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BACKGROUND
The use of virtual assistants to provide patient care 
is growing in prevalence and importance among 
health services despite the challenges it presents 
when communicating with patients. 

Recent developments in Human Computer 
Interaction offer the opportunity to provide 
contextualized support and gather new patient 
insights by using the audio and motion sensors 
found in smart devices. 

We are developing an application that detects 
features of natural language, non-language 
utterances, ambient noise, and movement to 
model patient behavior and provide more situated 
guidance. 

STUDY DESIGN
The development of our application has been 
multiple years in the making. Here we present a 
narrow focus, highlighting the development of 
machine learning models to track post-operative 
care procedures following Mohs Micrographic 
Surgery. 

As a first exploration of the models, we evaluated 
whether the sensing of vibration, acceleration, and 
non-linguistic sounds could be combined with self-
narration to reliably track the steps in a known 
procedure.

We collected data on 12 participants as they 
progressed through a set of 12 ordered food 
preparation tasks that shared similar motions to 
post-operative wound care procedures, such as 
washing hands, opening jars, and spreading 
substances. 

RESULTS
The pilot study demonstrated variability in the order of step execution even when the physical organization of task items 
was pre-determined and participants were asked to utilize all the ingredients, moving left-to-right. For example, at the 
point labeled A on Figure 1, the participant repeatedly squeezed mustard on the bread, and at the point labeled B, one 
participant bagged the sandwich before realizing it needed to be cut.

Participants' self-narration of a step overlapped with the step's action 46% of the time, but not all steps were explicitly 
mentioned and not all actions were, by themselves, unambiguous. While multiple consistent signals for the same step 
act as strong confirmation that the step was executed, it is the presence of information from the other channel that is 
crucial when the expected evidence from a single channel is missing or ambiguous. 

Increasing the number of signal channels allowed for better detection of the procedure steps, strengthening the idea 
that multimodality is superior to unimodality. Figure 2 demonstrates the combination of modalities that will be used to 
detect actions in a post-operative wound care procedure, as well as the steps’ relationship to the analogous food 
preparation tasks.

CONCLUSION
The combination of unique and redundant 
information from speech, sound, and movement 
will allow us to effectively infer care procedures as 
they unfold naturally. 

We will continue to build the machine learning 
models for wound care using in-clinic and in-home 
data. We then plan to:
• Deploy an autonomous application
• Build predictive models to anticipate poor 

outcomes
• Develop a situated and context-aware voice 

assistant

Although our scope is constrained to post-
operative care while in development, our 
technology could conceivably deliver more 
personalized management to complex conditions 
like seizures, dementia and schizophrenia while 
providing a rich new data set for researchers to 
investigate. 

Please contact us to discuss potential 
collaborations with this approach to behavioral 
modeling for your clinical practice gaps and 
behavioral research goals. 
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Figure 1. Step transitions used by participants executing a visually-specified ordering of the sandwich task, which we used as an analog of wound care 
procedure steps for Mohs surgery. The brightness of each edge is proportional to the number of participants who performed that transition.

Figure 2. Home wound care procedure steps following Mohs surgery. The icons on top of each step show the actions that we anticipate to detect using 
motion and sound. The steps that are not directly sensed through motion or sound will be inferred by speech, logical necessity, and the timing between 
various actions. The red boxes show the analogous actions between the sandwich preparation task and wound care. 
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