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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 user interfaces for collecting 

behavioral data concerning depression. 

[0011]     FIG. 10 depicts an embodiment of actions for treating behaviors affected by 

exercise according to FIG. 5. 

[0012]     FIG. 11A to FIG. 11F depict an embodiment of user interfaces for collecting 

behavioral data concerning behaviors affected by exercise. 

[0013]     FIG. 12 depicts an embodiment of an arrangement for implementing the local 

processor of the data processing system of FIG. 1. 

 

DETAILED DESCRIPTION OF EMBODIMENTS  

[0014]     Definitions 

[0015]     The terms Òincludes,Ó Òincluding,Ó ÒcomprisesÓ and Òcomprising,Ó as used 

throughout this Application, should be construed to be followed with the language Òwithout 

limitation,Ó to indicate that those terms are open-ended. 

[0016]     The terms ÒaÓ and ÒanÓ and similar phrases are to be interpreted as Òat least oneÓ 

and Òone or more.Ó 

[0017]     The term Òhomeostatic factorÓ means the factor that pertains to the bodyÕs natural 

mechanisms for maintaining metabolic equilibrium, equilibrium and regulating sleep need, 

which is controlled by regions in the brainstem, such as the reticular formation, that serves to 

innervate the cortex and thereby affect arousal. 

[0018]     The term Òcircadian rhythm factorÓ means the factor that pertains to the bodyÕs 

natural energy cycle throughout a 24-hour period.  The circadian component is instantiated by 

the interaction between hypothalamic oscillators in the suprachiasmatic nucleus of the 
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hypothalamus and zeitbergs, such as, light.  This component has a sinusoidal affect on arousal 

that often peaks at around 3-5 p.m. (highest arousal) and troughs at around 2-4 a.m. (lowest 

arousal) in a 24 hour period. 

[0019]     The term Òsleep inertiaÓ means grogginess that is experienced in the morning that 

is affected by sleep stage when awakened and that has the physiological characteristics that 

may include decreased cerebral blood flow.  The sleep stages that affect sleep inertia include 

deep sleep, rapid-eye movement and light sleep. 

[0020]     The term ÒcyclicalÓ means having a regular, or periodic, effect.  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 processing system 100.  Data processing 

system 100 may be configured to analyze behaviors based on behavioral data and recommend 

a treatment through behavioral feedback.  Because the behaviors of interest are affected by 

physiological factors that have a recurringÑor, cyclicalÑeffect on the behaviors, the 

behaviors of interest are referred to herein as Òcyclical behaviors.Ó  Some cyclical behaviors 

may include those related to sleep, depression, fitness or any combination thereof.  Of course, 

many other behaviors may be treated by system 100.  For instance, any behavior sensitive to 

cyclical factors, such as drug relapses, psychotic disorders, physiological disorders, 

medication dosages, ability to learn, personality traits, creativity, analytical thinking and/or 

any combination thereof.  System 100 may probe a user for the behavioral data by issuing 

behavior-specific surveys, behavior-specific feedback or any combination thereof.  The 

behavioral feedback may be configured to improve the userÕs behavior.  The feedback may 

also be configured to include multiple instances of feedback across a sampling window of 
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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, tactile, optical, olfactory or any combination thereof.   

Appliance instructions may be in a machine-readable format, such as electrical, optical or any 

combination thereof.  These instructions may be used to direct the machine behavior. 

[0024]     System 100 may capture behavioral data 105 through the facility of input means 

110.  Input means 110 may include at least one form of user input and at least one 

communications medium.  For instance, user input may include touch screens, switches, 

keyboards, microphones, motion sensors, physiological sensors or any combination thereof.  

The communications medium may include electrical, optical, acoustic, mechanical, wireless 

mediums or any combination thereof for communicating behavioral data 105. 

[0025]     A local processor 115 may provide local processing of data, including behavioral 

data 105, behavioral feedback 155 or any combination thereof.  Further, local processor 115, 

in combination with input means 110 and communications means 120, may interface with 

users, remote devices or any combination thereof.  The local processing provided by local 

processor 115 includes receiving behavioral data 105; processing data for transmission using 

communications means 120; processing data received from communications means 120; 

producing behavioral feedback 155; issuing behavioral feedback 155 or any combination 

thereof.  Local processor 115 may take on numerous forms, including mobile phones, media 

devices, personal digital assistants, laptop and notebook computers, desktop computers, alarm 

clocks, pagers, other electronic devices or any combination thereof. 

[0026]     Communication means 120 may facilitate communication between local 

processor 115 and a network 125 that interconnects communications means 120 with a second 

communications means 130, similar to the means 120, and a remote processor 135.  Further, 

communication means 120 and 130 may include a communications medium and a transceiver 
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appropriate for communicating over the communications medium.  The communications 

mediums of communications means 120 and 130 and network 125 may include mediums and 

networks that are electrical, optical, acoustical, mechanical, wired, wireless or any 

combination thereof for communicating data.  The network 125 may accordingly be a wide 

area network including the Internet, a local area network, a personal network using Bluetooth 

or any combination thereof. 

[0027]     Remote processor 135 may operate on data received over network 125 to produce 

various outputs.  For example, remote processor 135 produces, through monitoring means 

140, monitoring data 145 concerning the behavioral data 105.  Monitoring data 145 may 

include a history of a cyclical behavior as reflected by behavioral data 105.  By producing 

monitoring data 145 in the form of a history, the cyclical behavior of a user may be evaluated 

to produce a professional assessment of the behavior, a diagnosis of a physiological or 

psychological disorder, the health of a user or any combination thereof.  Although monitoring 

means 140 is depicted as being coupled to remote processor 135, it may be coupled to local 

processor 115. 

[0028]     In addition to monitoring data 145, remote processor 135 may produce 

information for reproduction over output means 150.  Such information from remote 

processor 135 may include behavioral feedback 155, generated according to behavioral data 

105.  Like local processor 115, remote processor 135 may take on various forms, including 

servers, databases, network hosts, mobile phones, media devices, personal digital assistants, 

laptop and notebook computers, desktop computers, pagers, 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. 



Docket No.: GMU-10-010U   

- 9 -!

[0034]     Clocks 245 represent the system clocks that may be used by data processor 200 

for various processing tasks.  In an alarm setting, clocks 245 may provide time triggers, 

indicating when to issue an alarm through user interfaces 215.  In a communication setting, 

clocks may facilitate the synchronization of data transmission and reception.  For general 

processing of data, clocks 245 may synchronize controllers and processors 205 as well as the 

other components of system 200. 

[0035]     Memory subsystem 250 may comprise various components, including RAM 255 

and ROM 265.  RAM 255 may be a volatile memory source usable as working memory for 

the general processing of data within data processor 200.  For example, RAM 255 may 

include flash, solid-state memory, floppy disks, optical disks, hard disks or any combination 

thereof. The data stored within RAM 255 depends on the program being executed by 

processors 205.  As illustrated in FIG. 2, RAM 255 stores behavioral data 105 being analyzed 

by processors 205 to produce behavioral feedback 155.  ROM 265 may be a nonvolatile 

memory source storing programs 270, 275, 280 and 285.  Embodiments of ROM 265 may 

include storage devices, like hard disks, floppy disks, optical disks, removable media, flash 

media, hardware registers, solid-state memory or any combination thereof.  The programs 

270, 275, 280 and 285 may alternatively be provided through other media besides ROM 265, 

such as instructions modulated on a carrier wave and transmitted over wired, wireless 

channels or any combination thereof. 

[0036]     Programs 270, 275, 280 and 285 may encode instructions for causing processors 

205 to execute different processes.  Programs 270, 275 and 280 represent three processes for 

producing behavioral feedback 155 to treat cyclical behaviors.  Specifically, program 270 

may encode instructions for treating sleep behaviors, program 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 
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behavioral data 105, and the feedback 155 may be updated over time to converge towards an 

optimal treatment for a cyclical behavior.  The engines may be discrete hardware components, 

software executing on at least one computer or any combination thereof.  For example, all 

four engines could be embodied by a single instance of data processor 200.  Alternatively, the 

engines could be embodied by at least two instances of data processor 200 that are connected 

in a system similar to system 100. 

[0040]     System Operation 

[0041]     One embodiment of the operation of system 100 and system 300 is depicted in 

FIG. 4.  Specifically, system 100 may begin by probing a user according to action 405 to 

collect an initial set of behavioral data 105 through input means 110.  The action 405 of 

probing a user may include issuing surveys from local processor 115 or remote processor 135, 

reproducing the surveys over output means 150, receiving user responses over input means 

110 or any combination thereof.  Alternatively, action 405 may be executed by probe and 

sample engine 305.  Answers to the surveys may enable processor 115/135 or engine 305 to 

produce an initial description of factors suspected to be affecting a cyclical behavior as well 

as initial descriptions of any secondary factors that may also be affecting the cyclical 

behavior.  For example, the surveys may include questions whose answers enable a 

quantitative description and/or a quantitative description, like the time of the trough of a 

userÕs circadian rhythm, whether someone is suffering sleep deprivation, age, weight, gender 

or any combination thereof.  These determined descriptions are referred to herein as Òfactor 

data.Ó 

[0042]     Either local processor 115 or remote processor 135 may use the initial behavioral 

data 105 to produce the factor data according to action 410.  Alternatively, action 410 may be 
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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. 
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[0044]     Action 420 may be executed by local processor 115, remote processor 135 or 

engine 305.  The action may include issuing the behavioral feedback determined in action 415 

as behavioral feedback 155.  Action 420 may also operate on an updated set of behavioral 

feedback 155 determined according to step 440, which is described below.  In addition, action 

420 may include issuing surveys to monitor changes in initial data and tests to monitor how 

variations in the multiple instances of feedback are affecting a cyclical behavior.  Any issued 

feedback, survey or test may be reproduced by output means 150 or engine 305.  Action 420 

may likewise include using input means 110 or engine 305 to observe user responses to the 

feedback, surveys and tests to obtain updated behavioral data 105. 

[0045]     Local processor 115, remote processor 135 or engine 305 may analyze, in action 

425, the data obtained in action 420 and produce samples of updated factor data.  The samples 

produced in action 425 may include factor data that may take into account user responses that 

include survey answers and test scores.  Accordingly, processor 115/135 or engine 305 may 

produce samples with comparison data, which may include updated descriptions of secondary 

factors.  Further, processor 115/135 or engine 305 may plot, in a sampling window, test scores 

against a random variable correlated with a factor affecting a cyclical behavior.  The values of 

the random variable may be represented in the samples as proxy data, so-called because the 

random variable is correlated with a factor affecting a cyclical behavior, such that variations 

in the random variable may act as a proxy to variations in the factor.  Using proxy data 

enables systems 100 and 300 to monitor the effects of a factor when the relationship between 

the factor and its effects on a cyclical behavioral cannot be assessed directly from behavioral 

data 105. 
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[0046]     Action 430 may be executed by local processor 115, remote processor 135 or 

engine 310.  The action may include analyzing the samples produced in action 425 to 

determine which samples are quantitatively similar.  This similarity processing may include 

comparing the comparison data of samples within a sampling window.  In this way, systems 

100 and 300 may calculate on a factor-wise basis, the distance between the descriptions of a 

set of secondary factors of a first sample and the descriptions of a set of secondary factors of a 

second sample.  Action 430 may further include comparing each factor-wise distance against 

a factor-specific threshold to determine whether the samples are quantitatively similar.  For 

instance, if each distance is smaller than the threshold, then the samples may be declared 

similar. 

[0047]     The factor-specific thresholds used in action 430 may be predetermined by 

processor 115/135 or engine 310 of system 300.  Alternatively, systems 100 and 300 may 

adapt the thresholds in consideration of any intra-personal relationship between a secondary 

factor and its effect on a cyclical behavior.  For instance, a threshold may vary proportionately 

with the degree of dependence between sampled test scores and the particular secondary 

factor.  Thus, based on a multiple regression analysis between secondary factor descriptions 

(the independent variable) and sampled test scores (the dependent variable), secondary factors 

exhibiting large beta weights may have proportionally reduced similarity thresholds. 

[0048]     Another type of intra-personal analysis may determine whether samples are 

quantitatively similar by eliminating, from the set of secondary factors, any secondary factors 

that have a negligible effect on a userÕs scores.  For instance, if a secondary factor exhibits a 

small beta weight, that factor may be assumed to have no statistical relevance to the similarity 

between samples.  Accordingly, systems 100 and 300 may ignore that factor in determining 
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quantitatively similar samples.  The threshold between beta weights that have statistical 

significance and those that do not may be predetermined, or may vary based on further intra-

personal analysis.  For instance, if an analysis of sampled scores reveals that the scores exhibit 

low variance based on comparison to a predetermined variance threshold, the threshold 

between statistical significance and insignificance may be appropriately reduced. 

[0049]     Based on any samples identified as quantitatively similar, systems 100 and 300 

may recommend, in action 435, treatment data.  In general, local processor 115, remote 

processor 135 or engine 315 may recommend treatment data that will encourage a user to 

behave in a more desirable manner.  The recommended treatment data may be based on an 

estimate of how a factor is affecting a cyclical behavior.  The estimation of how a factor is 

affecting a cyclical behavior may include analyzing the relationship between sampled scores 

and the proxy data describing the values of a random variable correlated with the factor.  As 

described in connection with action 425, processor 115/135 or engine 305 may plot the 

relationship between sampled scores and proxy data taken across a sampling window of 

variable size.  Action 435 may consequently analyze the relationship between sampled scores 

and proxy data by identifying any samples associated with the most desirable effect within the 

sampling window.  For instance, action 435 may select, for use as a treatment sample, a 

sample plotted within the sampling window and associated with the highest score.  By 

selecting the highest score, action 435 may emphasize the positive effects of a factor to treat a 

cyclical behavior.  On the other hand, selecting a lowest score may diminish the influence of a 

negative factor on a cyclical behavior. 

[0050]     As an alternative to selecting a single sample, systems 100 and 300 may select a 

block of samples from within a sampling window.  First, local processor 115, remote 
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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 include deriving new feedback, a new sampling 

window or any combination thereof.  Processor 115/135 or engine 305 in combination with 

engine 320 uses the output of action 440 to update the feedback issued in action 420.  For 

example, action 440 may include producing feedback according to the proxy data of the 

treatment sample.  Thus, if a treatment sample has proxy data indicating an alarm time of 8:00 

AM, executing action 440 may produce feedback including an alarm time of 8:00 AM.  If the 

treatment sample includes a block of samples associated with a range of values of a random 

variable, executing action 340 may produce multiple instances of feedback within a new 

sampling window that is substantially equal in size to the range of values.  Alternatively, if 

systems 100 or 300 are evaluating the effects of more than one factor on a cyclical behavior, 

action 440 may produce feedback in an entirely different sampling window. 

[0053]     Since a cyclical behavior may be affected by more than one factor for which 

systems 100 and 300 determine factor quantities, the behavioral feedback produced by local 

processor 115, remote processor 135 or feedback engine 320 may similarly take into account 

more than one factor.  Where the systems consider more than one factor in producing 

behavioral feedback, processor 115/135 or engine 320 may consider factors in a hierarchical 

manner, producing feedback based on a first factor only if a second factor is not currently co-

varying with the cyclical behavior.  Alternatively, the systems may produce feedback by 

linearly combining factors, where the weights applied to each factor are determined by a 

Likert scale indicating the importance of a factor. 

[0054]     It should be noted that systems 100 and 300 illustrate embodiments of systems for 

treating cyclical behaviors according to process 400.  The illustrated components may be 

eliminated or configured in multiple embodiments.  For example, where local processor 115 
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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. 

[0055]     The foregoing description set forth one embodiment for treating cyclical 

behaviors.  The following sections set forth examples concerning specific forms of cyclical 

behavior: sleep, depression and fitness.  Of course, other forms of behavior are susceptible to 

treatment by the data processing system set forth in this section.  For instance, systems 100 

and 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. 

[0056]     Treating Sleep Behaviors 

[0057]     As depicted in FIG. 5, systems 100 and 300 may be configured to perform a 

cyclical behavior treatment process 500.  For instance, system 100 and 300 may be configured 

to execute process 500 in accordance with programs 270 to 285.  One portion of cyclical 

behavior treatment process 500 may include a sleep behavior evaluation and treatment 



Docket No.: GMU-10-010U   

- 19 -!

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, systems 100 or 300 may produce an alarm by 

controlling household electronics.  Starting the coffee maker may provide olfactory stimulus, 

opening blinds or turning on lights may provide light stimulus, turning on a TV or radio may 

provide audio stimulus, etc.  Where the behavioral feedback produced in action 615 includes 

many instances of feedback, action 620 may include reproducing the instances in a random 

order until all instances of the feedback are issued at least once. 

[0062]     In addition to issuing surveys and feedback, action 620 may include local 

processor 115, remote processor 135 or probe and sample engine 305 monitoring for user 

responses and obtaining data related to the responses.  User responses to surveys may include 

a new desired wake-up time, indications of sleepiness, bed time, whether the user took a nap, 

if the userÕs sleep was interrupted, whether the userÕs sleep was abnormal, time of sleep onset 

or any combination thereof.  Moreover, user responses may include score data including test 

scores indicating a userÕs vigilance, cognitive abilities upon waking or any combination 

thereof.  The output means 150 may reproduce each instance of feedback 155 continuously or 

repeatedly until a user responds to the feedback by completing a test that is associated with 

that instance of feedback. 

[0063]     Action 625 may include local processor 115, remote processor 135 or probe and 

sample engine 305 producing samples of factor data based on the user responses obtained in 

action 620.  The factor data includes descriptions of secondary factors, excluding sleep stage 

when awakened.  For instance, descriptions of the homeostatic component may include the 

time spent awake or the time spent sleeping before a user response was sampled.  

Descriptions of the circadian component may include the time of day when a user response 

was sampled.  These secondary factor descriptions may be used in action 630 to identify 
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similar samples, so these descriptions are referred to as Òcomparison data.Ó  In addition to 

comparison data, each sample produced during action 625 may include score data that 

describes a vigilance/cognitive test score and proxy data indicating the wake-up time 

associated with a particular test score.  The score data and proxy data may enable system 100 

to plot test scores versus wake-up times. 

[0064]     Using the samples from action 625, local processor 115, remote processor 135 or 

similarity engine 310 may identify any samples that are quantitatively similar in action 630.  

In the sleep inertia context, action 630 may include identifying quantitatively similar samples 

by comparing comparison data for the circadian rhythm and homeostasis.  For instance, if 

samples describe the homeostatic component of sleep in terms of sleep duration, and the sleep 

duration of a sample differs by more than an hour from the desired sleep duration set by the 

user, processor 115/135 or engine 310 may identify those two samples as being quantitatively 

dissimilar.  Other factor quantities and similarity thresholds that may identify quantitatively 

similar samples may include wake durations differing by less than two hours, sleep 

interruptions differing by less than 15 minutes, wake times differing by less than an hour, 

waking up inside/outside a circadian trough or any combination thereof.  Furthermore, if a 

user indicates that his sleep data recorded in a sample is abnormal, processor 115/135 or 

engine 310 may ignore that data as dissimilar. 

[0065]     However, if processor 115/135 or engine 310 is configured to perform similarity 

processing based on intra-personal analyses, the similarity thresholds for comparing two 

samples may be altered.  If the homeostatic factor is quantified as sleep duration, and 

vigilance scores are strongly correlated to the homeostatic factor, the threshold between 

quantitatively different sleep times may be proportionally 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 
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sample would cause the wake-up time to fall within the trough of the userÕs circadian rhythm, 

the sample furthest from the peak of the circadian trough may be selected as the treatment 

sample. 

[0069]     Action 640 may include local processor 115, remote processor 135 or feedback 

engine 320 determining behavioral feedback based on the samples recommended as treatment 

samples in action 635.  Where the treatment sample includes a single sample, behavioral 

feedback may be determined according to the proxy data of the single sample.  For example, 

if the treatment sample indicates a wake-up time of 8:00 AM, the feedback will be an alarm of 

8:00 AM.  However, where a block of samples is recommended by action 635 for treating 

sleep inertia severity, action 640 will determine multiple instances of feedback to be used in 

the next iteration of action 620 based on the multiple wake-up times within the block of 

samples.  For example, action 640 may determine wake-up times within a 15-minute sampling 

window as opposed to a 30-minute sampling that was used in a previous iteration of process 

510.  By reducing the sampling window used in each next iteration of action 620, each 

iteration of process 510 may produce a set of alarms with wake-up times that converge 

towards a wake-up time that best reduces sleep inertia severity. 

[0070]     In some cases, the local extreme within a sampling window may actually be less 

extreme than a local extreme observed in a previous sampling window.  If that occurs, action 

640 may include processor 115/135 or feedback engine 320 expanding the sampling window 

used by the processor 115/135 or probe and sample engine 305 in the next iteration of process 

510.  Accordingly, the expanded sampling window may include the currently recommend 

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

the block having the previously observed extreme. 

[0071]     FIG. 7A to FIG.7G depict an embodiment of user interfaces for collecting 

behavioral data 105.  These interfaces may be displayed by output means 150 or probe and 

sample engine 305.  Examples of habits surveys may include questions 705, 710, 715, 720, 

725 and 730 as displayed by the user interfaces depicted in FIG. 7A to FIG. 7C.  A userÕs 

responses to questions 705, 710, 715, 720 and 725 may determine broad trends in an 

individualÕs behavior, such that processor 115/135 or engine 305 may quantify a userÕs 

circadian rhythm as a factor quantity in act 410. 

[0072]     FIG. 7D and FIG.7E depict an embodiment of user interfaces displaying sleep 

surveys according to a modified Stanford Sleepiness Scale (SSS)TM.  The userÕs responses to 

questions 735, 740, 745 and 750 may enable processor 115/135 or engine 305 to quantify a 

userÕs homeostasis as a factor quantity in act 410. 

[0073]     FIG. 7F depicts an embodiment of a user interface for establishing alarm settings 

755 and a user interface for specifying the quality of sleep 760.  Component 755 may be a 

button enabling a user to accept all data set within interface 755.  Button 755b may enable a 

user to set the number of minutes in which a user will experience sleep onset (e.g., 5, 15 or 30 

minutes).  A user may set a preferred time to wake by virtually spinning the wheels of 

component 755c.  Interface 755 may display a projected wake-up time 755d according to 

produced behavioral feedback.  Component 755e may be a button enabling a user to inform 

system 100 that the user has taken a nap earlier in the day.  Component 760a may enable a 

user to indicate if he wakes during the night, and for the how long.  Interface 760 may 

accordingly display a new projected wake-up time 760b.  System 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 
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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. 

[0077]     The foregoing description of process 510 focused on an embodiment where the 

cyclical behavior of interest was sleep inertia severity.  In general, process 510 may be used 

for any other sleep behavior affected by cyclical factors.  For example, other sleep behaviors 

susceptible to treatment by systems 100 and 300 may include reducing sleep onset, improving 

dream recollection, length of sleep, when to sleep, when and how long to nap, and/or any 

combination thereof.  In addition to determining descriptions of circadian and homeostatic 

components, systems 100 and 300 may also determine factor data to describe other factors, 

including sleep stage when awakened, whether a person is a morning-person or an evening-

person, demographic factors, like gender and profession, and daily factors, like stress, anxiety, 

food intake, exercise, lunar cycle, weather, mood, drug use, physical ailment, work schedule, 

GPS location and/or sleep environment.  Finally, systems 100 and 300 may estimate the 

effects any of the foregoing factors have on a sleep behavior. 

[0078]     The description in this section sets forth an embodiment for treating cyclical sleep 

behaviors.  Other sections of this description set forth examples concerning other forms of 

cyclical behavior.  Of course, other forms of behavior are susceptible to treatment by the data 

processing system 100 and the behavior treating system 300.  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 815 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 severity, proxy data or any combination thereof.  

However, the proxy data here need not actually be a proxy for a behavior, but may be a more 

direct description of the behavior.  Ultimately, proxy data may be any data that has at least 

two values, such that an effect of the behavior on depression severity scores may be assessed. 

[0083]     Action 820 performs a similarity analysis that is analogous to action 330 to 

determine whether any samples of behavior data are quantitatively similar.  In an 

embodiment, action 820 includes using local processor 115, remote processor 135 or 

similarity engine 310.  For instance, if a user has indicated that he desires to exercise three 

times a week and a sample indicates that he exercised less than three times in a week, the 

sample may be ruled quantitatively dissimilar.  If a user is taking depression medication and a 

sample indicates he failed to take his medicine, that failure may cause the sample to fail the 

similarity analysis. 

[0084]     Using any quantitatively similar samples, action 825 may include using local 

processor 115, remote processor 135 or recommendation engine 315 to perform a correlation 

analysis between the proxy data for a behavior suspected to co-vary with depression severity 

and scores indicating depression severity.  If the R-value of the correlation analysis indicates a 

correlation of at least greater than 0.20, process 520 may continue on to action 830 to estimate 

the effects at least one factor the co-varying behavior has on depression intensity.  Otherwise, 

the processors of system 100 or the engines of system 300 repeat actions 805 to 825 to test 

another behavior suspected to co-vary with depression intensity. 

[0085]     Actions 830 to 855 are analogous in operation to actions 315 to 340 and actions 

615 to 640, but operate on different sets of data to achieve treatment of depression severity.  

According to an embodiment depicted in FIG. 8B, the processors of system 100 or the engines 
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of system 300 have determined that sleep is co-varying with a userÕs depression intensity.  In 

that case, process 520 may include considering length of sleep (e.g., the homeostatic factor) as 

a sleep related factor that may be affecting depression.  Accordingly, action 830 may include 

using local processor 115, remote processor 135 or feedback engine 320 to determine 

behavioral feedback as multiple alarm times across at least two 30-minutes sample windows 

separated by two hours.  Action 835 may then use processor 115/135 or engine 305 to 

randomly issue the alarms within the first window over a period of days and then issue the 

alarm within the second window over another period of days.  The probing in action 835 may 

further include gathering depression scores from depression tests issued at the end of the day.  

Of course, the depression tests may be issued at other times throughout the day as a user 

desires.  In any case, by using processor 115/135 or engine 305, action 840 produces samples 

of factor data including descriptions of secondary factors, depression severity scores and 

proxy data indicating wake-up times. 

[0086]     Action 845 may include using processor 115/135 or similarity engine 310 to 

perform a similarity analysis on the samples produced in action 840.  In the depression 

severity context when sleep is identified as a co-varying behavior, the descriptions of 

secondary factors compared in the similarity analysis may include time of day when awoke 

(e.g., circadian factor), exercise amount, exercise intensity, drug use and/or medication use.  

As in action 820, if a user indicates that he desires to exercise three times a week, but a 

sample indicates that the user failed to meet that minimum, or exercised much more, that 

sample may be ruled quantitatively dissimilar. 

[0087]     Action 850 may include using local processor 115, remote processor 135 or 

recommendation engine 315 to recommend treatment based on 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 905c.  Survey 910 may enable 

system 100 to assess a user’s daily exercise based on answers to questions 910a and 910b. 



Docket No.: GMU-10-010U   

- 32 -!

[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 severity and any cyclical factor of a behavior that 

effects depression severity. 

[0093]     The description in this section sets forth an embodiment for treating cyclical 

depression behaviors.  Other sections of this description set forth examples concerning other 

forms of cyclical behavior.  Of course, other forms of behavior are susceptible to treatment by 

the data processing system 100 and the behavior treating system 300.  For instance, systems 

100 or 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. 

[0094]     Treating Behaviors Affected by Exercise 

[0095]     Returning to FIG. 5, another portion of cyclical behavior treatment process 500 

may include an exercise evaluation and treatment process 530 executed by local processor 

115, remote processor 135 or system 300 according to program 280.  FIG. 10 depicts an 

embodiment of process 530 for treating behaviors that may be affected by exercise (Òexercise 

behaviorsÓ).  Process 530 is generally similar to processes 300 and 510.  Indeed, Actions 1005 

to 1040 are analogous in operation to actions 305 to 340 and actions 605 to 640, but operate 

on data related to exercise. 

[0096]     Action 1005 may include using input means 105 and output means 150 or probe 

and sample engine 305 to probe a user with fitness surveys and exercise behavior surveys.  

Examples of fitness surveys may include those depicted in FIG.11A and FIG.11B, described 

below.  These fitness surveys may provide general information concerning a userÕs fitness 

level so system 100 may calibrate the initial set of behavioral feedback that will be issued to 

improve a userÕs exercise behavior.  The exercise behavior 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 embodiment of an optional mode for obtaining user 

responses.  In that embodiment, user responses may further include exercise duration/intensity 

measurements obtained by local processor 115/135 or engine 305 using an accelerometer, 

such as a wrist-worn accelerometer 115b attached to a userÕs wrist, and which transmits 

accelerometer measurements to a local processor 115a, like local processor 115 or engine 305.   

[00100]     Action 1025 uses local processor 115, remote processor 135 or engine 305 to 

produce samples from the user responses.  The exercise surveys may provide proxy data by 

indicating the types, intensity and duration of exercise.  The exercise surveys, energy surveys, 

weight surveys, focus surveys, stress surveys or any combination thereof may provide score 

data for exercise behaviors, such as strength gain, energy gain, weight loss, focus gain, stress 

reduction or any combination thereof.  Finally, diet surveys may provide comparison data by 

describing a userÕs diet. 

[00101]     Action 1030 may use local processor 115, remote processor 135 or similarity 

engine 310 to perform a similarity analysis on the samples produced in action 1025.  In the 

exercise behavior context, the descriptions of secondary factors compared in the similarity 

analysis may include diet and/or amount of sleep.  If a user indicates that he desires to sleep 

eight hours a day, but a sample indicates that he only slept six hours one day, that sample may 

be ruled quantitatively dissimilar. 

[00102]     Using local processor 115, remote processor 135 or recommendation engine 315, 

action 1035 may recommend treatment based on any samples determined to be quantitatively 

similar.  For instance, samples with stress scores, plotted against exercise intensity in a 

sampling window, representing a local minimum in a window may be identified as treatment 

samples.  As in the general, sleep and depression contexts, a window may be divided into 
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blocks of samples, and the block with the lowest aggregate stress 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. 

[00103]     Where a user indicates the relative importance of multiple exercise behaviors, 

action 1035 may use processor 115/135 or engine 315 to recommend a treatment based on a 

weighted combination score.  Essentially, action 1035 may weigh the score of each sample 

according to the relative importance of the exercise behavior to which the score pertains.  If a 

user indicates that weight loss is very important, but focus gain is not very important, scores 

pertaining to weight loss may be weighted heavily and scores pertaining to focus gain may be 

weighted less heavily.  The weighted scores may then be combined into the weighted 

combination score. 

[00104]     Action 1040 may use local processor 115, remote processor 135 or feedback 

engine 320 to determine updated behavioral feedback by producing recommendation alarms 

based on the proxy data of the treatment sample identified in action 1035.  If a block of 

treatment samples is identified, however, action 1040 may determine multiple instances of 

recommendations at each recommended exercise intensity and/or duration level within the 

block of treatment samples.  In this way, the sampling window in the next iteration of process 

530 decreases in size.  Thus, as in processes 300, 510 and 520, process 530 may converge 

over time on an optimal treatment for exercise behaviors. 
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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 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. 

[00110]     The foregoing description of process 530 suggested some types of exercise 

behaviors and factors to consider in treating those behaviors.  In general, process 530 may be 

used for treating any type of exercise behavior based on any cyclical factor that affects an 

exercise behavior. 

[00111]     The description in this section sets forth an embodiment for treating cyclical 

behaviors affected by exercise.  Other sections of this description set forth examples 

concerning other forms of cyclical behavior.  Of course, other forms of behavior are 

susceptible to treatment by the data processing system 100 and the behavior treating system 

300.  For instance, systems 100 or 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. 

[00112]     Summary 

[00113]     An embodiment may be instantiated as a non-transitory computer readable 

medium containing instructions that, when executed by or more processors, cause the one or 

more processors to perform an iterative process for treating cyclical behavior(s) based on 

behavioral data, the behavioral data describing physiological factors, the physiological factors 
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correlating with the cyclical behavior(s).  The process may include: collecting behavioral data 

from a user and extracting diverse factor data points that describe physiological factor(s) from 

the behavioral data.  The factor data points may include: score data that describes how the 

physiological factors affect the cyclical behavior(s); comparison data that describes how 

quantitatively similar factor data points affect the physiological factor(s); and proxy data that 

describes a variable that correlates the relationship between the quantitatively similar factor 

data points.  

[00114]     From the quantitatively similar factor data points, treatment data based on an 

estimate of how the quantitatively similar factor data points affect the cyclical behavior(s) 

may be recommended.  Behavioral feedback may be formulated and issued from the treatment 

data to produce new behavioral data.  Embodiments may further include determining if one of 

the factor data points is quantitatively similar to another of the factor data points. 

[00115]     The determining if one of the factor data points is quantitatively similar to another 

of the factor data points may include: calculating, on a factor-wise basis, at least one set of 

distances between the comparison data of one of the factor data points and the comparison 

data of the another of the factor data points; and deciding that the one of the factor data points 

is quantitatively similar to another of the factor data points if the distances are within at least 

one threshold.  At least one threshold may have a value that varies proportionately with the 

degree of dependence between score data and the comparison data.  

[00116]     Recommending treatment data may include: estimating how factor data point(s) 

affect cyclical behavior(s) by identifying, from among quantitatively similar factor data 

points, the factor data point(s)s whose score data has a desirable value; and recommending the 

treatment data based on the proxy data of the identified at least one of the factor data point. 
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[00117]     Identifying treatment data may include: dividing sampling window(s) into at least 

one block; arranging any quantitatively similar factor data points into the blocks based on the 

proxy data of the quantitatively similar factor data points, such that at least one block contains 

at least one of the quantitatively similar factor data points; combining score data of at least 

one of the quantitatively similar factor data points in each of the blocks that contains factor 

data points to produce a combined score for each block; identifying the block that contains the 

desirable combined score as at least one a local extreme; and identifying as the treatment data 

at least one of the factor data points within the block identified as the at least one local 

extreme. 

[00118]     Cyclical behavior(s) may actually be at least two cyclical behaviors; and  the 

score data of at least one of the quantitatively similar factor data points in each block may 

include a weighted combination of score data produced by combining at least one score 

associated with each of the at least two behaviors and weighted according to user preference 

data indicating the relative importance of the at least two cyclical behaviors. 

[00119]     The determining behavioral feedback may include determining the behavioral 

feedback based on the treatment data, such that, after several iterations of implementing 

behavioral feedback, score data associated with at least one response converges towards the 

score data of at least one of the factor data points identified in the treatment data. 

[00120]     The estimating treatment data may include: when the factor data indicates that a 

priority behavior condition exists, identifying at least one factor data point, from among the at 

least one quantitatively similar factor data points, whose proxy data indicates that the at least 

one factor data point would best improve the priority behavior condition; and estimating the 

treatment data based on the proxy data of the at least one factor data points. 
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[00121]     The behavioral data may include at least one of the following: 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 userÕs performance of at least one vigilance 

task; at least one cognition score concerning a userÕs performance of at least one cognitive 

task; or any combination thereof.  In some embodiments, the behavioral data may include at 

least one of the following: information relating to bedtime; wake time; at least one sleep 

quality survey; at least one sleep efficiency survey; at least one sleepiness survey; severity of 

depression; at least one habit survey; at least one medication use survey; invasively collected 

sample; non-invasively collected sample; a userÕs fitness level; a userÕs diet habits; a userÕs 

exercise habits; or any combination thereof. 

[00122]     The cyclical behavior(s) may include at least one of the following: sleep inertia; 

the homeostatic sleep need; the circadian sleep need; dream recall; reduction in sleep onset; 

best time and duration to nap; the best time to exercise; the best type of exercise; a healthier 

diet; increased productivity; improved mood; the best time to take a medication; the best 

dosage of medication; or any combination thereof.  The cyclical behavior(s) may include a 

behavior that co-varies with depression severity.  Embodiments may further include 

identifying, from the behavioral data, at least one cyclical behavior that co-varies with 

depression severity.  The cyclical behavior(s) may include a behavior that co-varies with a 

fitness behavior.  Embodiments may further include identifying at least one user-selected 

fitness behavior.  In some embodiments, cyclical behavior(s) may include a behavior that co-

varies with sleep interia. 

[00123]     The behavioral feedback may include at least one of the following: an alarm set at 

a wake-time; at least one indication of when to go to sleep; 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 often programmed using hardware 

description languages (HDL) such as VHSIC hardware description language (VHDL) or 

Verilog that configure connections between internal hardware modules with lesser 

functionality on a programmable device. Finally, it needs to be emphasized that the above 

mentioned technologies are often used in combination to achieve the result of a functional 

module. 

[00128]     The disclosure of this patent document incorporates material which is subject to 

copyright protection. The copyright owner has no objection to the facsimile reproduction by 

anyone of the patent document or the patent disclosure, as it appears in the Patent and 

Trademark Office patent file or records, for the limited purposes required by law, but 

otherwise reserves all copyright rights whatsoever. 

[00129]     While various embodiments have been described above, it should be understood 

that they have been presented by way of example, and not limitation.  It will be apparent to 

persons skilled in the relevant art(s) that various changes in form and detail may be made 

therein without departing from the spirit and scope.  In fact, after reading the above 

description, it will be apparent to one skilled in the relevant art(s) how to implement 

alternative embodiments.  Thus, the present embodiments should not be limited by any of the 

above described exemplary embodiments.  In particular, it should be noted that, for example 

purposes, the above explanation has focused on the example(s) of treating sleep behaviors, 

depression and behaviors affected by exercise.  However, one skilled in the art will recognize 

that embodiments of the invention could include treating any behavior sensitive to cyclical 

factors, such as drug relapses, psychotic disorders, physiological 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 containing instructions that, when executed by 

or more processors, cause the one or more processors to perform an iterative process for 

treating at least one cyclical behavior based on behavioral data, the behavioral data 

describing physiological factors, the physiological factors 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 points that describes at least one 

physiological factor from the behavioral data, the factor data points including: 

i) score data that describes how the physiological factors affect the at least one 

cyclical behavior; 

ii)  comparison data that describes how at least two quantitatively similar factor data 

points affect the at least one physiological factor; and 

iii)  proxy data that describes a variable that correlates the relationship between the at 

least two quantitatively similar factor data points;  

c) recommending, from the at least two quantitatively similar factor data points, 

treatment data based on an estimate of how the at least two quantitatively similar 

factor data points affect the at least one cyclical behavior;  

d) formulating, from the treatment data, behavioral feedback configured to produce new 

behavioral data; and 

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

quantitatively similar to another of the factor data points. 

 

3. The medium of claim 1, wherein the determining if one of the factor data points is 

quantitatively similar to another of the factor data points includes: 

a) calculating, on a factor-wise basis, at least one set of distances between the 

comparison data of one of the factor data points and the comparison data of the 

another of the factor data points; and 

b) deciding that the one of the factor data points is quantitatively similar to another of 

the factor data points if the distances are within at least one threshold. 

 

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

proportionately with the degree of dependence between score data and the comparison data.  

 

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

a) estimating how at least one of the factor data points affects the at least one cyclical 

behavior by identifying, from among quantitatively similar factor data points, the at 

least one of the factor data points whose score data has a desirable value; and 

b) recommending the treatment data based on the proxy data of the identified at least 

one of the factor data point. 

 

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

a) dividing the at least one sampling window into at least one block; 
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b) arranging any quantitatively similar factor data points into the blocks based on the 

proxy data of the quantitatively similar factor data points, such that at least one block 

contains at least one of the quantitatively similar factor data points; 

c) combining score data of at least one of the quantitatively similar factor data points in 

each of the blocks that contains factor data points to produce a combined score for 

each block; 

d) identifying the block that contains the desirable combined score as at least one a local 

extreme; and 

e) identifying as the treatment data at least one of the factor 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 at least two cyclical behaviors; and 

b) the score data of at least one of the quantitatively similar factor data points in each 

block includes a weighted combination of score data produced by combining at least 

one score associated with each of the at least two behaviors and weighted according 

to user preference data indicating the relative importance of the at least two cyclical 

behaviors. 

 

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

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

implementing behavioral feedback, score data associated with at least one response 
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converges towards the score data of at least one of the factor data points identified in the 

treatment data. 

 

9. The medium of claim 2, wherein estimating treatment data includes: 

a) when the factor data indicates that a priority behavior condition exists, identifying at 

least one factor data point, from among the at least one quantitatively similar factor 

data points, whose proxy data indicates that the at least one factor data point would 

best improve the priority behavior condition; and 

b) estimating the treatment data based on the proxy data of the at least one factor data 

points. 

 

10. The medium of claim 1, wherein the behavioral data includes at least one of the following: 

a) at least one survey response;  

b) at least one invasive physiological measure;  

c) at least one non-invasive physiological measure;  

d) at least one vigilance score concerning a userÕs performance of at least one vigilance 

task;  

e) at least one cognition score concerning a userÕs performance of at least one cognitive 

task; or  

f) any combination thereof. 

 

11. The medium of claim 1, wherein the at least one cyclical behavior 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 best time to exercise; 

h) the best type of exercise; 

i) a healthier diet; 

j) increased productivity 

k) improved mood;  

l) the best time to take a medication;  

m) the best dosage of medication; or 

n) any combination thereof. 

 

12. The medium of claim 1, wherein the behavioral feedback includes at least one of the 

following: 

a) an alarm set at a wake-time;  

b) at least 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;  
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g) workout instructions;  

h) medication instructions_ 

i) diet instructions;  

j) a vigilance task; or  

k) any combination thereof. 

 

13. The medium of claim 11, wherein the behavioral data includes at least one of the 

following: 

a) information relating to bedtime;  

b) wake time;  

c) at least one sleep quality survey;  

d) at least one sleep efficiency survey; 

e) at least one sleepiness survey;  

f) severity of depression; 

g) at least one habit survey; 

h) at least one medication use survey; 

i) invasively collected sample; 

j) non-invasively collected sample; 

k) a userÕs fitness level;  

l) a userÕs diet habits; 

m) a userÕs exercise habits; or  

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

co-varies with depression severity. 

 

15. The medium of claim 14, further including identifying, from the behavioral data, at least 

one cyclical behavior that co-varies with depression severity. 

 

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

co-varies with a fitness behavior. 

 

17. The medium of claim 16, further including identifying at least one user-selected fitness 

behavior. 

 

18. The medium of claim 11, wherein the at least one physiological factor includes at least one 

of the following: 

a) a homeostatic component;  

b) a circadian component;  

c) a sleep stage upon waking component;  

d) choronobiology; 

e) neurochemistry;  

f) physical cycles (need a better word for this: i.e. 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. 
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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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