using external 

cues to “think loud”. Following treatment, individuals are better able to regulate their speech 

volume comparable to healthy speakers (Ramig et al., 2001) and maintain this performance at 6 

months post (Fox et al., 2002; Ramig et al., 2001). These findings speak to the benefit of 

external cues to improve speech production in individuals with impaired basal ganglia function. 

 Apart from improvements in speech volume regulation, benefits of external, auditory 

cues have been shown in a pacing study to have an impact on speech intelligibility as well. 

Thaut et al. (2001) examined the effect of rhythmic auditory cues on speech intelligibility in PD. 

Participants with hypokinetic dysarthria provided speech samples under three different rate 

conditions (habitual speech rate, 80% of habitual rate, and 60% of habitual rate) across two 

different rhythm pacing conditions (metered versus patterned rhythm). Overall mean 

intelligibility rates improved significantly from 68.9% to 82.5%. When considering 

improvements in intelligibility relative to severity level of participants, speakers with severe 

impairment significantly improved from 44.2% to 85.1%, while speakers in the moderately 

affected group made a statistically insignificant improvement from 70.1% to 77.8%.  

Intelligibility rates also showed no improvement for the mildly impaired group, which was 

expected given their high baseline levels of intelligibility. These results suggested that rhythmic 

speech cueing significantly improves speech intelligibility in individuals with severe hypokinetic 

dysarthria from PD. The authors speculated that the rhythmic auditory cues acted as pace-
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keepers for the impaired internal model. This finding parallels the use of rhythmic auditory cues 

to improve festinating of gait in individuals with PD (Lim et al., 2005) discussed previously.   

 Studies have also investigated the effects of internal versus external cues via speech 

elicitation conditions on the connected speech of individuals with PD (see Table 2 for a 

summary).  In an early study by Canter and Van Lancker (1985), the researchers examined the 

speech of a 45 year old male who had become dysarthric following bilateral thalamic surgery 

for relief of PD symptoms, and that of a healthy control. The speech deficits of the speaker with 

PD were more apparent during connected speech, and characterized as rapid with mild-to-

moderately impaired articulation. To measure intelligibility, the participants were asked to read 

the "Rainbow Passage" and to describe their job to elicit a speech monologue.  From each of 

the two recorded productions, 20 phrases (4-7 words in length) were selected per task per 

participant. In each phrase, two individual words or short phrases were selected as "target" 

items, resulting in 40 key items per task, per group to be used for intelligibility scoring. A total 

of 58 college students were selected to listen to the recording and write down each item 

presented. 32 listeners heard items from the reading passage randomized between 

participants, while 26 of the listeners heard randomized items from the monologue task. The 

speaker’s intelligibility score was derived from the mean percentage of target items identified 

correctly of the total 40 items in each sample. Overall intelligibility for the control participant 

was 95% for oral reading and 97.5% for monologue. For the individual with PD, intelligibility 

scores were 31% for reading and 23% for monologue; his speech was notably less intelligible for 

the monologue production versus reading. Thus, here the provision of an external model 

(reading) seems to have improved speech production over that of monologue speech. Yet these 
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results should be considered with caution as they are based on only one individual with PD. 

Additionally, although the reading passage items were randomized, listeners of the passage 

may have benefited from repeat exposure to items. Thus, the possibility of a listener learning 

effect exists. 

 Variability of speech performance was later examined by Kempler et al. (2002) by 

evaluating intelligibility across five speech tasks, including monologue and reading. The speaker 

was diagnosed with PD 18 years prior and was stage 2 on the Hoehn and Yahr (1967) scale, with 

moderate hypokinetic dysarthria. Through a conversation about his early life, a spontaneous 

speech sample was obtained. One examiner remained in the room while the other completed a 

transcription of 30 utterances which were later presented back to the participant for reading, 

repeating, and singing stimuli. The utterances were heterogeneous in theme and free of 

repetitions and proper names. The listening task used a cloze format with 100 blanks for the 

target words. Sixty-four listeners participated and listened to tapes in a sound field via a 

speaker set at a "comfortable" loudness level. Results demonstrated significantly better 

intelligibility (78%) for the reading task versus the monologue task (29%). The authors 

attributed the low intelligibility of the monologue to the inability of the basal ganglia to provide 

an accurate internally generated model. The reading and repeating tasks putatively provided 

enough external support to reduce the demands on the basal ganglia for planning, initiating, 

and/or monitoring of speech gestures. Like Canter and Van Lancker (1985), this study also 

considered only one individual with PD which may not be representative of the population as a 

whole. Additionally, the listening task conditions were not consistent across listeners as they 

were allowed to adjust the volume as need to a “comfortable” level.  A case study of a severely 
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dysfluent man with parkinsonian syndrome found similar results (Van Lancker Sidtis et al., 

2012). That is, on all fluency measures, spontaneous speech was more impaired than 

repetition, reading, sentence repetition or singing. 

 Task-based changes to connected speech were also examined by Sidtis and colleagues 

(2012) for six individuals with PD and five individuals with PD plus Deep Brain Stimulation (DBS). 

All speakers presented with mild hypokinetic dysarthria. The content of speech samples in two 

production modes (monologue and repetition) was matched by having subjects repeat their 

own utterances previously obtained during spontaneously produced monologue speech. 170 

total utterances were extracted and used in a cloze procedure that included 426 target words. 

Listeners (N=30) were required to listen to each utterance once over headphones, adjusted to a 

comfortable listening level, and fill in the blanks with the word or words they heard. Following 

each utterance was a five point rating scale where each listener was asked to rate the difficulty 

in understandability of the utterance just presented. Results suggested that overall repetition 

trended towards being more intelligible than monologue for PD, PD-DBS (ON), and PD-DBS 

(OFF) conditions. The authors attributed these results to theories of motor behavior that 

contrast external with internal models. In repeated speech, a phrase produced by another 

speaker (repetition) provides an external model, reducing the burden of effort for the basal 

ganglia. Limitations of this study, including small sample size, all mildly dysarthric, younger 

participants, and inconsistent listening volume levels, warrant caution when interpreting 

findings. 

 While studies reviewed thus far have paralleled findings from the limb motor control 

literature, other researchers have found questionable benefit to speech from the provision of 
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external cues. Bunton and Keintz (2008) calculated speech intelligibility across a number of 

different speech tasks in single- and dual-task conditions for four speakers with hypokinetic 

dysarthria from PD (all Hoehn-Yahr stage 3) and four age-matched controls. In speech-only 

(single-task) and speech plus motor (dual-task) conditions, participants provided three types of 

speech samples: (1) reading 71 monosyllabic words from the Kent et al. (1989) intelligibility 

test, (2) reading 60 low predictability sentences from the Hearing in Noise Test (HINT, Kalikow 

et al., 1977), and (3) producing a monologue about a recent vacation. In the dual task condition, 

the secondary motor task involved assembling nuts and bolts. To avoid benefit from visual 

guidance, the participants performed the motor task while keeping their hand in their lap under 

a black cloak.  In addition to the speech tasks above, a two-to-three minute spontaneous 

speech sample was recorded unbeknownst to each speaker. The premise for eliciting the 

monologue in the single- and dual-task conditions, and comparing intelligibility to that of the 

spontaneous speech sample, was to see if inclusion of a secondary motor task while speaking 

would elicit a functional speech sample comparable to everyday speech. To this end, the only 

difference between the spontaneous speech sample and monologue was that speakers had 

knowledge of the expectations for the monologue task (speech intelligibility) and were aware of 

being recorded. Following collection, the speech samples were digitized and presented over a 

speaker with consistent volume to 96 listeners age 18-50. Listeners were asked to write down 

what they heard as accurately as possible. Intelligibility was determined by how many words 

were identified correctly and dividing by the total number of possible words for a given speech 

task. Scores were then averaged across listeners.  
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 In the single- task condition (speaking only), intelligibility for control participants was 

similar for the three overt speech tasks (reading single words = 99.09%, reading sentences = 

98.09%, and monologue = 97.45%). The difference between scores from the overt monologue 

(97.45%) and the covert spontaneous speech sample (98.4%) was not statistically significant. 

Participants with PD also had similar intelligibility scores across the overt speech tasks (reading 

of single words = 90.75%, reading sentences = 90.2%, and monologue = 87.5%). In contrast to 

control participants, the difference in intelligibility scores between the overt monologue 

(87.5%) and the covert spontaneous sample (74.25%) in participants with PD was statistically 

significant.  

Results for participants with PD in the single-task condition differed from Kempler and 

Van Lancker (2002), who found significant differences in speech intelligibility for sentence 

reading (78%) as compared to monologue production (29%). Kempler and Van Lancker’s 

findings are consistent with previous studies where intelligibility in single-word reading, as well 

as sentence-reading tasks, is preserved; while intelligibility is degraded in monologue (Canter & 

Van Lancker, 1985; Tjaden & Wilding, 2004). Bunton and Keintz (2008) speculated that in 

previous studies, changes in intelligibility may have been related to setting and communication 

partner. The authors hypothesized that intelligibility was better during production of the 

monologue as compared to spontaneous speech due to greater attention being directed 

towards speech performance when participants knew their speech was being monitored.  This 

finding is consistent with previous reports of performance effects for speakers with PD in 

clinical and laboratory settings (Keintz et al., 2007; Sarno, 1968; Weismer, 1984). See Table 1 for 
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a summary of mean intelligibility scores and standard deviations by condition and speech task 

for the two speaking groups. 

 

 

 

 

 

 

In the dual-task condition (speaking + nut/bolt assembly), data for control participants and 

participants with PD show similar intelligibility scores for all three speech tasks. There were no 

significant differences between any speaking conditions when subjects performed the dual-

task.   

Again, the authors surmised that in previous studies, differences in the intelligibility of 

participants with PD across tasks may have related to location and communication partner. 

Therefore, previous findings may not be directly comparable to the present results. 

Furthermore, the current results found that dual-task monologues and spontaneous speech 

samples were more challenging to speakers with PD than single-task monologues. Thus, 

similarities in the performance across overt dual-task monologues and covert spontaneous 

speech samples support the use of dual-task paradigms to obtain more representative 

measures of functional intelligibility as compared to single-task clinical or laboratory speech 

measures. 

 Tjaden and Wilding (2010) also found negligible benefit from the provision of external 

cues in 12 participants with PD, who demonstrated similar speech performance in both reading 

Table 1. Mean intelligibility scores and standard deviations (in parentheses) by 
condition and speech task for the two speaker groups (from Bunton & Keintz, 
2008). 

Speaker Group Speech Task Spontaneous Single Task Dual Task 

CG Single words  99.09 (0.4) 98.7 (0.7) 
CG Sentences  98.09 (1.0) 98.8 (1.1) 
CG Monologue 98.4 (2.4) 97.45 (0.8) 97.6 (0.9) 
PD Single words  90.75 (5.9) 81.15 (11.3) 
PD Sentences  90.2 (4.2) 78.28 (13. 8) 
PD Monologue 74.25 (14.3) 87.5 (7.4) 73.52 (13.1) 
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and monologue tasks. In the study, intelligibility estimates were obtained for a reading passage 

(the John Passage), and an extemporaneous two minute monologue. Ten of the participants 

had hypokinetic dysarthria, one had hyperkinetic, and one presented with hypo-hyperkinetic 

dysarthria. Dysarthria severity level was evaluated by three Speech-Language Pathologists and 

determined to range from mild to severe. Sixty listeners (M age = 32) judged intelligibility for 

the reading passage using orthographic transcription and modulus-free direct magnitude 

estimation (DME). To minimize familiarity effects, each listener orthographically transcribed a 

random ordering of reading passage runs produced by one speaker and scaled intelligibility of a 

random ordering of reading passage runs produced by a second speaker using DME. Hence, a 

given listener only heard the content of the reading passage twice. A speech run was 

operationally defined as, “a stretch of speech bounded by a silent period or pause between 

words ≥ 200ms”. For orthographic transcription, listeners were instructed to write down what 

the speaker said as accurately as possible. A percent correct score was obtained for each 

speech run by tallying the number of correctly transcribed words completed by five listeners, 

dividing by the total number of words, and multiplying by 100. An overall percent correct score 

for each listener also was obtained by tallying the total number of words correctly transcribed, 

dividing by the total number of possible words, and multiplying by 100.  For DME, intelligibility 

was operationally defined as 'the ease with which speech is understood'. These scaled 

estimates of intelligibility were converted to a common scale (Engen, 1971) and an overall 

mean for each speaker was calculated. 

 An additional 10 listeners (M age = 25) were recruited to scale intelligibility of speech 

runs for the monologue task using DME. Speech runs for all speakers were pooled and two 
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random orderings of the stimuli were generated for presentation to listeners. Scaled estimates 

for the monologue task were converted and averaged in the same way as for the reading 

passage DME scoring.   

Results demonstrated that scaled estimates of intelligibility for paragraph reading and 

monologue tasks were not significantly different. These results concur with findings from 

Bunton and Keintz (2008) discussed earlier, and suggest, according to the authors, that scaled 

estimates of intelligibility for reading show potential for indexing intelligibility of an 

extemporaneous monologue. However, methodological issues within the study raise concerns 

for these results to be generalizable to other individuals with PD. The authors report that 

listeners found the task of numerically scaling intelligibility, in the absence of an anchor or 

modulus, to be unusual. As a result, the intrajudge and interjudge reliability for the scaling task 

was less than robust. Using Kendall's tau-b to ascertain reliability for DME, the reading passage 

intrajudge reliability yielded a matrix of concordant pairs with significant coefficients (p < 0.05) 

ranging from 0.44 – 0.68 (M 0.53; SD 0.13) and interjudge coefficients ranging from 0.27 – 0.42 

(M 0.33; SD 0.04).  Similarly, for the monologue task, intrajudge reliability coefficients ranged 

from 0.23 – 0.67 (M 0.44; SD 0.17) and interjudge coefficients ranged from 0.21 – 0.58 (M 0.42; 

SD 0.10). These factors show that conclusions from the DME procedure should be considered 

with caution.  

Keeping in mind the issue with reliability, findings from Tjaden and Wilding (2011), as 

well as Bunton and Keintz (2008), demonstrate similar ratings of intelligibility for reading and 

monologue speech tasks. These outcomes differ from reports indicating poorer intelligibility for 

monologue in PD, compared with structured speech materials such as reading words and 
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sentences (Canter & Van Lancker, 1985; Kempler & Van Lancker, 2002; Sidtis et al., 2012). 

Tjaden and Wilding (2011) and Bunton and Keintz’s (2008) findings also differ from studies 

reporting that externally cued movements for individuals with PD are superior to self-initiated 

movements (Burleigh-Jacobs et al., 1997; Cunnington et al., 1999; Freeman et al., 1993; 

Georgiou et al., 1994; Lehman et al., 2005; Majsak et al., 1998; Mak et al. 2004; McIntosh et al., 

1995; Morris et al., 1996; Thaut et al., 1996). As such, Tjaden and Wilding (2011) suggest 

caution in assuming that findings from the general motor control literature extend to speech in 

PD.   

 To summarize, a review of the speech literature on task-based differences reveals that 

some investigators suggest intelligibility is negligibly changed when an external auditory or 

visual cue is provided, and therefore similar in monologue and reading conditions (Bunton and 

Keintz, 2008; Tjaden and Wilding, 2011), while a small but growing body of speech literature 

suggests that individuals with PD speak more intelligibly during speech tasks that provide an 

external model (e.g., reading, repeating) compared to spontaneous speech tasks (Kempler & 

Van Lancker, 2002; Sidtis et al., 2012). Given these inconsistent findings, along with limited 

investigations, future studies are warranted to gain a clearer picture of task-based differences 

in speech and the impact of external and internal cueing mechanisms. (See Table 2 for a 

summary of internal vs. external cueing speech studies).  



26 

 

Table 2.  Studies examining task-based changes to connected speech.   

Study Participants Indicators of severity Speaking tasks Listener’s judgments Findings Methodological concerns 

Canter & Van 
Lancker (1985)  

Case Study:  

 45 y/o male s/p 
BL  thalamic 
surgery for the 
relief of PD 
symptoms 

 1 healthy 
control 

 Mild/Moderate 
articulatory deficits 

 No indication of 
physical severity 

 Yrs since diagnosis = 17 

1. Monologue 
2. Reading  

(Rainbow Passage) 
 
 

 58 college students 

 Items presented in classroom with 
volume set to comfortable level 

 Written transcription 

 32 listeners transcribed 40 phrases 
(4-7 words in length) extracted from 
the reading passage (20 from PD + 20 
from Ctl). 26 listeners transcribed 40 
phrases extracted from the 
monologue (20 from PD + 20 from 
Ctl). Intelligibility was calculated using 
40 target words per task per speaker.  

Intelligibility: 

 Control 
Reading = 95% 
Monologue = 97.5% 

 PD 
Reading = 31% 
Monologue = 23% 

1. Lacked recording 
specification 

2. Intelligibility was calculated 
from 40 target words (from 
the extracted phrases) 
versus connected speech 

3. Repeated stimuli for 
reading passage. Listeners 
may become familiar with 
passage.  

4. Inconsistent listening level   
5. Inconsistent number of 

listeners per group (32 for 
reading passage, 26 for 
monologue) 

6.  Small sample 

Kempler & Van 
Lancker (2002) 

Case Study: 

 74 y/o male  
 
 

 Moderate hypokinetic 
dysarthria 

 Hoehn & Yahr = Level 2 

 Yrs since diagnosis = 18 
 
 

1. Monologue 
2. Reading phrases 

extracted from 
monologue  

 64 listeners age 23-78  

 Items presented in soundfield with 
volume set to comfortable level 

 10 monologue phrases; same phrases 
also read aloud by participant 

 Written transcription “cloze” format 

 Listeners transcribed one target word 
per stimulus item (20 items total per 

task)onto blank lines on answer sheet.  

Intelligibility: 

 Reading = 78% 

 Monologue = 29% 
 

1. Intelligibility was calculated 
from 20 target words (from 
extracted phrases) versus 
connected speech   

2. Inconsistent listening level 
3. Small sample 

Bunton & 
Keintz (2008) 

 4 PD  

 4 controls  

 Ages 62-71 

 Diagnosed with 
hypokinetic dysarthria 

 Intelligibility 
o Spontaneous = 74% 

 Hoehn & Yahr = All 
Level 3 

 Yrs since diagnosis not 
provided 
 

 
 
 

1. Read  71 monosyllabic 
words 

2.  Read 60 low 
predictability 
sentences 

3. Monologue 
4.  Spontaneous speech 

sample recorded 
covertly 

 
Conditions: 
1. Speech only 
2. Dual task (speech + 

nut/bolt) 

 96 listeners age 18-50 

 Items presented via speaker with 
volume held constant 

 Written transcription  

 Each listener heard one speaker with PD 
then one control produce each of the 
following tasks:  
o 71 words  
o 30 HINT sent 
o 60 monologue runs 
o 60  spontaneous runs 

 To control for listener familiarity with 
the sentences, only half from each 
speaker were played within a listening 
session.  

Single Task Condition: 
 Data for control & PD participants 

show similar intelligibility scores 
for all 3 speech tasks (single 
words, sentences, monologue) 

 Significant difference between 
spontaneous & monologue in PD 
only. 

Dual Task Condition: 
 Data for control & PD participants 

show similar intelligibility scores 
for all 3 speech task,  including 
between spontaneous & 
monologue 

Single vs. dual task significant for 
all 3 speech tasks for PD only. 

1. No reported yrs since 
diagnosis 

2. Small sample 
 

Tjaden & 
Wilding (2011) 

 12 PD  

 6M, 6F 

 Ages 42-81 

 Mild –Severe 
dysarthria  
o 10 hypokinetic  
o 1 hyperkinetic 
o 1 hypo/hyper 

 No indication of 
physical severity 

 Yrs since diagnosis =  
o 1-17 (M = 7.25) 

1. Monologue 
2. Reading passage (John 

Passage) 
 

 60 listeners, mean age 32 

 Items presented over headphones in 
booth. Volume controlled and held 
constant via custom software 

 Written  transcription + DME of 
speech runs  

 Scaled estimates of intelligibility 
for reading & monologue were 
not significantly different 

1. Calculation of scaled scores 
not clearly described  

2. Intrajudge and interjudge 
reliability for transcription 
and DME was not robust. 

3. DME procedure confusing 
to listeners  

Sidtis et al. 
(2012) 

 6 PD  

 5 PD w/DBS 
Groups age: 

 PD 60-73 

 PD w/ DBS 56-
62 

 
 

 Mild  hypokinetic 
dysarthria (all 11) 

 No indication of 
physical severity 

 Yrs since diagnosis = 
o PD: 7-15, M=10 
o PD w/DBS: 9-15, 

M=11.2 

1. Monologue   
2. Repetition of phrases 

extracted from 
monologue 

 
 
 

 30 listeners age 17-82 

 Items presented over headphones 
adjusted to comfortable listening level. 

 Written transcription to fill in 426 target 
items in 170 utterances (cloze format). 
Following each item, a 5 point rating 
scale was completed to rate difficulty 
level in understanding the utterance.  

 For all three groups, PD, 
PD/DBS ON, & PD/DBS Off, 
repetition trended more 
intelligible than monologue but 
was not significantly different, 
possibly due to mild level of 
hypokinetic dysarthria.  

1. All mildly dysarthric 
participants, thus 
intelligibility not greatly 
impacted.  

2. On average, PD w/DBS 
participants were 9 years 
younger. 

3. Inconsistent listening level 
4. Relatively small sample size 
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Other factors related to the examination of task-based speech changes in PD 

Speech Naturalness  

 One missing element that may help in the clarification of task-based changes to 

connected speech is naturalness. Duffy (2013) explains that naturalness aids in the transmission 

of linguistic and paralinguistic information that interacts with semantic, syntactic, morphologic, 

and pragmatic domains of language to convey meaning. When naturalness is impaired, the 

listener may perceive speech as monotonous or unpredictably variable. When pitch, loudness, 

and durational characteristics of speech are out of sync, the speaker may send contradictory 

messages, negatively impacting communication. Often times, naturalness is the main speech 

impairment noted in individuals with hypokinetic dysarthria, more so than intelligibility (Duffy, 

2013; Yorkston et al., 1999).   A closer examination of naturalness as it relates to speaking tasks 

may help to clarify the effect external versus internal cues have on speech production. Thus, in 

the proposed study, naturalness will be included as a perceptual feature to be rated by listeners 

along with understandability.  

The Need for a Clinical Comparison Group 

 To help determine if differences between internally versus externally cued tasks are 

driven by disrupted internal triggers or simply attentional focus, participants with ataxic 

dysarthria from cerebellar disease will be included as a clinical comparison group. The 

cerebellum is another primary motor control circuit and, like the basal ganglia, the cerebellum 

is also involved with movement selection and guidance (Marsden & Harris, 2011; O’Sullivan & 

Schmitz, 2007). The cerebellar circuitry helps to coordinate the timing between the single 

components of a movement, scales the size of muscular action, and coordinates the sequence 
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of agonists and antagonists (Diener & Dichgans, 1992). In regards to speech, it has been 

suggested that the cerebellum plays a crucial role in programming stored speech patterns for 

execution of prosodically normal utterances with appropriate rate, tempo and emotional stress 

(Ackermann et al., 2007). Functional differences between the basal ganglia and cerebellum, 

however, lie in how they utilize internal and external cues. Research suggests that the basal 

ganglia may be particularly concerned with internally generated movements, while the 

cerebellum is involved in visually triggered and externally guided movements (Shumway-Cook 

& Woolacott, 2012). In fact, the classic ataxic triad of dysmetria, dysynergia, and 

dysdiadochokinesis may be rooted in part in an inefficient processing of sensory information 

needed to produce accurate and well-timed movements (Kent et al., 2000). While individuals 

with PD have “scaled down” motor output that can often be overcome with an external cue, 

this pattern does not hold for individuals with cerebellar disease.  The motor 

coordination/regulation impairment from the ataxia is present regardless of context (Brown et 

al., 1970; Cannito & Marquardt, 1997; Duffy, 2013; Kent et al., 1997, 2000). Following execution 

of a motor act, the dysfunctional cerebellum is no longer able to use external information to 

check and correct the accuracy of productions. Thus, external cueing does not lead to a 

dramatic change in performance. Therefore, it is predicted that ataxic speakers will not perform 

better when provided an external cue and as a result, understandability will be similar for both 

the reading and monologue tasks. This finding would support the hypothesis that the 

dysfunctional basal ganglia is lacking an adequate, internally generated model and speakers 

with PD become overly reliant on external cues to guide skilled movement.  
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The proposed study is designed to answer the following research question: 

 What is the effect of an externally cued speaking task (reading) vs. an internally cued 

speaking task (covert conversation) on the perceived understandability and 

naturalness of the speech of individuals with hypokinetic dysarthria from PD & ataxic 

dysarthria from cerebellar disease?   

It is predicted that understandability and naturalness will be perceived more favorably in a 

speech elicitation condition that provides an external model (i.e., reading) versus one that relies 

on an internal model (i.e., conversation) for individuals with PD.  Conversely, it is predicted that 

understandability and naturalness will be perceived similarly for speech elicited via external and 

internal models for speakers with cerebellar impairment. This finding would support the 

hypothesis that the dysfunctional basal ganglia is lacking an adequate, internally generated 

model and speakers with PD become overly reliant on external cues to guide skilled movement. 

Speakers with cerebellar disease are not expected to be aided by external cues. If, however, 

both groups benefit similarly from the external cue condition, the likely explanation is that the 

reading task requires less cognitive/linguistic processing than the spontaneous speech task 

and/or directing of increased attentional focus to the task of speaking (see Table 3).   
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Table 3. Hypothesis Table 

 PD Cerebellar Interpretation 
H0 Conversation = Reading Conversation = Reading Fail to reject null hypothesis 

H1 Conversation  < Reading Conversation  = Reading This finding would support the hypothesis that the dysfunctional 
basal ganglia is lacking an adequate, internally generated model 
and speakers with PD become overly reliant on external cues to 
guide skilled movement. Speakers with cerebellar disease are not 
aided by external cues, likely because impaired internal 
mechanisms responsible for the generation of an internal model 
are unable to use external cues to aid in accurate programming 
and guidance of skilled movement.    

H2 Conversation  < Reading Conversation  < Reading If both groups benefit similarly from the external cue condition, 
the likely explanation is that the reading task requires less 
cognitive/linguistic processing than the spontaneous speech task 
and/or increased attentional focus.   

 

 

  



31 

 

Methods 

Participants: 

 Participants were consented before study participation in accordance with the 

Institutional Review Board of the University of Washington. Both speakers and listeners were 

paid for their participation in the study.  

Speakers:  

 A total of 16 adults completed the study: 10 diagnosed with PD (nine with hypokinetic 

dysarthria and one with hypokinetic plus probable spastic dysarthria) and 6 individuals with CD 

(five ataxic dysarthria and one with ataxic plus probable spastic dysarthria). The group with PD 

had nine males and one female ranging in age from 59-78 (M = 69.7, SD = 5.5). The group with 

CD had five females and one male, ages 41-73 (M = 58.5, SD = 11.4). See Table 4 for a summary 

of descriptive characteristics. All participants were native speakers of American English; had 

adequate visual acuity demonstrated by accurately reading line 20/30 at 2.3 feet from the 

Snellen chart; adequate hearing thresholds < 50 dB at 500, 1000, and 2000 Hz; typical speech, 

language, and cognitive developmental history; and PD or CD diagnosis by neurologist (per self-

report). Participants continued taking their prescribed medications during the experiment. To 

control for medication use, speakers were scheduled during their optimal medication period 

(one-to-two hours after medication, per self-report). Recruitment targeted individuals with mild 

to severe dysarthria determined through the screening process and verified by two expert 

listeners who are both Speech-Language Pathologists and researchers with more than twenty 

years experience working with the targeted populations. The expert listeners heard a sample of 

connected, spontaneous speech from each participant that had been recorded, digitized at a 



32 

 

14,000 Hz sampling rate, and played back in a quiet room using Adobe Audition 9.0. The 

speakers were rated perceptually on both understandability and naturalness using a four-point 

scale (i.e., normal, mild, moderate, severe), with experts reaching 100% agreement on all 

samples. In cases where mixed dysarthria was possible (i.e., ataxic with spastic), it was agreed 

that the predominant dysarthria was hypokinetic or ataxic. All participants were at least 5 years 

post diagnosis (M = 10.6 years, SD = 6.2). Participants were excluded for prior neurosurgical 

procedures including Deep Brain Stimulation (DBS).  

Table 4. Characteristics of participants with Parkinson’s Disease (PD) and Cerebellar 
Disease (CD). 

Participant Gender Age Years of 
Education 

Etiology Dysarthria 
Type 

Severity 
Level- U 

Severity 
Level- N 

Years Since 
Diagnosis 

PD1 M 74 20 PD Hypokinetic MOD MOD 18 

PD2 M 65 16 PD Hypokinetic MILD MILD 8 

PD3 M 72 16 PD Hypokinetic MOD MILD 8 

PD4 F 59 16 PD Hypokinetic  
(+ spastic?) 

MILD MILD 20 

PD5 M 73 16 PD Hypokinetic MOD MOD 10 

PD6 M 71 19 PD Hypokinetic SEV SEV 10 

PD7 M 64 18 PD Hypokinetic SEV SEV 5 

PD8 M 70 18 PD Hypokinetic MILD MOD 5 

PD9 M 78 18 PD Hypokinetic MILD MILD 7 

PD10 M 73 18 PD Hypokinetic MOD MILD 5 

Mean 
SD 

9 M,1 F 69.7 
5.5 

17.5  
1.4 

    9.6 
5.3 

CD1 F 60 17 CB Stroke Ataxic  MILD MILD 6 

CD2 M 73 12 SCA6 Ataxic  SEV MOD 20 

CD3 F 
41 18 

Friederich’s 
Ataxia 

Ataxic  MILD MILD 22 

CD4 F 53 14 SCA3 Ataxic  MILD MILD 11 

CD5 F 
68 18 

Progressive 
CB Ataxia 

Ataxic  MILD MOD 2 

CD6 F 

56 14 

Progressive 
CB Ataxia  

Ataxic  
(+ spastic?) 

MILD MOD 12 

Mean 
SD 

1 M,5 F 58.5 
11.4 

15.5 
2.5 

    12.2 
7.8 

Note.  U = Understandability; N = Naturalness; MOD = Moderate; SEV = Severe, CB = Cerebellar; SCA = 
Spinocerebellar Ataxia 

Participants were required to successfully pass a depression and cognitive screening.  

Specifically, participants needed to score ≤ 13 on the Beck Depression Inventory II (Beck, Steer, 
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& Brown, 1996) and ≥ 25 on the Mini-Mental Status Exam (Folstein, Folstein, & McHugh, 1975). 

No participants were excluded based on these standardized screening measures.  However, out 

of a total of 21 participants originally recruited for the study, 5 participants with PD were 

excluded for not having a discernible dysarthria. This yielded a final count of 16 eligible 

participants.      

Listeners: 

 Ten licensed speech-language pathologists with a minimum of five years clinical 

experience (Bunton et al., 2007) participated in the study as experienced listeners. Clinically 

experienced listeners were selected over untrained listeners given their attuned listening skills 

and given that they are the healthcare professional responsible for diagnosing disordered 

speech in this population. Additionally, it has been suggested that higher intra- and inter-rater 

reliability exists for experienced listeners versus inexperienced listeners (Zeplin & Kent, 1996). 

All listeners were native speakers of American English with no history of speech or language 

deficits per self-report. Listeners passed a bilateral pure-tone hearing screening at 25dB, for the 

frequencies 500, 1000, 2000, and 4000 Hz and a vision screening by correctly reading the 20/30 

line of a Snellen chart while standing 2.3 feet away (participants were allowed to wear 

corrective lenses). No listeners were excluded based on these qualifications. However, out of a 

total of 11 persons originally recruited, one was unable to complete the study due to technical 

error. This yielded a total of 10 experienced listeners. The clinical practice setting of listeners 

varied across the continuum of care, with the majority being outpatient clinics. On average, 

years of clinical experience ranged from 5 to 40 with a mean of 13.8 and standard deviation of 

10.8.  See Table 5 for a full description of listener characteristics.  
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Table 5. Characteristics of experienced listeners (EL)   

Expert 
Listener 

Gender Age Years of 
Education 

Years of 
Practice 

Primary 
Setting 

EL 1 M 59 18 15 Outpatient 

EL 2 F 33 18 9 Outpatient 

EL 3 F 34 18 10 Outpatient 

EL 4 F 47 26 10 Acute 

EL 5 F 34 18 6 Outpatient 

EL 6 M 68 20 40 Acute 

EL 7 F 29 18 5 Acute 

EL 8 F 52 20 20 Outpatient 

EL 9 F 31 18 5 Outpatient 

EL 10 F 43 18 19 Outpatient 

Mean 
SD 

 43 
13.3 

20.2 
4.3 

13.8 
10.8 

 

      

Procedures: 

Speaker Session:  When participants arrived, they were seated comfortably at a table in a quiet 

room next to the experimenter. On the table were a computer monitor, mouse, and keyboard 

from which the experimenter could run the protocol. Following informed consent, all 

participants were asked to complete a brief questionnaire and were required to successfully 

pass the screening measures described earlier. Participants were then fitted with an AKG C520 

head mounted microphone (constant mouth to microphone distance = 2”). The microphone 

was connected via MAudio hardware to the USB port of the experimenter’s computer running a 

custom MATLAB speech recording program. Microphone recording level was held constant for 

all speakers and digitized at a sampling rate of 44,000 Hz. To elicit a covert speech sample, the 

experimenter pretended to continue setting up equipment while engaging the participant in 

conversation. Unbeknownst to the speaker, the head mounted microphone was turned on to 

capture a recording of the participant’s conversational speech without their awareness of being 

recorded. Conversation was achieved by the experimenter asking the speaker open-ended 
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questions and/or requesting more information (e.g., “What is the book you’re reading?”, “Tell 

me more about your garden.”, etc.) until three minutes of speech was obtained.  Once an 

adequate speech sample was captured, the experimenter informed the participant that his or 

her speech was being recorded and why the covert recording was needed. The participant then 

signed a second informed consent form per the University of Washington’s Institutional Review 

Board requirements. After obtaining the second consent, the experiment continued with the 

speech evaluation which consisted of: sustained phonation, diadochokinetic (DDK) rates, and 

the sentence portion of the Speech Intelligibility Test (SIT) for Windows (Beukelman, Hakel, & 

Yorkston, 1996).  See Table 6 for testing results. The participant was then offered a 10 minute 

break (microphone remained in place) while the examiner listened to the covert speech 

recording and extracted the first eight sentences of 5-15 words in length that met pre-specified 

criteria (see Appendix A); five to be used for analysis and three additional sentences to be used 

as replacement if warranted. For eight participants, one of the extra sentences had to be used 

due to clipping difficulties (e.g., clipping resulted in an unnatural bleeping sound), one 

participant required the use of two extra sentences due to clipping difficulty, and three 

individuals required the use of one extra sentence due to the voice of the experimenter being 

audible. The sentences were typed into a Microsoft Word document using 20 pt. Arial font, 

double spaced. When the participant was ready, he/she was instructed to, “read each sentence 

aloud using your typical speech” while being recorded. The participant was able to read the 

sentences directly off of the computer screen. Sample sentences were free of proper nouns, 

low frequency words, formulaic expressions, and specialty vocabulary (Sidtis et al., 2012). 

Words were used if understandable given context. If the word was unintelligible, the 
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experimenter verified the questionable word(s) with the speaker prior to the reading task.  The 

mouth-to-microphone distance was double checked for accuracy prior to recording of 

sentences. The reading samples were recorded using the same procedure as the covert 

recording. The total experiment completion time for each participant ranged from 60 – 90 

minutes.   

Table 6. Sentence Intelligibility Test (SIT; Yorkston, Beukelman, & Hakel, 1996) results and 
experienced listener ratings scores.  
Participant Percent 

Intelligible 
Speech Rate 
(WPM) 

Intelligibility 
Rate (WPM) 

Communication 
Efficiency Ratio 

Severity  
Rating-U 

Severity  
Rating-N 

PD1 96 199 191 1.00 MOD MOD 

PD2 97 193 187 0.98 MILD MILD 

PD3 96 146 139 0.74 MOD MILD 

PD4 93 150 130 0.73 MILD MILD 

PD5 89 138 123 0.65 MOD MOD 

PD6 45 269 122 0.64 SEV SEV 

PD7 82 148 121 0.63 SEV SEV 

PD8 98 249 245 1.29 MILD MOD 

PD9 97 207 202 1.06 MILD MILD 

PD10 91 228 207 1.09 MOD MILD 

Mean 
SD 

88.4 
16.0 

192.7 
46.5 

166.7 
(44.86) 

0.88 
0.23 

  

CD1 95 126 120 0.63 MILD MILD 

CD2 77 100 77 0.40 SEV MOD 

CD3 94 165 155 0.82 MILD MILD 

CD4 99 171 169 0.89 MILD MILD 

CD5 97 66 64 0.34 MILD MOD 

CD6 97 65 63 0.33 MILD MOD 

Mean 
SD 

93.2 
8.1 

115.5 
46.7 

108 
46.9 

0.57 
0.25 

  

Note.  U = Understandability; N = Naturalness; WPM = Words Per Minute; Mod =   
Moderate, SEV = Severe 
Intelligibility Rate – The rate of intelligible speech taking into account both accuracy 
and speaking rate. 
Communication Efficiency Ratio – The rate of intelligible speech produced by a 
participant divided by the normal rate of intelligible speech on SIT tasks (190 WPM). 
The ratio allows for comparison of obtained intelligibility rates to typical adults.  A 
ratio of 1 can be interpreted as the average intelligible speech per minute of a 
healthy adult speaker. The further a participant's score is from 1.0 (+ or -), the 
further their intelligibility is from a typical, healthy speaker. 

 

 



37 

 

Procedural Specifications  

 The covert conversational speech and reading samples were recorded using custom 

written software in MATLAB. To run the software, the experimenter would enter all identifying 

participant codes and sample information into the program's command window. Once entered, 

a graphical menu was displayed prompting the experimenter to click the start button when 

ready to initiate recording. The menu also allowed for pausing, resuming, and ending the 

recording as needed. Once ended, the recording was terminated and automatically formatted 

and saved as a 16 bit, 44,000 Hz wave file. This procedure was used to capture the covert 

conversational speech sample, sustained phonation, DDKs, sentence reading from the SIT, and 

reading of the extracted sentences. To capture the covert speech sample, the experimenter had 

the program open and information entered prior to arrival of the participant. The recording 

menu was small enough that it could easily be hidden from the participant’s view on the 

experimenter’s computer desktop. As an added precaution, the experimenter turned his 

computer screen slightly away from the participant’s direct line of view. When the time came to 

record the covert conversation, the experimenter could easily click the “record” button while 

pretending to “set-up equipment”.  

To extract sentences, the covert recording was opened in Adobe Audition 9.0, allowing 

the experimenter to listen to the conversational sample using Sony Professional MDR-7506 

headphones. The sentences from the covert- conversation file were then clipped and processed 

as needed in sound editing software (Adobe Audition 9.0). Following reading of the extracted 

sentences, each participant had a final 10 sentences (5 covert- conversation + the same 5 
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sentences read) each saved as individual wave files that were later used for rating by 

experienced listeners.  

 During the listener session, a different custom written MATLAB software (See Appendix 

B), was used to retrieve the files and play them back in a random order. The total number of 

listening samples generated for the PD group was: 10 speakers x 10 sentences [5 reading + 5 

covert] = 100 stimulus items plus 20 repeated files to test intra-rater reliability (20 percent of 

the PD total), for a total of 120 total stimulus items. For the cerebellar group, 6 speakers x 10 

sentences [5 reading + 5 covert] = 60 stimulus items plus 12 repeated files for reliability 

purposes (20 percent of the CD total), for a total of 72 stimulus items. Combining the PD 

samples (120) and the CD samples (72) resulted in a grand total of 192 samples. Each expert 

listener had to make two judgments (“understandability” and “naturalness”) per sample 

resulting in 384 judgments per listener (See Table 7).  

Table 7. Number of perceptual judgments per group and speaking task.     

 Monologue Reading Totals  

PD 1  
5 sentences 

 
Same 5 sentences 
 

10 sentences x 10 
participants    = 
100 sentences  + 
20 repeated  = 
120 items            

120 sentences x  2 
perceptual ratings        
= 240 ratings for PD 

384 total ratings per 
listener 

PD 10 

CD 1 
 

CD 6 

 
5 sentences 

 
Same 5 sentences 
 

10 sentences x 6 
participants    = 
60 sentences    + 
12 repeated = 72 
items           

72 sentences x 2 
perceptual ratings        
= 144 ratings for CD 

Note.  PD = Parkinson’s disease, CD = cerebellar disease. 
 

Listener Session:  Following consent and the screening procedures described earlier, 

participants were moved to a quiet room and seated comfortably at a table with a computer 

monitor and wireless computer mouse. A visual analogue scale (VAS) (see Figure 1) was 

displayed on the screen and could be used by the experimenter when providing task directions. 
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It was explained to the listener that he or she would need to press the “PLAY” button when 

ready to start the listening session. By doing so, she/he would hear a sound file played only 

once. After listening to the entire sound file, the listeners were asked to use their best clinical 

judgment and rate each of the samples on the two different dimensions, understandability and 

naturalness, by sliding the cursor along the VAS. Throughout the session, the VAS for both 

dimensions was visible on the computer screen while each sample was played. The software 

program was designed to convert the position of the cursor on each VAS into a numerical value 

between 1 and 100 which was then later used for analysis. Perceptual dimensions and VAS 

anchors were clearly defined for listeners using the following definitions:  Understandability – 

“the speaker’s articulatory precision”, with the two ends of the scale labeled as “completely 

understandable” and “completely unable to understand”; and Naturalness – “the speaker’s 

prosody – defined as speech rate, rhythm, intonation, stress patterns and loudness” with the 

two ends of the scale labeled as “completely natural” and “highly unnatural.” Definitions of 

each dimension were provided on the computer monitor just above the VAS throughout the 

entire session. Task directions and definitions were provided in written form as well. See 

Appendix C for a full description of verbal and written directions provided to each experienced 

listener. Once the listener indicated full understanding of the task and definitions, they were 

fitted with Sony Professional MDR-7506 headphones and proceeded to press the “PLAY” 

button, initiating the program. 

After providing both perceptual ratings, the listeners were instructed to press the 

“NEXT” button and then “PLAY” button in order to advance to the next sample. The same 

procedure: 1) “PLAY”, 2) use the VAS to provide two ratings, 3) “NEXT”, “PLAY”, etc., was 
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followed throughout the session until all 192 sound files were rated. The MATLAB program was 

designed to keep track of the sample number in a small window at the top of the screen.  This 

allowed for the participant and experimenter to monitor progress. Each listener heard a 

random ordering of the original sound files (100 PD + 60 CD = 160) first, followed by a random 

ordering of repeated sound files (20% of total = 32) used to determine intra-rater reliability. 

Headphone volume was set by an expert listener with normal hearing thresholds (< 25dB, for 

the frequencies 500, 1000, 2000, and 4000 Hz). Once set, the volume remained constant 

between listeners. The program saved the perceptual ratings in MATLAB format as well as in a 

Microsoft Excel file for later analysis. The judges’ ratings for all utterances produced by the 

individual participants were averaged by measure, yielding an overall score for each participant 

on understandability and naturalness.  

 
Figure 1. Visual analogue scale experienced listeners used for rating speech samples.  

Calibration Methods 

 The microphone signal was calibrated to enable measurement of absolute SPL values 

(see Winholtz & Titze, 1997). A RadioShack model 33-4050 sound level meter was positioned 30 

cm from the lips of a healthy adult speaker using C frequency weighting and measured using a 
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slow response setting. The SPL measurement was completed while the speaker simultaneously 

produced a sustained /a/. The SPL of the speaker at 30 cm was 76dB.  

 The intensity levels of speech stimuli presented by Sony Professional MDR-7506 were 

measured using an AEC100 acoustic ear and a Larson Davis System 824 Sound Level Meter. The 

right earphone was placed on the acoustic ear to obtain an average intensity level on a dBA 

scale. For a sustained phonation produced by a healthy adult speaker using identical recording 

parameters, the output at the earphone was within +/- 3 dB of the measured input level (76dB). 

The average intensity level (in dBA) was also obtained for all 160 sound files. Mean headphone 

output levels ranged from 48.5 dBA to 71.4 dBA. See Table 8 for mean (SD) per participant. 

 

Table 8.  Mean SPL in dBA per participant, per 
condition and overall means (SD) per group.   
Participant Covert M 

SPL in dBA 
Reading M 
SPL in dBA 

Combined M 
SPL in dBA 

PD1 54.8 64.9 59.8 
PD2 60.7 59.6 60.2 
PD3 55.5 57.6 56.5 
PD4 67.5 64.8 66.1 
PD5 64.1 64.2 64.1 
PD6 50.1 48.5 49.3 
PD7 49.7 51.3 50.5 
PD8 60.1 62.0 61.0 
PD9 57.3 64.1 60.7 
PD10 53.4 51.7 52.5 

Mean 57.3 58.9 58.1 
SD 5.8 6.3 5.7 

CD1 67.4 71.4 69.4 
CD2 71.3 70.2 70.7 
CD3 62.3 62.5 62.4 
CD4 54.7 49.1 51.9 
CD5 60.5 62.9 61.7 
CD6 67.9 64.9 66.4 

Mean 64.0 63.5 63.8 
SD 6.0 8.0 6.8 
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RESULTS 

Reliability 

 To assess reliability of the sentence extraction method, inter-rater reliability was 

calculated between the investigator and two research assistants who received training in the 

extraction procedure. The reliability was run on 38% of the total participants (6 out of 16). A 

word to word comparison was used for each sentence, with contractions counting as one word. 

If a sentence was extracted that did not coincide with the researcher’s extraction, that sentence 

would receive a score of 0. However, if the following sentence(s) were in agreement, just 

misaligned, they would receive points per words matched and so forth. All measures of inter-

rater reliability were calculated using the intraclass correlation coefficient (ICC) (group averages 

model).  A standard acceptance criteria of .7 was determined a priori (Nunnally & Bernstein, 

1994). For the sentence extraction procedure, a high degree of reliability was demonstrated 

between raters (.891).  

 To assess intra-rater reliability, 20% of the samples were repeated for each listener. 

Cronbach’s alpha was used to assess reliability. A standard acceptance criteria of .8 was 

determined a priori (Cortina, 1993). Reliability was sufficiently high for both Understandability 

(  = .945, range .77 - .97) and Naturalness (  = .924, range .74 - .94).  

Inter-rater reliability was calculated to assess the level of agreement between listeners 1 

through 10 using the intraclass correlation coefficient (ICC) (group averages model).  A high 

degree of reliability was demonstrated for both Understandability (.867, range .83-.89), and 

Naturalness (.874, range .84-.89).  
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Group Analysis  

Prior to analysis, listener ratings were collapsed across the 5-15 word sentence lengths, 

giving an average rating of Understandability and Naturalness for each speaker. Collapsing 

across sentences was necessary to meet the assumption of independence.   

Understandability 

A 2 (Etiology) x 2 (Speaking Task) ANOVA on understandability revealed a significant 

main effect of task type, F(1,14) = 9.55, p = .008, such that participants, both PD and CD, were 

perceived as more understandable in the reading task (M = 74.53, SD = 18.83) than in the 

covert task (M = 62.98, SD = 24.49). There was no significant main effect of etiology F(1,14) = 

.002, p = .964, and no interaction between etiology and task type F(1,14) = 2.44, p = .141 

(Figure 2). However, a paired t-test comparing speaking task for participants with PD revealed a 

significant difference t(1,9) = 3.09, p = .013, such that the reading task (M=76.29, SD= 22.19) 

was perceived as more understandable than the covert conversation task (M=60.84, SD= 

29.03). Similarly, a paired t-test comparing task type for participants with CD revealed a 

significant difference t(1,5) = 3.42, p = .019, such that the reading task (M=71.61, SD= 12.72) 

was perceived as more understandable than the covert task (M=66.53, SD= 16.06) (Figure 3). 
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Figure 2. Mean ratings of understandability by expert listeners across conversation 
and reading tasks for the group with cerebellar disease (CD) and Parkinson’s 
disease (PD).   
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Figure 3. Paired t-test of mean perceptual ratings of experienced listeners for 

“Understandability” compared across speaking tasks for both groups. Error bars represent 

standard error for paired t-tests. 
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Naturalness 

A 2 (Etiology) x 2 (Task Type) ANOVA on naturalness revealed a significant main effect of 

task type, F(1,14) = 5.34, p = .037, such that participants were perceived as more natural in the 

reading task (M = 58.06, SD = 21.23) than in the covert conversation task (M = 50.69, SD = 

21.31). There was no significant main effect of etiology F(1,14) = .002, p = .964. However, there 

was a significant interaction between etiology and speaking task F(1,14) = 7.85, p = .014 (Figure 

4). Participants with Parkinson’s disease were perceived as speaking more naturally in the 

reading condition (M = 64.32, SD = 21.50), than in the covert conversation condition (M = 51.82, 

SD = 24.50), t(1,9) = 3.38, p = .008. However, participants with Cerebellar disease were 

perceived as equally natural in both reading (M = 47.62, SD = 17.63) and covert conversation 

conditions (M = 48.17, SD = 16.61), t(1,5) = 1.21, p = . 279 (Figure 5).  
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Figure 4. Mean ratings of naturalness by expert listeners across 
conversation and reading tasks for the group with cerebellar disease (CD) 
and Parkinson’s disease.  
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Figure 5. Paired t-test of mean perceptual ratings of experienced listeners for 

“Naturalness” compared across speaking tasks for both groups. Error bars 

represent standard error for paired t-tests. 
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Speech Rate 

To determine if rate of speech differed between the covert conversation condition and 

reading task per group, timed sentence length per sound file was compared using paired t-

tests. Results revealed a significant difference in the scores for covert (M = 2.9, SD = 1.4) and 

reading (M= 2.5, SD= 1.2) conditions; t (49) = 3.0, p = .004 for participants with PD. For the 

cerebellar group, there was a significant difference in the scores for covert conversation (M= 

3.5, SD= 1.5) and reading (M= 4.0, SD= 1.6) conditions; t (29) = 3.4, p = .002. Thus, for the 

reading task, the PD group was significantly faster and the CD group was significantly slower 

(see Table 9). 

Table 9.  Mean (SD) timed length of sentence in seconds per speech sample. 

 PD Group  CD Group  
 Conversation Reading t-test Conversation Reading t-test 

Mean Rate 2.9 2.5 t (49) = 3.0 
p = .004 

3.5 4.0 t (29) = 3.4 
p = .002 SD 1.5 1.2 1.5 1.6 

 

Individual Participant Analyses 

 Descriptive statistics of experienced listener’s perceptual ratings for each participant 

can be seen in Table 10. To evaluate individual performance patterns for each speaker, 

differences between speech tasks (covert conversation vs. reading) per perceptual dimension 

(naturalness and understandability), were averaged across listeners. The average rating for 

reading was then subtracted from the average rating for conversation for each perceptual 

dimension. Thus, a positive difference indicates that the speaker was perceived as better during 

conversation vs. during reading; while a negative difference suggests that a speaker was 

perceived as better during the reading task. The individual difference scores were then 

compared to the absolute value of the mean and standard deviation of the group per 
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dimension. Scores that represent a value more than 1 SD from the group mean were flagged as 

an indication of marked change in perceptual ratings between speech tasks (see Table 11) 

(Spencer et al., 2009).  

Table 10. Mean (SD) words per sentence and mean perceptual ratings per speaker and task. 

Speaker Mean Words 
per Sentence 

Understandability: Naturalness: 

Covert Reading Covert Reading 

PD1 7.4 (2.5) 69.5 (19.9) 93.4 (10.0) 52.5 (21.0)  80.7 (18.4)  
PD2 8.6 (3.7) 85.6 (14.3) 86.1 (13.8)  75.3 (19.4)  75.9 (18.0)  
PD3 8.2 (2.2) 61.2 (24.6) 82.3 (14.2)  50.5  (18.9)  65.0 (23.6)  
PD4 9.2 (2.2) 79.4 (16.7)  80.8 (16.2)  55.9 (24.4)  61.6 (22.1)  
PD5 10.2 (4.1) 68.8 (22.4)  71.1 (24.4)  52.1 (18.8)  50.6 (22.2)  
PD6 5.6 (0.9) 4.2 (8.1)  19.1 (27.2)  8.7 (11.1)  18.5 (18.7)  
PD7 8 (1.6) 15.7 (21.2)  69.1 (29.5)  19.1 (18.2)  54.8 (27.0)  
PD8 9.4  (1.5) 77.1 (23.6)  90.5 (12.3)  70.9 (24.6)  81.8 (18.8)  
PD9 7  (2.0) 91.7 (14.0)  96.9 (6.0)   90.1 (12.0)  96.4 (9.9)  
PD10 9.4  (2.3) 55.2 (26.5)  73.6 (22.7)  43.0 (23.0)  58.1 (22.5)  

Mean 
SD 

8.3 
1.4 

60.8 
29.0 

76.3 
22.2 

51.8 
24.5 

64.3 
21.5 

CD1 10 (3.7 80.8 (18.7)  81.9 (14.4)  63.7 (26.6)  60.1 (28.7)  
CD2 8 (2.5) 39.7 (23.6)  49.4 (26.4)  26.2 (19.8)  24.2 (22.0)  
CD3 9.6 (4.3) 70.2 (23.2) 74.1 (19.3)  57.3 (22.4)  59.6 (23.5)  
CD4 7.6 (2.3) 83.4 (19.9)  85.2 (21.6)  68.1 (22.7)  68.6 (27.3)  
CD5 6.8 (1.3) 58.3 (24.9)  67.5 (22.7)  37.2 (24.0)  33.2 (19.7)  
CD6 8.8 (1.8) 66.8 (16.3)  71.6 (18.1)  40.4 (23.4)  39.9 (21.8)  

Mean 
SD 

8.5 
1.2 

66.5 
16.1 

71.6 
12.7 

48.8 
16.6 

47.6 
17.6 

Note.  Rating scale ranged from 0 – 100 with 100 representing excellent understandability/precision or 
naturalness.  

 Based on difference scores, seven speakers with PD had more than a 5 point increase in 

understandability while reading compared to two participants with CD. One of the participants 

with PD was perceived to have a pronounced difference (> 2 SD) in understandability during the 

reading task while two speakers with CD had greater than one 1 SD difference. These results 

indicate that for these three participants, reading was perceived as much more understandable 

by experienced listeners, even more so for the participant with PD.  

 In regards to perceived naturalness, eight speakers with PD had more than a 5 point 

increase in naturalness while reading compared to no participants for the cerebellar group. Two 
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of the speakers with PD had a pronounced difference of greater than 1 SD during the reading 

task. Thus, experienced listeners perceived the speech of participants with PD as more natural 

when reading, while no change in naturalness was perceived in speakers with CD.  

 

Table 11. Difference scores (covert conversation - reading) reflecting perceived change with the provision of 
written text/external cue across perceptual dimensions. 

 Understandability Naturalness 

Speaker Covert Reading Diff*      Covert    Reading      Diff* 

PD1 69.5 93.4 -23.9 52.5 80.7 -28.2 

PD2 85.6 86.1 -0.5 75.3 75.9 -0.6 

PD3 61.2 82.3 -21.1 50.5 65.0 -14.5 

PD4 79.4 80.8 -1.4 55.9 61.6 -5.7 

PD5 68.8 71.1 -2.3 52.1 50.6 1.5 

PD6 4.2 19.1 -14.9 8.7 18.5 -9.8 

PD7 15.7 69.1 -53.4 19.1 54.8 -35.7 

PD8 77.1 90.5 -13.4 70.9 81.8 -10.9 

PD9 91.7 96.9 -5.2 90.1 96.4 -6.3 

PD10 55.2 73.6 -18.4 43.0 58.1 -15.1 

Mean** 60.8 76.3 15.5 51.8 64.3 12.5 

SD** 29.0 22.2 15.8 24.5 21.5 11.7 

CD1 80.8 81.9 -1.1 63.7 60.1 3.6 

CD2 39.7 49.4 -9.7 26.2 24.2 2.0 

CD3 70.2 74.1 -3.9 57.3 59.6 -2.3 

CD4 83.4 85.2 -1.8 68.1 68.6 -0.5 

CD5 58.3 67.5 -9.2 37.2 33.2 4.0 

CD6 66.8 71.6 -4.8 40.4 39.9 0.5 

Mean** 66.5 71.6 5.1 48.8 47.6 1.2 

SD** 16.1 12.7 3.6 16.6 17.6 2.4 

*Diff = Difference (covert conversation minus reading); shaded cells indicate those speakers whose difference 
score was 1 SD greater than the average difference score of the group (absolute value) per condition.  
**Means and SD are based on absolute values of the difference scores. 
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DISCUSSION 

 The goal of the present study was to examine the effects of speech task on the 

understandability and naturalness of persons with PD and CD as perceived by experienced 

listeners. A direct comparison was made between sentences extracted from a covertly-

recorded conversational sample and the reading of those same sentences by the participant. 

The speech samples were rated by ten experienced listeners (SLPs) using visual analog scales 

for the perceptual dimensions of understandability and naturalness. It was hypothesized that 

intelligibility and naturalness would be perceived more favorably in a speech elicitation 

condition that provides an external model (i.e., reading) versus one that relies on an internal 

model (i.e., covert conversation) for individuals with PD.  Conversely, it was predicted that 

intelligibility and naturalness would be perceived similarly for speech elicited via external and 

internal models for speakers with cerebellar impairment. 

 Both speaker groups were represented by a range of severity levels from mild to severe 

(see Table 4) as judged by two expert listeners. Moreover, intelligibility testing via the Sentence 

Intelligibility Test (Beukelman, Hakel, & Yorkston, 1996) revealed comparable speech 

intelligibility levels, with the group with PD (M = 88.4, range 45-98) slightly less intelligible than 

the group with CD (M = 93.2, range 77-99) (see Table 6). Thus, we felt that both impairment 

groups’ baseline speech skills were similar enough to allow for a comparison in their 

performance. 

 Overall, results of our investigation revealed that experienced listeners perceived the 

speech of participants with PD as more natural and more understandable during the reading 

condition. The cerebellar group also demonstrated a difference between speaking conditions, 
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but only for understandability. Naturalness was not perceived to change between conversation 

and reading. Thus, the percept of naturalness appeared to be sensitive to capturing the 

differences between speakers with Parkinson’s disease and cerebellar disease. These results 

and their implications will be discussed more thoroughly in the sections that follow.  

Perceptual Ratings of Naturalness 

 Naturalness was defined for our experienced listener’s as “the speaker’s prosody – 

defined as speech rate, rhythm, intonation, stress patterns and loudness”. Based on the 

listener’s ratings, speakers with PD showed a significant improvement in their naturalness from 

the conversation condition to the reading condition, while speakers with CD did not 

demonstrate this pattern (see Figures 4 & 5). This finding has several possible explanations. 

  The most compelling and well-supported explanation is based on the underlying 

mechanisms that help individuals with PD perform motor skills more accurately when provided 

external cues (Burleigh-Jacobs et al., 1997; Freeman et al., 1993; Lehman et al., 2005; Majsak et 

al., 1998; Mak et al. 2004; McIntosh et al., 1995; Morris et al., 1996; Thaut et al., 1996). It may 

be that the same mechanisms found in the limb motor system are at play during skilled speech 

movements. There is a large body of limb motor research demonstrating the benefit of external 

cues to motor performance in PD (i.e., a line on the floor resulting in a normal gait pattern or 

lines on the paper improving micrographia) (Burleigh-Jacobs et al., 1997; Cunnington et al., 

1999; Oliverira et al., 1997). How is it then, that written text provides these same individuals 

with an external cue, enhancing naturalness of speech production? Perhaps the speaker derives 

cues from the word spacing and punctuation, which assist the basal ganglia and/or bypasses its 

impairments, enabling the accurate activation of scaled speech movements (Giladi et al, 1997; 
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Morris et al., 2000). Without these cues, the impaired basal ganglia are left to rely on internal 

cueing mechanisms to scale movements accurately, a circuitry often miscalibrated for 

individuals with PD. As a result, gait is often small and shuffling in nature, writing is small and 

difficult to read, and speech production is soft and difficult to hear. Although the internal 

cueing mechanisms of the basal ganglia are impaired in persons with PD, their ability to make 

use of external cues is still intact. As a result, when text is provided, it acts as an external model, 

improving the prosodic quality of speech production.   

 An alternative explanation is that there are fewer demands on cognitive-linguistic 

functioning, specifically language formulation, when text is provided. As a result, additional 

resources may be made available, allowing for more devotion to prosodic functioning. Prior to 

production, the speech system has the additional cognitive-linguistic processing required for 

language formulation and phoneme selection (Van Der Merwe, 1997). Thus, it is possible that 

the text provided enhanced motor planning/programming through a reduction in cognitive 

load. In other words, when the message is pre-determined by the provided text, frontolimbic 

circuitry is free to provide more resource support to the development and execution of muscle 

programs mediated by the basal ganglia (Grybiel, 2000; Turner, 2010). This argument was first 

put forth by Canter and Van Lancker (1985) to explain why a participant with PD had improved 

intelligibility while reading versus a spontaneous speech monologue. The researchers attributed 

the improvements in intelligibility to the text decreasing the cognitive demand of language 

processing, freeing up resources that enhance speech motor planning/programming resulting in 

enhanced production. This was also offered as possible reason participants with PD improved 

speech performance while reading in later studies by Kempler & Van Lancker (2002) and Sidtis 
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et al., (2012). Although these investigations focused on intelligibility, the same mechanisms are 

likely at play, with improvements to naturalness directly influencing the accuracy of speech 

productions (Duffy, 2013). Although a reduction in cognitive load is one explanation for 

enhanced performance while reading, using this line of reasoning, one would anticipate that 

both speaking groups would demonstrate improvement. As the groups differed with respect to 

change in naturalness, this explanation is unlikely. 

   Another possible reason for the increase in PD naturalness scores in the reading 

condition may be the result of increased attentional focus to the task of speaking. Externally 

cued tasks, by their very nature, often heighten a person’s awareness and attention to the task 

at hand.  In fact, external factors such as use of speech materials, physical setting, and/or 

motivation have been shown to increase typical speaker’s attention to their speech production, 

enhancing performance (Goberman & Elmer, 2005; Hustad & Weismer, 2007; Kent et al., 1989). 

The same enhancements have been found in individuals with PD (Keintz et al., 2007; Neelly, 

1956; Sarno, 1968; Weismer, 1984). Thus, it is possible that the participants with PD were able 

to focus their attention and increase effort towards speech production, which helped to 

enhance their naturalness while reading. Yet, as was the case with reduced cognitive load, using 

this line of reasoning, one would anticipate both speaker groups to improve in the reading 

condition.  Therefore, increased attentional focus was unlikely the reason for improvement.   

 Unlike participants with PD, the cerebellar group did not differ in their perceived 

naturalness between reading and covert speech. The reason for this finding is most likely 

related to the nature of the disordered cerebellum. The cerebellum is believed to play a 

prominent role in externally cued movements (Jueptner & Weiller, 1998; Van Donkelaar et al., 
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1999, 2000). While both the basal ganglia and cerebellum are concerned with motor 

performance, the cerebellum is preferentially involved in monitoring the outcome of 

movements by comparing with sensory inputs (Jueptner & Weiller, 1998). When impaired, it is 

less likely that the cerebellum would be able to utilize external cues to recognize and make the 

adjustments needed to improve the subtle nuances involved in the prosodic features of 

connected speech. Whereas for those with PD, the ability to benefit from external cueing and 

incoming sensory stimuli is still intact, allowing for prosodic alteration.   

 Unlike the basal ganglia, impairment to the cerebellum is not simply a miscalibration of 

scaled movements; the entire system itself is disrupted. Therefore, it is possible that the 

cerebellum is limited in its ability to make use of external cues to compensate and/or bypass 

impairment, regardless of task. Meanwhile, participants with PD are able to use the cues 

provided by written text in conjunction with sensory feedback to make the needed prosodic 

adjustments that resulted in improved perceived naturalness by the experienced listeners.  

Hence, for participants with CD, placing more effort into improving speech productions as a 

result of reduced cognitive load and/or directed attentional focus is less likely to result in an 

improvement to perceived changes to intonation patterns, speech rhythm, inflection, and/or 

vocal intensity. 

Another difference noted between the two speaker groups was rate of speech during 

the two tasks. On average, conversational speech is faster than oral reading in healthy, adult 

speakers (Hasbrouck & Tindal, 2006). To assess for these differences, paired-t tests were 

completed comparing conversation and reading rates per sample, per speaker group (see Table 

9). Results revealed that participants with PD were significantly faster during the reading task 
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compared to covert conversation. Conversely, participants with CD were significantly slower 

when reading versus their conversational speech rate. Thus it is possible that a slower rate of 

speaking during the reading task accentuated the placement of equal and excessive stress on 

spoken syllables common in ataxia (Duffy, 2013). As a result, participants with CD were not 

perceived to improve their naturalness while reading.   

 Perceptual Ratings of Understandability 

  In the current study, understandability was defined for our experienced listeners as 

“the speaker’s articulatory precision”. Results revealed a significant improvement in 

understandability for the reading task compared to the covert conversation for both speaker 

groups (see Figures 2 and 3).  This outcome was unexpected and contrary to our predictions. 

The most likely reason(s) for these improvements are attributed to the nature of the task, 

reduced cognitive load, and/or increased attentional focus.  

 Before discussing these possible reasons, it is important to consider one design element 

that differed in the current experiment compared to earlier studies by Canter and Van Lancker 

(1985), Kempler and Van Lancker (2002), and Sidtis et al., (2012). In these investigations, 

written transcription of speech production was used to obtain intelligibility scores versus 

perceptual ratings in the current study. Intelligibility, which gives a percentage of words 

accurately transcribed, can be relatively preserved in some individuals with PD (Duffy, 2013). 

For this reason, we chose to use perceived “understandability” versus “intelligibility” to capture 

additional elements (i.e., distinguishability between words) of the speaker’s productions. When 

defining understandability, one will find definitions vary depending on the reference used. 

Bloch and Wilkinson (2004, 2009) define understandability as being “distinct from intelligibility” 
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as “something that happens in conversation”. Yorkston and colleagues (1999) define 

understandability as "the extent to which you understand the speaker". Since we were not 

interested in getting a word for word percentage of correctness, we defined understandability 

as “the speaker’s articulatory precision”. It was explained to the listeners that understandability 

was being used as a perceptual judgment of the extent to which each spoken word was 

distinguishable from the next and the speaker’s articulation was precise. It was further 

explained that we wanted to make sure to capture articulatory accuracy given that a speaker 

can be 100% understandable while their articulatory precision is impaired. In making their 

ratings, listeners were told to use their best clinical judgment. The use of this explanation 

seems to have helped avoid a skewing effect in which scores gravitated towards 100% 

understandable. Considering this, along with good intra- and inter-rater reliability, it appears 

listeners accounted for articulatory precision as well as distinguishability of each spoken word 

while making their judgments.  

 For both naturalness and understandability, our predictions of improvement in the PD 

group were supported by the results. Yet, as mentioned above, our secondary hypothesis – that 

the PD and CD groups would have different improvement patterns – was not supported for the 

understandability measure. During the reading task, participants with CD performed similar to 

the PD group, demonstrating statistically significant improvement in understandability. One 

reason both impairment groups benefited may be related to the nature of the task itself. The 

act of taking a breath in and reading a sentence establishes a more stable platform upon which 

to build a more understandable utterance than speaking spontaneously (Duffy, 2013). One of 

the main treatment approaches for clients with dysarthria is to take a breath in prior to 
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speaking in order to ready the system for speech production. Doing so aids in establishing a 

more controlled breath flow that helps to decrease excessive loudness variations and improves 

coordination of breath control patterns (Duffy, 2013; Yorkston et al., 1999). It appears then that 

the very nature of the reading task, which readied the system for speech, was perhaps enough 

to boost the performance of both individuals with PD and CD to the point of significant 

improvements for perceived understandability. 

 An additional consideration that may have resulted in experienced listeners rating both 

groups higher on understandability during the reading task may be related to the need for less 

cognitive/linguistic processing. Similar to reasons discussed earlier for improved naturalness in 

PD, reading may have helped free up more cognitive resources. Reduced cognitive load has 

been shown to improve speech intelligibility in participants with PD by Bunton and colleagues 

(2008) in their single versus dual task paradigm discussed earlier. Intelligibility scores for 

reading significantly improved from 78.28% in the dual task condition to 90.2% in the single 

task condition, which the authors attributed to less cognitive load. It is thought that reading, as 

opposed to spontaneous speech, provides an external template or cue for speech production 

which may reduce the demand on internal cerebral resources for the motor behavior (Kempler 

& Lancker, 2002). Thus, the reading task in the current experiment allowed for more cognitive 

resources to be allocated to the mechanics of speech production. In the conversational, covert 

speech task, additional higher up processing had to occur prior to speech production, placing a 

greater demand on resource allocation (Van der Merwe, 1997; Guenther et al., 2007; 2009; 

2012). Thus, it is feasible that the result of a lessened cognitive load would lead to improved 

understandability during the reading task for both impairment groups (Kempler et al., 2002).  
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 Another possibility for an enhancement in perceived understandability in both groups 

may lie in the increase of attentional focus during performance of the reading task. As 

discussed earlier, the presence of recording and other testing equipment may change the 

execution of the task, inadvertently improving performance in production of individual 

phonemes, and/or increased amplitude of the speech signal (Aronson, 1990). Thus, it is possible 

that the knowledge of being recorded, physical setting, and/or motivation may have directed 

additional attentional focus of participants to their speech production. As a result, the 

mechanics of speech productions were such that a noticeable improvement was perceived 

during the reading task for both speaker groups (Hustad & Weismer, 2007).  

 Results of our investigation lend support to previous studies suggesting individuals with 

PD have enhanced understandability/articulatory precision, when reading (Canter & Van 

Lancker, 1985; Kempler & Van Lancker, 2002; Sidtis et al., 2012). Both Canter and Van Lancker 

(1985) and Kempler and Van Lancker (2002) found statistically significant improvement to 

intelligibility while reading versus spontaneous speech in participants with PD. Although 

significant differences were not found by Sidtis and colleagues (2012), a pronounced trend 

indicated intelligibility was enhanced while reading. The authors attributed the lack of 

significant findings to the mild level of speech impairment amongst participants. In the current 

study for our participants with PD, we had a range of severity levels for understandability, 40% 

mild, 40% moderate, and 20% severe. Although our participants with PD may have had some 

benefit from external cueing provided in the written text, the fact that the cerebellar group 

performed just as well makes this less likely.  
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 Not all studies, however, have found improved intelligibility while reading. For example, 

Tjaden and Wilding (2011) found no significant differences, using scaled estimates, between 

spontaneous monologue and reading in participants with PD ranging in severity level from mild 

to severe. Yet in their study, listeners were college students, not experienced listeners, who 

found the use of direct magnitude scaling (DME) confusing. As a result, intra- and inter-rater 

reliability was weak, bringing the outcomes into question.  Bunton and colleagues (2008) also 

found non-significant differences between speech elicited by a spontaneous monologue and 

sentence reading in the single task portion of their dual task experiment. The authors 

cautioned, however, about the interpretation of this result in relation to previous speech task 

studies, given that their experimental design was for exploring dual task paradigms and may not 

be directly comparable.  

 In sum, it appears perceived naturalness may have been better at identifying the benefit 

of external cues to speech production in persons with PD than did understandability. It is 

possible that the Parkinson’s group may have been more adept in making use of these cues and 

incoming sensory information to generate the needed adjustments to prosody that the 

cerebellar group was unable to utilize. Experienced listeners perceived understandability 

significantly better during the reading task for both impairment groups. Thus, it appears the 

nature of the reading task, reduced cognitive/linguistic load, and/or increased attentional focus 

played a role in improved understandability for both impairment groups. Although it is possible 

that participants with PD had enhanced understandability while reading due to external cues, 

we are unable to determine this given the significant findings for both groups. Still, results 
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showing improved naturalness while reading appear to suggest that participants with PD can 

use external cues in the form of written text to enhance naturalness of speech productions.  

Individual Performance Patterns and Gender Differences  

 In addition to the overall analysis, we also considered individual performance patterns 

and trends. To identify the speakers who had the most perceived change between speaking 

tasks, a conservative method was undertaken in which differences between speaking tasks 

were required to be greater than 1 SD from the average difference of the group as a whole 

(Spencer et al., 2009).  In general, eight speakers (80%) with PD had more than a 5 point 

increase in naturalness while reading compared to no participants in the cerebellar group. From 

this 80%, two of the participants with PD had pronounced (greater than 1 SD) improvement in 

naturalness when reading. Participant PD 7, who was determined to have severe hypokinetic 

dysarthria for the dimension of naturalness, saw the greatest improvement of 35.7 points. With 

the exception of PD5, all participants with PD demonstrated greater than a 0.6 point 

improvement (range 0.6 – 35.7) in naturalness during the reading task.  

 With respect to understandability, seven speakers (70%) with PD had more than a 5 

point increase in understandability while reading compared to two participants (33%) with CD. 

From these participants, one individual, PD7, who was determined to have severely impaired 

understandability, demonstrated greater than a 2 SD (53.4 points) improvement in perceived 

understandability. For the cerebellar group, two participants with CD met the established 

criteria of 1 SD. Overall, both speaker groups demonstrated a 0.5 point improvement or greater 

(PD range 0.5 – 53.4; CD range 1.1 – 9.7) during the reading task. In general, when considering 

individual performance levels per speaker group for both perceptual dimensions, participants 
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with PD had greater point increases than did those with CD. Thus, experienced listeners were 

better able to detect enhanced naturalness and understandability in individuals with PD during 

the reading condition.   

 Gender differences in hypokinetic speakers have been documented in the past with 

respect to prosody (Boutsen et al., 2010; Kent & Kim, 2003; MacPherson et al., 2011). Given our 

PD group was predominately males, it was important to consider whether gender differences 

may have contributed to our results. MacPherson and colleagues (2011) found women with PD 

produced greater F0 SD and pitch range in semitones than did men with PD and women 

without PD. Men with PD produced lower pitch range in semitones than did men without. 

These findings are similar to previous studies that show a gender difference in female 

intonation patterns for persons with PD (Doyle et al., 1995; Hertrich & Ackermann, 1995; 

Holmes et al., 2000; Scott et al., 2000). In the present study, there was only one female speaker 

with PD and nine male speakers. Given that women have more varied prosody, one might 

anticipate that a speaking group of predominantly women might inherently perform better in 

the naturalness task than a group of predominantly men. Yet, in the present study, we found a 

significant improvement in perceived naturalness despite the fact that the group was 

comprised of predominantly men.    

Clinical Implications  

 Results of this study highlight the importance of not relying too heavily on single 

measures of speech performance to make theoretical and/or clinical judgments regarding the 

nature and severity of dysarthria. Doing so can limit the true extent of findings. The motor 

speech system, including the planning, programming, and execution of articulatory movements, 
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is complex. As such, in the current investigation, if only understandability or intelligibility was 

selected to measure differences between speech production in participants with PD and CD, we 

would have concluded that both speaker groups performed similarly. By including naturalness, 

an additional measure of perceptual speech, we were able to identify group differences that 

provided additional insight into the complex nature of the speech motor system.   

 Clinicians should be mindful of the impact external cues have on speech production and 

how their use during testing can paint an unrealistic picture of true day-to-day performance. 

Historically, clinicians have placed much emphasis on the importance of intelligibility levels to 

diagnose and manage dysarthria. However, relying solely on intelligibility testing that uses 

reading stimuli may be too limiting. In the current investigation, for example, PD2 had a 97% 

intelligibility rating on the sentence portion (reading) of the SIT, with a perceptual rating of mild 

for both understandability and naturalness. Yet, participant PD3 scored just one point less at 

96% and was rated with moderately impaired understandability and naturalness. PD1 also 

scored a 96% with a communication ratio of 1, interpreted as intelligibility being comparable to 

that of a healthy adult speaker. Yet both expert listeners rated him as moderately dysarthric for 

perceived understandability and naturalness. In fact, his conversational speech was riddled with 

disfluencies, far from that which would be expected to occur naturally in day-to-day discourse 

with a healthy adult speaker. Clearly, differential diagnosis of severity levels using a 

standardized measure of intelligibility and/or reading passage does not provide a 

comprehensive representation of a speaker's true depth of impairment, and may actually 

overinflate true abilities. The impact of such a misjudgment may result in setting inappropriate 

goal levels and/or limited therapy time authorized by a physician and/or insurance provider. 
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Thus, it is crucial that the evaluation process include a spontaneous speech sample to gain 

additional insight into the true level and nature of impairment.  

 Another important speech characteristics clinicians should keep in mind is naturalness. 

From the results discussed earlier, it is clear that naturalness plays a fundamental role in the 

unique speech characteristics found in individuals with hypokinetic dysarthria. Experienced 

listeners were better able to identify and rate the subtle nuances present in the disordered 

speech samples that understandability was unable to capture. Understandability considers 

mechanical elements of speech production such as respiration, phonation, articulation, and 

resonance. Naturalness, on the other hand, takes into consideration additional elements of the 

speech signal, including rate, rhythm, intonation, and intensity; key elements disrupted in 

hypokinetic dysarthria. In doing so, the rating of naturalness is better able to identify the true 

depth and severity of speech involvement related to individuals with hypokinetic dysarthria. 

This can be seen in Table 10 where mean ratings for naturalness are lower than 

understandability ratings. Thus, it is imperative that naturalness be included in the evaluation 

process. 

  In sum, clinicians should avoid using a single measure of speech performance such as 

intelligibility scores or perceived understandability. Doing so may fail to discover underlying 

characteristics of the signal that also contribute to the impairment. Clinicians should keep in 

mind that their patients with PD perform better when external cues (i.e., reading, repeating) 

are provided. To avoid this and obtain a more realistic picture of their daily speech 

performance, a spontaneous speech sample is crucial. Finally, best clinical practice should 

include a measure of naturalness to capture the prosodic abnormalities that are prominent in 
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hypokinetic speakers (Duffy, 2013). Otherwise, clinicians are doing a disservice to their 

hypokinetic speakers, misrepresenting their true struggles with daily communication. 

Conclusions 

 This study aimed to examine the effects of speech task on understandability and 

naturalness in two different clinical populations, individuals with PD and those with CD. Using a 

visual analogue scale, experienced listeners perceived speakers with PD to be more natural 

during a reading task verses conversational speech. Conversely, no perceived differences in 

naturalness were seen for the ataxic speakers. One possible reason for this result stems from 

the limb motor literature suggesting participants with PD perform motor tasks better when 

provided external cues.  The reading condition may have provided the external cueing 

necessary to boost the PD group’s perceived naturalness scores to significant levels. For 

understandability, the speech of participants with PD and CD was rated significantly higher 

during the reading condition, believed to be the result of task nature, attentional focus, and/or 

reduced cognitive load. It appears then, that naturalness may be playing a more prominent role 

and possibly be a better identifier of the benefits external cues provide people with PD. In any 

case, using a single measure to identify group differences is problematic. The prosodic 

characteristics captured in the rating of naturalness, (i.e., rate, rhythm, intonation patterns, and 

volume) add additional elements of the message that understandability rating/testing may be 

overlooking. Additionally, these elements appear to be key players in the disordered motor 

speech productions found in persons with PD. Overall, outcomes of this study revealed the 

importance of including additional impairment groups and measurements in the study of 

speech processes in PD. Also, results demonstrate the importance of including measures of 
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naturalness and spontaneous speech samples during the clinical assessment of dysarthric 

speech. Relying too heavily on standardized testing can be misleading. Additional research is 

needed to better understand the similarities and differences in provision of external cues 

(reading and/or repeating) to those with PD and those with other disorders impacting motor 

speech systems. 

Limitations 

 The main limitation of the current investigation is the small and unequal sample size. As 

is the case with many studies of impaired populations, the small number of participants can 

make interpretation of results less straight forward. This is especially true for the cerebellar 

group who had only six participants compared to the Parkinson’s group with ten. Having 

additional ataxic speakers would have made for a more equitable comparison between groups 

and possibly resulted in increased differentiate between tasks. Future investigations should 

take recruiting efforts and participant pool in mind, allowing enough time to obtain as many 

participants as possible.  

 Although both groups had a range of severity, the cerebellar group lacked a participant 

with a moderate severity level for understandability and a severely impaired individual for 

naturalness. Although recruitment efforts focused on getting a varied sampling of severity 

levels, simply getting ataxic speakers was a challenge. In addition to recruiting more 

participants, future studies should continue striving for a range of severity levels.  

 Lastly, our study relied on perceived ratings of performance, which in themselves are 

inherently subjective. This was necessary, however, given that we were interested in how 

experienced listeners/Speech-Language Pathologist use their best tool, hearing, to perceptually 
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rate speech production of hypokinetic and ataxic speakers. Speech-Language Pathologists rely 

heavily on how a speaker sounds to make their best clinical judgment as to impairment type 

and severity level. Although perceptual ratings run the risk of being affected by unusual rater 

biases, misinterpretation of directions, etc., our reliability within and between raters was good, 

failing to substantiate this possibility. Still, future studies may want to consider increasing the 

number of listeners and/or adding additional measures, such as acoustic analysis, in addition to 

perceptual ratings.  

Future Directions  

 Future research is needed to better understand how the use of external cueing 

influences speech production in participants with PD. Acoustic measures of speech production 

comparing understandability and naturalness in conversational speech, reading, and/or 

repeating would lend additional insights to the growing body of literature exploring task based 

speech differences in PD. In light of the differences found between hypokinetic and ataxic 

speakers in the current investigation, future studies should include a clinical comparison group 

such as cerebellar disease and/or other clinical populations. The current investigation also 

highlights the importance of using naturalness and a spontaneous speech sample in the 

assessment process. Though, at present, there are no professionally agreed upon or 

standardized ways of judging understandability and naturalness of a patient’s conversational 

speech. Thus, future research should explore ways of standardizing the rating of speech 

characteristics during a spontaneous speech sample and/or establishing a consistent means by 

which clinicians can perceptually rate severity levels of their patients. Improved knowledge in 
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these areas will help speech researchers to better understand external cueing in PD and 

clinicians to provide better service and education to their patients and families.  
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Appendix A 
Extraction Criteria  

 
 
1 No proper nouns 

a. No words that start with a capital letter (i.e., names of people, places, cities, states, 

countries) 

2 No low frequency words 

a. Leave out words that are not commonly used, higher level vocabulary words.  (i.e., “The sky 

looks ominous.” “It looks like we might get a deluge of rain.”) 

3. No formulaic expressions (i.e., “Just in the nick of time”) 

4. No specialty vocabulary 

5. Contains 5-15 words in the sentence. 

6. OK to take part of a run-on sentence that’s joined by a conjunction or filler word. Make sure the 

speaker is done with that part of the utterance and you can indeed clip it and it would stand 

alone as a full and complete sentence.  

7. Don’t include sentences that contain filler words (in the middle) or slang, (i.e., “gonna”). You can 

use a sentence if the filler word was located at the beginning or end.  Make sure when cutting it 

out that the rest of the sentence can stand alone as a complete sentence.  

8. Do not take a sentence that has marked personal emotion (i.e., laughing, over exaggeration that 

is not natural, etc.).  

11. OK to include numbers. 

12. Words can be used if understandable given context. 

13. If a word is unintelligible within a sentence that meets criteria, verify word with speaker. 

14. Do not include a sentence with word revisions.  

15. Take the very first 5 sentences that meet criteria, followed by the next three that meet criteria 

as back-ups. 
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APPENDIX B 
Software Programming 

 
 

 The MATLAB application for the listener’s rating procedure used a GUI layout that 

included the two slider bars/VAS, “PLAY, NEXT, and SAVE” buttons, file counter, and a 

“Participant ID” editable text field. When the application was launched, the GUI window 

appeared and the initialization script was executed automatically, importing the speaker’s wave 

files, creating a file list and arming the shuffle function on the "PLAY" button. Pressing “PLAY” 

would select and play a random sound file from the complete list of speaker files. The clip’s file 

ID would then be indexed, and the flag set to "1". The listener would then evaluate the 

speaker’s speech for naturalness and understandability. Because the flag was set to "1", the 

shuffle function was disabled for any consecutive pressing of "PLAY". Once the participant was 

done evaluating the file, he/she pressed “NEXT”, which recorded and saved the Participant ID, 

File ID, Understandability score, and Naturalness score respectively, as a row in a MATLAB array 

designated as DATA. To prevent repetition of the same clip, the file index of the evaluated 

sound file was used to delete the file ID from the complete list. The counter value in the top 

center of the screen was then increased by one, allowing the listener and experimenter to keep 

track of files played and rated; the flag was then set back to "0". The “NEXT” button was 

programmed to disable itself until the “PLAY” button was pressed, which set the flag back to 

"1". Any subsequent consecutive presses of "NEXT" resulted in a system error sound being 

played, and no other action being taken until the next file was played. This process was 

repeated by the listener until all of the sound files were played in a random order and rated. 

When the file list became empty, the “NEXT” button changed to read “END”, at which point it 
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automatically saved all of the data as OUTPUT.xls, into the MATLAB home directory. The data 

could then be opened from Excel with the rows corresponding to: [Participant ID] [File ID] 

[Understandability (0-100)] [Naturalness (0-100)]. In addition, if the experiment needed to be 

terminated prematurely or paused, the top right “SAVE NOW” button could be clicked, which 

generated an Excel file of all data recorded up to that point. Pressing “SAVE NOW” would not 

terminate the experiment and could be continued if needed. Additionally, “SAVE NOW” could 

be pressed whenever the experimenter wished to create a checkpoint to save a backup of all of 

the data up to that point. If so, it would overwrite earlier output files in the home directory. 

After “SAVE NOW” is pressed, or the bottom right button turns to read “END”, the program 

could be exited safely with all data saved.  
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Appendix C 
Directions 

“During the experiment you will see the screen currently displayed on the monitor (Figure 1). The screen 
will remain consistent throughout the entire experiment. To play a sound clip, click once on the “PLAY” 
button. The sound clip will play only once. You are not able to repeat the clip or adjust the volume. Be 
aware that the sentences are anywhere from 5-15 words. Short sentences may seem to go by very 
quickly, so be ready. After hearing the entire sound clip, use your best clinical judgment to rate the 
speaker on how “Understandable” and how “Natural” they sounded. For “Understandability” we 
defined it as, “the speaker’s articulatory precision”. Understandability was used versus intelligibility 
given that the researchers are not seeking an actually word for word percentage of correctness. Instead, 
understandability is being used as a perceptual judgment of the extent to which each spoken word is 
distinguishable from the next and their articulation is precise.  We want to make sure to capture the 
articulation accuracy of the production; because someone can be 100% understandable while their 
articulation is very poor. So rate on how well you understand each spoken word, while keeping 
articulatory precision in mind. When you’re ready to rate, using your mouse, slide the cursor along the 
scale from 0-100, “0” being “unable to understand” and “100” being “completely understandable”. Stop 
the cursor at the number score you wish to assign to the speaker’s sample. Next, you will have to rate 
how “Natural” the speaker sounded. “Naturalness” is defined as “the speaker’s prosody – defined as 
speech rate, rhythm, intonation, stress patterns, and loudness”. When rating “Naturalness”, slide the 
cursor along the scale from “0-100”, “0” being “highly unnatural” and “100” being “completely natural”, 
stopping at the number score you wish to assign to the sound clip. Keep in mind that it’s possible to 
have someone with good “Understandability” while having poor “Naturalness” or vice-versa. After 
rating both “Understandability” and “Naturalness”, click once on the “NEXT” button and then once on 
the “PLAY” button to play the next sound clip.  Again, you will hear the sound clip one time; rate both 
“Understandability” and “Naturalness”, click once on “NEXT” then once on “PLAY” etc. There is no need 
to re-set the scale between ratings. You will be following this same sequence/procedure throughout the 
entire experiment. At the top right corner of the screen you will notice a button that says “SAVE NOW”. 
You do not have to worry about this button; it is only for the examiner’s use to save the data if needed 
in the case of a program error that requires a restart or if you need a break and the examiner wants to 
save a back-up of your data”.   
 
STEPS TO FOLLOW: 

 To begin the experiment, click once on “PLAY”. This will play a sound clip one time.  

 After hearing the clip, RATE the speech sample on “Understandability” and “Naturalness” per the 
definitions provided. Remember, even though a sample may be completely understandable, pay 
attention to the articulatory precision and include it in your rating as well.  

 Once you have finished rating the sample, click one time on “NEXT”.  

 Then click one time on “PLAY” to play the next clip, rate the sample, and so forth. 
 

 So remember: 

CLICK ONCE 
 

PLAY RATE NEXT PLAY 
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