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Specific Aims: 
The goal of the proposed work was to develop and demonstrate the feasibility of a computer-based voice therapy system that will deliver an effective form of voice therapy, known as LSVT® (Lee Silverman Voice Treatment) to individuals with Idiopathic Parkinson Disease (IPD). LSVT requires 16 one hour face-to-face sessions with an LSVT clinician over a one month period. The focus of LSVT is to teach individuals to increase vocal loudness which results in increased speech intelligibility, and to transfer their newly acquired communication skills to the real world.
The LSVT® program has been documented to improve speech and voice in individuals with IPD(Ramig et al. 1995, 1996), including the first Level 1 evidence for efficacious speech treatment for Parkinson’s disease (Ramig et al., 2001; Goetz personal communication). Despite these advancements, the “real world” treatment of speech remains an unmet need for many individuals. Some of the factors for this are lack of access to a certified speech therapist, financial restrictions and limits on clinician time. With IPD predicted to increase significantly as the population ages, there is a growing need for accessible treatment which can be delivered at an effective dose, consistent with an intensity required for motor learning.  An LSVT Virtual Therapist (LSVT-VT) could address this need by offering an accessible, effective supplement or even substitute for current LSVT® sessions. The LSVT-VT is a multimedia computer system with a lifelike animated three dimensional computer character, that is programmed to behave like a sensitive and effective human clinician. The character is named Marni. Marni interacts with an individual much like a human therapist to improve the quality and intelligibility of the individual’s speech during five LSVT® tasks. In each task, the system measures the individual’s loudness and pitch, and tracks and recognizes the individual’s speech. Real time feedback is provided through speech, facial expressions and animated displays.  The result is an engaging experience in an accessible and scalable solution.    
Aims:

· To develop a virtual LSVT speech therapist

· To demonstrate the feasibility and experimental efficacy of speech treatment (LSVT) administered through use of a virtual therapist (LSVT-VT).  

Studies and Results: 
Background: This study was designed to explore the efficacy of LSVT® administered in combination with a specially programmed Virtual therapist. This Virtual therapist is designed to guide individuals through the LSVT therapy on their own. 
LSVT-VT development: 
The tasks leading to development of the LSVT-VT system included (a) tracking all verbal and non-verbal behaviors of live speech clinicians as they deliver LSVT® therapy (b) specifying and implementing the “rules of engagement” for controlling the verbal and nonverbal behaviors of “Marni” in response to vocalizations produced by the patient (c) designing the multimedia human computer interface for each of the five LSVT® exercises (d) testing and refining the system (by both the researchers and individuals with IPD) , and (e) incorporating the LSVT-VT within the treatment sessions for a pilot subject with IPD. 
Subjects:
27 subjects (Ss) signed approved consent forms for this study. 14 were individuals with Idiopathic Parkinson’s disease (IPD), and 13 were the significant others, family members or friends (SO) of the individuals with IPD (1 IPD S did not have a SO). The SO’s filled out questionnaires regarding the individual with IPD’s voice and speech.  Of the 27 Ss, 11 Ss did not complete the entire study (6 IPD, 5 SO). The reasons for non-completion were: 3 IPD Ss did not pass the screening, 1 IPD S had a change in medication between pre 2 and pre 3 and consequently was excluded from the study, and 2 other IPD subjects were withdrawn during the treatment phase of the study due to unrelated medical problems. As a result, the SO’s of these Ss were withdrawn from the study as well. Thus, 16 individuals (8 Ss with IPD and 8 SO’s) completed the entire study and served as Ss to address the second aim of the study. 1 IPD S and her SO served as the initial pilot S. Due to differences in the computer program and developmental nature of the pilot phase, data from this IPD S and her SO were not included in the experimental data below. Reported results are based on the remaining 7 IPD Ss and the 7 SO’s.  
Treatment: The treatment portion of this study was conducted in two phases. In the first phase a group of 5 IPD Ss (S01, S02, S05, S07, S08) received 9 treatment sessions with a clinician and 7 sessions with the LSVT-VT.  As a result of this phase, improvements were made to the LSVT-VT based upon clinician observation and feedback from the Ss. Following these changes two more Ss were enrolled as Phase 2 of the study. The second group of 2 IPD subjects (S09, S14) received 4 sessions with the clinician and 12 with the LSVT-VT. 
Phase 1: week 1 – IPD Ss received traditional LSVT speech treatment with a speech-language pathologist (SLP) (days 1-4), the LSVT-VT was introduced during session 4; week 2 – IPD Ss received two days of treatment with a SLP (days 5 and 7) and used the LSVT-VT for two sessions (days 6 and 8). Session 5 was a training session. The clinician observed the Ss in the room while they utilized the LSVT-VT and encouraged the Ss to utilize the LSVT-VT as independently as possible; week 3 –IPD Ss received one day of treatment with an SLP (day 9) and then used the LSVT-VT for treatment (days 10-12); week 4 – IPD Ss received two days of treatment with an SLP (days 13 and 16) and used the LSVT-VT for two sessions (days 14 and 15). IPD Ss were monitored throughout the study for problems with the computer or questions. Data from each IPD S’s VT treatment sessions were saved to a computer for future analysis. 
Phase 2: week 1 – IPD Ss received traditional LSVT speech treatment with a SLP two days (days 1 and  2), and used the LSVT-VT for two days (days 3 and 4). Ss received extensive LSVT-VT training after session 2; week 2 – IPD Ss used the LSVT-VT for all four sessions (days 5-8); week 3 – IPD Ss used the LSVT-VT for all four sessions (days 9-12); week 4 – IPD Ss received two days of treatment with an SLP (days 13 and 16) and used the LSVT-VT for two sessions (days 14 and 15). Because of the need for vocal shaping, S09 was seen day 1 of week 3 by the SLP. Consequently, in order to keep the number of LSVT-VT and clinician sessions consistent across Ss, instead of working with the SLP day 13 of week 4, S09 used the LSVT-VT. Phase 2 IPD Ss were monitored throughout the study for problems with the computer or questions. Data from each IPD S’s VT treatment sessions were saved to a computer for future analysis. 

Due to the fact that two different treatment schedules were utilized and that the amount of clinician intervention that subjects received during their VT sessions was dependent upon their individual needs, a  single subject design was utilized. Thus, subjects were not randomized to the two different treatment groups. Group placement was based on which treatment schedule was being utilized during the phase in which the S was enrolled. 

Experimental data collection: Speech and voice data were collected in a sound-treated booth three times immediately before treatment and twice immediately following treatment. Acoustic data were collected simultaneously using standard equipment, including a head-mounted microphone (at a fixed distance of 8 cm), a high-quality SLM (at a fixed distance of 30 cm), and video cameras. The IPD Ss performed a variety of standard tasks, including reading, speaking spontaneously, sustaining phonation and generating words. The IPD Ss also completed 3 different voice and speech perceptual rating scales, as a part of the pre and post treatment data collection sessions. The SO’s completed 2 different voice and speech perceptual rating scales as a part of pre and post treatment data collection sessions. Finally, a questionnaire regarding their experience with the LSVT-VT was completed by IPD Ss. 

Data analysis: Sound Pressure Level (SPL) data collected from the SLM were analyzed to determine whether the IPD Ss were louder after treatment. Data from voice and speech rating forms were analyzed from both the Ss and the SOs to determine the perception of the S and SO’s regarding the Ss’ voice and speech. Finally, questionnaires regarding the Ss’ experience with the LSVT-VT were analyzed to gather information regarding aspects of the program that worked well, and suggestions for improvement.
Results (SPL data): 

Individual SPL data are displayed below. Median dB SPL is reported. Median dB SPL for Pre is based on the median of Pre1, Pre2 and Pre3. Median dB SPL for Post is based on the median of Post1 and Post2. 
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S01 had a 1 week delay between Pre3 and starting treatment due to illness. A Pre4 was done immediately before treatment, but was not included in the final data due to the fact that the S’s voice/speech were not typical (he was recovering from a cold). 
Due to the single subject design and use of median values, pre/post change in the LSVT-VT can not be statistically compared to pre/post change in the traditional LSVT®. The chart below lists median dB pre/post change for the VT group as compared to group mean dB change for traditional LSVT.  
	Task
	LSVT-VT

Median dB SPL
(range)
	LSVT (2001)

Mean dB SPL
(range)

	AH
	13.3

(6.1 – 19.1)
	14

(4.2 – 22)

	Monologue
	5.3

(0.4 – 6.1)
	5.7

(1.2 - 17.4)

	Picture
	6.5

(1.3 – 7.5)
	5.9

(-2.9 - 16.1)

	Rainbow
	6.3

(2.8 – 9.0)
	6.8

(1.3 – 16.1)


Results (voice and speech rating forms): 
In order to evaluate the impact of treatment-related changes on the Ss and their SO’s, standard voice and speech rating scales were administered. Ss completed self-ratings using the Voice Handicap Index (VHI) (Jacobson et al., 1997). The VHI contains 30 questions (e.g., “my voice is worse in the evening”) which assess the functional, physical and emotional impact of an individual’s voice difficulties. 


Both Ss and close friends or family members (significant others) of the Ss completed a visual analogue scale (VAS) (Kempster, 1984; Ramig et al., 1995; Schiffman, Reynolds, & Young, 1981) and an early version of The Modified Communication Effectiveness Index (CETI-M) (Ball, Beukelman, & Pattee, 2004).  The VAS requires SOs  and Ss to rate voice and speech based on the percent of time they feel particular voice and speech characteristics are present (0 - 100%).  The CETI-M contains 10 questions. For each question SOs and Ss are asked to indicate how effective they feel the S is at communicating in certain situations on a continuum of 1 to 10 (1 = “not effective,” 10 = “extremely effective”).  (Ball, 2006, personal communication, 8-18-06).
Data for voice and speech rating forms were taken from the first voice and speech rating forms filled out pre and post treatment. The voice and speech rating forms were not included for the SO of S01 due to questionable validity (S01’s SO indicated he could not remember what S01’s speech sounded like pre, he was out of town during treatment, and he put the same answer for each item on each form). S02’s SO did not correctly fill out the CETI-M, thus this data was not included. Ratings of  “Always Loud Enough” and “Always Intelligible” were selected from the VAS. 
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[image: image7.emf]Self Rating:  Always Loud Enough
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Results (device feedback): IPD Ss responded to questions regarding their experience with the LSVT-VT device following treatment. Results from 6 questions are displayed below (1 is negative end of the scale, 5 is positive). 
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Discussion of data:

The results demonstrate that the IPD Ss made changes pre to post treatment in SPL which are similar to the gains reported in previously published data using traditional LSVT®. Results also indicated that SO’s noted improvements in the S’s voice and speech. Frequently SO’s rated the Ss as more improved pre to post treatment than the Ss rated themselves. Although many Ss reported informally that the treatment had a positive impact on their communication, this was not always reflected in the pre/post voice and speech rating forms.  One reason for this could be that Ss were less aware of the magnitude of their hypophonia pre treatment, and as a result of education during treatment, post treatment, they became increasingly more aware of their hypophonia. Finally, ratings of the LSVT-VT program indicate that overall Ss had a positive experience with the LSVT-VT. They found the program appealing, easy to use and engaging. 

Upon review of the SPL results, S09 made small pre/post changes as compared to most of the other Ss. However, it is important to note that S09’s pre-recordings were at a level that was louder than many of the other subjects, thus S09 did not have as much room to demonstrate change. This was also true for the “Rainbow passage” and for “Ah” for S01.  Another reason for the small pre/post change could be that S09 was not consistently generalizing the target voice that is increased in loudness. This was in fact the impression of the treating clinician. The clinician did not feel that S09 was calibrated (knew the amount of effort and loudness to use  and felt comfortable using it). 

It is also interesting to note that S09 failed the audiometric screening in both ears at 2000 Hz. However, during the voice and speech screening S09 was able to hear everything that the virtual therapist Marni said, and had no trouble following directions, thus it was felt he would be able to participate in the study. It was evident however, that at times during the treatment sessions he did not hear some of the questions and instructions from the virtual therapist. Many times he was able to use a “repeat the question” button on the program so that he could continue to participate. The ability to repeat information is an important function to include in virtual therapy programs, as many individuals who will ultimately be utilizing the virtual therapist are likely to have a hearing loss. 

S09 and S14 participated in Phase 2 of the study. Both received 12 sessions with the LSVT-VT instead of 9 sessions as the Ss in Phase 1 received. It was the impression of the treating clinicians that both of these subjects were not fully calibrated. Before the start of Phase 2, in anticipation of an increased number of LSVT-VT sessions, changes were made to increase the number of calibration activities the Ss encountered during the LSVT-VT session. While these additional activities were an improvement to the system, the system is limited to what can be pre-programmed. Some of the most effective calibration activities that occur in live sessions are those that are facilitated spontaneously by a clinician in response to a S behavior (i.e. tape recording soft speech followed by a louder voice and demonstrating the difference to the S). This type of activity is an area of future development for the LSVT-VT, but is currently not incorporated into the system. Although not reflected by S14’s pre/post treatment spl data, or by voice and speech ratings conducted by SO’s, the treating clinicians felt that the subjects in Phase 2 would have benefited from more than 4 sessions with the clinician to improve calibration. It was also felt that these Ss required more vocal shaping for a longer period of time (i.e. 2 sessions was not enough to establish a good foundation of how to correctly produce the voice). 

In addition, the treating clinicians felt that improvements need to be made to decrease the repetitive nature of the system, especially during week 4 (conversation) when the LSVT-VT is used for a majority of sessions (as it was in Phase 2). They observed that Ss were losing attentiveness at times and also that they would begin to ignore prompts from the LSVT-VT to increase loudness. 
Clinical experience suggests individuals who have cognitive challenges, substantial sensory calibration issues or require more instruction regarding proper production of vocal behaviors will have more difficulty participating in LSVT-VT therapy.  These individuals require more direct time with a clinician.  Further investigation is required to determine which individuals would be most appropriate for the LSVT-VT. 

c. Significance 

Our previous studies have generated the first short and long-term experimental efficacy data for voice treatment (LSVT ®) for individuals with IPD. Despite these major steps speech and voice treatment remains an unmet need for many individuals with IPD. A few of the many reasons for this are that individuals may have physical limitations which make it difficult for them to come to therapy, they many not have easy access to treatment provided by a therapist with knowledge of voice and speech in IPD or they may have limited insurance benefits. The LSVT-VT offers the potential to address these challenges. It can be used as an aid for in-home therapy sessions and can thus make treatment accessible for more individuals with IPD and allow them to reap the benefits of functional communication and expression. If data are generated to support the usefulness of Virtual Therapists in the treatment of speech and voice in IPD and in the documentation of “real world” clinical efficacy, a major step would be taken to enhance access to effective speech treatment and improved quality of life in individuals with IPD. This study is the initial step to achieving this goal.  
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