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401

Applications Opened: S
Maps, Weather, Reminders, Clock,
Newstand, Mail, Phone, Messages, Internet
Browser

403

Gestures by Application:
Swiping and tapping for paging, scrolling,
enlarging; gesture duration and latency

405

Keyboard Entries by Application:
Alphanumeric entries, backspaces and
corrections, all text entered; entry latencies
and duration

407

Voice:
Voice pitch, voice amplitude, speech
cadence; frequency spectrum

409

Social: /\/

Incoming and outgoing calls, emails, text
messages, latencies checking voice mails,
emails, text messages

411

Mobility:
Global positioning system, gyroscapic
coordinates, accelerometer values

413

e

Physiology:
Heart rate, blood oxymetry, body
temparature, electroencephalogram
transmitted by a peripheral device;

415

¢

Diet:
Caloric input; nutritional content of diet;
alcohol and caffeine consumption

FIGURE 4
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601 NO

New events
detected and
recorded

Portable device can
access WiFi

YES

Successful YES

transmission
occurred in the last
24 hours

v

Initiate scheduled transmission of all

recorded events since last successful ke
fransmission
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701

Pattern of Applications Opened:
Diurnal rhythms by day of week, duration,
frequency, co-varying with other patterns

703

Patterns of Gestures:
Variations in speeds, latencies, duration by
application, diurnal and co-varying with other
patterns

705

Patterns of Keyboard Entries:
Variations in latencies and duration by
application, diurnal and co-varying with other

patterns
Voice Pattern;

Pitch, amplitude, frequency spectrum; co-
varying with other patterns

709

Social Pattern:
Changes in length or duration of email, text
or calls; frequency by recipient; changes in
sentiment; co-varying with other patterns

711
Mobility Pattern: /\/

Changes in daily travel; variations in sleep
patterns; variations in activity level; co-
varying with other patterns

713
Physiology Pattern:
Pattern of changes in heart rate, oxymetry,
body temperature, electroencephalogram; co-
varying with other patterns
RANL 715

Patterns in Diet:
Changes in caloric intake, nutritional intake,
alcohol and caffeine consumed; co-varying
with other patterns

FIGURE 7(a)
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User Inputs:
Applications opened, gestures used,
keyboard entries, speech frequencies, and
timings are encoded in an input vector

717
Y

719

Learn Next Feature Layer:

Identify weights of energy function that minimize +——
the negative log-likelihood function of that layer

N

721

Higher layer YES

exists

Back-Propagation Fine Tuning:
Supervised fine-tuning of weights using back-
propagation of error between activation
function output and input

FIGURE 7(b)
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725
New Inputs By User: /\/

Applications opened, gestures used,
keyboard entries, speech frequencies, and
timings are encoded in an input vector

27
v
Input into Trained Deep Belief Network:
Do an up-pass of input vector to generate last
hidden-layer output ht
729

Output Cognitive Function Value:
Use h'™ as input to the activation function to
output new cognitive function value

FIGURE 7(c)
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User Panel Data:
Repeated assessments of cognitive function;
repeated measures of behavioral activity from

mobile device usage

Input into Random Effects Model:
Consistent estimator of model parameters

Output Cognitive Function Attribution:
Output cognitive function variance explained
by behavioral activity and attribution to
activity

FIGURE 7(d)
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801

Administrative Page:
Account creation, privacy settings,
configuration settings, save and delete
options

803

Behavioral Trend Reports:
Mobility, activity, intensity, duration,
frequency, diet, social engagement level,
sleep patterns

805

Cognitive Function Reports:
Cognitive function measure, behavioral
assessment values, functional and structural
MRI measurements

807

Behavioral Attribution Report:
Behavioral changes contributing to cognitive
function changes

809

Improvement Recommendations:
Activity targets, diet modifications and
targets, social interaction targets

811

Community: /\/

Groups and clubs to join, forum
subscriptions, educational material, blogging
and Q&A activity

FIGURE 8(a)
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METHOD AND SYSTEM FOR ASSESSMENT
OF COGNITIVE FUNCTION BASED ON
MOBILE DEVICE USAGE

BACKGROUND
[0001] 1. Field of Art
[0002] The invention relates generally to computing a

person’s cognitive function and, more specifically, to unob-
trusive assessment of cognitive function from mobile device
usage.

[0003] 2. Background Art

[0004] An aging society and increasing lifespan has
resulted in an increased prevalence of cognitive decline in
society from mild cognitive impairment to Alzheimer’s
disease. Today, one in eight older Americans has Alzheim-
er’s disease and Alzheimer’s is the sixth leading cause of
death in the United States [1]. By 2025, the number of
Americans age 65 and older with Alzheimer’s disease is
estimated to increase 30% and by 2050 that number is
expected to triple, barring any breakthroughs to prevent,
slow or arrest the disease [1]. Prior to developing Alzheim-
er’s disease, patients go through a six-year prodromal phase
of cognitive decline. The societal burden of mental disease
in the elderly is staggering and poised to worsen.

[0005] Repeat studies have demonstrated that a healthy
lifestyle of moderate physical activity, good diet, and social
interaction can preserve cognitive function and reverse
cognitive decline [2,3,4]. Several of these studies use group
comparisons between intervention and control groups and
rely on tests of cognitive function pre-intervention and
post-intervention to assess the intervention effects on cog-
nitive function [5,6]. But for most individuals, knowing that
healthy habits preserve cognitive function is not sufficiently
motivating until it is too late and the damage is well
underway. By the time a family member or physician first
discovers signs of cognitive impairment the subject has
suffered substantial atrophy and loss of key structural brain
regions necessary for memory, learning, executive function,
and attention. Neuropsychological tests administered by a
neurologist show high specificity for cognitive impairment
but low sensitivity.

[0006] The emergence of online tests available through
many application vendors such as BrainBaseline [7] may
help detect signs of impairment earlier but only if the subject
is highly motivated and persistent in testing themselves
repeatedly and regularly for years. Highly motivated indi-
viduals are more likely to have healthy habits including
physical activity, diet, and social interaction and least likely
to benefit from close surveillance of online behavioral tests,
further limiting the value of those tests to the broader
segment of society that would benefit most. In addition, test
practice effects are well documented [8,9] whereby the
subject develops test taking skills that increase their scores
but do not transfer well to real world activities and further
undermine the test’s sensitivity and specificity to cognitive
decline.

[0007] The introduction of mobile devices and their broad
adoption has revolutionized how society interacts both with
each other and with their surroundings. A smartphone today
enables a user to make calls, send and receive emails and
text messages, find their location on a map or retrieve
directions to a destination point, browse the internet, down-
load and play game applications, and a host of other activi-
ties. In addition, these smartphones are equipped with accel-
erometers and gyroscopes that sense the device’s
acceleration and orientation in 3-dimensions. Processing of
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the acceleration and orientation signals reveals the user’s
activity such as whether the person is walking or jogging.
[0008] One company that has leveraged the close interac-
tion of an individual with their mobile device to make
behavioral assessments is Ginger.io [10,11]. Ginger.io pro-
vides a smartphone application that tracks the number and
frequency of calls, text messages, and emails sent, and uses
the device’s global positioning system (GPS) and acceler-
ometer to infer activity level. The target population for
Ginger.i0’s application is patients with chronic diseases such
as diabetes, mental disease, and Chron’s disease. When a
patient deviates from their routine calling and texting pat-
terns, Ginger.io alerts the individual’s caregiver to intervene
and assess the situation for noncompliance with medica-
tions, inappropriate titration of medications, and other fac-
tors that may precipitate a flare-up of the patient’s disease.
[0009] In Ginger.io’s application, changes in routine call-
ing, texting, or location are interpreted as symptoms of
disease flare-up requiring investigation and notably have
high false positives rates. Cognitive decline due to aging is
an insidious process over several years where subtle declines
in physical activity, diet changes, and social engagement are
causal, not symptomatic. Diagnosing cognitive decline
requires frequent assessment of the higher order cognitive
processes of executive function, working memory, episodic
memory, and attention.

What is needed is a method and system to assess cognitive

function that is highly sensitive, specific, and unobtrusive to

an individual.

[0010] 1. Alzheimer’s Association, 2012 Alzheimer’s Dis-
ease Facts and Figures. www.alz.org/downloads/facts_
figures_2012.pdf

[0011] 2. Christopher Hertzog, et al., Enrichment Effects
on Adult Cognitive Development: Can the Functional
Capacity of Older Adults Be Preserved and Enhanced?
Association for Psychological Science, 2009, 9(1):1-65

[0012] 3. Interview with Nicholas Spitzer, Crosswords
don’t make you clever. The Economist, August, 2013,
http://www.economist.com/blogs/prospero/2013/08/
quick-study-neuroscience

[0013] 4. Gretchen Reynolds, How exercise can help us
learn. New York Times, August 2013, http://well.blogs.
nytimes.com/2013/08/07/how-exercise-can-help-us-
leamn/? =0

[0014] 5. Interview with J. Carson Smith, Exercise may be
the best medicine for Alzheimer’s disease. Science Daily,
July 2013, http://www.sciencedaily.com/releases/2013/
07/130730123249 htm

[0015] 6. J. Carson Smith, et al., Interactive effects of
physical activity and APOE-e4 on BOLD semantic
memotry activation in healthy elders. Neuroimage, Janu-
ary 2011; 54(1):635-644

[0016] 7. www.brainbaseline.com

[0017] 8. Ackerman P L, Individual differences in skill
learning: An integration of psychometric and information
processing perspectives. Psychol Bull, 1987, 102:3-27

[0018] 9.Healy A F, Wohldmann E L, Sutton E M, Bourne
L E, Jr, Specificity effects in training and transfer of
speeded responses. J Exp Psychol Learn Mem Cognit,
2006, 32:534-546
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Medical Center track diabetics. The Business Journal,
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05/20/forsyth-medical-center-using-virtual.html
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BRIEF SUMMARY OF INVENTION

[0021] The invention enables a person to monitor changes
in their cognitive function in an unobtrusive manner, to view
those changes over time, and to evaluate the impact that
changes in their social engagement, physical activity, learn-
ing activity, and diet have on their cognitive function evalu-
ation. What is needed is a method and system to assess
cognitive function that is highly sensitive, specific, and
unobtrusive to an individual. Such a method and system
would measure and track a person’s cognitive function
without explicit input or behavioral changes required by the
subject, such as repeated neuropsychological evaluations
and online tests. Rather, the method and system would use
digitally recorded interactions of an individual with their
mobile devices to compute assessments of cognitive func-
tion, detect changes in cognitive function, and infer attribu-
tion to changes in behavioral activity without disrupting the
user’s day-to-day activities or their use of mobile devices.
[0022] One embodiment of the present invention is a
method for unobtrusively recording an individual’s interac-
tion with their mobile device including applications opened,
inputs typed, gesture patterns used on a touch-screen, and
voice input. The method of the present invention can include
the step of recording data from the mobile device’s global
positioning system (GPS), accelerometer, and gyroscope to
infer daily activity including the activity intensity, daily
mobility including method of travel, and daily social
engagement through latitude and longitude localization of
travel destination to a shopping center, a museum, or a
restaurant. This data will provide insight regarding an indi-
vidual lifestyle, including their social skills, level of activity
and dietary habits. These items can contribute to good health
and/or they can be indicative of a problem. The method of
the present invention can further include the step of record-
ing data from the mobile device’s phone, email, and texting
applications to capture incoming and outgoing calls, emails
and texts generated, length of conversation, length of mes-
sages, and discrepancies in voice messages and email mes-
sages opened versus received, which are used as additional
inputs to infer changes in social engagement.

[0023] The method of the present invention can further
include the step of recording data from a barcode scanning
application used to scan purchased grocery items, food and
beverages consumed, and supplementing that data with
nutritional fact information to track diet attributes such as
caloric input, calories from fat, consumed saturated fats,
trans fats, cholesterol, sugars, protein, vitamins and miner-
als. This information is also indicative of lifestyle that is
healthy or not. This information can also correlate to an
increase or decline in an individual’s cognitive function. The
method of the present invention can further include the step
of recording data from wearable devices that measure, by
way of example, heart-rate, blood oxymetry, body tempera-
ture, electroencephalogram, and communicate that informa-
tion to an application resident on the mobile device to infer
the user’s physical activity, activity intensity, and learning
activity. This information related to an individual’s biologi-
cal vitals can explain why there is a change in cognitive
function and why the change is not problematic and/or this
information can be an indicator of a systemic problem that
will have a long term negative impact on cognitive function.
The method can further include the step of recording the
URLs visited on an Internet browser application, e-book
pages read on an e-book application resident on the mobile

Nov. 10, 2016

device, the content classification of the material read and its
level of complexity, and the language of the content, to
further infer learning activity by the user.

[0024] The data captured from the user’s mobile device by
the method of the present invention is persisted in the
device’s storage and further transmitted to a cloud comput-
ing system to compute cognitive function from the user’s
interactions and to infer behavioral activity attribution
effects on changes in cognitive function. The cognitive
function assessment and behavioral activity attributions are
presented to the user in a password protected online portal
that reveals positive and negative contributors to trends in
cognitive function assessment and establishes behavioral
targets to improve cognitive function. Those targets, and any
ensuing improvement or decline in cognitive function are
subsequently measured by the method of the present inven-
tion, enabling an unobtrusive, closed-loop method and sys-
tem for assessing and improving cognitive function from
mobile device usage. The cloud computing environment
allows a user to change mobile devices and/or mobile device
service carriers and still have access to previously recorded
data.

[0025] The system and method as claimed enables a
person to unobtrusively assess their cognitive function from
mobile device usage. The method records on the mobile
device the occurrence and timing of user events comprising
the opening and closing of applications resident on the
device, the characters inputted, touch-screen gestures made,
and voice inputs used on those applications, performs the
step of learning a function mapping from the mobile device
recordings to measurements of cognitive function that uses
a loss function to determine relevant features in the record-
ing, identifies a set of optimal weights that produce a
minimum of the loss function, creates a function mapping
using the optimal weights, and performs the step of applying
the learned function mapping to a new recording on the
mobile device to compute new cognitive function values.

[0026] The system and method as claimed enables a
person to unobtrusively quantify the effect of mobility,
physical activity, learning, social interaction and diet on
cognitive function. The method records on the mobile device
one of global positioning system longitude and latitude
coordinates, accelerometer coordinates, and gyroscope coor-
dinates, one of outgoing and incoming phone calls, outgoing
and incoming emails, and outgoing and incoming text mes-
sages, one of URLs visited on an internet browser applica-
tion, books read on an e-reader application, games played on
game applications, and the nutritional content of food con-
sumed, performs the step of learning a function mapping
from those recordings to measurements of cognitive func-
tion using a loss function to identify a set of optimal weights
that produce a minimum for the loss function, uses those
optimal weights to create the function mapping, and pet-
forms the step of computing the variance of the cognitive
function measurements that is explained by the function
mapping to assign an attribution to the effect of mobility,
physical activity, learning, social interaction, and diet on
measured changes in cognitive function.

[0027] These and other advantageous features of the pres-
ent invention will be in part apparent and in part pointed out
herein below.
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BRIEF DESCRIPTION OF THE DRAWING

[0028] For a better understanding of the present invention,
reference may be made to the accompanying drawings in
which:

[0029] FIG. 1 illustrates an embodiment of the unobtru-
sive cognitive function assessment system configured in
accordance with the present invention,

[0030] FIG. 2 is a functional description of the system in
accordance with one embodiment of the present invention,
[0031] FIG. 3 illustrates an exemplary computing envi-
ronment of the unobtrusive cognitive function assessment
system configured in accordance with one embodiment of
the present invention,

[0032] FIG. 4 is the in vivo monitoring module in accor-
dance with one embodiment of the present invention,
[0033] FIG. 5 is the biometric module in accordance with
one embodiment of the present invention,

[0034] FIG. 6 is the transmission module in accordance
with one embodiment of the present invention,

[0035] FIG. 7(a)-(d) is the cognitive function module in
accordance with one embodiment of the present invention,
[0036] FIG. 8(a)-(c) is the plan module in accordance with
one embodiment of the present invention; and

[0037] FIG. 9a)-(c) is representative of data encoded
unobtrusively by the in vivo monitoring module in accor-
dance with one embodiment of the present invention.
[0038] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and
will herein be described in detail. It should be understood,
however, that the drawings and detailed description pre-
sented herein are not intended to limit the invention to the
particular embodiment disclosed, but on the contrary, the
intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the present
invention as defined by the appended claims.

DETAILED DESCRIPTION

[0039] According to the embodiment(s) of the present
invention, various views are illustrated in FIG. 1-8 and like
reference numerals are being used consistently throughout to
refer to like and corresponding parts of the invention for all
of the various views and figures of the drawing.

[0040] The following detailed description of the invention
contains many specifics for the purpose of illustration. Any
one of ordinary skill in the art will appreciate that many
variations and alterations to the following details are within
scope of the invention. Accordingly, the following imple-
mentations of the invention are set forth without any loss of
generality to, and without imposing limitations upon, the
claimed invention.

[0041] One implementation of the present invention com-
prises a system and method that enables an unobtrusive
assessment of a person’s cognitive function from mobile
device usage, which embodiment teaches a novel system
and method for recording on the mobile device the occur-
rence and timing of user events comprising the opening and
closing of applications resident on the device, the characters
inputted and the touch-screen gestures used on those appli-
cations, the embodiment further includes performing the
step of learning a function mapping from the mobile device
recordings to measurements of cognitive function that uses
a loss function to determine relevant features in the record-
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ing, identifies a set of optimal weights that produce a
minimum of the loss function, creates a function mapping
using the optimal weights, the embodiment further includes
performing the step of applying the learned function map-
ping to a new recording on the mobile device to compute a
new cognitive function value. For example, a mixed model
function is a type of function containing both fixed and
random effects and is used in settings where repeated
measurements are made over time on the same subjects. The
mixed model function can be utilized for the learned func-
tion mapping, which develops the appropriate attribution for
the cognitive function from the repeated measurements. For
the cognitive function a deep belief network, a machine
learning function composed of layers of neural networks
capable of learning complex high-level features, can be
utilized. A software application can reside on a mobile
computing device, such as a smart phone, personal data
assistant (PDA), or tablet computer such that when it is
executed by the processor of the computing device, the steps
of the method are performed.

[0042] Another implementation of the present invention
comprises a system and method that enables a person to
unobtrusively quantify the effect of physical activity on
cognitive function, which embodiment teaches a novel sys-
tem and method for repeatedly recording on the mobile
device one of global positioning system longitude and
latitude coordinates, accelerometer coordinates, and gyro-
scope coordinates, the implementation further includes per-
forming the step of learning a function mapping from those
recordings to measurements of cognitive function using a
loss function to identify a set of optimal weights that
produce a minimum for the loss function, uses those optimal
weights to create the function mapping, the embodiment
further includes performing the step of computing the vari-
ance of the cognitive function measurements that is
explained by the function mapping to assign an attribution to
the effect of physical activity on measured changes in
cognitive function.

[0043] A further implementation of the present invention
comprises a system and method that enables a person to
unobtrusively quantify the effect of social activity on cog-
nitive function, which embodiment teaches a novel system
and method for repeatedly recording on the mobile device
one of outgoing and incoming phone calls, outgoing and
incoming emails, and outgoing and incoming text messages,
the implementation further includes performing the step of
learning a function mapping from those recordings to mea-
surements of cognitive function using a loss function to
identify a set of optimal weights that produce a minimum for
the loss function, uses those optimal weights to create the
function mapping, the embodiment further includes per-
forming the step of computing the variance of the cognitive
function measurements that is explained by the function
mapping to assign an attribution to the effect of social
activity on measured changes in cognitive function.

[0044] A further implementation of the present invention
comprises a system and method that enables a person to
unobtrusively quantify the effect of learning activity on
cognitive function, which embodiment teaches a novel sys-
tem and method for repeatedly recording on the mobile
device one of URLs visited on an Internet browser applica-
tion, books read on an e-reader application, games played on
game applications, the implementation further includes per-
forming the step of learning a function mapping from those
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recordings to measurements of cognitive function using a
loss function to identify a set of optimal weights that
produce a minimum for the loss function, uses those optimal
weights to create the function mapping, the embodiment
further includes performing the step of computing the vari-
ance of the cognitive function measurements that is
explained by the function mapping to assign an attribution to
the effect of learning activity on measured changes in
cognitive function.

[0045] A further implementation of the present invention
comprises a system and method that enables a person to
unobtrusively quantify the effect of diet on cognitive func-
tion, which embodiment teaches a novel system and method
for repeatedly recording on the mobile device the nutritional
content of food consumed, the implementation further
includes performing the step of learning a function mapping
from those recordings to measurements of cognitive func-
tion using a loss function to identify a set of optimal weights
that produce a minimum for the loss function, uses those
optimal weights to create the function mapping, the embodi-
ment further includes performing the step of computing the
variance of the cognitive function measurements that is
explained by the function mapping to assign an attribution to
the effect of diet on measured changes in cognitive function.
[0046] The loss function for the cognitive function can
evaluate baseline recordings and changes and trends in the
recordings both from a quantitative and qualitative perspec-
tive. For example the frequency of events can be monitored
for cognitive measurement as well as the quality of each
event, such as latencies between gestures or keystrokes,
erroneous keystrokes or gestures, duration of key presses,
misspellings and other activity.

[0047] Another implementation of the invention can be a
computer system comprising a mobile computer (for
example a smart-phone; tablet or PDA computing device)
including a wireless network interface which communicates
over a wireless network with a second computer including a
network interface, each computer further including a pro-
cessor, a memory unit operable for storing a computer
program, an input mechanism operable for inputting data
into said computer system, an output mechanism for pre-
senting information to a user, a bus coupling the processor
to the memory unit, input mechanism and output mecha-
nism, wherein the mobile computer system includes various
executable program modules stored thereon where when
executed are operable to perform functions.

[0048] The computer system can comprise an in vivo
monitoring module stored on a mobile computer where
when executed records to the memory unit of said mobile
computer the occurrence and timing of user events compris-
ing the opening and closing of applications resident on said
mobile computer, the characters inputted in said applica-
tions, and the touch-screen gestures made on said applica-
tions. The type of the event and both the frequency and
timing of the events and the various qualitative metrics
regarding the event is recorded. A transmission module can
also be stored on said mobile computer where when
executed transmits through the wireless network interface
the recordings stored in the memory unit to said second
computer. A cognitive function module can be stored on said
second computer where when executed learns a function
mapping from said transmitted recording to measurements
of cognitive function using a loss function to determine
relevant features (including frequency, timing and qualita-
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tive metrics) in said recording, identifies a set of optimal
weights that produce a minimum for said loss function, and
creates said function mapping using said optimal weights. A
plan module can also be stored on said second computer
where when executed applies said function mapping to a
new transmitted recording of the occurrence and timing of
events comprising the opening and closing of applications
resident on said device, the characters inputted in said
applications, and the touch-screen gestures made on said
applications, to calculate a new cognitive function value.
[0049] Another implementation of the invention can be a
computer system comprising a mobile computer including a
wireless network interface which communicates with a
second computer including a network interface, each com-
puter further including a processor, a memory unit operable
for storing a computer program, an input mechanism opet-
able for inputting data into said computer system, an output
mechanism for presenting information to a user, a bus
coupling the processor to the memory unit, input mechanism
and output mechanism, wherein the mobile computer system
includes various executable program modules stored thereon
where when executed are operable to perform functions.
[0050] The computer system can comprise a motion mod-
ule stored on said mobile computer where when executed
records to the memory unit of said mobile computer one of
global positioning system longitude and latitude coordi-
nates, accelerometer coordinates, and gyroscope coordi-
nates. In another implementation, the computer system can
comprise a social module stored on said mobile computer
where when executed records to the memory unit of said
mobile computer one of outgoing and incoming phone calls,
outgoing and incoming emails, and outgoing and incoming
text messages. In another implementation, the computer
system can comprise a learning module stored on said
mobile computer where when executed records to the
memory unit of said mobile computer one of URLs visited
on an internet browser application, books read on an
e-reader application, games played on game applications. In
another implementation, the computer system can comprise
a diet module stored on said mobile computer where when
executed records nutritional content of food consumed.
[0051] In any of the preceding implementations, a trans-
mission module can be stored on said mobile computer
where when executed transmits through the wireless net-
work interface the recordings stored in the memory unit to
said second computer. In any of the preceding implementa-
tions, an attribution module can be stored on said second
computer where when executed learns a function mapping
from said transmitted recording to measurements of cogni-
tive function using a loss function to identify a set of optimal
weights that produce a minimum for said loss function, and
creates said function mapping using said optimal weights. In
any of the preceding implementations, a plan module can be
stored on said second computer where when executed pres-
ents to the user the attribution to said cognitive function
measurements that are explained by said recordings.
[0052] The details of the invention and various embodi-
ments can be better understood by referring to the figures of
the drawing. FIG. 1 illustrates an implementation of the
functional description of the system configured in accor-
dance with the present invention and is not intended to limit
scope as one of ordinary skill would understand on review
of this application that other configurations could be utilized
without departing from the scope of the claimed invention.
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Referring to FIG. 1 an individual uses his or her mobile
device 101. In 103, the individual taps the touch-screen to
open an application, uses touch-screen gestures to scroll
within an application, types messages, directions, and other
content on a keyboard exposed by the application or uses
voice commands to do the same, reads and scrolls through
content, and makes calls or listens to messages. The user’s
activity in 103 is recorded on the device’s persistent storage
113. In 105, the user makes or receives calls, email mes-
sages, and text messages.

[0053] The date and time of that activity, the activity
duration, and the sender and recipient phone number or
email address are recorded in the device’s persistent storage
113. The frequency of each event is recorded and the various
qualitative characteristics of each event are also recorded. In
107, the user carries the mobile device with them while
driving, using public transportation, walking, biking or
running. While engaging in these activities, the mobile
device’s global positioning system (GPS) records the user’s
longitude and latitude coordinates in 107. Similarly, in 107,
the device’s acceleration and gyroscopic motion along a
3-coordinate system is recorded. The type of locations to
which the individual traveled can be determined and the
characteristic of the motion of the user can also be evaluated
for fluidity or erratic motion. This information is recorded in
the device’s persistent storage 113. In 109, the user browses
URLs on an Internet browser application resident on the
mobile device, or reads an e-book on an e-book reader
resident on the mobile device. The URLs browsed and the
pages of the e-book read, the start time and end time between
URLs and pages are recorded by 109 and persisted in 113.
[0054] Note that all gesture activity, typing activity, and
voice command activity during the use of applications
tracked in 105, 107, and 109 is captured separately in 103
and recorded with the time and application in which that
activity took place. In this way, the system tracks gestures
used during browsing, paging and scrolling, for example.
Lastly, in 111 a bar code scanning application resident on the
mobile device enables the user to scan grocery purchases,
and meals and beverages purchased when the latter have bar
codes. The bar code scanning application has access to a
database of nutritional facts. If the nutritional fact for the
scanned bar code is not in the database, then in 111 the
application instructs the user to photograph the nutritional
fact label of the item. The bar code information and any
photographs are persisted in 113.

[0055] The data captured in the device’s persistent storage
113 is transmitted to cloud computers 115. Transmission
uses a secure channel and can use hypertext transfer protocol
secure (HTTPS) to securely transfer the data to 115. The
cloud computers 115 analyze the recorded data against
historical recordings and against recordings averaged over
other users demographically matched to the existing user.
The output of the analysis is an evaluation of cognitive
function and the attribution to changes in behavioral activi-
ties inferred from the activities recorded in 105-111 includ-
ing social engagement 105, physical activity 107, learning
activity 109, and diet 111. The user in 117 logs into his or her
personal password protected online account to view the
results of the analysis in 115 together with suggestions for
improvement.

[0056] In one implementation of the method and system,
in order to establish a baseline of data, supervised bench-
mark testing can be conducted on an initial test group of
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individuals where these individuals take a neuropsychologi-
cal benchmark test for cognitive function and the data is
stored. Each of the same individuals who are tested can be
provided with mobile devices having the computer program
for performing the system and method. Data for each
individual can be recorded as outlined herein and the data
from the mobile device usage can be correlated to the
benchmark testing results and cognitive function. Cognitive
function levels and bands can also be determined from the
result. Once certain baselines have been established and
correlations are made between cognitive function and
mobile device usage, all subsequent mobile device usage by
individuals can be utilized to improve the system and
method as learning occurs. The learning from the subsequent
mobile device usage can be considered unsupervised learn-
ing.

[0057] FIG. 2 illustrates an implementation of the func-
tional description of the system configured in accordance
with the present invention and is not intended to limit scope
as one of ordinary skill would understand on review of this
application that other configurations could be utilized with-
out departing from the scope of the claimed invention.
Referring to FIG. 2, a user’s interaction with a mobile device
is captured and recorded by the in vivo monitoring module
400. The biometric module 500 confirms that the user’s
interactions captured by the in vivo monitoring module 400
truly correspond to the mobile device owner and appropri-
ately marks the recordings made by that module. The
transmission module 600 is responsible for transmitting the
recorded data to a cloud computer within 24-hours of the
recording and more regularly when possible using broad-
band WiF1i for the transmission or other transmission means
including 4G LTE transmission provide by subscriber data
plans. This module is also responsible for securing an
encrypted channel before transmitting the recorded data.

[0058] The cognitive function module 700 extracts base
features and higher-order features from the data, learns a
predictive model of cognitive function, and makes cognitive
function assessments of the user from new inputs recorded
by the in vivo monitoring module 400. Module 700 also
computes the attribution of the user’s behavioral activities
inferred from recordings made by module 400 to the user’s
cognitive function assessments. The plan module 800 pro-
vides an online login account for the user and designated
individuals to review current and historical cognitive func-
tion trends, behavior activity attribution to those trends, how
well the user is tracking to target behavior activity and target
cognitive function, and further enables the user to update
those targets.

[0059] FIG. 3 illustrates an implementation of the com-
puting environment of the system configured in accordance
with the present invention and is not intended to limit scope
as one of ordinary skill would understand on review of this
application that other configurations could be utilized with-
out departing from the scope of the claimed invention.
Referring to FIG. 3, a user downloads and installs a software
application to their mobile device 301 from a computer in
the cloud 305. The software application comprises the in
vivo monitoring module 400, the biometric module 500, and
the transmission module 600. These three modules read and
write to the mobile device’s persistent storage 303. The in
vivo monitoring module 400 writes raw activity data to the
persistent storage 303. The biometric module 500 detects the
new activity data and computes a biometric signature from



US 2016/0324457 Al

the data. If the biometric signature does not match the user’s
biometric signature computed from historical data, the mod-
ule requests the user to enter identifying credentials into a
pop-up displayed on the mobile device. If the user fails to
confirm their identity, or cancels, the recorded data is
marked as “non-user” generated data.

[0060] The transmission module 600 transmits the data
persisted in storage 303 with the annotation of the data as
user or non-user generated that is computed by module 500
to the cloud computers 305. The cognitive function module
700 resides in the cloud computers 305 and computes a
cognitive function value from the user’s mobile device
usage and further computes the attribution of behavioral
activity, inferred from mobile device usage, to cognitive
function value changes. The module then compares the
user’s cognitive function value and inferred behavioral
activity to the behavioral norm of the user’s prior data, and
against plan targets set by the plan manager 307 in the plan
module 800. The results of the cognitive function module
700 are recorded in the plan module 800 also residing in the
cloud computers 305 and are made available for review by
the user and the plan manager 307. The plan manager 307 is
appointed by the user and may include the user, members of
the user’s family, and healthcare providers.

[0061] FIG. 4 illustrates an embodiment of the in vivo
monitoring module configured in accordance with the pres-
ent invention and is not intended to limit scope as one of
ordinary skill would understand on review of this applica-
tion that other configurations could be utilized without
departing from the scope of the claimed invention. Referring
to FIG. 4, a mobile device such as smartphone, a tablet
computer, and other similar devices can have many appli-
cations available to the user. These applications include, but
are not limited to, maps used for directions and global
positioning localization, weather, reminders, clock, news-
stand configured with user selected publications, mail con-
figured by the user to include personal and work email,
phone configured by the user to include contacts, messages
for texting, and an internet browser.

[0062] Module 401 tracks the application opened, the
date-time that it was opened, the date-time that it was closed
and records that information on the device’s persistent
storage. Upon opening an application, the user interacts with
the application through keyboard inputs, voice, and gestures.
In 403, applications running on devices that support touch-
screen gestures are recorded. The gestures include swiping
and tapping and 403 records the application, datetime,
gesture type, gesture duration and latency between gestures.
In 405, keyboard entries are recorded for applications
enabling a keyboard. All keyboard entries are recorded,
which includes alphanumeric entries, backspace entries,
capitalization, formatting entries, and editing entries. Mod-
ule 405 further records the latency and duration of each
keyboard entry and other qualitative metrics. All recordings
are stored in the device’s persistent storage with the appli-
cation name and date-time of the entry.

[0063] Module 407 records voice during phone conversa-
tions and during voice-input commands. The number called,
or application receiving the voice command, and the date-
time of the voice input are recorded together with the voice
in the device’s persistent storage. Module 409 records
outgoing and incoming email, text messages, and calls and
further records recipient and sender email address, recipient
and sender text message phone number, and outgoing and
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incoming phone number. The information is stored in the
device’s persistent storage together with the date-time of the
event.

[0064] For mobile devices equipped with a global posi-
tioning system (GPS), module 411 samples the device’s
location and time stamps the input. For mobile devices
equipped with a gyroscope and an accelerometer, module
411 further samples the three gyroscopic coordinates and the
three accelerometer coordinates. The GPS, gyroscope, and
accelerometer samples are time stamped and recorded in the
device’s persistent storage.

[0065] Recordings from peripheral accessories that mea-
sure heart rate, blood pressure, blood glucose, oxymetry,
body temperature, electroencephalograms, and transmit
those measurements to an application resident on a mobile
device are persisted in module 413. The data transmitted by
those peripheral devices is time stamped. The peripheral
accessories can be used to obtain biological vital signs of the
individual, which can be used to determine if a decline in
cognitive function data is due to a vital sign such as fatigue
or low blood-glucose levels rather than an actual decline in
cognitive function of the individual. The biological vitals
can also be used as an alert of a biological trend that will
have a long term negative impact on cognitive function, such
as hypertension.

[0066] Module 415 enables a barcode scanning applica-
tion enhanced with nutritional fact information appended to
each barcode entry, that tracks and records caloric input,
nutritional content, alcohol, and caffeine consumption. The
dietary information can be used as an alert of a dietary trend
that will have a long term negative impact on cognitive
function, such as high alcohol intake or high fat or choles-
terol intake.

[0067] FIG. 5 illustrates an implementation of the biomet-
ric module configured in accordance with the present inven-
tion and is not intended to limit scope as one of ordinary skill
would understand on review of this application that other
configurations could be utilized without departing from the
scope of the claimed invention. Referring to FIG. 5, the
biometric module infers from the recorded activity on the
mobile device whether the activity was initiated by the user
or by someone else. As others may access the user’s device
for spurious reasons, correctly inferring true from false user
activity is necessary.

[0068] In 501, sending an email from the mobile device,
making a call from the mobile device, or sending a text
message from the mobile device confirms user identity. 501
then passes control to 507, which accepts the event record-
ings as user-generated. If 501 does not detect said activity,
then it passes control to 503 which evaluates the newly
recorded gestures and gesture timings against a plurality of
gesture signatures recorded for the user. If 503 establishes a
signature match of the gestures, it passes control to 505 to
further evaluate newly recorded character patterns and tim-
ings against a plurality of character signatures recorded for
the user. If 505 establishes a signature match from the
observed characters it passes control to 507 which accepts
the events recorded as user-generated. If either 503 or 505
fail to establish a signature match, they pass control to 509
that prompts the user for validation. If the user validates
correctly, 509 passes control to 507, and if not, control is
transferred to 511 and the recorded events are rejected.
[0069] FIG. 6 illustrates an implementation of the trans-
mission module of the system configured in accordance with
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the present invention and is not intended to limit scope as
one of ordinary skill would understand on review of this
application that other configurations could be utilized with-
out departing from the scope of the claimed invention.
Referring to FIG. 6, the transmission module is a back-
ground process that runs on the mobile device and sleeps
until it is awaken by the recording of new events on the
device in 601. Upon recording new activity, 601 passes
control to 603 that attempts to establish WiFi access. If 603
succeeds, then it passes control to 607 to initiate transmis-
sion of all recorded activity since the last successful trans-
mission. If 603 fails then it passes control to 605 of the
transmission module which evaluates whether a successful
transmission occurred within a 24 hour period. If 605
determines that no successful transmission has occurred
within a 24 hour period, it passes control to 607 to initiate
transmission of all recorded activity since the last successful
transmission. If, however, 605 confirms that a successful
transmission has occurred within 24 hours, it returns control
to 603.

[0070] FIG. 7(a)-(d) illustrate an embodiment of the cog-
nitive function module configured in accordance with the
present invention and is not intended to limit scope as one
of ordinary skill would understand on review of this appli-
cation that other configurations could be utilized without
departing from the scope of the claimed invention. Referring
to FIG. 7(a), the cognitive function module accesses the
recordings made by the in vivo monitoring module and
transmitted to the cloud computers 305 of FIG. 3. Patterns
in a user’s interactions with a mobile device captured in
701-707 are analyzed for changes in cognitive function. In
701, changes in applications opened and closed by a user,
frequency and latencies between opening and closing, and
their diurnal and weekly variations are inputs to the feature
extraction, learning, and computation of cognitive function
illustrated in FIGS. 7(b) and 7(c). In 703, changes in a user’s
gestures on a touch-screen such as type of gesture, gesture
durations, including false positive gestures of excessive
scrolling during search and excessive paging during brows-
ing, are additional inputs to the feature extraction, learning,
and computation.

[0071] Similarly, in 705 character inputs, recurring spell-
ing mistakes, omissions, excessive backspace corrections,
irregular latency variances in common words, length of
messages, and message coherence are inputs into the feature
extraction, learning, and computation of cognitive function.
Lastly, in 707 signal processing of speech and voice pro-
vides additional input to the computation including emerg-
ing irregularities in phones and phoneme latencies, and
narrowing or shifting of the voice frequency spectrum. The
time of day and day of week are captured in the recordings
of 701-707 and used by the cognitive function computation
to adjust, or explain variances that can be attributed to
individual fatigue and other factors that have short-term
effects on cognitive function.

[0072] Further, to correct for motion artifact such as from
driving or walking, GPS, gyroscope and accelerometer
recordings made in 411 are used as additional inputs in the
feature extraction, learning and computation of cognitive
function. Lastly, to correct for physiologic effects such as
anxiety, general malaise, illness, the physiologic measure-
ments of heart-rate, blood oxymetry, and body temperature
when available and recorded in 413, are used as further
inputs to the evaluation of cognitive function.
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[0073] In 709-715, behavioral activities recorded on the
mobile device are analyzed to explain changes in the cog-
nitive function that is computed using inputs 701-707. In
709, a user’s incoming and outgoing email, phone calls, and
text messages, their frequencies and length are used as a
proxy for the user’s level of social engagement. In 711, a
user’s daily travel, the inferred mode of travel including
vehicle, bicycle, foot or other, the user’s sleep and rest
patterns inferred by mobile device “quiet” times, are used to
infer physical activity. In 713, when this data is available and
when correlated with physical activity data in 711, rapid
heart rates from anxiety or illness are distinguished from
exercise induced changes, improving the inference of physi-
cal activity and quantifying the intensity of that activity. In
715, analysis of patterns in groceries purchased, food and
drinks consumed provides a proxy to nutritional intake.
[0074] FIGS. 7(b) and 7(c) illustrate an implementation of
the feature extraction, learning, and computation of cogni-
tive function configured in accordance with the present
invention, and is not intended to limit scope as one of
ordinary skill would understand on review of this applica-
tion that other configurations could be utilized without
departing from the scope of the claimed invention. Referring
to FIG. 7(b), mobile device recordings in 717 are encoded in
the input vector of the visible layer of a deep belief network.
The inputs in 717 comprise the mobile usage recorded in
401-405 and if available, further comprise voice recordings
407. In 719 the first layer of features is learned from a
stochastic gradient search that minimizes the negative log-
likelihood function of the input vector. In 721, if higher
unlearned layers exist, control is passed back to 719 and
another layer of higher-order features is learned using as
input the values from the lower hidden layer. If no further
layers exist, 721 passes control to 723, where the weights
learned in 719 are fine-tuned using back-propagation of the
errors between the output from an activation function
applied to the last hidden layer with inputs 717 and the
cognitive function measure associated with those inputs.
[0075] Referring to FIG. 7(c), once the cognitive function
computational model is fully trained in 717-723, future
recordings of device usage 725 is input into the visible layer
of the cognitive function computational model 727. An
up-propagation of the input generates the last hidden-layer
output h” that is inputted into the activation function in 729
to generate a new cognitive function value.

[0076] FIG. 7(d) illustrates an implementation of the attri-
bution module configured in accordance with the present
invention, and is not intended to limit scope as one of
ordinary skill would understand on review of this applica-
tion that other configurations could be utilized without
departing from the scope of the claimed invention. Referring
to FIG. 7(d), 731 stores the repeated evaluations of cognitive
function illustrated in FIG. 7(c) and the recordings of each
user’s behavioral activity inferred from the mobile device
illustrated in 709-715. In 733, consistent estimator of the
parameters of a random effects regression is applied to the
data in 731. The random effects regression with the param-
eters computed in 733 is used to compute the variance in
cognitive function values that is explained by the behavioral
data in 731. Further, 735 computes the attribution of the
behavioral activities 409-415 to changes in cognitive func-
tion values stored in 731.

[0077] FIG. 8(a) illustrates an embodiment of the func-
tional description of the plan module configured in accor-
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dance with the present invention and is not intended to limit
scope as one of ordinary skill would understand on review
of this application that other configurations could be utilized
without departing from the scope of the claimed invention.
Referring to FIG. 8(a), the user creates and accesses an
online account to obtain aggregated and detailed views of
recorded data, cognitive function evaluation and target rec-
ommendations to improve cognitive function. In 801, the
user creates an account and inputs personal demographic
data and health data. The user also sets privacy levels. In
803, the user accesses recent and historical views of aggre-
gated recordings of (i) mobility, (i) activity, (iii) social, (iv)
learning, (v) diet, (vi) applications used, (vii) electroen-
cephalogram (EEG), and (viii) physiology. A calendar wid-
get enables the user to specify the aggregation period to use
for the recent view and the historical views. Each group of
recordings offers granular views of behavior. Activity
reports on physical activity and intensity, social engagement
reports on outbound and inbound number of distinct people
called, emailed, or text messaged, learning engagement
reports on URLs visited and ebooks read, subject type and
language, diet reports on food and beverages consumed and
nutritional facts, applications reports on type of application,
application name, duration and frequency of use, EEG
reports on electroencephalogram recordings, and physiology
reports on heart rate, pulse oxymetry, and body temperature
by time of day.

[0078] 805 presents a time-series of the cognitive function
evaluations computed in 725-729. If neuropsychological
evaluations of cognitive function are available these are
overlaid on the time-series in 805. Functional measures
using blood-oxygen level dependent (BOLD) functional
magnetic resonance imaging (fMRI) and structural volume
estimates using MRI of brain regions responsible for moti-
vation, memory, learning that include by way of example the
cingulate cortex, hippocampus, and entorhinal cortex, are
further overlaid on the time-series of 805.

[0079] The attribution report in 807 computes the contri-
bution of behavioral activity inferred from the recordings in
409-415 to changes in cognitive function evaluated in 725-
729. In 809, the attribution report is used to set optimal
target levels for mobility, physical, social, learning, diet, and
physiology to restore and improve cognitive function. To
help the user achieve those targets, information is provided
in 811 that directs the user to relevant groups, forums, and
educational material. The cycle then repeats itself.

[0080] After a target interval of one or two weeks has
passed, new behavioral trend reports are published in 803
and compared against the set targets, new values are com-
puted for cognitive function and plotted in 805 to determine
whether the target cognitive function was attained, new
attributions are evaluated in 807 to explain observed
changes in cognitive function, and new targets are set in §09.
[0081] FIG. 8(b) illustrates an example behavioral profile
report configured in accordance with the present invention
and is not intended to limit scope as one of ordinary skill
would understand on review of this application that other
configurations could be utilized without departing from the
scope of the claimed invention. Referring to FIG. 8(b), the
example profile report for social engagement 813 displays
on the right, a chord chart with the number of outgoing calls
made, incoming calls received, incoming voicemails
received, and incoming voice mails listened to for the month
of September 2013. On the left, a chord chart displays the
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same profile for the user but for the month of September one
year ago in 2012. This chord chart reveals greater social
engagement as measured by calls made and received in
September a year ago than for September in the present year.
[0082] The view displayed in 813 is set to the Phone Calls
tab. Tabbing to the Emails and Text Messages tab would
display similar chord charts for the volume of outgoing and
incoming emails and text messages made, received, and
opened for the selected time period, their length and volume
to or from an email address or phone number, and a
comparison chord chart for the same time period one year
ago.

[0083] FIG. 8(c) illustrates an example attribution report
configured in accordance with the present invention and is
not intended to limit scope as one of ordinary skill would
understand on review of this application that other configu-
rations could be utilized without departing from the scope of
the claimed invention. Referring to FIG. 8(c), the example
attribution report 815 displays a parallel coordinate chart
that highlights the user’s behavioral changes that contribute
to changes in measured cognitive function. Each trajectory
in the parallel coordinate chart represents a daily aggregate
of the user’s social, mobility, activity, learning, and diet
behavior. Marked deviations in these trajectories capture
daily deviations in behavior. In 815, the tabs Social Attri-
bution, Mobility Attribution, Activity Attribution, Learning
Attribution, and Diet Attribution display the attribution of
social, mobility, activity, learning, and diet behavioral
changes to changes in the user’s cognitive function.
[0084] FIG. 9(a)-(c) illustrate an embodiment of the key
stroke, gesture, and GPS log data encoded unobtrusively by
the in vivo monitoring module configured in accordance
with the present invention and is not intended to limit scope
as one of ordinary skill would understand on review of this
application that other key stroke, gesture, and GPS log data
can be encoded unobtrusively without departing from the
scope of the claimed invention. Referring to FIG. 9(a), 901
is key log data captured by the in vivo monitoring module
and transmitted to a cloud computer. The session_id column
defines the user’s session that is unique to the application
he/she used when keying “hello world”. To determine which
application was used we review the app log data to find the
application that was launched at the time the key log entries
were made. In this particular instance, the entry was made
into the text messaging application. In 901, a key_type of
value one represents an alphanumeric key and two repre-
sents a control key. The ASCII key code is captured in the
third column of 901 and the key description is captured in
the fourth column. The fifth, sixth, and seventh columns of
901 capture the key press time, the key release time and the
key press duration time computed as the difference between
the key press and key release times. In addition, the key
latency time, not shown, can be computed as the difference
between the key_press_time of the key and the key_release_
time of the prior key.

[0085] Referring to FIG. 9(b), 903 is gesture log data
captured by the in vivo monitoring module and transmitted
to a cloud computer. Each gesture generates a row of data in
903. The application that receives the gesture is captured in
the first column, app_pkg_name. An application can have
multiple views, and the second column in 903, view_name_
in_pkg, captures the particular view that receives the ges-
ture. In 903, gestures were applied to the email inbox
ListView. The third column, scroll_unit, has value one if the
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scroll units are items and value two if the scroll units are in
pixels. In 903, the scroll unit for the email inbox ListView
is items. The item_count column shows thirty items in 903
meaning that the inbox on that mobile device had a total of
thirty emails available for scrolling. The next two columns,
from_jdx and to_jdx, capture the items in the list of thirty
that were visible at the end of the gesture. At the end of the
first gesture shown in the first row in 903, emails two
through ten were visible and by the end of the last gesture
shown in the last row in 903, emails 21 through 29 were
visible. The following three columns in 903 are scroll_
direction, max_scroll, and scroll_value. These columns are
non-zero only when the scroll unit is pixels. The last column
in 903 is the date and time the gesture was made.

[0086] Referring to FIG. 9(c), 905 is GPS log data cap-
tured by the in vivo monitoring module and transmitted to a
cloud computer. Each row in 905 captures the GPS latitude,
longitude, altitude (in meters above sea level), bearing
(ranging from 0 to 360 degrees with North at 0 degrees), and
speed (in meters per second). The date and time at which the
GPS coordinates and data was captured is in the timestamp
column in 905. The accuracy column represents the radius,
in meters, of the 68% confidence interval for the latitude and
longitude location. In 905, the data reveals that the user
travelled South on Interstate 280 from San Francisco and
took the El Monte exit off Interstate 280. The user travelled
at speeds ranging from 63.9 mph to 77.2 mph until the user
reached the Page Mill exit on Interstate 280 where the user’s
speed decreased to 12.3 mph. In 905, GPS measurements are
taken every five-minute.

[0087] An individual on any given day of the week uses
his or her mohile device regularly as a common way of
communicating to others, as a form of entertainment and as
ameans of retrieving and storing information. Therefore, the
technology as disclosed and claimed herein does not require
supervision over the individual users and in order to obtain
meaningful information that is useful for measuring cogni-
tive function and the individual does not have to change
his/her lifestyle for the information to be gathered. For
example, an individual may select an application on a
mobile computer to launch the application by tapping on an
icon displayed as part of the user interface where the user
taps the touch-screen to open an application. The individual
can launch an application such as a weather application to
check the weather forecast, launch an email application to
check the email, scroll through emails and read and respond
to some emails by keying in text with some typing errors and
some misspellings. The user may get up for an early morning
walk or run or bike ride and a combination of information
may be captured by the global position function of the
device as well as information or data from the gyroscopic
motion sensor of the device indicative of the user exercising.
When walking the user may trip or stumble quite often or
their motion may not be fluid, which may be capture by the
accelerometer and gyroscopic motion sensor as a sudden and
violent movement. Also the user may actually trip and fall.
The user may go for a drive over what appears to be a
familiar route, but the GPS function captures what appears
to be a series of incorrect turns. This may be indicative of a
problem, although it may also be captured that the individual
is also placing a call, on a call, or sending a text at the same
time that the false or incorrect turn was made. The user can
open a navigation application and enter a location search
query and can use touch-screen gestures to scroll around on
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map within an application and select items on the map for
additional feature information. When scrolling through the
map, the individual can touch and swipe the map to follow
highlighted directions or to search for a point of interest.
Touches that dwell too long or swipes that are too short may
result in an undesired response from the mobile computer.
During the day, the individual may be traveling to and fro
solo, but may need to reach out to their spouse, or son or
daughter to coordinate a pick-up or meeting. The user can
type text messages to selectively reach out. The individual
may continue a text dialogue for a period of time. During the
text dialogue the individual may have to back space several
times to correct a typing error. The individual may want to
meet with their spouse for dinner, but they do not know
exactly were the restaurant of choice is located. The user can
use the voice command feature to request directions and the
GPS can be tracking the user’s location, the user can request
other content by keying in on a keyboard presented by the
application or use voice commands to do the same, read and
scroll through content, and the user can make calls or listen
to messages. The user’s activity is recorded on the device’s
persistent storage. The user makes or receives calls, email
messages, and text messages. There can also be several days
in a row where the user is carrying his/her mobile device, but
out of the ordinary, the user may not place any call or send
any text messages, browse their favorite social media appli-
cation or visit their favorite website.

[0088] The date and time of each of the above activities,
the activity duration, and the sender and recipient phone
number or email address can be recorded in the device’s
persistent storage. The frequency of each event is recorded
and the various qualitative characteristics of each event are
also recorded. The user carries the mobile device with them
while driving, using public transportation, walking, biking
or running. While engaging in these activities, the mobile
device’s global positioning system (GPS) records the user’s
longitude and latitude coordinates. Similarly, during those
activities the device’s acceleration and gyroscopic motion
along a 3-coordinate system is recorded. The type of loca-
tions that the individual traveled can be determined and the
characteristic of the motion of the user can also be evaluated
for fluidity or erratic motion. This information is recorded in
the device’s persistent storage. The user browses URLs on
an internet browser application resident on the mobile
device, or reads an e-book on an e-book reader resident on
the mobile device. The URLs browsed and the pages of the
e-book read, the start time and end time between URLs and
pages are recorded by the system and method of this
invention and persisted in the device’s persistent storage.

[0089] Note that all gesture activity, typing activity, and
voice command activity during the use of applications is
captured separately in and recorded with the time and
application in which that activity took place. In this way, the
system tracks gestures used during browsing, paging and
scrolling, for example. Lastly, a bar code scanning applica-
tion resident on the mobile device enables the user to scan
grocery purchases, and meals and beverages purchased
when the latter have bar codes. The bar code scanning
application has access to a database of nutritional facts. If
the nutritional fact for the scanned bar code is not in the
database, then the application instructs the user to photo-
graph the nutritional fact label of the item. The bar code
information and any photographs are persisted in the
device’s persistent storage.
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[0090] The data captured in the device’s persistent storage
can be transmitted to cloud computers. Transmission can use
a secure channel and can use hypertext transfer protocol
secure (HTTPS) to securely transfer the data. The cloud
computers can analyze the recorded data against historical
recordings and against recordings averaged over other users
demographically matched to the existing user. The output of
the analysis is an evaluation of cognitive function and the
attribution to changes in behavioral activities inferred from
the activities recorded in including social engagement,
physical activity, learning activity, and diet. The user logs
into his or her personal password protected online account to
view the results of the analysis together with suggestions for
improvement.

[0091] Various recordings of data representative of the
quantity and quality of interactions and occurrences of
events using the mobile computing device can be made. The
data can be encoded with representative tags.

[0092] A description of the type of encoded data with
representative log semantics when an application is
launched on the mobile device is as follows:

App Log Description

app_pkg_ name
app__start_time
app_end_ time

Application launched
Start date and time of use
End date and time of use

[0093] A description of the type of encoded data with
representative log semantics following incoming, outgoing
and missed calls on the mobile device is as follows:

Call Log Description

Values (1, 2, 3) meaning (incoming, outgoing,
missed)

Phone number of call

call_start time Start date and time of call

call end_time End date and time of call

audio_ recording file  File name of recorded call and null if not recorded

call_type

phone__number

[0094] A description of the type of encoded data with
representative log semantics following gestures made on the
touch-screen of the mobile device during use of an appli-
cation is as follows:

Gesture Log Description

app_pkg__name
view_name_in_pkg

Application in use
Package within application (eg. Contacts or
missed calls, in phone application)

scroll__unit Values (1, 2) meaning (items, pixels)

item_ count Number of scrollable items

from__idx Index of first item visible when scrolling

to_idx Index of last item visible when scrolling
scroll__direction Values (1, 2) meaning scroll in (X, Y) direction
max_ scroll Max_scroll x dir (or y dir): gives the max scroll

offset of the source left edge (or top edge) in
pixels

Scroll__value X dir (or Y dir): gives the
scroll offset of the source left edge (or top
edge) in pixels

Date and time

scroll__value

timestamp
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[0095] A description of the type of encoded GPS data with
representative log semantics on the mobile device is as
follows:

GPS Log Description

latitude Latitude of current location

longitude Longitude of current location

altitude Altitude of current location

bearing Horizontal direction of travel in degrees (0.0, 360.0]

speed Travel speed in meters per second

accuracy Radius in meters of 68% confidence circle
timestamp Date and time
[0096] A description of the type of encoded data with

representative log semantics when the keyboard is used on
the mobile device is as follows:

Key Log Description

session__id Identifies each session

key_ type Values (1, 2) meaning (alphanumeric, control key)
key__code Ascii code of pressed key

key__desc Either the alphanumeric value or a control descriptor

key__press__time Date and time in milliseconds when key is pressed
key_release_time Date and time in milliseconds when key is released
key__press__duration Duration of key press in milliseconds

[0097] A description of the type of encoded sensor data
with representative log semantics on the mobile device is as
follows:

Sensor Log Description
sensor_type  Values (1, 2) meaning (accelerometer, gyroscope)
value_0 Value of first coordinate measurement
value_1 Value of second coordinate measurement
value_2 Value of third coordinate measurement
timestamp Date and time of coordinate measurements
[0098] A description of the type of encoded data with

representative log semantics when text messages are sent or
received on the mobile device is as follows:

SMS Log Description
sms__type Values (1, 2) meaning (Incoming, Outgoing)
phone_number ~ Phone number of message
message Message text
timestamp Date and time of message
[0099] A description of the type of encoded data with

representative log semantics when URLs are browsed on the
mobile device is as follows:

URL Log Description
URL URL viewed
timestamp Start date and time of URL view
[0100] In one implementation of the method and system,

in order to establish a baseline of data, supervised bench-
mark testing can be conducted on an initial test group of
individuals where these individual take a neuropsychologi-
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cal benchmark test for cognitive function and the data is
stored. Each of the same individuals who are tested can be
provided with mobile devices having the computer program
for performing the system and method. Data for each
individual can be recorded as outlined herein and the data
from the mobile device usage can be correlated to the
benchmark testing results and cognitive function. Cognitive
function levels and bands can also be determined from the
result. Once certain baselines have been established and
correlations are made between cognitive function and
mobile device usage, all subsequent mobile device usage by
individuals can be utilized to improve the system and
method as learning occurs. The learning from the subsequent
mobile device usage can be considered unsupervised learn-
ing.

[0101] The cognitive function module accesses the record-
ings made by the in vivo monitoring module and transmitted
to the cloud computers. Patterns in a user’s interactions with
a mobile device captured are analyzed for changes in cog-
nitive function. The above described activity for an indi-
vidual and his interface with a mobile computing device can
be captured and utilize. Changes in applications opened and
closed by a user, frequency and latencies between opening
and closing, and their diurnal and weekly variations are
inputs to the feature extraction, learning, and computation of
cognitive function. Changes in a user’s gestures on a touch-
screen such as type of gesture, gesture durations, including
false positive gestures of excessive scrolling during search
and excessive paging during browsing, are additional inputs
to the feature extraction, learning, and computation.
[0102] Similarly, when the above described individual
makes character inputs, recurring spelling mistakes, omis-
sions, excessive backspace corrections, irregular latency
variances in common words, length of messages, and mes-
sage coherence can all be inputs into the feature extraction,
learning, and computation of cognitive function. Signal
processing of speech and voice provides additional input to
the computation including emerging irregularities in phones
and phoneme latencies, and narrowing or shifting of the
voice frequency spectrum. The time of day and day of week
are captured in the recordings of and used by the cognitive
function computation to adjust, or explain variances that can
be attributed to individual fatigue and other factors that have
short-term effects on cognitive function.

[0103] Further, to correct for motion artifact such as from
driving or walking, GPS, gyroscope and accelerometer
recordings made are used as additional inputs in the feature
extraction, learning and computation of cognitive function.
To correct for physiologic effects such as anxiety, general
malaise, illness, the physiologic measurements of heart-rate,
blood pressure, blood glucose, blood oxymetry, and body
temperature when available and recorded are used as further
inputs to the evaluation of cognitive function. Behavioral
activities recorded on the mobile device are analyzed to
explain changes in the cognitive function that is computed
using inputs. A user’s incoming and outgoing email, phone
calls, and text messages, their frequencies and length are
used as a proxy for the user’s level of social engagement. A
user’s daily travel, the inferred mode of travel including
vehicle, bicycle, foot or other, the user’s sleep and rest
patterns inferred by mobile device “quiet” times, are used to
infer physical activity. When this data is available and when
correlated with physical activity data such as rapid heart
rates from anxiety or illness are distinguished from exercise
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induced changes, improving the inference of physical activ-
ity and quantifying the intensity of that activity. Analysis of
patterns in groceries purchased, food and drinks consumed
provides a proxy to nutritional intake is also made.

[0104] The various implementations and examples shown
above illustrate a method and system for assessing cognitive
function using a mobile computing device. A user of the
present method and system may choose any of the above
implementations, or an equivalent thereof, depending upon
the desired application. In this regard, it is recognized that
various forms of the subject method and system could be
utilized without departing from the spirit and scope of the
present implementation.

[0105] As is evident from the foregoing description, cer-
tain aspects of the present implementation are not limited by
the particular details of the examples illustrated herein, and
it is therefore contemplated that other modifications and
applications, or equivalents thereof, will occur to those
skilled in the art. It is accordingly intended that the claims
shall cover all such modifications and applications that do
not depart from the spirit and scope of the present imple-
mentation. Accordingly, the specification and drawings are
to be regarded in an illustrative rather than a restrictive
sense.

[0106] Certain systems, apparatus, applications or pro-
cesses are described herein as including a number of mod-
ules. A module may be a unit of distinct functionality that
may be presented in software, hardware, or combinations
thereof. When the functionality of a module is performed in
any part through software, the module includes a computer-
readable medium. The modules may be regarded as being
communicatively coupled. The inventive subject matter may
be represented in a variety of different implementations of
which there are many possible permutations.

[0107] The methods described herein do not have to be
executed in the order described, or in any particular order.
Moreover, various activities described with respect to the
methods identified herein can be executed in serial or
parallel fashion. In the foregoing Detailed Description, it can
be seen that various features are grouped together in a single
embodiment for the purpose of streamlining the disclosure.
This method of disclosure is not to be interpreted as reflect-
ing an intention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as
the following claims reflect, inventive subject matter may lie
in less than all features of a single disclosed embodiment.
Thus, the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as
a separate embodiment.

[0108] In an example embodiment, the machine operates
as a standalone device or may be connected (e.g., net-
worked) to other machines. In a networked deployment, the
machine may operate in the capacity of a server or a client
machine in server-client network environment, or as a peer
machine in a peer-to-peer (or distributed) network environ-
ment. The machine may be a server computer, a client
computer, a personal computer (PC), a tablet PC, a set-top
box (STB), a Personal Digital Assistant (PDA), a cellular
telephone, a smart phone, a web appliance, a network router,
switch or bridge, or any machine capable of executing a set
of instructions (sequential or otherwise) that specify actions
to be taken by that machine or computing device. Further,
while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of
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machines that individually or jointly execute a set (or
multiple sets) of instructions to perform any one or more of
the methodologies discussed herein.

[0109] The example computer system and client comput-
ers include a processor (e.g., a central processing unit (CPU)
a graphics processing unit (GPU) or both), a main memory
and a static memory, which communicate with each other
via a bus. The computer system may further include a
video/graphical display unit (e.g., a liquid crystal display
(LCD) or a cathode ray tube (CRT)). The computer system
and client computing devices also include an alphanumeric
input device (e.g., a keyboard or touch-screen), a cursor
control device (e.g., a mouse or gestures on a touch-screen),
a drive unit, a signal generation device (e.g., a speaker and
microphone) and a network interface device.

[0110] The drive unit includes a computer-readable
medium on which is stored one or more sets of instructions
(e.g., software) embodying any one or more of the method-
ologies or systems described herein. The software may also
reside, completely or at least partially, within the main
memory and/or within the processor during execution
thereof by the computer system, the main memory and the
processor also constituting computer-readable media. The
software may further be transmitted or received over a
network via the network interface device.

[0111] The term “computer-readable medium” should be
taken to include a single medium or multiple media (e.g., a
centralized or distributed database, and/or associated caches
and servers) that store the one or more sets of instructions.
The term “computer-readable medium” shall also be taken
to include any medium that is capable of storing or encoding
a set of instructions for execution by the machine and that
cause the machine to perform any one or more of the
methodologies of the present implementation. The term
“computer-readable medium” shall accordingly be taken to
include, but not be limited to, solid-state memories, and
optical media, and magnetic media.

I claim:

1. A computer implemented method to quantify the effect
of social interaction, mobility, physiology, cognitive stimu-
lation, and diet on a person’s brain health, said method
comprising the steps of:

a. recording at a mobile computing device an in vivo input
associated with a measurement of one of social inter-
action, mobility, physiology, cognitive stimulation, and
diet;

b. recording interaction inputs associated with one or
more interactions of the person with said mobile com-
puting device;

c. executing a learning function mapping to compute a
brain health measure based on said person’s interaction
inputs, wherein said brain health measure is one of a
neuropsychological benchmark test;

d. performing the learning function mapping from said
recording associated with the in vivo input to said
computed brain health measure; and

e. outputting an attribution to said brain health measure
that is explained by said in vivo input.

2. The method of claim 1, wherein the one or more
interactions includes at least one of: applications opened,
inputs typed, gesture patterns used on a touch screen, body
motions, and voice input.

Nov. 10, 2016

3. The method of claim 1, wherein the mobile computing
device is one of: a smart phone, a tablet computer, and a
wearable mobile computing device.

4. The computer implemented method of claim 1, wherein
the social interaction measurement is one of length, dura-
tion, frequency, volume, sentiment, and mood associated
with an incoming call, an outgoing call, a text, and an email
message.

5. The computer implemented method of claim 1, wherein
the social interaction measurement is from one of an email,
text, phone, or other communication application on said
mobile computing device.

6. The computer implemented method of claim 1, wherein
the mobility measurement is one of intensity, duration, and
frequency of locomotor activity.

7. The computer implemented method of claim 1, wherein
the mobility measurement is from one of an accelerometer
application and a gyroscope application on said mobile
computing device.

8. The computer implemented method of claim 1, wherein
the physiology measurement is one of a heart rate, a blood
pressure, a blood oxymetry, a blood glucose, a body tem-
perature, a body fat, a body weight, a sleep duration and
quality, and an electroencephalogram.

9. The computer implemented method of claim 1, wherein
the cognitive stimulation measurement is one of URLs
visited, books and articles read online, and games played on
said mobile computing device.

10. The computer implemented method of claim 1,
wherein the cognitive stimulation measurement is one of a
setting of, or a recording from, a brain stimulation device.

11. The computer implemented method of claim 1,
wherein the diet measurement is one of a caloric intake, a
nutritional value, a food type, alcohol, caffeine, a drug, a
medication, and a vitamin consumed.

12. A computer-readable medium comprising instructions
that when executed by a processor running on a computing
device perform a method to quantify the effect of social
interaction, mobility, physiology, cognitive stimulation, and
diet on a person’s brain health, said method comprising the
steps of:

a. recording at a mobile computing device an in vivo input
associated with a measurement of one of social inter-
action, mobility, physiology, cognitive stimulation, and
diet;

b. recording interaction inputs associated with one or
more interactions of the person with said mobile com-
puting device;

. executing a learning function mapping to compute a
brain health measure based on said person’s interaction
inputs, wherein said brain health measure is one of a
neuropsychological benchmark test;

d. performing the learning function mapping from said
recording associated with the in vivo input to said
computed brain health measure; and

e. outputting an attribution to said brain health measure
that is explained by said in vivo input.

13. The computer-readable medium of claim 12, wherein
the one or more interactions includes at least one of:
applications opened, inputs typed, gesture patterns used on
a touch screen, body motions, and voice input.

14. The computer-readable medium of claim 12, wherein
the mobile computing device is one of: a smart phone, a
tablet computer, and a wearable mobile computing device.
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15. A computer-implemented system for assessing the
effect of social interaction, mobility, physiology, cognitive
stimulation, and diet on a person’s brain health, the system
comptrising:

a. a mobile computing device that:

records an in vivo input associated with a measurement
of one of social interaction, mobility, physiology,
cognitive stimulation, and diet; and

records interaction inputs associated with one or more
interactions of the person with said mobile comput-
ing device; and

b. a computing system comprising a processor, said

computing system:

computing a brain health measure by performing a
learning function mapping from said interaction
inputs to said brain health measure, wherein said
brain health measure is a neuropsychological bench-
mark test;

performing the learning function mapping from said in
vivo input to said computed brain health measure;
and

outputting an attribution to said brain health measure
that is explained by said in vivo input.

16. The system of claim 15, wherein the one or more
interactions includes at least one of: applications opened,
inputs typed, gesture patterns used on a touch screen, body
motions, and voice input.

17. The system of claim 15, wherein the mobile comput-
ing device is one of: a smart phone, a tablet computer, and
a wearable mobile computing device.
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