
Compliance:

• # of submitted responses/total # of prompts delivered: 62.4%

• High variability in behavior between different subjects (Fig. 3)

• Most submitted responses contained real speech content: 88.8%

Burden:

• Time between when prompt appeared to patient and response was 
submitted

• Median: 17 hours, 3:42 minutes; Mean: 26 hours, 3:21 minutes

Engagement:

• Response duration*:

• Pain questions mean: 1:55 minutes

• Non-pain questions mean: 1:31 minutes

* Note: some recordings were capped at 2 or 4 minutes by the 
program, which artificially lowered the mean response duration.
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Cognitive, neurodegenerative, and mental health disorders affect millions but often
require time- or training-intensive assessments to monitor status and progression.
More frequent and easier assessments could allow for better monitoring and
personalized treatment. Speech is a highly complex cognitive task connecting many
cognitive systems, and speech production is easy to elicit, collect, and measure in an
unobtrusive manner with minimal technological requirements.

RESULTS

BACKGROUND METHODS & METRICS

CONCLUSIONS

Spontaneous speech can reflect changes in cognitive load, distraction, and disease
progression [1, 2]. Here we successfully demonstrate a “proof-of-concept” methodology that
allows for collecting cognitive data using voice in CLBP patients frequently (once a week),
longitudinally (months to a year), and at home (as opposed to in-clinic) in a minimally
burdensome and engaging way. On-going and future work includes investigating the
relationship between automatically-calculable features of speech and current/future pain
and QoL measures.

USE CASE & RESEARCH GOALS

POPULATION

Tracking the chronic pain experience over time
• Chronic pain is a neurodegenerative disorder that affects 1 in 5 Americans and 

often presents with mental health co-morbidities such as depression or anxiety.
• Currently, pain intensity or severity status is assessed using: (f)MRI scans, 

biosensors, facial action coding, and self-report measures.
• All have downsides, such as: expense; requires clinical equipment or visits; tedious/burdensome; 

subjective

Overall Goal: Develop a methodology and protocol for frequent, longitudinal, & 
objective patient tracking across multiple neuropsychological illnesses. 
Study Goal: Quantify, track, and predict various aspects of an individual’s chronic 
pain experience (e.g., intensity, QoL, mood) using concurrently-collected speech.

• Participants were enrolled in a Boston Scientific clinical study (NAVITAS) investigating
spinal cord stimulation (SCS) for the treatment of chronic leg and back pain (CLBP).
Patients were followed for up to 3 years.

• Data presented here covers a fixed 1-year window.
• Participants who received at least one voice prompt during the window are included in

this analysis (N = 150; N = 127 responded to at least one).

Figure 1: Task and Procedure.
• Participants answered an open-ended prompt (pain-related or non-pain-related) via a smartphone app.
• The prompts provided guidance to speak for 1-2 minutes while allowing for content spontaneity.
• The phone audio-recorded and uploaded responses for offline processing, transcription, and analysis.

• Participants were taught to record using their phone during their first clinic visit.
• Question prompts were administered approximately once/week, along with a concurrent pain rating.
• Participants also self-reported on other questionnaire topics including mood, depression, etc.

Figure 2: Evaluation metrics. In order to 
be considered a feasible methodology, we 
defined 3 measurements as important 
indicators of success:
• Low participant burden (timeliness of 

completion)
• High participant engagement (voice 

response length)
• High participant compliance 

(completion rate)

Figure 3: Compliance. Patient-specific submission rate demonstrates between-
subject variability in task performance.
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