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How can smartphones be used to measure clinically relevant 
symptoms capable of being used as endpoints in clinical trials?

• Traditionally, assessments of symptom and disease severity in individuals with schizo-
phrenia have been highly subjective, limiting validity as well as intra- and inter-rater 
reliability. This diminishes sensitivity to change, increases time and costs associated 
with data collection, decreases power and increases the sample size required to detect 
treatment effects.  

• The requirement for a live rater who completes a lengthy interview limits the ability to 
conduct assessments frequently during a clinical trial as well the breadth of ecological 
sampling that is possible, and places significant burden on both study participants and 
clinicians.

• Novel, low-burden methods capable of sensitively measuring disease severity and 
treatment efficacy with greater ecological validity are needed. 

• Negative symptoms of schizophrenia represent a cluster of debilitating symptoms for 
which treatment remains inadequate.  They include diminished normal patient behav-
iors with decreased emotional, facial and verbal expressivity, decreased amount and 
content of speech, reduction in interests, social interactions, movement. Together these 
symptoms profoundly impact overall functioning.  

• Advances in artificial intelligence (AI) and machine learning (ML) when applied to 
smartphone technology allow these behaviors to be measured with high accuracy and 
sensitivity. We outline a protocol design that leverages this technology to begin to es-
tablish the validity and reliability of this methodology for measuring clinically relevant 
patient behaviors in a clinical trial involving individuals with schizophrenia.

•  In these planned Phase IIB/III trials, study participants with schizophrenia will be 
asked to perform a schedule of ‘tasks’ on their smartphones using the AiCure app 
(www.aicure.com).

•  The trials will include two populations of persons with Schizophrenia: 

•  Study 1: Poorly responsive to atypical antipsychotic

•  Study 2: Ultra-treatment resistant to clozapine

•  DSM-5 diagnosis 

•  Moderate to severe symptoms (CGI-S; BPRS) with functional deficits 
(GAF; SOFAS)

•  The tasks engage patients in active verbal and visual interactions that assist in 
optimizing collection of behavioral variables through computer vision and ma-
chine learning.

•  Four different tasks will be deployed at logical timepoints and will be related to the 
standard, well-established clinical endpoint assessments.

•  An ecological momentary assessment (EMA) to capture the patient’s gen-
eral well-being near time of assessment twice a day, three days a week. 

•  A visual stimulation (VST) measuring patients’ responses to positively, 
neutrally, and negatively valenced images once a week. 

•  A facial expression exercise (FEE) to capture levels of facial expressivity 
once a week. 

•  A speech exercise (SE) to specifically measure patients’ verbal acoustic 
behavior once a week

•  Separate from AiCure technology, the clinical trial also includes an established 
endpoint for measuring symptoms of schizophrenia: The Positive and Negative 
Syndrome Scale (PANSS). Global Assessment of Functioning (GAF) and the  
clinician administered Clinical Global Impression scale (CGI) score. 

• In the proposed study, variables measuring facial expressivity, verbal acoustics, 
content of speech, and patterns of movement would be extracted from the pa-
tients’ participation in tasks.

• These variables would be used alongside assessments such as the PANSS to 
measure severity of symptoms of schizophrenia. 

• A combination of the variables collected could be used as predictors in machine 
learning models meant to estimate the PANSS score and consequently clinical 
functioning in the patients

Face:
• Composite Expressivity vs. PANSS Blunted Affect shows negative correlation. There 

was an overall lower expressivity for individuals with schizophrenia compared to healthy 
controls

Voice:
• Percentage of Frames with Speech vs. PANSS Negative Total shows negative correla-

tion. Individuals with schizophrenia show fewer audio frames that contain speech when 

compared to healthy controls.

PANSS
Based on existing literature and pilot results, we hypothesize the presence of a 
negative univariate linear relationship (tested with Pearson’s correlation with alpha 
<=.05) between variables measuring:

GAF and CGI
We hypothesize that improvements in digital measures of negative symptoms will 
be positively associated with indicators of general clinical functioning measured by 
the delta in GAF and CGI.

PANSS Negative Symptoms subscale, along with single items of:

• facial expressivity 
• verbal expressivity 
• rate of speech

• blunted affect 
• rapport 
• spontaneity

• pitch 
• head movement

• excitement 
• motor retardation

Movement:
• Head Movement vs. PANSS Motor Retardation shows negative correlation. Head mo-

tion measure significantly lower in individuals with schizophrenia than healthy controls.

• Negative symptoms of schizophrenia can potentially be objectively captured with 
current technologies to provide greater validity and reliability of data collection. 

• Such improvements should increase sensitivity to changes that might be intro-
duced by clinical treatment. 

• If successful, such variables could be used as endpoints in clinical trials for better 
efficiency, greater value and reduced costs.

Digital variables measuring facial expressivity, verbal acoustics, content of speech, 
and patterns of movement will be extracted from the patients’ participation in tasks. 

Correlation with “gold standard” clinician-administered assessments 

• In a pilot study, we have reviewed the following features and their presentation in individ-
uals with schizophrenia (n=9) and healthy controls (n=19), and how they correlate with 
traditional measure of symptom severity such as the PANSS. The study took place over 
the course of two weeks, with 50 measurements between 4 tasks.
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How has your week been?


