Docket No.: GMU-10-010U

TITLE

Cyclical Behavior Modification

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.

61/220,472, filed June 25, 2009, which is hereby incorporated by reference in its entirety.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWI NGS

[0002] FIG. 1 depicts an embodiment of a data processing system for treating cyclical
behaviors.
[0003] FIG. 2 depicts an embodiment of a data processor for use in the data processing

system of FIG. 1.

[0004] FIG. 3 depicts an embodiment of a behavioral treatment system.

[0005] FIG. 4 depicts an embodiment of actions executable by the systems of FIG. 1 and
FIG. 3 for treating cyclical behaviors.

[0006] FIG. 5 depicts an embodiment of actions executable by the systems of FIG. 1 and

FIG. 3 for treating sleep behaviors, depression and behaviors affected by exercise.

[0007] FIG. 6 depicts an embodiment of actions for treating sleep behaviors according to
FIG. 5.
[0008] FIG. 7A to FIG. 7G depict an embodiment of user interfaces for collecting

behavioral data concerning sleep behaviors.
[0009] FIG. 8A and FIG. 8B depict an embodiment of actions for treating depression

according to FIG. 5.
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[0010] FIG. 9A to FIG. 9B depict an embodiment of useeifdces for collecting
behavioral data concerning depression.

[0011] FIG. 10 depicts an embodiment of actions for trepbehaviors affected by
exercise according to FIG. 5.

[0012] FIG. 11A to FIG. 11F depict an embodiment of uségrfaces for collecting
behavioral data concerning behaviors affected leycse.

[0013] FIG. 12 depicts an embodiment of an arrangementfplementing the local

processor of the data processing system of FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Definitions

[0015] The terms Oincludes,O Oincluding,0 Ocompris€3mmiising,O as used
throughout this Application, should be construethédollowed with the language Owithout
limitation,O to indicate that those terms are cgeifed.

[0016] The terms Oa0 and OanO and similar phraseseairgegpbeted as Oat least oneO
and Oone or more.O

[0017] The term Ohomeostatic factorO means the factgrethains to the bodyOs natural
mechanisms for maintaining metabolic equilibriumuiébrium and regulating sleep need,
which is controlled by regions in the brainstentlsas the reticular formation, that serves to
innervate the cortex and thereby affect arousal.

[0018] The term Ocircadian rhythm factorO means the faetopertains to the bodyOs
natural energy cycle throughout a 24-hour peridde circadian component is instantiated by

the interaction between hypothalamic oscillatorthm suprachiasmatic nucleus of the



Docket No.: GMU-10-010U

hypothalamus and zeitbergs, such as, light. Ténmsponent has a sinusoidal affect on arousal
that often peaks at around 3-5 p.m. (highest atpasd troughs at around 2-4 a.m. (lowest
arousal) in a 24 hour period.

[0019] The term Osleep inertia® means grogginess tixpieisemced in the morning that
is affected by sleep stage when awakened and déisahle physiological characteristics that
may include decreased cerebral blood flow. Thepsktages that affect sleep inertia include
deep sleep, rapid-eye movement and light sleep.

[0020] The term OcyclicalO means having a regular, adiereffect. The period could
be a 24-hour period, or some other length period.

[0021] Data Processing System

[0022] FIG. 1 depicts an embodiment of a data processisigm 100. Data processing
system 100 may be configured to analyze behavessdon behavioral data and recommend
a treatment through behavioral feedback. Becdwesbehaviors of interest are affected by
physiological factors that have a recurringNor, byalNeffect on the behaviors, the
behaviors of interest are referred to herein asloaybehaviors.O Some cyclical behaviors
may include those related to sleep, depressiored#t or any combination thereof. Of course,
many other behaviors may be treated by system E@0instance, any behavior sensitive to
cyclical factors, such as drug relapses, psycliisiorders, physiological disorders,
medication dosages, ability to learn, personaitditg, creativity, analytical thinking and/or
any combination thereof. System 100 may probecsafos the behavioral data by issuing
behavior-specific surveys, behavior-specific feattha any combination thereof. The
behavioral feedback may be configured to improeeuserOs behavior. The feedback may

also be configured to include multiple instancefeetiback across a sampling window of



Docket No.: GMU-10-010U

variable size. Consequently, system 100 may estimate the effects of a factor on a cyclical
behavior by observing how a random variable, correlated with the factor, affects the cyclical
behavior. The estimated effects may form the basis for a recommended treatment that
improves the cyclical behavior by harnessing the effects of the factor on the cyclical behavior.
For example, a treatment may include a recommendation configured to induce a user to
behave in a way that minimizes the effect of a factor determined to negatively affect a cyclical
behavior. On the other hand, treatment may include a recommendation configured to
maximize the effect of a factor determined to positively affect a cyclical behavior. The
recommended treatment may then be used by system 100 to update the behavioral feedback
used in a future probe, such that the user’s behavior is improved. The updated feedback may
also form part of a newly defined sampling window that system 100 may use to refine future
iterations of feedback.

[0023] System 100 may capture behavioral data 105 and output behavioral feedback 155.
The content and form of both behavioral data 105 and behavioral feedback 155 depends on
the particular cyclical behavior that system 100 is intended to treat at a given time. Examples
of content for behavioral data 105 include user responses to various surveys (e.g., behavioral,
habits, sleep, depression, fitness or any combination thereof), scores from various tests (e.g.,
vigilance, cognitive, fitness or any combination thereof), motion data, physiological
measurements, user preferences/instructions, cyclical behavior selections, billing history from
electronic payments or any combination thereof. On the other hand, the content of behavioral
feedback 155 may include user instructions, alarms, appliance instructions or any combination
thereof. Moreover, the form of behavioral feedback may correspond to the content of the

feedback. For instance, user instructions may be visual, audible or any combination thereof.
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Alarms may be visual, audible, thermal, tactileticgd, olfactory or any combination thereof.
Appliance instructions may be in a machine-read&bi®at, such as electrical, optical or any
combination thereof. These instructions may bel esalirect the machine behavior.

[0024] System 100 may capture behavioral data 105 thrthegFacility of input means
110. Input means 110 may include at least one fraser input and at least one
communications medium. For instance, user inpwt imelude touch screens, switches,
keyboards, microphones, motion sensors, physicdbgensors or any combination thereof.
The communications medium may include electricatical, acoustic, mechanical, wireless
mediums or any combination thereof for communicabehavioral data 105.

[0025] A local processor 115 may provide local processingata, including behavioral
data 105, behavioral feedback 155 or any combindkiereof. Further, local processor 115,
in combination with input means 110 and communiceimeans 120, may interface with
users, remote devices or any combination ther&€bé local processing provided by local
processor 115 includes receiving behavioral dafg pfbcessing data for transmission using
communications means 120; processing data recé@edcommunications means 120;
producing behavioral feedback 155; issuing behaVieedback 155 or any combination
thereof. Local processor 115 may take on numeiauss, including mobile phones, media
devices, personal digital assistants, laptop atnebook computers, desktop computers, alarm
clocks, pagers, other electronic devices or anyltoation thereof.

[0026] Communication means 120 may facilitate communicaltietween local
processor 115 and a network 125 that interconrm@ctsnunications means 120 with a second
communications means 130, similar to the meansdra remote processor 135. Further,

communication means 120 and 130 may include a conuations medium and a transceiver
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appropriate for communicating over the communicetimedium. The communications
mediums of communications means 120 and 130 ambrietl25 may include mediums and
networks that are electrical, optical, acousticechanical, wired, wireless or any
combination thereof for communicating data. Thiewoek 125 may accordingly be a wide
area network including the Internet, a local areavork, a personal network using Bluetooth
or any combination thereof.

[0027] Remote processor 135 may operate on data recewszdetwork 125 to produce
various outputs. For example, remote processompi@duces, through monitoring means
140, monitoring data 145 concerning the behavidatd 105. Monitoring data 145 may
include a history of a cyclical behavior as refégtby behavioral data 105. By producing
monitoring data 145 in the form of a history, tlyelecal behavior of a user may be evaluated
to produce a professional assessment of the behawitagnosis of a physiological or
psychological disorder, the health of a user or@mbination thereof. Although monitoring
means 140 is depicted as being coupled to remotepsor 135, it may be coupled to local
processor 115.

[0028] In addition to monitoring data 145, remote proceds¥b may produce
information for reproduction over output means 18uch information from remote
processor 135 may include behavioral feedback d&aerated according to behavioral data
105. Like local processor 115, remote processbrm8y take on various forms, including
servers, databases, network hosts, mobile phoreziardevices, personal digital assistants,
laptop and notebook computers, desktop computagerp, other electronic devices or any

combination thereof.
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[0029] Monitoring means 140 and output means 150 may be output devices whose form
depends on the content of information to be conveyed. Forms of means 140 and 150 may
include visual, audible, thermal, tactile, optical, olfactory or any combination thereof. For
example, the output means may include visual displays, loudspeakers, vibratory alarms,
toasters, coffee makers, household lights, other devices capable of producing a stimulus or
any combination thereof.

[0030] The various components of system 100 set forth in the foregoing are merely
examples. For instance, one may embody system 100 without monitoring means 140. All
processing of system 100, such as the analysis of behavioral data 105 and the production of
both the behavioral feedback 155 and the monitoring data 145, may be localized to local
processor 115. In another example, behavioral data 105 is transmitted to remote processor
135 without local processor 115. Alternatively, output means 150 outputs behavioral
feedback 155 directly from network 125 or from remote processor 135. Other modifications
are contemplated, as would be appreciated by one skilled in the art.

[0031] FIG. 2 depicts an embodiment of a data processor 200 that may be used in data
processing system 100. In particular, the data processor 200 may embody local processor 115
and/or remote processor 135. Data processor 200 may include controllers and processors 205
that control the components of data processor 200, execute program instructions, and process
data within data processor 200. The controllers and processors 205 may include
microprocessors, microcontrollers, systems-on-a-chip, field-programmable gate arrays,
application specific integrated circuits or any combination thereof. To facilitate the operation

of the controllers and processors, data processor 200 may include a bus 210 for
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interconnecting the controllers and processors 205 with user interfaces 215, communication
interfaces 240, clocks 245 and memory subsystem 250.

[0032] As suggested by the foregoing description of the forms of behavioral data 105 and
behavioral feedback 155, user interfaces 215 may include a combination of various
components for capturing and reproducing data. In general, user interfaces 215 implement the
input means 110 and output means 140 and 150. Depicted in FIG. 2 are four potential I/O
components. First, a visual I/O component 220 may provide displays, touch screens or any
combination thereof for providing the visual depiction and capturing of data. Second, a tactile
I/O component 225 may include buttons, switches, vibratory mechanisms and/or any
combination thereof to depict and capture data. Third, an audible I/O component 230 may
include microphones, sound generators, speakers, headphones or any combination thereof to
acoustically depict and capture data. Finally, a motion I/O component 235, like an
accelerometer, may provide for the capture of data related to the motion of a user. These four
components are not an exclusive listing of all the I/O components conceived as usable in the
data processor 200. For instance, user interfaces 215 may include I/O components for directly
capturing physiological measurements, like heart rate, sleep state or any combination thereof.
Another possible I/O component is an I/O component for communicating with household
electronics, like kitchen appliances, toasters, coffee makers, household lighting or any
combination thereof. In connection with a household electronics I/O component, data
processor 200 may control household electronics according to behavioral feedback 155.

[0033] Communications interfaces 240 may provide all communication between local
data processor 200 and an external processor. In general, communications interfaces 240 may

embody the communications means 120 and 130.
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[0034] Clocks 245 represent the system clocks that maysbed by data processor 200
for various processing tasks. In an alarm setttagks 245 may provide time triggers,
indicating when to issue an alarm through userfiates 215. In a communication setting,
clocks may facilitate the synchronization of datagsmission and reception. For general
processing of data, clocks 245 may synchronizerobbets and processors 205 as well as the
other components of system 200.

[0035] Memory subsystem 250 may comprise various compsnamiuding RAM 255
and ROM 265. RAM 255 may be a volatile memory sewrsable as working memory for
the general processing of data within data proece&3@. For example, RAM 255 may
include flash, solid-state memory, floppy disksticgd disks, hard disks or any combination
thereof. The data stored within RAM 255 dependsherprogram being executed by
processors 205. As illustrated in FIG. 2, RAM 2%&res behavioral data 105 being analyzed
by processors 205 to produce behavioral feedbask E®OM 265 may be a nonvolatile
memory source storing programs 270, 275, 280 abd E8nbodiments of ROM 265 may
include storage devices, like hard disks, flopmsksj optical disks, removable media, flash
media, hardware registers, solid-state memory prcambination thereof. The programs
270, 275, 280 and 285 may alternatively be provitiedugh other media besides ROM 265,
such as instructions modulated on a carrier waderamsmitted over wired, wireless
channels or any combination thereof.

[0036] Programs 270, 275, 280 and 285 may encode ingingctor causing processors
205 to execute different processes. ProgramsZZ&and 280 represent three processes for
producing behavioral feedback 155 to treat cycliediaviors. Specifically, program 270

may encode instructions for treating sleep behayjmogram 275 may encode instructions
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for treating depression and program 280 may encode instructions for treating fitness
behaviors. Program 285, on the other hand, may include operating systems, drivers, other
applications or any combination thereof. As an alternative to executing programs 270, 275,
280 and 285, controllers and processor 205 may be embodied as hardware.

[0037] As local processor 115 and remote processor 135 are optional, at least some
components of data processor 200 may be eliminated depending on whether system 100
includes local processor 115, remote processor 135 or both. For instance, remote processor
135 may be embodied without user interfaces 215. Programs 270, 275 and 280 may be
embodied in the local processor 115, remote processor 135 or both. Where local processor
115 performs all processing, one may forego communications interfaces 240. Other
modifications are contemplated and would be apparent to those of skill in the art.

[0038] Behavior Treating System

[0039] FIG. 3 depicts an embodiment of a behavior treating system 300. Behavior
treating system 300 may include four engines configured to treat cyclical behaviors. The
probe and sample engine 305 may obtain behavioral data 105 from user 325 and then execute
actions to produce behavioral feedback 155. Engine 305 may also receive updated behavioral
data 105 based on the behavioral feedback 155. Moreover, engine 305 may produce samples
from the behavioral data 105. The similarity engine 310 may receive the samples output from
engine 305 and execute an action to produce a list of quantitatively similar samples. The
recommendation engine 315 may analyze the list of samples output from engine 310 and
execute a subsequent action to recommend a treatment. The feedback engine 320 may
execute further actions to update engine 305 based on the recommended treatment output by

engine 315. In this way, the engines may produce behavioral feedback 155 based on

-10 -
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behavioral data 105, and the feedback 155 may tateg over time to converge towards an
optimal treatment for a cyclical behavior. Theiaeeg may be discrete hardware components,
software executing on at least one computer orcanybination thereof. For example, all
four engines could be embodied by a single instandata processor 200. Alternatively, the
engines could be embodied by at least two instapicdata processor 200 that are connected
in a system similar to system 100.

[0040] System Operation

[0041] One embodiment of the operation of system 100 gsids 300 is depicted in
FIG. 4. Specifically, system 100 may begin by jpmglka user according to action 405 to
collect an initial set of behavioral data 105 thlgbunput means 110. The action 405 of
probing a user may include issuing surveys fromallpcocessor 115 or remote processor 135,
reproducing the surveys over output means 150jviegeuser responses over input means
110 or any combination thereof. Alternatively,iact405 may be executed by probe and
sample engine 305. Answers to the surveys mayl@pabcessor 115/135 or engine 305 to
produce an initial description of factors suspedtede affecting a cyclical behavior as well
as initial descriptions of any secondary factoed thay also be affecting the cyclical
behavior. For example, the surveys may includeiiues whose answers enable a
guantitative description and/or a quantitative desion, like the time of the trough of a
userOs circadian rhythm, whether someone is suffeleep deprivation, age, weight, gender
or any combination thereof. These determined desmms are referred to herein as Ofactor
data.O

[0042] Either local processor 115 or remote processomidp use the initial behavioral

data 105 to produce the factor data accordingtiorad10. Alternatively, action 410 may be

-11 -
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executed by probe and sample engine 305. The process of determining factor data may
include extrapolating a description directly from a survey, combining multiple survey answers
over time to produce an estimate description or any combination thereof. Descriptions of
factors and secondary factors may be essentially the same. For example, determining whether
someone is sleep deprived may include analyzing bed time and wake time across several days
to determine that a user is not getting enough sleep. More examples are described in the
following sections.

[0043] Using the factor data, local processor 115, remote processor 135 or engine 320
performs action 415 to determine behavioral feedback 155. Behavioral feedback 155 may be
configured in action 415 to recommend an initial treatment for improving a cyclical behavior.
For example, recommendations may include suggesting a time to wake-up, an alarm time, an
exercise amount or any combination thereof. Moreover, behavioral feedback may include
multiple instances of behavioral feedback that are to be issued and reproduced during a
sampling phase, such that the feedback and associated user responses may be plotted as
samples that populate a sampling window. For instance, the multiple instances of behavioral
feedback may be selected to test a user response at various values, across the sampling
window, of a random variable correlated with a factor affecting a cyclical behavior. By
determining multiple instances of behavioral feedback across a sampling window, one
processor 115/135 or engine 315 may evaluate the effects of a random variable on a cyclical
behavior. Moreover, when this random variable is correlated with a factor that affects the
cyclical behavior, processor 115/135 or engine 315 may estimate the effects of the factor on
the cyclical behavior. . This estimate may then form a basis for treating the behavior by

harnessing the effects of the factor.

-12-!
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[0044] Action 420 may be executed by local processor fdipte processor 135 or
engine 305. The action may include issuing theabenal feedback determined in action 415
as behavioral feedback 155. Action 420 may alsyaip on an updated set of behavioral
feedback 155 determined according to step 440,wisidescribed below. In addition, action
420 may include issuing surveys to monitor chamgéasitial data and tests to monitor how
variations in the multiple instances of feedbacekafecting a cyclical behavior. Any issued
feedback, survey or test may be reproduced by outpans 150 or engine 305. Action 420
may likewise include using input means 110 or ee@@5 to observe user responses to the
feedback, surveys and tests to obtain updated bwhhdata 105.

[0045] Local processor 115, remote processor 135 or er8filBanay analyze, in action
425, the data obtained in action 420 and producpkss of updated factor data. The samples
produced in action 425 may include factor data thay take into account user responses that
include survey answers and test scores. Accorgipgbcessor 115/135 or engine 305 may
produce samples with comparison data, which maydecupdated descriptions of secondary
factors. Further, processor 115/135 or enginer8@% plot, in a sampling window, test scores
against a random variable correlated with a faatfacting a cyclical behavior. The values of
the random variable may be represented in the ssn@sl proxy data, so-called because the
random variable is correlated with a factor affiegta cyclical behavior, such that variations
in the random variable may act as a proxy to viamatin the factor. Using proxy data
enables systems 100 and 300 to monitor the efeé@gactor when the relationship between
the factor and its effects on a cyclical behaviceainot be assessed directly from behavioral

data 105.

- 13+
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[0046] Action 430 may be executed by local processor fdipte processor 135 or
engine 310. The action may include analyzing #m@es produced in action 425 to
determine which samples are quantitatively similBinis similarity processing may include
comparing the comparison data of samples withianapting window. In this way, systems
100 and 300 may calculate on a factor-wise basesdistance between the descriptions of a
set of secondary factors of a first sample andideeriptions of a set of secondary factors of a
second sample. Action 430 may further include canmg each factor-wise distance against
a factor-specific threshold to determine whetherdmples are quantitatively similar. For
instance, if each distance is smaller than thestiokel, then the samples may be declared
similar.

[0047] The factor-specific thresholds used in action 43 tme predetermined by
processor 115/135 or engine 310 of system 30Ceridtively, systems 100 and 300 may
adapt the thresholds in consideration of any ipgesonal relationship between a secondary
factor and its effect on a cyclical behavior. Kmtance, a threshold may vary proportionately
with the degree of dependence between sampleddess and the particular secondary
factor. Thus, based on a multiple regression amalyetween secondary factor descriptions
(the independent variable) and sampled test s¢treslependent variable), secondary factors
exhibiting large beta weights may have proportiynaduced similarity thresholds.

[0048] Another type of intra-personal analysis may detaenwhether samples are
guantitatively similar by eliminating, from the s#d@tsecondary factors, any secondary factors
that have a negligible effect on a userOs scemsinstance, if a secondary factor exhibits a
small beta weight, that factor may be assumed e ha statistical relevance to the similarity

between samples. Accordingly, systems 100 anch&d0ignore that factor in determining
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guantitatively similar samples. The threshold kestwbeta weights that have statistical
significance and those that do not may be pred@teanor may vary based on further intra-
personal analysis. For instance, if an analyssaaipled scores reveals that the scores exhibit
low variance based on comparison to a predetermiagdnce threshold, the threshold
between statistical significance and insignificanmeey be appropriately reduced.

[0049] Based on any samples identified as quantitativiellar, systems 100 and 300
may recommend, in action 435, treatment data.eirerpl, local processor 115, remote
processor 135 or engine 315 may recommend treaia¢sathat will encourage a user to
behave in a more desirable manner. The recommenekgdhent data may be based on an
estimate of how a factor is affecting a cyclicah&eor. The estimation of how a factor is
affecting a cyclical behavior may include analyzihg relationship between sampled scores
and the proxy data describing the values of a nandariable correlated with the factor. As
described in connection with action 425, proced4&r135 or engine 305 may plot the
relationship between sampled scores and proxytdkésm across a sampling window of
variable size. Action 435 may consequently anatiieerelationship between sampled scores
and proxy data by identifying any samples assodiaféh the most desirable effect within the
sampling window. For instance, action 435 maydefer use as a treatment sample, a
sample plotted within the sampling window and asged with the highest score. By
selecting the highest score, action 435 may empéaise positive effects of a factor to treat a
cyclical behavior. On the other hand, selectimgwaest score may diminish the influence of a
negative factor on a cyclical behavior.

[0050] As an alternative to selecting a single sampldggesys 100 and 300 may select a

block of samples from within a sampling window rsEj local processor 115, remote

-154
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processor 135 or engine 315 may divide the sampling window into blocks, and arrange any
quantitatively similar samples into the blocks based on the proxy data of the quantitatively
similar samples. Each block may contain at least one quantitatively similar sample. Second,
the score data of each quantitatively similar sample is combined in each block to produce at
least one combined score for each block. The combination may be an average, an aggregate,
other statistical combination or any combination thereof. From among the combined scores,
processor 115/135 or engine 315 may identify at least one block that has a score that is a local
extreme, such as a local maximum or local minimum. The local extreme in question may
depend on whether the treatment recommendation is seeking to maximize or minimize the
effect of a factor affecting a cyclical behavior.

[0051] In one embodiment, systems 100 and 300 may analyze the effect of factors on two
or more cyclical behaviors. In that case, action 435 may further include processor 115/135 or
engine 315 weighting scores in each block according to the behavior to which the scores
pertain. For instance, a user may specify a degree of relative importance between a first
behavior and a second behavior. In that case, processor 115/135 or engine 315 may optimize
a recommended treatment by weighting normalized scores of the first behavior according to
its relative importance and weighting the normalized scores of the second behavior according
to its relative importance. The weighted scores for each behavior may then be combined into
a weighted combination of score data that is analyzed to identify a local extreme within a
sampling window. The sample or block containing the local extreme will be selected as the
treatment sample block for use in action 440.

[0052] Regardless if the treatment sample includes a single sample or a block of samples,

the treatment sample may be used by local processor 115, remote processor 135 or engine 320
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to execute action 440. Action 440 may includedeg new feedback, a new sampling
window or any combination thereof. Processor 135/dr engine 305 in combination with
engine 320 uses the output of action 440 to uptietéeedback issued in action 420. For
example, action 440 may include producing feedlzadording to the proxy data of the
treatment sample. Thus, if a treatment samplehasy data indicating an alarm time of 8:00
AM, executing action 440 may produce feedback idiclg an alarm time of 8:00 AM. If the
treatment sample includes a block of samples ast®ucwith a range of values of a random
variable, executing action 340 may produce multipg¢ances of feedback within a new
sampling window that is substantially equal in sz¢he range of values. Alternatively, if
systems 100 or 300 are evaluating the effects @érti@mn one factor on a cyclical behavior,
action 440 may produce feedback in an entirelyedsifit sampling window.

[0053] Since a cyclical behavior may be affected by mbaatone factor for which
systems 100 and 300 determine factor quantitieshémavioral feedback produced by local
processor 115, remote processor 135 or feedbackeesB30 may similarly take into account
more than one factor. Where the systems consides than one factor in producing
behavioral feedback, processor 115/135 or engifen® consider factors in a hierarchical
manner, producing feedback based on a first famtbty if a second factor is not currently co-
varying with the cyclical behavior. Alternativelhe systems may produce feedback by
linearly combining factors, where the weights agglio each factor are determined by a
Likert scale indicating the importance of a factor.

[0054] It should be noted that systems 100 and 300 idtsttmbodiments of systems for
treating cyclical behaviors according to proces3. 40he illustrated components may be

eliminated or configured in multiple embodimenEor example, where local processor 115
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acts alone, all foregoing actions of process 539 otaur within processor 115 without the
intervention of components 120, 125, 130 or 13%.tl@& other hand, where remote processor
135 acts alone, all foregoing processing step ncaurowithin processor 135 with processor
115 merely serving to pass data to/from remotequsar 135, input means 110 and output
means 150. Communication means 120 may pass lbehladata to network 125, network
125 may pass the behavioral data to communicateens130 and means 130 may pass the
behavioral data to remote processor 135. The hetsveedback 155 may accordingly
passed back from remote processor 135 to outputsriEz0 through communication means
130, network 125, communication means 120 andéal lprocessor 115. The engines of
system 300 may be embodied together in a singlieelev in a system of interconnected
devices.

[0055] The foregoing description set forth one embodinfientreating cyclical
behaviors. The following sections set forth exaspmloncerning specific forms of cyclical
behavior: sleep, depression and fitness. Of cootker forms of behavior are susceptible to
treatment by the data processing system set fotins section. For instance, systems 100
and 300 may be configured to treat susceptibititgrug relapses, psychotic disorders,
physiological disorders, medication dosages, giiitearn, personality traits, creativity,
analytical thinking and/or any combination thereof.

[0056] Treating Sleep Behaviors

[0057] As depicted in FIG. 5, systems 100 and 300 maybégured to perform a
cyclical behavior treatment process 500. For mstasystem 100 and 300 may be configured
to execute process 500 in accordance with progeatizo 285. One portion of cyclical

behavior treatment process 500 may include a $lebpvior evaluation and treatment
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process 510 according to program 270. FIG. 6 depicts an example of process 510 for treating
sleep inertia severity. In brief, process 510 may include systems 100 or 300 obtaining data so
it may produce measurements of how sleep stage when awakened affects sleep inertia severity
and descriptions of secondary factors that affect sleep inertia. The secondary descriptions
may enable systems 100 or 300 to isolate the effects of at least one factor on sleep inertia
severity, such that the system may estimate the effects of the factor and recommend a
treatment that harnesses the effects of the factor. Specifically, systems 100 or 300 may
determine secondary descriptions of a user’s circadian rhythm component and homeostatic
component and then use those descriptions to isolate and estimate the effects of sleep-stage
when awakened on sleep inertia severity. System 100 then produces behavioral feedback that
harnesses the effects of sleep-stage when awakened to reduce sleep inertia severity.

[0058] The actions of process 510 are similar to the actions depicted in FIG. 4. Action
605 may include using input means 110 and output means 150 to probe a user for initial
behavioral data 105. Alternatively, action 605 uses probe and sample engine 305. Initial
behavioral data 105 in the sleep inertia context may include answers to sleep surveys and
answers to habits surveys. Some interfaces for collecting this initial data are described below
in connection with FIG. 7A to FIG. 7E.

[0059] After capturing initial behavioral data 105 in action 605, local processor 115,
remote processor 135 or probe and sample engine 305 may process the initial data in action
610 to produce factor data describing, at least, circadian and homeostatic factors. For
instance, the circadian factor may be quantified as the time of day at which a user experiences
a trough or crest in his circadian rhythm. The homeostatic factor may be quantified as a

sleep-duration or a wake-duration based on survey answers indicating when a user went to
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bed and when a user woke up. Other data produced in action 610 includes a desired wake-up
time.

[0060] In action 615, local processor 115, remote processor 135 or feedback engine 320
may use the factor descriptions from action 610 to determine appropriate behavioral feedback.
For instance, when the cyclical behavior of interest is a reduction in sleep inertia severity, and
a user has entered a desired wake-up time, processors 115/135 or engine 320 may produce
feedback that provides a proxy indication of how sleep stage when awakened affects sleep
inertia severity. The proxy may be a random variable that is correlated to sleep stage when
awakened. Thus, the behavioral feedback may be a set of alarms set to wake a user up at
different times. In this context, the behavioral feedback may include many instances of
behavioral feedback, such that processors 115/135 or engine 305 may produce samples
indicating how different alarm times affect sleep inertia severity. For example, processors
115/135 or engine 305 may determine five instances of alarm times within a 30-minute
window.

[0061] Action 620 may include using input means 110, output means 150 or probe and
sample engine 305 to issue further user surveys, tests and the behavioral feedback 155
determined in action 615. Of course, act 620 may also include issuing feedback based on the
behavioral feedback determined according to act 640. FIG. 7F and FIG. 7G, described below,
depict interfaces for issuing surveys and tests. The surveys and tests may be issued upon
waking in the case of reducing sleep inertia, or throughout the day depending on whether the
data concerns behavior immediately upon waking, behavior throughout the day or behavior
immediately preceding sleep. As set forth in the description of FIG. 1, if behavioral feedback

is an alarm, the alarm may include alarm components of various forms, including light, sound
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or any combination thereof. Alternatively, systeb®® or 300 may produce an alarm by
controlling household electronics. Starting th6emmaker may provide olfactory stimulus,
opening blinds or turning on lights may providehligtimulus, turning on a TV or radio may
provide audio stimulus, etc. Where the behaviteatiback produced in action 615 includes
many instances of feedback, action 620 may inctegeoducing the instances in a random
order until all instances of the feedback are idsatdeast once.

[0062] In addition to issuing surveys and feedback, adsidd may include local
processor 115, remote processor 135 or probe anplsa@ngine 305 monitoring for user
responses and obtaining data related to the resporidser responses to surveys may include
a new desired wake-up time, indications of sleegginbed time, whether the user took a nap,
if the userOs sleep was interrupted, whether 81®ssleep was abnormal, time of sleep onset
or any combination thereof. Moreover, user respsmsay include score data including test
scores indicating a userOs vigilance, cognitivégiediupon waking or any combination
thereof. The output means 150 may reproduce eatance of feedback 155 continuously or
repeatedly until a user responds to the feedbaadolpleting a test that is associated with
that instance of feedback.

[0063] Action 625 may include local processor 115, renpoteessor 135 or probe and
sample engine 305 producing samples of factor lolzgad on the user responses obtained in
action 620. The factor data includes descriptmirsecondary factors, excluding sleep stage
when awakened. For instance, descriptions of timedostatic component may include the
time spent awake or the time spent sleeping befarger response was sampled.
Descriptions of the circadian component may inclindetime of day when a user response

was sampled. These secondary factor descripti@yso® used in action 630 to identify
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similar samples, so these descriptions are reféarad Ocomparison data.O In addition to
comparison data, each sample produced during a8Bbmmay include score data that
describes a vigilance/cognitive test score andypdata indicating the wake-up time
associated with a particular test score. The sdat@ and proxy data may enable system 100
to plot test scores versus wake-up times.

[0064] Using the samples from action 625, local proce$46t remote processor 135 or
similarity engine 310 may identify any samples #uat quantitatively similar in action 630.

In the sleep inertia context, action 630 may inelidkntifying quantitatively similar samples
by comparing comparison data for the circadianmmyaaind homeostasis. For instance, if
samples describe the homeostatic component of sldepms of sleep duration, and the sleep
duration of a sample differs by more than an hoamfthe desired sleep duration set by the
user, processor 115/135 or engine 310 may idethidfge two samples as being quantitatively
dissimilar. Other factor quantities and similatityesholds that may identify quantitatively
similar samples may include wake durations diffgtry less than two hours, sleep
interruptions differing by less than 15 minuteskevéimes differing by less than an hour,
waking up inside/outside a circadian trough or emmybination thereof. Furthermore, if a
user indicates that his sleep data recorded implsais abnormal, processor 115/135 or
engine 310 may ignore that data as dissimilar.

[0065] However, if processor 115/135 or engine 310 isigoméd to perform similarity
processing based on intra-personal analyses,rithiasty thresholds for comparing two
samples may be altered. If the homeostatic fastquantified as sleep duration, and
vigilance scores are strongly correlated to the dwstatic factor, the threshold between

guantitatively different sleep times may be projoowlly reduced according to the beta
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weight of the homeostatic component. Other intra-personal analyses may be applied as
described in the foregoing System Operation section.

[0066] Equipped with the identities of any samples determined as quantitatively similar,
action 635 may include local processor 115, remote processor 135 or recommendation engine
315 selecting a treatment sample, or a block of treatment samples, associated with the most
desirable test scores. If only one sample is to be selected, processor 115/135 or engine 315
may simply select the quantitatively similar sample that has the most desirable test score. In
the case of reducing sleep inertia severity, selecting a single sample may include selecting the
sample with the highest vigilance test score among any quantitatively similar samples, since
the highest score would indicate when sleep stage is lightest.

[0067] Alternatively, where a block of samples is to be selected, processors 115/135 or
engine 315 may divide the sampling window into blocks based on different wake-up times.
Each block may then have at least one sample. If more than one sample exists for each block,
those samples may be combined to produce an aggregate score. The aggregate scores may
then be analyzed to identify the block with the most desired aggregate score, such as a local
max, indicating the highest aggregate vigilance scores within the sampling window of wake-
up times.

[0068] However, if processor 115/135 or engine 315 detects a priority behavior
condition, action 635 may override any recommendations by selecting the sample within the
sampling window that is most desirable for treating the priority condition. For example, if
processor 115/135 or engine 315 determines that a user is sleep deprived, the latest possible
wake-up time within the sampling window may be selected as the treatment sample despite

any recommendations to the contrary. As another example, if a recommended treatment

-23-!



Docket No.: GMU-10-010U

sample would cause the wake-up time to fall withia trough of the userOs circadian rhythm,
the sample furthest from the peak of the circatiangh may be selected as the treatment
sample.

[0069] Action 640 may include local processor 115, renpoteessor 135 or feedback
engine 320 determining behavioral feedback basdle@samples recommended as treatment
samples in action 635. Where the treatment samgliedes a single sample, behavioral
feedback may be determined according to the praxg df the single sample. For example,
if the treatment sample indicates a wake-up tim&0® AM, the feedback will be an alarm of
8:00 AM. However, where a block of samples is neo@ended by action 635 for treating
sleep inertia severity, action 640 will determineltiple instances of feedback to be used in
the next iteration of action 620 based on the pl@twake-up times within the block of
samples. For example, action 640 may determinewgkiimes within a 15-minute sampling
window as opposed to a 30-minute sampling thatwsasl in a previous iteration of process
510. By reducing the sampling window used in ea&kt iteration of action 620, each
iteration of process 510 may produce a set of alamth wake-up times that converge
towards a wake-up time that best reduces sleeparsaverity.

[0070] In some cases, the local extreme within a samplingow may actually be less
extreme than a local extreme observed in a prevsaagling window. If that occurs, action
640 may include processor 115/135 or feedback er@20 expanding the sampling window
used by the processor 115/135 or probe and samgieee305 in the next iteration of process
510. Accordingly, the expanded sampling window nmeyude the currently recommend

treatment samples and the block with the previoabberved extreme. Alternatively, action
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640 may include setting the sampling window for rile&t iteration of process 510 to include
the block having the previously observed extreme.

[0071] FIG. 7A to FIG.7G depict an embodiment of userriiaiges for collecting
behavioral data 105. These interfaces may beajisdlby output means 150 or probe and
sample engine 305. Examples of habits surveysinthyde questions 705, 710, 715, 720,
725 and 730 as displayed by the user interfacesteddn FIG. 7A to FIG. 7C. A userOs
responses to questions 705, 710, 715, 720 and @2%latermine broad trends in an
individualOs behavior, such that processor 115/186gine 305 may quantify a userOs
circadian rhythm as a factor quantity in act 410.

[0072] FIG. 7D and FIG.7E depict an embodiment of userrfates displaying sleep
surveys according to a modified Stanford SleepiSesde (SSS)TM. The userOs responses to
questions 735, 740, 745 and 750 may enable pracg$5d4L35 or engine 305 to quantify a
userOs homeostasis as a factor quantity in act 410.

[0073] FIG. 7F depicts an embodiment of a user interface$tablishing alarm settings
755 and a user interface for specifying the qualftgleep 760. Component 755 may be a
button enabling a user to accept all data set wititerface 755. Button 755b may enable a
user to set the number of minutes in which a uskexperience sleep onset (e.g., 5, 15 or 30
minutes). A user may set a preferred time to wakeirtually spinning the wheels of
component 755c. Interface 755 may display a ptegewake-up time 755d according to
produced behavioral feedback. Component 755e rmaylutton enabling a user to inform
system 100 that the user has taken a nap earlibeiday. Component 760a may enable a
user to indicate if he wakes during the night, Boxdhe how long. Interface 760 may

accordingly display a new projected wake-up timéh/6System 100 may display interface
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760 after a user presses button 755a. The data input by a user through interfaces 755 and 760
may enable processor 115/135 or engine 305 to quantify a user’s homeostasis as a factor
quantity in act 410.

[0074] FIG. 7G depicts an embodiment of two interfaces. The first is interface 765 that
represents a vigilance task that may be administered at different times of the day. The
purpose of this vigilance task is to determine sleep inertia. Specifically, interface 765
displays icon 765a. A user may touch the icon. After being touched by a user, icon 765a may
move to a new position, such as 765b and 765c. A user may then follows icon 765a to the
new positions with his finger, or another pointing device. The faster the user follows icon
765a, the faster icon 765a may move about interface 765. Processor 115/135 or engine 305
may determine a user’s vigilance score by calculating the distance a user’s finger travels in a
predetermined time period—the greater the distance traveled, the greater the vigilance score.

[0075] An embodiment of the second interface depicted by FIG. 7G is a sleep quality
interface 770. This interface may determine whether the behavioral data 105 captured in act
405 is statistically valid. If a user indicates that his sleep was abnormal, the data associated
with that sleep may be ignored by processor 115/135 or engine 305.

[0076] It should be noted that systems 100 and 300 illustrate embodiments of systems for
treating cyclical behaviors according to process 510. The illustrated components may be
eliminated or configured in multiple embodiments. For example, where local processor 115
acts alone, all foregoing actions of process 530 may occur within processor 115 without the
intervention of components 120, 125, 130 or 135. On the other hand, where remote processor
135 acts alone, all foregoing processing step may occur within processor 135 with processor

115 merely serving to pass data to/from remote processor 135, input means 110 and output

-26 -!



Docket No.: GMU-10-010U

means 150. Communication means 120 may pass lbehladata to network 125, network
125 may pass the behavioral data to communicateemns130 and means 130 may pass the
behavioral data to remote processor 135. The hetsveedback 155 may accordingly
passed back from remote processor 135 to outputsriEz0 through communication means
130, network 125, communication means 120 andéal lprocessor 115. The engines of
system 300 may be embodied together in a singlieelev in a system of interconnected
devices.

[0077] The foregoing description of process 510 focusedroembodiment where the
cyclical behavior of interest was sleep inertiaesgy. In general, process 510 may be used
for any other sleep behavior affected by cyclieaitérs. For example, other sleep behaviors
susceptible to treatment by systems 100 and 300imshyde reducing sleep onset, improving
dream recollection, length of sleep, when to sleden and how long to nap, and/or any
combination thereof. In addition to determiningc®tions of circadian and homeostatic
components, systems 100 and 300 may also detefautoe data to describe other factors,
including sleep stage when awakened, whether @apéssa morning-person or an evening-
person, demographic factors, like gender and psafesand daily factors, like stress, anxiety,
food intake, exercise, lunar cycle, weather, malodg use, physical ailment, work schedule,
GPS location and/or sleep environment. Finallgteays 100 and 300 may estimate the
effects any of the foregoing factors have on apshleshavior.

[0078] The description in this section sets forth an enrbedt for treating cyclical sleep
behaviors. Other sections of this descriptiorf@gh examples concerning other forms of
cyclical behavior. Of course, other forms of bebaare susceptible to treatment by the data

processing system 100 and the behavior treatirtgrsy300. For instance, systems 100 or
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300 may be configured to treat susceptibility to drug relapses, psychotic disorders,
physiological disorders, medication dosages, ability to learn, personality traits, creativity,
analytical thinking and/or any combination thereof.

[0079] Treating Depression

[0080] Returning to FIG. 5, another portion of cyclical behavior treatment process 500
may include a depression evaluation and treatment process 520 executed by local processor
115, remote processor 135 or system 300 according to program 275. FIG.8A and FIG.8B
depict an embodiment of process 520. Process 520 is similar to processes 300 and 510, but
differs because process 520 may include a sampling procedure to determine a behavior that
co-varies with depression. Upon identifying a behavior that co-varies with depression,
process 520 may estimate how at least one factor related to the co-varying behavior affects
depression severity.

[0081] Actions 805 and 810 may include using input means 110, output means 150 or
engine 305. The actions may be similar to actions 320 and 325, but may further include
probing a user by issuing daily surveys and ascertaining a depression score indicating the
severity of a user’s depression. Moreover, actions 805 and 810 may include issuing daily
habit surveys and ascertaining general trends in other behaviors suspected to contribute to
depression severity, including sleep amount, sleep quality, exercise type, exercise duration,
exercise intensity, drug use and/or medication use.

[0082] Action 815 may include using local processor 115, remote processor 135 or
engine 305. Action 815 may operate analogously to action 325. Further, action 8§15 may
produce samples of behavior data, which is analogous to factor data, but describes behaviors

instead of factors. Each sample of behavior data may include descriptions of secondary
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behaviors, score data reflecting depression sgyernbxy data or any combination thereof.
However, the proxy data here need not actually pe=ay for a behavior, but may be a more
direct description of the behavior. Ultimatelyppy data may be any data that has at least
two values, such that an effect of the behaviodepression severity scores may be assessed.

[0083] Action 820 performs a similarity analysis that iabgous to action 330 to
determine whether any samples of behavior datguaatitatively similar. In an
embodiment, action 820 includes using local prame$%5, remote processor 135 or
similarity engine 310. For instance, if a user inascated that he desires to exercise three
times a week and a sample indicates that he erdrtgss than three times in a week, the
sample may be ruled quantitatively dissimilara liser is taking depression medication and a
sample indicates he failed to take his medicinat, fdulure may cause the sample to fail the
similarity analysis.

[0084] Using any quantitatively similar samples, actio® 82ay include using local
processor 115, remote processor 135 or recommendatigine 315 to perform a correlation
analysis between the proxy data for a behaviorestied to co-vary with depression severity
and scores indicating depression severity. [Rhealue of the correlation analysis indicates a
correlation of at least greater than 0.20, pro&2€smay continue on to action 830 to estimate
the effects at least one factor the co-varying bemdas on depression intensity. Otherwise,
the processors of system 100 or the engines orsy300 repeat actions 805 to 825 to test
another behavior suspected to co-vary with depsagsiensity.

[0085] Actions 830 to 855 are analogous in operation tmas 315 to 340 and actions
615 to 640, but operate on different sets of datchieve treatment of depression severity.

According to an embodiment depicted in FIG. 8B, ghecessors of system 100 or the engines
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of system 300 have determined that sleep is congmyith a userOs depression intensity. In
that case, process 520 may include consideringHesfcgsleep (e.g., the homeostatic factor) as
a sleep related factor that may be affecting dgjpvas Accordingly, action 830 may include
using local processor 115, remote processor 13&eoiback engine 320 to determine
behavioral feedback as multiple alarm times acab$sast two 30-minutes sample windows
separated by two hours. Action 835 may then usegsisor 115/135 or engine 305 to
randomly issue the alarms within the first windovepa period of days and then issue the
alarm within the second window over another peabdays. The probing in action 835 may
further include gathering depression scores fropresion tests issued at the end of the day.
Of course, the depression tests may be issuethat tines throughout the day as a user
desires. In any case, by using processor 115/48Ggine 305, action 840 produces samples
of factor data including descriptions of secondactors, depression severity scores and
proxy data indicating wake-up times.

[0086] Action 845 may include using processor 115/135milarity engine 310 to
perform a similarity analysis on the samples predua action 840. In the depression
severity context when sleep is identified as a apang behavior, the descriptions of
secondary factors compared in the similarity analygy include time of day when awoke
(e.g., circadian factor), exercise amount, exenoignsity, drug use and/or medication use.
As in action 820, if a user indicates that he dssio exercise three times a week, but a
sample indicates that the user failed to meetrthiatmum, or exercised much more, that
sample may be ruled quantitatively dissimilar.

[0087] Action 850 may include using local processor 1&mate processor 135 or

recommendation engine 315 to recommend treatmeetdban any samples determined to be
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quantitatively similar. For instance, samples with depression severity scores, plotted against
wake-up time in a sampling window, representing a local minimum in a window may be
identified as treatment samples. Of course, a window may be divided into blocks of samples,
and the block with the lowest aggregate depression score may be identified as a block of
treatment samples. In addition, where the feedback includes at least two sample windows, a
local minimum from each window may be determined, and then the treatment sample may be
selected as the sample, or block of samples, associated with the lowest depression severity
score across the windows.

[0088] Action 855 may include using local processor 115, remote processor 135 or
feedback engine 320 to determine updated behavioral feedback based on the proxy data of the
treatment sample identified in action 850. If a block of treatment samples is identified,
however, action 855 may determine multiple instances of alarms at each wake-up time within
the block of treatment samples. In this way, the sampling window in the next iteration of
process 520 decreases in size. Thus, process 520 may converge over time on an optimal
treatment for depression severity. Of course, action 855 may include expanding the window
if the currently defined window produced worse behavioral results then a previously defined
window. Moreover, action 855 may include defining an entirely new window with previously
untested proxy values.

[0089] FIG. 9A depicts an embodiment of a depression severity survey 905 and an
exercise survey 910. These surveys may be displayed using output means 150 or probe and
sample engine 305. Survey 905 may enable system 100 to assess a user’s depression level
based on questions that may include questions 905a, 905 and 905¢. Survey 910 may enable

system 100 to assess a user’s daily exercise based on answers to questions 910a and 910b.
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[0090] FIG. 9B depicts an embodiment of a further exercise survey 915, whose questions
915a and 915b may produce data on a user’s daily exercise. This survey may be displayed
using output means 150 or probe and sample engine 305. In addition, FIG. 9B depicts a
secondary factor/behavior survey 920 that may include a stress question 920a, a medication
question 920b and a drug question 920c. The answers to these questions may enable system
100 to assess a user’s stress level, medication use and drug use.

[0091] It should be noted that systems 100 and 300 illustrate embodiments of systems for
treating cyclical behaviors according to process 520. The illustrated components may be
eliminated or configured in multiple embodiments. For example, where local processor 115
acts alone, all foregoing actions of process 530 may occur within processor 115 without the
intervention of components 120, 125, 130 or 135. On the other hand, where remote processor
135 acts alone, all foregoing processing step may occur within processor 135 with processor
115 merely serving to pass data to/from remote processor 135, input means 110 and output
means 150. Communication means 120 may pass behavioral data to network 125, network
125 may pass the behavioral data to communication means 130 and means 130 may pass the
behavioral data to remote processor 135. The behavioral feedback 155 may accordingly
passed back from remote processor 135 to output means 150 through communication means
130, network 125, communication means 120 and/or local processor 115. The engines of
system 300 may be embodied together in a single device or in a system of interconnected
devices.

[0092] The foregoing description of process 520 suggested some types of behaviors that
co-vary with depression and factors of those behaviors that may be analyzed for their effect

on depression. In general, process 510 may be used for treating depression severity based on
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any behavior that co-varies with depression sgvant any cyclical factor of a behavior that
effects depression severity.

[0093] The description in this section sets forth an entbedt for treating cyclical
depression behaviors. Other sections of this gesmr set forth examples concerning other
forms of cyclical behavior. Of course, other foraisehavior are susceptible to treatment by
the data processing system 100 and the behavaimgesystem 300. For instance, systems
100 or 300 may be configured to treat susceptttititdrug relapses, psychotic disorders,
physiological disorders, medication dosages, giiitearn, personality traits, creativity,
analytical thinking and/or any combination thereof.

[0094] Treating Behaviors Affected by Exercise

[0095] Returning to FIG. 5, another portion of cyclicahbgior treatment process 500
may include an exercise evaluation and treatmertgss 530 executed by local processor
115, remote processor 135 or system 300 accordipgpgram 280. FIG. 10 depicts an
embodiment of process 530 for treating behaviaasiay be affected by exercise (Oexercise
behaviorsO). Process 530 is generally similardcasses 300 and 510. Indeed, Actions 1005
to 1040 are analogous in operation to actions 8@10 and actions 605 to 640, but operate
on data related to exercise.

[0096] Action 1005 may include using input means 105 amgut means 150 or probe
and sample engine 305 to probe a user with fitaesgeys and exercise behavior surveys.
Examples of fitness surveys may include those degicn FIG.11A and FIG.11B, described
below. These fitness surveys may provide genefairation concerning a userQOs fitness
level so system 100 may calibrate the initial $ddehavioral feedback that will be issued to

improve a userOs exercise behavior. The exeetiseibr surveys, such as survey 1125 of
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FIG. 11C, described below, indicate the relative importance of various exercise behaviors
whose optimal treatments may be in tension. The relative importance of various exercise
behaviors may be used by system 100 to adjust feedback to maximize improvements across
various exercise behaviors according to user desires.

[0097] Action 1010 produces descriptions of exercise-related factors based on the fitness
surveys. For instance, action 1010 may include using local processor 115, remote processor
135 or probe and sample engine 305 to produce a description of how fit a user.

[0098] Action 1015 may use processor 115/135 or engine 320 to consequently produce
feedback in light of these factor descriptions, as well as the relative importance of various
exercise behaviors. Thus, if a user is not very fit, the feedback produced in action 1015 may
include exercise instructions for low intensity or short duration exercise to avoid injury.
Moreover, if the relative importance of cardiovascular strength is emphasized over muscular
strength, the feedback may include exercise instructions to perform cardiovascular activities
three times a week while lifting weights only twice a week. The recommendations produced
in action 1015 may also include multiple instances of recommendations. Recommendations,
for example, may suggest exercising three times for one week, and exercising two times a
week for a second week.

[0099] Action 1020 uses input means 105 and output means 110 or probe and sample
engine 305 to issue all instances of feedback produced in step 1015. Moreover, action 1020
may use local processor 115/135 or engine 305 to observe user responses to the feedback and
obtain data associated with the responses. The user responses may include answers to
exercise surveys, energy surveys, weight surveys, focus surveys, stress surveys and/or diet

surveys. Interfaces for these surveys may include those depicted in FIG. 11C to FIG. 11F,
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described below. FIG. 12 depicts an embodimeanadptional mode for obtaining user
responses. In that embodiment, user responsesuntagr include exercise duration/intensity
measurements obtained by local processor 115/18Bgne 305 using an accelerometer,
such as a wrist-worn accelerometer 115b attachadigerOs wrist, and which transmits
accelerometer measurements to a local processar liélocal processor 115 or engine 305.

[00100] Action 1025 uses local processor 115, remote psacels35 or engine 305 to
produce samples from the user responses. Theisxswrveys may provide proxy data by
indicating the types, intensity and duration ofreige. The exercise surveys, energy surveys,
weight surveys, focus surveys, stress surveysycambination thereof may provide score
data for exercise behaviors, such as strength gaargy gain, weight loss, focus gain, stress
reduction or any combination thereof. Finally,tdierveys may provide comparison data by
describing a userQOs diet.

[00101] Action 1030 may use local processor 115, remotega®or 135 or similarity
engine 310 to perform a similarity analysis onsheples produced in action 1025. In the
exercise behavior context, the descriptions of seany factors compared in the similarity
analysis may include diet and/or amount of sleép. user indicates that he desires to sleep
eight hours a day, but a sample indicates thanhesbept six hours one day, that sample may
be ruled quantitatively dissimilar.

[00102] Using local processor 115, remote processor 138ammmendation engine 315,
action 1035 may recommend treatment based on amyles determined to be quantitatively
similar. For instance, samples with stress scq@lesied against exercise intensity in a
sampling window, representing a local minimum iwiadow may be identified as treatment

samples. As in the general, sleep and depressiexis, a window may be divided into
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blocks of samples, and the block with the lowesgjragate stress score may be identified as a
block of treatment samples. In addition, wherefé®elback includes at least two sample
windows, a local minimum from each window may b&dained, and then the treatment
sample may be selected as the sample, or blocknaples, associated with the lowest
depression severity score across the windows.

[00103] Where a user indicates the relative importancefipte exercise behaviors,
action 1035 may use processor 115/135 or engineédde&eommend a treatment based on a
weighted combination score. Essentially, actioB5Lthay weigh the score of each sample
according to the relative importance of the exertishavior to which the score pertains. If a
user indicates that weight loss is very important,focus gain is not very important, scores
pertaining to weight loss may be weighted heawilgt acores pertaining to focus gain may be
weighted less heavily. The weighted scores may beecombined into the weighted
combination score.

[00104] Action 1040 may use local processor 115, remotega®or 135 or feedback
engine 320 to determine updated behavioral feedbpgkoducing recommendation alarms
based on the proxy data of the treatment sampieifdel in action 1035. If a block of
treatment samples is identified, however, actiohOLay determine multiple instances of
recommendations at each recommended exerciseiigtand/or duration level within the
block of treatment samples. In this way, the samyplindow in the next iteration of process
530 decreases in size. Thus, as in processe$B30@nd 520, process 530 may converge

over time on an optimal treatment for exercise bdns.
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[00105] FIG. 11A and 11B depicts an embodiment of fitness surveys 1115, 1120, 1125
and 1130. Questions 1115a, 1115b, 1120a, 1120b, 1125a, 1130a and 1130b may provide
general information on a user’s fitness level.

[00106] FIG. 11C depicts an embodiment of an exercise behavior survey 1125. A user
may answer question 1125a of survey 1125 to indicate the relative importance of various
exercise behaviors.

[00107] FIG. 11C also depicts an embodiment of an exercise survey 1130. FIG. 11D
depicts an embodiment of further exercise surveys 1135 and 1140. Surveys 1130 to 1140
may include questions 1130a, 1130b, 1135a, 1135b, 1140a, 1140b and 1140c that may enable
system 100 to ascertain the level, intensity and type of exercise a user performs on a daily
basis.

[00108] FIG. 11E depicts an embodiment of surveys 1145 and 1150, which may include
an energy question 1145a, a weight question 1145b, a focus question 1150a and a stress level
question 1150b for ascertaining a user’s energy level, weight loss, focus level and stress level.
FIG. 11f depicts an embodiment of a diet survey 1155 that may include a set of diet question
1155a so system 100 may ascertain a user’s diet.

[00109] It should be noted that systems 100 and 300 illustrate embodiments of systems for
treating cyclical behaviors according to process 530. The illustrated components may be
eliminated or configured in multiple embodiments. For example, where local processor 115
acts alone, all foregoing actions of process 530 may occur within processor 115 without the
intervention of components 120, 125, 130 or 135. On the other hand, where remote processor
135 acts alone, all foregoing processing step may occur within processor 135 with processor

115 merely serving to pass data to/from remote processor 135, input means 110 and output
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means 150. Communication means 120 may pass lbehladata to network 125, network
125 may pass the behavioral data to communicateemns130 and means 130 may pass the
behavioral data to remote processor 135. The hetsveedback 155 may accordingly
passed back from remote processor 135 to outputsriEz0 through communication means
130, network 125, communication means 120 andéal lprocessor 115. The engines of
system 300 may be embodied together in a singlieelev in a system of interconnected
devices.

[00110] The foregoing description of process 530 suggestete types of exercise
behaviors and factors to consider in treating thmg®aviors. In general, process 530 may be
used for treating any type of exercise behavioetdas any cyclical factor that affects an
exercise behavior.

[00111] The description in this section sets forth an entbedt for treating cyclical
behaviors affected by exercise. Other sectiornhkisfdescription set forth examples
concerning other forms of cyclical behavior. Oticse, other forms of behavior are
susceptible to treatment by the data processingsy$00 and the behavior treating system
300. For instance, systems 100 or 300 may begunefd to treat susceptibility to drug
relapses, psychotic disorders, physiological dismdmedication dosages, ability to learn,
personality traits, creativity, analytical thinkiagd/or any combination thereof.

[00112] Summary

[00113] An embodiment may be instantiated as a non-tranystimmputer readable
medium containing instructions that, when execilmgdr more processors, cause the one or
more processors to perform an iterative processdating cyclical behavior(s) based on

behavioral data, the behavioral data describingiohygical factors, the physiological factors
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correlating with the cyclical behavior(s). The pess may include: collecting behavioral data
from a user and extracting diverse factor datatpdhmt describe physiological factor(s) from
the behavioral data. The factor data points malude: score data that describes how the
physiological factors affect the cyclical behavg)r(comparison data that describes how
guantitatively similar factor data points affece tbhysiological factor(s); and proxy data that
describes a variable that correlates the relatipris#tween the quantitatively similar factor
data points.

[00114] From the quantitatively similar factor data poiriteatment data based on an
estimate of how the quantitatively similar factatal points affect the cyclical behavior(s)
may be recommended. Behavioral feedback may Ineulated and issued from the treatment
data to produce new behavioral data. Embodimeaisfarther include determining if one of
the factor data points is quantitatively similamataother of the factor data points.

[00115] The determining if one of the factor data pointguantitatively similar to another
of the factor data points may include: calculatioig,a factor-wise basis, at least one set of
distances between the comparison data of one dather data points and the comparison
data of the another of the factor data points;dewding that the one of the factor data points
is quantitatively similar to another of the facttata points if the distances are within at least
one threshold. At least one threshold may havawevhat varies proportionately with the
degree of dependence between score data and thpadsom data.

[00116] Recommending treatment data may include: estiméinvg factor data point(s)
affect cyclical behavior(s) by identifying, from amg quantitatively similar factor data
points, the factor data point(s)s whose score luiatea desirable value; and recommending the

treatment data based on the proxy data of theiftkhait least one of the factor data point.
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[00117] Identifying treatment data may include: dividingrgding window(s) into at least
one block; arranging any quantitatively similarttaadata points into the blocks based on the
proxy data of the quantitatively similar factor agints, such that at least one block contains
at least one of the quantitatively similar factatalpoints; combining score data of at least
one of the quantitatively similar factor data pseimt each of the blocks that contains factor
data points to produce a combined score for eamtkpidentifying the block that contains the
desirable combined score as at least one a lot&eg; and identifying as the treatment data
at least one of the factor data points within tleekidentified as the at least one local
extreme.

[00118] Cyclical behavior(s) may actually be at least twolical behaviors; and the
score data of at least one of the quantitativetylar factor data points in each block may
include a weighted combination of score data predury combining at least one score
associated with each of the at least two behaaodsweighted according to user preference
data indicating the relative importance of theeast two cyclical behaviors.

[00119] The determining behavioral feedback may includemeiing the behavioral
feedback based on the treatment data, such thet,safveral iterations of implementing
behavioral feedback, score data associated widasat one response converges towards the
score data of at least one of the factor data pad@ntified in the treatment data.

[00120] The estimating treatment data may include: wherabi®r data indicates that a
priority behavior condition exists, identifying laast one factor data point, from among the at
least one quantitatively similar factor data pgaimteose proxy data indicates that the at least
one factor data point would best improve the ptydosehavior condition; and estimating the

treatment data based on the proxy data of theaat tme factor data points.
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[00121] The behavioral data may include at least one ofdh@wing: at least one survey
response; at least one invasive physiological nreasitileast one non-invasive physiological
measure; at least one vigilance score concernirsgeOs performance of at least one vigilance
task; at least one cognition score concerning eQssperformance of at least one cognitive
task; or any combination thereof. In some embodisighe behavioral data may include at
least one of the following: information relatingltedtime; wake time; at least one sleep
guality survey; at least one sleep efficiency syrat least one sleepiness survey; severity of
depression; at least one habit survey; at leashwucation use survey; invasively collected
sample; non-invasively collected sample; a usé@r@ss level; a userOs diet habits; a userOs
exercise habits; or any combination thereof.

[00122] The cyclical behavior(s) may include at least ohthe following: sleep inertia;
the homeostatic sleep need; the circadian sleegy deeam recall; reduction in sleep onset;
best time and duration to nap; the best time tooese the best type of exercise; a healthier
diet; increased productivity; improved mood; thetlténe to take a medication; the best
dosage of medication; or any combination ther&dfe cyclical behavior(s) may include a
behavior that co-varies with depression severignbodiments may further include
identifying, from the behavioral data, at least ogelical behavior that co-varies with
depression severity. The cyclical behavior(s) mmajude a behavior that co-varies with a
fitness behavior. Embodiments may further incligehntifying at least one user-selected
fitness behavior. In some embodiments, cyclichlaveor(s) may include a behavior that co-
varies with sleep interia.

[00123] The behavioral feedback may include at least oriteeofollowing: an alarm set at

a wake-time; at least one indication of when tdaysleep; suggestion of amount of sleep;
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when to exercise; how much to exercise; sleep instructions; workout instructions; medication

instructions; diet instructions; a vigilance task; or any combination thereof.

[00124] The physiological factor(s) may include at least one of the following: a

homeostatic component; a circadian component; a sleep stage upon waking component;
choronobiology; neurochemistry; physical cycles (i.e. periods, food needs, menopause, etc.);

or any combination thereof.

[00125] In embodiments, each iteration may be performed within a sampling window; and

the size of the sampling window may be modified based upon changes in behavioral data.

[00126] !Conclusion

[00127] Many of the elements described in the disclosed embodiments may be

implemented as modules. A module is defined here as an isolatable element that performs a
defined function and has a defined interface to other elements. The modules described in this
disclosure may be implemented in hardware, a combination of hardware and software,
firmware, wetware (i.e hardware with a biological element) or a combination thereof, all of
which are behaviorally equivalent. For example, modules may be implemented as a software
routine written in a computer language (such as C, C++, Fortran, Java, Basic, Matlab or the
like) or a modeling/simulation program such as Simulink, Stateflow, GNU Octave, or
LabVIEW MathScript. Additionally, it may be possible to implement modules using physical
hardware that incorporates discrete or programmable analog, digital and/or quantum
hardware. Examples of programmable hardware include: computers, microcontrollers,
microprocessors, application-specific integrated circuits (ASICs); field programmable gate
arrays (FPGAs); and complex programmable logic devices (CPLDs). Computers,

microcontrollers and microprocessors are programmed using languages such as assembly, C,
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C++ or the like. FPGAs, ASICs and CPLDs are oftmgpmmed using hardware
description languages (HDL) such as VHSIC hardwiaseription language (VHDL) or
Verilog that configure connections between intelreldware modules with lesser
functionality on a programmable device. Finallyp&eds to be emphasized that the above
mentioned technologies are often used in combinatachieve the result of a functional
module.

[00128] The disclosure of this patent document incorporataterial which is subject to
copyright protection. The copyright owner has ngotion to the facsimile reproduction by
anyone of the patent document or the patent disogas it appears in the Patent and
Trademark Office patent file or records, for thaited purposes required by law, but
otherwise reserves all copyright rights whatsoever.

[00129] While various embodiments have been described alttost®ould be understood
that they have been presented by way of examptenanlimitation. It will be apparent to
persons skilled in the relevant art(s) that varicsnges in form and detail may be made
therein without departing from the spirit and scopre fact, after reading the above
description, it will be apparent to one skilledlre relevant art(s) how to implement
alternative embodiments. Thus, the present embeErsrshould not be limited by any of the
above described exemplary embodiments. In paaticitlshould be noted that, for example
purposes, the above explanation has focused aextraple(s) of treating sleep behaviors,
depression and behaviors affected by exercise. edernyone skilled in the art will recognize
that embodiments of the invention could includatiregy any behavior sensitive to cyclical

factors, such as drug relapses, psychotic disqgrgbysiological disorders, medication
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dosages, ability to learn, personality traits, creativity, analytical thinking and/or any
combination thereof.

[00130] In addition, it should be understood that any figures which highlight the
functionality and advantages, are presented for example purposes only. The disclosed
architecture is sufficiently flexible and configurable, such that it may be utilized in ways other
than that shown. For example, the steps listed in any flowchart may be re-ordered or only
optionally used in some embodiments.

[00131] Further, the purpose of the Abstract of the Disclosure is to enable the U.S. Patent
and Trademark Office and the public generally, and especially the scientists, engineers and
practitioners in the art who are not familiar with patent or legal terms or phraseology, to
determine quickly from a cursory inspection the nature and essence of the technical disclosure
of the application. The Abstract of the Disclosure is not intended to be limiting as to the
scope in any way.

[00132] Finally, it is the applicant's intent that only claims that include the express
language "means for" or "step for" be interpreted under 35 U.S.C. 112, paragraph 6. Claims
that do not expressly include the phrase "means for" or "step for" are not to be interpreted

under 35 U.S.C. 112, paragraph 6.
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CLAIMS

What is claimed is:

1. A non-transitory computer readable medium contgmstructions that, when executed by
Or more processors, cause the one or more prosdssperform an iterative process for
treating at least one cyclical behavior based drabieral data, the behavioral data
describing physiological factors, the physiologifzaitors correlating with the at least one
cyclical behavior, the process comprising:

a) collecting behavioral data from a user;
b) extracting at least two diverse factor data pdimés describes at least one
physiological factor from the behavioral data, thetor data points including:
i) score data that describes how the physiologicébfa@ffect the at least one
cyclical behavior;
i) comparison data that describes how at least twotijatvely similar factor data
points affect the at least one physiological fachmd
iii) proxy data that describes a variable that correldte relationship between the at
least two quantitatively similar factor data pojnts
c) recommending, from the at least two quantitatiwetgilar factor data points,
treatment data based on an estimate of how tleast two quantitatively similar
factor data points affect the at least one cychedlavior;
d) formulating, from the treatment data, behaviorabfeack configured to produce new
behavioral data; and

e) issuing the behavioral feedback.
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2. The medium of claim 1, further including determmif one of the factor data points is

guantitatively similar to another of the factoralgbints.

3. The medium of claim 1, wherein the determiningnémf the factor data points is
guantitatively similar to another of the factora@bints includes:

a) calculating, on a factor-wise basis, at least @te@tdistances between the
comparison data of one of the factor data pointstha comparison data of the
another of the factor data points; and

b) deciding that the one of the factor data pointpugntitatively similar to another of

the factor data points if the distances are witltifeast one threshold.

4. The medium of claim 3, wherein the at least onedhold has a value that varies

proportionately with the degree of dependence betveeore data and the comparison data.

5. The medium of claim 2, wherein recommending treatndata includes:

a) estimating how at least one of the factor datatsaffects the at least one cyclical
behavior by identifying, from among quantitativeiyilar factor data points, the at
least one of the factor data points whose scoi liked a desirable value; and

b) recommending the treatment data based on the platayof the identified at least

one of the factor data point.

6. The medium of claim 5, wherein identifying at lease treatment data includes:

a) dividing the at least one sampling window intoestdt one block;
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b) arranging any quantitatively similar factor datanp® into the blocks based on the
proxy data of the quantitatively similar factor aaiints, such that at least one block
contains at least one of the quantitatively sinféator data points;

c) combining score data of at least one of the quatiély similar factor data points in
each of the blocks that contains factor data pamigoduce a combined score for
each block;

d) identifying the block that contains the desiral¥entined score as at least one a local
extreme; and

e) identifying as the treatment data at least on@effactor data points within the block

identified as the at least one local extreme.

7. The medium of claim 6, wherein:
a) the at least one cyclical behavior includes attleas cyclical behaviors; and
b) the score data of at least one of the quantitatishilar factor data points in each
block includes a weighted combination of score gataluced by combining at least
one score associated with each of the at leasbélaviors and weighted according
to user preference data indicating the relativeartgnce of the at least two cyclical

behaviors.

8. The medium of claim 2, wherein determining behaliéeedback includes determining the

behavioral feedback based on the treatment dath,that, after several iterations of

implementing behavioral feedback, score data aatstiwvith at least one response
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converges towards the score data of at least otleedéctor data points identified in the

treatment data.

The medium of claim 2, wherein estimating treatnuata includes:

a)

b)

when the factor data indicates that a priority lv@racondition exists, identifying at
least one factor data point, from among the at leas quantitatively similar factor

data points, whose proxy data indicates that tieaat one factor data point would
best improve the priority behavior condition; and

estimating the treatment data based on the proteyafdhe at least one factor data

points.

The medium of claim 1, wherein the behavioral diattudes at least one of the following:

a)
b)
C)

d)

f)

at least one survey response;

at least one invasive physiological measure;

at least one non-invasive physiological measure;

at least one vigilance score concerning a usersmance of at least one vigilance
task;

at least one cognition score concerning a userfdsrpance of at least one cognitive
task; or

any combination thereof.

The medium of claim 1, wherein the at least ondicgicbehavior includes at least one of

the following:
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a) sleep inertia;

b) the homeostatic sleep need,;

c) the circadian sleep need,

d) dream recall;

e) reduction in sleep onset;

f) best time and duration to nap;

g) the besttime to exercise;

h) the best type of exercise;

) a healthier diet;

)] increased productivity

k)  improved mood,;

)] the best time to take a medication;
m) the best dosage of medication; or

n) any combination thereof.

The medium of claim 1, wherein the behavioral fesiincludes at least one of the
following:

a) an alarm set at a wake-time;

b) atleast one indication of when to go to sleep;

c) suggestion of amount of sleep;

d) when to exercise;

e) how much to exercise;

f) sleep instructions;

- 49



Docket No.: GMU-10-010U

g) workout instructions;

h)  medication instructions_
i) diet instructions;

)] a vigilance task; or

k)  any combination thereof.

13. The medium of claim 11, wherein the behavioral dattudes at least one of the
following:
a) information relating to bedtime;
b) wake time;
c) atleast one sleep quality survey;
d) atleast one sleep efficiency survey;
e) atleast one sleepiness survey;
f) severity of depression;
g) atleast one habit survey;
h) atleast one medication use survey;
)] invasively collected sample;
)] non-invasively collected sample;
k)  auserQOs fitness level;
)  auserOs diet habits;
m) a userOs exercise habits; or

n) any combination thereof.
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The medium of claim 1, wherein the at least ondicgicbehavior includes a behavior that

co-varies with depression severity.

The medium of claim 14, further including identig, from the behavioral data, at least

one cyclical behavior that co-varies with depresseverity.

The medium of claim 1, wherein the at least ondicgicbehavior includes a behavior that

co-varies with a fitness behavior.

The medium of claim 16, further including identiig at least one user-selected fitness

behavior.

The medium of claim 11, wherein the at least ongsjathogical factor includes at least one

of the following:

a) ahomeostatic component;

b) acircadian component;

c) asleep stage upon waking component;

d) choronobiology;

e) neurochemistry;

f) physical cycles (need a better word for this:periods, food needs, menopause, etc.;
or

g) any combination thereof.
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19. The medium of claim 1, wherein:
a)  each iteration is performed within a sampling window; and

b)  the size of the at least one sampling window is modified based upon changes in

behavioral data.

20. The medium of claim 1, wherein the at least one cyclical behavior includes a behavior that

co-varies with sleep interia.

-52-



Docket No.: GMU-10-010U

ABSTRACT OF THE DISCLOSURE

Embodiments treat cyclical behaviors based on behavioral data describing physiological
factors affecting the behaviors. According to various embodiments, a processor or probe
produce, from the behavioral data, factor data concerning the factors. Using a processor or
recommendation engine that analyzes the factor data, treatment data is recommended based on
an estimate of how the at least one factor affects the at least one cyclical behavior. A processor
or feedback engine determines, from the treatment data, behavioral feedback configured to
produce new behavioral data and to harness the effects of the factors to improve the cyclical

behaviors.
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Determine behavioral feedback (e.g., alarm times within two 30—'
minute windows separated by two hours)
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Probe user (e.g., issue alarms within the windows and observe
depression scores and survey responses)
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Produce samples (e.g., depression scores and descriptions of'
secondary factors plotted against wake-up time)
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L

Identify qualitatively similar samples (e.g., identify samples wherle
the user exercised, used drugs, and/or was greatly stressed)
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)
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scores across sampling windows)
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Determine behavioral feedback (e.g., alarm times within a smallér
sampling window, a larger window or a new sampling window)
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Probe user (e.g., issue fitness surveys and exercise behavior
surveys)

v

Produce factor data (e.g., data describing fitness level and
secondary factors, like diet and sleep amount/quality)

v

1@ i

Determine behavioral feedback (e.g., routines within a high- |
intensity window and routines within a low-intensity window)

v

L

Probe user (e.g., instruct user on exercise routines and observe
desired effect scores, like fitness level, mood, focus)

v

L

Produce samples (e.g., desired effect scores and descriptions of
secondary factors plotted against exercise duration/intensity/type)

v

L

Identify qualitatively similar samples (e.g., identify samples whe're
a similar diet is followed/sleep amount)

v

Recommend treatment (e.g., identify set of samples with weight'ed
score that is a local max across sampling windows)

v

I
Determine behavioral feedback (e.g., exercise routine within a
more intense cardiovascular window)
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