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SENSORS, DATA, COMPUTATION

Progress In science always driven by data
Dramatic increase in data volume and types in the past |0 years, especially about human behavior
Origin iIn Moore's law: transistor density doubles about every |8 months

Data: Sensors are small, cheap, everywhere

Analysis: Computational capacity, increasingly cloud-based

Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)
Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. e
This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are

strongly linked to Moore's law.
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Year of introduction

Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)
The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic. Licensed under CC-BY-SA by the author Max Roser.




CELL PHONES AND SMARTPHONES

More mobile phones in use in 2015 than people in the world

There were 3.2 billion smartphone subscriptions in 2015 and 6.3 billion are expected by 2022

US adults with smartphones: 35% in 201 | and 77% in 2017

Increasingly rich data in real-world settings about social, cognitive, and behavioral functioning
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Onnela, Saramaki, Hyvonen, Szabd, Lazer, Kaski, Kertész,
Barabadsi; Structure and tie strengths in mobile
communication networks, PNAS 104, 7332, 2007.

Firth et al. "Mobile phone ownership and endorsement of
“mHealth” among people with psychosis: a meta-analysis of
cross-sectional studies." Schizophrenia Bulletin (2015): sbv|32.




PHENOTYPING CHALLENGE

Over the past 20 years, many investigators have proposed phenomics as the natural complement to

genome sequencing as a route to advances in the biomedical sciences

Behavior presents special challenges because of its temporal nature and context dependence
Need a scalable way to measure social, behavioral and cognitive markers objectively in the wild

Digital phenotyping:“Moment-by-moment quantification of the individual-level human phenotype In

situ using data from personal digital devices, In particular smartphones”

Important advantages (passive data): (1) large N, (2) large T, (3) pre and post data

Neuroscience 164 (2009) 30—42

Phenomics: the next challenge
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The Human Phenome Project
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Deep Phenotyping for Precision Medicine
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DIGITAL PHENOTYPING

 Digital Phenotyping Project (2013 NIH Director's New Innovator Award DP2MH 103909):

* Infrastructure: Develop customizable, scalable, open source research platform for high-throughput
smartphone-based digital phenotyping (Beiwe)

* Methods: Big and noisy data, temporally dense, missingness, high-dimensional, etc.

* Studies: Used in ~30 studies mainly at Harvard Medical School teaching hospitals (McLean, MGH,
BWH, BIDMC) in various fields (psychiatry, neuroscience, neurology, neurosurgery)

« Overall goal is to systematize data collection and analysis in smartphone-based digital phenotyping



BEIWE RESEARCH PLATFORM

* Front-end: Android and i1OS applications for collecting active and passive data
* Back-end: Amazon Web Services (AWS) cloud computing infrastructure
* Scalablility is key: about | GB of raw data per subject-month
* Web interface: Study portal for managing studies and accessing data
* Data collection: EC2 instances and Elastic Beanstalk
* Data storage: S3 for medium-term and Amazon Glacier for long-term
 Data analysis pipeline: Data processing and modeling (automatic & manual)

« Open source under the 3-clause BSD license (https://github.com/onnela-lab)

Front-end Back-end




SPINE SURGERY

Studied 105 patients with spine disease at BVWH

55 patients underwent a surgical intervention during follow up

By the end of follow up, the mean change in pain for all patients was -1.3 points (from 4.96 to 3.66)

Increased pain was significantly associated with reduced patient mobility as measured by three dally

GPS summary statistics
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QUANTIFYING SLEEP

* Social and academic transitions of Harvard undergraduate students

Wearable, Beiwe on smartphone, |5 MRI scans
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OPPORTUNITIES AND CHALLENGES

Opportunities:
- Scale (N) and length (T) of measurements
» Essentially identical measurements everywhere using smartphones (not so for wearables)

» Building partnerships across industry, academia, government

Challenges:
 Data are very high dimensional and very noisy
« Many analytical and statistical challenges in these early days
- Data standards and reproducibility
» Data security and patient privacy
* Regulatory considerations
- Patient engagement and feedback (possibly useful, can be harmful, constitutes an intervention)

* Integration into clinical care and EHR (information overload)



