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(57) ABSTRACT 

‘C;Ff:sSgO§dgI(1)C;gI(£{eS(ib0DRICH & R 0 5 ATI Computer executable software and device for guiding brain 
650 P A G15 MILL R 6A1) activity training comprising: logic Which takes data corre 
P AL 0 ALT 0 CA 94304 1050 U s sponding to activity measurements of one or more internal 

’ _ ( ) voxels of a brain and determines one or more members of the 

. _ _ group consisting of: a) What next stimulus to communicate to 

(73) Asslgnee' cthnstgglesgecharms’ the subject, b) What next behavior to instruct the subject to 
on am’ ( ) perform, 0) When a subject is to be exposed to a next stimulus, 

_ d) When the subject is to perform a next behavior, e) one or 
(21) Appl' NO " 12/889’361 more activity metrics computed from the measured activity, f) 

. _ a spatial pattern computed from the measured activity, g) a 
(22) Flled' sep' 23’ 2010 location of a region of interest computed from the measured 

Related U s A lication Data activity, h) performance targets that a subject is to achieve 
' ' PP computed from the measured activity, i) a performance mea 

(63) Continuation of application NO_ 12/46 5, 5 5 5, ?led on sure of a subj ect’s success computed from the measured activ 
May 13, 2009, Continuation of application No. 
11/270,064, ?led on Nov. 8, 2005, noW Pat. No. 7,567, 
693, Continuation of application No. 10/062,627, ?led 
on Jan. 30, 2002, noW Pat. No. 6,996,261. 
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METHODS FOR PHYSIOLOGICAL 
MONITORING, TRAINING, EXERCISE AND 

REGULATION 

RELATED APPLICATION 

[0001] This application is a continuation of patent applica 
tion Ser. No. 12/465,555, ?led May 13, 2009, Which is a 
continuation of patent application Ser. No. 11/270,064, ?led 
Nov. 8, 2005, Which is a continuation of Ser. No. 10/062,627, 
?led J an. 30, 2002, and claims the bene?t of US. Provisional 
Patent Application No. 60/265,204, ?led Jan. 30, 2001; US. 
Provisional Patent Application No. 60/ 265 ,2 1 4, ?led Jan. 30, 
2001 ; and US. Provisional Patent Application No. 60/350, 
21 1, ?led Nov. 2, 2001, each of Which are incorporated herein 
in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods, softWare 
and systems for monitoring physiological activity, particu 
larly in the human brain and nervous system and therapeutic 
applications relating thereto. 

DESCRIPTION OF RELATED ART 

[0003] A variety of different brain scanning methodologies 
have been developed that may be used to identify changes of 
mental states or conditions including Positron Emission 
Tomography (PET) and Single Photon Emission Computed 
Tomography (SPECT), electroencephalogram (EEG) based 
imaging, magnetoencephalogram (MEG) based imaging, and 
functional magnetic resonance imaging (fIVIRI). 
[0004] For example, magnetic resonance imaging (MRI) 
has been used successfully to study blood How in vivo. US. 
Pat. Nos. 4,983,917, 4,993,414, 5,195,524, 5,243,283, 5,281, 
916, and 5,227,725 provide examples of the techniques that 
have been employed. These patents are generally related to 
measuring blood ?oW With or Without the use of a contrast 
bolus, some of these techniques referred to in the art as MRI 
angiography. Many such techniques are directed to measur 
ing the signal from moving moieties (e.g., the signal from 
arterial blood Water) in the vascular compartment, not from 
stationary tissue. Thus, images are based directly on Water 
?oWing in the arteries, for example. US. Pat. No. 5,184,074, 
describes a method for the presentation of MRI images to the 
physician during a scan, or to the subject undergoing MRI 
scanning. 
[0005] In the brain, several researchers have studied perfu 
sion by dynamic MR imaging using an intravenous bolus 
administration of a contrast agent in both humans and animal 
models (See, A. Villringer et al, Magn. Reson, Med., Vol. 6 
(1988), pp 164-174; B. R. Rosen et al, Magn. Reson. Med., 
Vol. 14 (1999), pp. 249-265; J. W. Belliveau et al, Science, 
Vol. 254 (1990), page 716). These methods are based on the 
susceptibility induced signal losses upon the passage of the 
contrast agent through the microvasculature. Although these 
methods do not measure perfusion (or cerebral blood ?oW, 
CBF) in classical units, they alloW for evaluation of the 
related variable rCBV (relative cerebral blood volume). For 
example, in US. Pat. No. 5,190,744 to Rocklage, quantitative 
detection of blood ?oW abnormalities is based on the rate, 
degree, duration, and magnitude of signal intensity loss 
Which takes place for a region folloWing MR contrast agent 
administration as measured in a rapid sequence of magnetic 
resonance images. 
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[0006] With the advent of these brain scanning methodolo 
gies, blood How in various brain areas has been effectively 
correlated With various brain disorders such as Attention 
De?cit Disorder (ADD), Schizophrenia, Parkinson’s Dis 
ease, Dementia, AlZheimers Disease, Endogenous Depres 
sion, Oppositional De?ant Disorder, Bipolar Disorder, 
memory loss, brain trauma, Epilepsy and others. 
[0007] The prior art also describes a variety of inventions 
dating back to the 1960’s have provided a Way alloWing 
subjects to learn to control muscle, autonomic or neural activ 
ity through processes. Examples and descriptions are 
included in US. Pat. No. 4,919,143. US. Pat. No. 4,919,143, 
US. Pat. No. 5,406,957, US. Pat. No. 5,899,867 and US. 
Pat. No. 6,097,981. 
[0008] Considerable research has also been directed to bio 
logical feedback of brainWave signals knoWn as electroen 
cephalogram (EEG) signals. One conventional neurophysi 
ological study established a functional relationship betWeen 
behavior and bandWidths in the 12-15 HZ range relating to 
sensorimotor cortex rhythm EEG activity (SMR). Sterman, 
M. B., Lopresti, R. W., & Fairchild, M. D. (1969). Electroen 
cephalographic and behavioral studies of monomethylhdra 
Zine toxicity in the cat. Technical Report AMRL-TR-69 3, 
Wright-Patterson Air Force Base, Ohio, Air Systems Com 
mand. A cat’s ability to maintain muscular calm, explosively 
execute precise, complex and coordinated sequences of 
movements and return to a state of calm Was studied by 
monitoring a 14 cycle brainWave. The brainWave Was deter 
mined to be directly responsible for the suppression of mus 
cular tension and spasm. It Was also demonstrated that the 
cats could be trained to increase the strength of speci?c brain 
Wave patterns associated With suppression of muscular ten 
sion and spasm. Thereafter, When the cats Were administered 
drugs Which Would induce spasms, the cats that Were trained 
to strengthen their brainWaves Were resistant to the drugs. 

[0009] The 12-15 HZ SMR brainWave band has been used 
in EEG training for rectifying pathological brain underacti 
vation. In particular the folloWing disorders have been treated 
using this type of training: epilepsy (as exempli?ed in M. B. 
Sterman’s, M. B. 1973 Work on the “Neurophysiologic and 
Clinical Studies of Sensorimotor EEG Biofeedback Training: 
Some Effects on Epilepsy” L. Birk (Ed.), Biofeedback: 
Behavioral Medicine, NeW York: Grune and Stratton); Giles 
de la Tourette’s syndrome and muscle tics (as exempli?ed in 
the inventor’s 1986 Work on “A Simple and a Complex Tic 
(Giles de la Tourette’s Syndrome): Their response to EEG 
Sensorimotor Rhythm Biofeedback Training”, International 
Journal of Psychophysiology, 4, 91 -97 (1986)); hyperactivity 
(described by M. N. Shouse, & J. F. Lubar’s in the Work 
entitled “Operant Conditioning of EEG Rhythms and Ritalin 
in the Treatment of Hyperkinesis”, Biofeedback and Self 
Regulation, 4, 299-312 (1979); reading disorders (described 
by M. A. Tansey, & Bruner, R. L.’s in “EMG and EEG Bio 
feedback Training in the Treatment of a 10-year old Hyper 
active Boy With a Developmental Reading Disorder”, Bio 
feedback and Self-Regulation, 8, 25-37 (1983)); learning 
disabilities related to the ?nding of consistent patterns for 
amplitudes of various brainWaves (described in Lubar, Bian 
chini, Calhoun, Lambert, Brody & Shabsin’s Work entitled 
“Spectral Analysis of EEG Differences BetWeen Children 
With and Without Learning Disabilities”, Journal of Learning 
Disabilities, 18, 403-408 (1985)) and; learning disabilities 
(described by M. A. Tansey in “BrainWave signaturesiAn 
Index Re?ective of the Brain’s Functional Neuroanatomy: 



US 2011/0015515 A1 

Further Findings on the Effect of EEG Sensorimotor Rhythm 
Biofeedback Training on the Neurologic Precursors of Leam 
ing Disabilities”, International Journal of Psychophysiology, 
3, 85-89 (1985)). In sum, a Wide variety of disorders, Whose 
symptomology includes impaired voluntary control of one’s 
oWn muscles and a loWered cerebral threshold of overload 
under stress, Were found to be treatable by “exercising” the 
supplementary and sensorimotor areas of the brain using 
EEG biofeedback. 
[0010] Us. Pat. No. 5,995,857 describes an apparatus and 
method for providing biofeedback of human central nervous 
system activity using radiation detection. In this patent, radia 
tion from the brain resulting either from an ingested or 
injected radioactive material or radio frequency excitation or 
light from an external source impinging on the brain is mea 
sured by suitable means and is made available to the subject 
on Which the measurement is being made for his voluntary 
control. The measurement may be metabolic products of 
brain activity or some quality of the blood, such as its oxygen 
content. The system described therein utiliZes red and infra 
red light to illuminate the brain through the translucent skull 
and scalp. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to various methods 
relating to the use of behaviors performed by a subject and/or 
perceptions made by a subject that alter the activity of one or 
more brain regions of interest. It should be recogniZed that 
this alteration in activation may be a decrease or increase in 
activity at the different regions of interest. 
[0012] One particular aspect of the invention relates to the 
use of behaviors performed by a subject and/or perceptions 
made by a subject that alter the activity of one or more regions 
of interest in combination With measuring the activation of 
the one or more regions of interest. Preferably, the measure 
ment is performed in substantially real time relative to the 
behavior or perception. Activation metrics may be calculated 
based on the measured activity and used to monitor changes 
in activation. 
[0013] Another particular aspect of the invention relates to 
the communication of information to a subject in combina 
tion With measuring the activation of the one or more regions 
of interest of the subject Where the What, When, and/or hoW 
the information is communicated is determined, at least par 
tially, based on the measured activity. Preferably, activity 
measurements are made continuously so that What, When, 
and/ or hoW information is communicated to a subject in vieW 
of the activity measurements can be continuously determined 
Examples of types of information that may be controlled in 
this manner include, but are not limited to instructions, 
stimuli, physiological measurement related information, and 
subject performance related information. 
[0014] The present invention also relates to softWare that is 
designed to perform one or more operations employed in 
combination With the methods of the present invention. The 
various operations that are or may be performed by softWare 
Will be understood by one of ordinary skill, in vieW of the 
teaching provided herein. 
[0015] The present invention also relates to systems that 
may be used in combination With performing the various 
methods according to the present invention. These systems 
may include a brain activity measurement apparatus, such as 
a magnetic resonance imaging scanner, one or more proces 
sors and softWare according to the present invention. These 
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systems may also include mechanisms for communicating 
information such as instructions, stimulus information, 
physiological measurement related information, and/or sub 
ject performance related information to the subject or an 
operator. Such communication mechanisms may include a 
display, preferably a display adapted to be vieWable by the 
subject While brain activity measurements are being taken. 
The communication mechanisms may also include mecha 
nisms for delivering audio, tactile, temperature, or proprio 
ceptive information to the subject. In some instances, the 
systems further include a mechanism by Which the subject 
may input information to the system, preferably While brain 
activity measurements are being taken. 
[0016] In one embodiment, a method is provided for select 
ing hoW to achieve activation of one or more regions of 
interest of a subject, the method comprising: evaluating a set 
of behaviors that a subject separately performs regarding hoW 
Well each of the behaviors in the set activate the one or more 
regions of interest; and selecting a subset of the behaviors 
from the set found to be effective in activating the one or more 
regions of interest. In one variation, evaluating the set of 
behaviors comprises calculating and comparing activation 
metrics computed for each behavior based on measured 
activities for the different behaviors. In one variation, the 
behaviors evaluated are overt behaviors involving a physical 
motion of the body of the subject. In another variation, the 
behaviors are covert behaviors only cognitive processes 
Which do not lead to a physical motion of the body of the 
subject. 
[0017] In another embodiment, a method is provided for 
selecting hoW to achieve activation of one or more regions of 
interest of a subject, the method comprising: evaluating a set 
of stimuli that a subject is separately exposed to regarding 
hoW Well each of the different stimuli cause the subject to 
have a perception that activates the one or more regions of 
interest; and selecting a subset of the stimuli from the set 
found to be effective in causing activation of the one or more 
regions of interest. In one variation, evaluating the set of 
stimuli comprises calculating and comparing activation met 
rics computed for each stimuli based on measured activities 
for the different stimuli. 
[0018] In another embodiment, a method is provided, the 
method comprising: evaluating a set of perceptions that a 
subject may have regarding hoW Well each of the perceptions 
activate the one or more regions of interest; and selecting a 
subset of the perceptions from the set found to be effective 
causing activation of the one or more regions of interest. In 
one variation, evaluating the set of perceptions comprises 
calculating and comparing activation metrics computed for 
each stimuli based on measured activities for the different 
perceptions. 
[0019] In another embodiment, computer executable logic 
is provided for selecting hoW to achieve activation of one or 
more regions of interest of a subject, the softWare comprising: 
logic for calculating activation metrics for activity measured 
for one or more regions of interest; and logic for comparing a 
set of calculated activation metrics and selecting a subset of 
the activation metrics having a superior activation of the one 
or more regions of interest. 

[0020] In another embodiment, computer executable logic 
is provided for selecting hoW to achieve activation of one or 
more regions of interest of a subject, the softWare comprising: 
logic for calculating activation metrics for activity measured 
for one or more regions of interest during for a plurality of 
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different behaviors; and logic for comparing the calculated 
activation metrics for the plurality of behaviors and selecting 
behaviors from the plurality based on the comparison of 
activation metrics. 
[0021] In another embodiment, a method is provided for 
selecting a behavior for causing activation of one or more 
regions of interest of a subject, the method comprising: 
employing computer executable logic to select in substan 
tially real time a next behavior for a subject to perform during 
training based, at least in part, on activity measurements made 
at or before the time the selection is made. 

[0022] In another embodiment, a method is provided for 
directing behavior, the method comprising: employing com 
puter executable logic to select in substantially real time a 
next behavior for a subject to perform during training based, 
at least in part, on activity measurements made at or before the 
time the selection is made. 
[0023] In another embodiment, a method is provided for 
selecting a behavior for causing activation of one or more 
regions of interest of a subject, the method comprising: 
employing computer executable logic to select a next behav 
ior for a subject to perform during training based, at least in 
part, on one or more behaviors previously used during train 
ing. In a variation, the selection is based on a combination of 
the one or more behaviors previously used during training and 
the activity measurements associated With the behaviors. 
[0024] In another embodiment, a method is provided for 
selecting a behavior for causing activation of one or more 
regions of interest of a subject, the method comprising: 
employing computer executable logic to select a next behav 
ior for a subject to perform during training based, at least in 
part, on measured activities of one or more regions of interest 
in response to the performance of one or more earlier behav 
iors. In a variation, the selection is based on a combination of 
the measured activity and the identity of the one or more 
earlier behaviors. It is noted that the computer executable 
logic may optionally compute activity metrics from the mea 
sured activity for the one or more earlier behaviors and base 
the selection on the activity metrics. Optionally, the computed 
activity metrics are based on a comparison With a rest state. 

[0025] In another embodiment, a method is provided for 
selecting a stimulus for causing activation of one or more 
regions of interest of a subject, the method comprising: 
employing computer executable logic to select in substan 
tially real time a next stimulus to communicate to a subject 
during training based, at least in part, on activity measure 
ments made at the time the selection is made. 

[0026] In another embodiment, a method is provided for 
selecting a stimulus for causing activation of one or more 
regions of interest of a subject, the method comprising: 
employing computer executable logic to select a next stimu 
lus to communicate to a subject during training based, at least 
in part, on one or more stimuli previously communicated 
during training. In a variation, the selection is based on a 
combination of the one or more stimuli previously commu 
nicated and the activity measurements associated With the 
stimuli. 
[0027] In another embodiment, a method is provided for 
selecting a stimulus for causing activation of one or more 
regions of interest of a subject, the method comprising: 
employing computer executable logic to select a next stimu 
lus to communicate to a subject during training based, at least 
in part, on measured activities of one or more regions of 
interest in response to the communication of one or more 

Jan. 20, 2011 

earlier stimuli. In a variation, the selection is based on a 
combination of the measured activity and the identity of the 
one or more earlier stimuli. It is also noted that the computer 
executable logic may optionally compute activity metrics 
from the measured activity for the one or more earlier stimuli 
and base the selection on the activity metrics. Optionally, the 
computed activity metrics are based on a comparison With a 
rest state. 

[0028] In regard to the above embodiments, it is noted that 
the next behavior or stimulus that is selected may be the same 
or different than the one or more earlier behaviors or stimuli. 

[0029] In another embodiment, a computer assisted method 
is provided for guiding brain activity training comprising: 
measuring activity of one or more regions of interest of a 
subject; employing computer executable logic to select a 
behavior or stimulus for activating the one or more regions of 
interest based, at least in part, on the measured brain activity; 
and employing computer executable logic to communicate 
the selected behavior or stimulus to the subject. In one varia 
tion, the method further comprises communicating informa 
tion to the subject regarding the measured brain activity. 
[0030] In another embodiment, softWare is provided for 
guiding brain activity training, the softWare comprising: com 
puter executable logic for selecting a behavior or stimulus for 
activating one or more regions of interest of a subject based, 
at least in part, on a measured brain activity; and logic for 
communicating the selected behavior or stimulus to the sub 
ject. In one variation, the softWare further comprises logic 
that communicates information to the subject regarding the 
measured brain activity. 
[003 1] In another embodiment, a computer assisted method 
is provided for guiding brain activity training comprising: 
having a subject perform a ?rst behavior or be exposed to a 
?rst stimulus; measuring activity of one or more regions of 
interest of the subject in response to the ?rst behavior or ?rst 
stimulus; and employing computer executable logic to select 
a second behavior or a second stimulus for activating the one 
or more regions of interest based, at least in part, on the 
measured brain activity; and having the subject perform the 
second behavior or be exposed to the second stimulus. 
Optionally, the method further comprises employing com 
puter executable logic to communicate to the subject the 
selected second behavior or second stimulus. 

[0032] In another embodiment, a computer assisted method 
is provided for guiding brain activity training comprising: 
instructing a subject to perform a ?rst behavior or communi 
cating a ?rst stimulus to the subject; measuring activity of one 
or more regions of interest of the subject in response to the 
?rst behavior or ?rst stimulus; and employing computer 
executable logic to select a second behavior or a second 
stimulus for activating the one or more regions of interest 
based, at least in part, on the measured brain activity; and 
instructing the subject to perform the second behavior or 
communicating the second stimulus to the subject. 
[0033] Computer executable softWare is provided for guid 
ing brain activity training, the softWare comprising: logic for 
communicating instructions to a subject to perform a ?rst 
behavior and/or a ?rst stimulus to the subject; logic for taking 
activity measurements of one or more regions of interest of 
the subject in response to the ?rst behavior or ?rst stimulus 
and selecting a second behavior or a second stimulus for 
activating the one or more regions of interest based, at least in 
part, on the measured brain activity; and logic for communi 
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cating instructions to the subject to perform the secondbehav 
ior and/or the second stimulus to the subject. 
[0034] In another embodiment, computer executable soft 
Ware is provided for guiding brain activity training, the soft 
Ware comprising: logic for measuring activity of one or more 
regions of interest of the subject in response to a ?rst behavior 
or ?rst stimulus; logic for selecting a second behavior or a 
second stimulus for activating the one or more regions of 
interest based, at least in part, on a measured brain activity; 
logic for communicating to the subject the selected second 
behavior or second stimulus. 

[0035] In another embodiment, a method is provided for 
directing training of one or more regions of interest of a 
subject, the method comprising: continuously measuring 
activity in the one or more regions of interest of the subject; 
and employing computer executable logic to determine When 
to communicate information to the subject based, at least in 
part, on the measured activities. It is noted that the computer 
executable logic may optionally compute activity metrics 
from the measured activity and base the selection on the 
activity metrics. The computer executable logic may deter 
mine When to communicate information based on When the 
computed activity metric satis?es a predetermined condition, 
such as a target activity metric. It is noted that the information 
may be instructions, stimuli, physiological measurement 
related information, and/ or subject performance related 
information. In one variation, the instructions are instructions 
to perform a behavior. 

[0036] In another embodiment, a method is provided for 
directing training of one or more regions of interest of a 
subject, the method comprising: measuring activity in the one 
or more regions of interest of the subject; determining one or 
more activity metrics for the measured activity; determining 
When the one or more activity metrics satisfy a predetermined 
condition; and communicating information to the subject; 
Wherein these steps are repeatedly performed in substantially 
real time. 
[0037] In another embodiment, softWare is provided for 
directing training of one or more regions of interest of a 
subject, the softWare comprising: logic for taking measure 
ments of activity of the one or more regions of interest of the 
subject and determining one or more activity metrics for the 
measured activity; logic for determining When the one or 
more activity metrics satisfy a predetermined condition; and 
logic for causing information to be communicated to the 
subject; Wherein the softWare is able to determine the activity 
metrics from the activity measurements and cause informa 
tion to be communicated in substantially real time. 
[0038] In another embodiment, a method is provided for 
directing training, the method comprising: measuring activi 
ties of one or more regions of interest; determining When the 
measured activities have reached a desired state; and commu 
nicating information to a subject regarding When to perform a 
next behavior When the measured activities have reached the 
desired state. 

[0039] In another embodiment, a method is provided for 
directing training, the method comprising: measuring activi 
ties of one or more regions of interest; determining When the 
measured activities have reached a desired state; and commu 
nicating a stimulus to a subject When the measured activities 
have reached the desired state. 

[0040] In another embodiment, computer executable soft 
Ware is provided, the softWare comprising: logic for taking 
activities of one or more regions of interest and determining 
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When the measured activities have reached a desired state; and 
logic for causing information to be communicated to a subject 
regarding When to perform a next behavior When the mea 
sured activities have reached the desired state. 

[0041] In another embodiment, computer executable soft 
Ware is provided, the softWare comprising: logic for taking 
measuring activities of one or more regions of interest and 
determining When the measured activities have reached a 
desired state; and logic for causing a stimulus to be commu 
nicated to a subject When the measured activities have 
reached the desired state. 

[0042] In another embodiment, a method is provided for 
directing training of one or more regions of interest of a 
subject, the method comprising: measuring activity in the one 
or more regions of interest of the subject; determining one or 
more activity metrics for the measured activity; determining 
When the one or more activity metrics satisfy a predetermined 
condition; and communicating a performance reWard to the 
subject; Wherein these steps are repeatedly performed in sub 
stantially real time. In one variation, the activity metrics mea 
sure a similarity betWeen the spatial pattern of activity Within 
the region of interest and a target spatial pattern of activity. 
[0043] In another embodiment, softWare is provided for 
directing training of one or more regions of interest of a 
subject, the softWare comprising: logic for taking measure 
ments of activity of the one or more regions of interest of the 
subject and determining one or more activity metrics for the 
measured activity; logic for determining When the one or 
more activity metrics satisfy a predetermined condition; and 
logic for causing a performance reWard to be communicated 
to the subject; Wherein the softWare is able to determine the 
activity metrics from the activity measurements and cause 
information to be communicated in substantially real time. 
[0044] In another embodiment, a method is provided for 
directing training of one or more regions of interest of a 
subject, the method comprising: measuring activity in the one 
or more regions of interest of the subject; determining What 
information is to be communicated to the subject based, at 
least in part, on the measured activity; Wherein these steps are 
repeatedly performed in substantially real time. In one varia 
tion, the communicated information is a representation of the 
measured activity. In another variation, the communicated 
information is an instruction to the subject. 

[0045] In another embodiment, a method is provided for 
directing training of one or more regions of interest of a 
subject, the method comprising: measuring activity in the one 
or more regions of interest of the subject; determining one or 
more activity metrics for the measured activity; determining 
When the one or more activity metrics satisfy a predetermined 
condition; and selecting information to be communicated to 
the subject based on the satisfaction of the predetermined 
condition. In a preferred embodiment, these steps are con 
tinuously performed. In one variation, the communicated 
information is a representation of the measured activity. In 
another variation, the communicated information is an 
instruction to the subject. 
[0046] In another embodiment, softWare is provided for 
directing training of one or more regions of interest of a 
subject, the softWare comprising: logic taking measurements 
of activity of the one or more regions of interest of the subject 
and determining What information is to be communicated to 
the subject based, at least in part, on the measured activity; 
Wherein the softWare is capable of taking the measurements 
of activity and determining What information is to be com 
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municated in substantially real time. In one variation, the 
communicated information is a representation of the mea 
sured activity. In another variation, the communicated infor 
mation is an instruction to the subject. 

[0047] In another embodiment, softWare is provided for 
directing training of one or more regions of interest of a 
subject, the softWare comprising: logic taking measurements 
of activity of the one or more regions of interest of the subject 
and determining one or more activity metrics for the mea 
sured activity; logic for determining When the one or more 
activity metrics satisfy a predetermined condition; and logic 
for selecting information to be communicated to the subject 
based on the satisfaction of the predetermined condition. In a 
preferred embodiment, the softWare is capable of taking the 
measurements of activity and selecting the information to be 
communicated in substantially real time. 

[0048] In another embodiment, a computer assisted method 
is provided for guiding brain activity training comprising: 
measuring activity of one or more regions of interest of a 
subject; employing computer executable softWare to deter 
mine information to communicate to the subject based, at 
least in part, on the measured brain activity; and employing 
computer executable softWare to communicate the informa 
tion to the subject. 

[0049] In another embodiment, a computer assisted method 
is provided for guiding brain activity training, the method 
comprising: measuring activity of one or more regions of 
interest of a subject; employing computer executable soft 
Ware to determine instructions based, at least in part, on the 
measured brain activity; and employing computer executable 
softWare to communicate the instructions to the subject. In 
one variation, measuring activity comprises recording activ 
ity data from a scanner, converting the recorded activity data 
to image data, and preprocessing the image data; and com 
municating the information comprises displaying images 
derived from the preprocessing image data. 
[0050] In another embodiment, a method is provided for 
directing training of one or more regions of interest of a 
subject, the method comprising: measuring activity in the one 
or more regions of interest of the subject; determining hoW to 
communicate information to the subject based, at least in part, 
on the measured activity; Wherein these steps are repeatedly 
performed in substantially real time. 
[0051] In another embodiment, softWare is provided for 
directing training of one or more regions of interest of a 
subject, the softWare comprising: logic taking measurements 
of activity of the one or more regions of interest of the subject 
and determining hoW information is to be communicated to 
the subject based, at least in part, on the measured activity; 
Wherein the softWare is capable of taking the measurements 
of activity and determining hoW information is to be commu 
nicated in substantially real time. 

[0052] In another embodiment, a method is provided for 
selectively activating one or more regions of interest, the 
method comprising: (a) communicating one or more stimuli 
to a subject and/or having the subject perform one or more 
behaviors that are directed toWard activating the one or more 
regions of interest Without measuring activation of the one or 
more regions of interest; and (b) communicating the same one 
or more stimuli to the subject and/ or having the subject per 
form the same behaviors as in step (a) in combination With 
measuring brain activity in the one or more regions of interest 
as the subject is exposed to stimuli and/orperforms the behav 
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iors. In one variation, information is displayed to the subject 
in step (a) that simulates the information that is displayed to 
the subject during step (b). 
[0053] In another embodiment, softWare is provided for use 
in training, the softWare comprising logic for communicating 
information to guide a subject in the performance of a training 
exercise during Which activation is not measured; and logic 
for communicating information to guide a subject in the per 
formance of a training exercise during Which activation of one 
or more regions of interest is measured; Wherein information 
is displayed to the subject When activity is not measured that 
simulates activity measurements that are displayed When 
activity is measured. 
[0054] In another embodiment, a method is provided for 
selectively activating one or more regions of interest, the 
method comprising: communicating information to a subject 
that instructs a subject to perform a sequence of behaviors or 
have a series of perceptions that are adapted to cause the 
selective activation of one or more regions of interest. 

[0055] In another embodiment, a method is provided for 
selectively activating one or more regions of interest, the 
method comprising: identifying information that instructs a 
subject to perform a sequence of behaviors or have a series of 
perceptions that selectively causes activation of one or more 
brain regions in a subject; communicating the identi?ed infor 
mation to a same or different subject; and measuring activa 
tion of one or more regions of interest in response to the 
communicated information. 
[0056] In another embodiment, software is provided for use 
in training, the softWare comprising logic for communicating 
information to guide a subject in the performance of a training 
exercise during Which activation of one or more regions of 
interest is not measured, the logic displaying information that 
simulates activity measurements of the one or more regions of 
interest. 
[0057] In another embodiment, softWare and information is 
provided for use in training, the softWare comprising logic for 
communicating information to guide a subject in the perfor 
mance of a training exercise during Which activation is not 
measured, and the information comprising stimuli, instruc 
tions, and/ or measured information having been determined 
based in part upon activity in a region of interest during a 
training period When activity Was measured and communi 
cated to the same or a different subject in substantially real 
time. 
[0058] In another embodiment, a method is provided for 
selecting hoW to achieve activation of one or more regions of 
interest, the method comprising: (a) having a subject perform 
a set of behaviors; (b) measuring hoW Well each of the behav 
iors in the set activate the one or more regions of interest; (c) 
selecting a subset of the behaviors from the set found to be 
effective in activating the one or more regions of interest; and 
(d) after step (c) and in the absence of measuring activation, 
determining What information to communicate to the same or 
a different subject based, at least in part, on the activity 
measurements of step (b). In one variation, evaluating the set 
of behaviors comprises calculating and comparing activation 
metrics computed for each behavior based on measured 
activities for the different behaviors. In another variation, the 
behaviors evaluated are overt behaviors involving a physical 
motion of the body of the subject. In another variation, the 
behaviors are covert behaviors only cognitive processes 
Which do not lead to a physical motion of the body of the 
subject. In the case When the subject in step (a) is different 


























































































