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(57) Abstract: Devices, systems and methods to modify memory and/or cognitive function by delivering a sensory stimulus paired
with learned material at opportune physiological periods during sleep. For example, described herein are systems, methods and
devices to enhance a user's cognitive function in such areas as memorization and learning. A machine (e.g., a system or device) may
be used to identify opportune periods of the sleep cycle and to deliver a stimulus during specific phases of the sleep cycle to facilit-
ate or interrupt memory consolidation. In some variations the machine records ambient sensory inputs during awake acquisition or
reinforcement/relearning and replays all or an extracted form of the ambient sensory stimuli a specified portion of the user's sleep.
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APPARATUS, SYSTEM, AND METHOD FOR MODULATING CONSOLIDATION OF
MEMORY DURING SLEEP

CROSS REFERENCE TO RELATED APPLICATIONS?
[0001] This application claims priority to U.S. Provisional Patent Application No.
61/471,526, filed April 4, 2011, titled “APPARATUS, SYSTEM, AND METHOD FOR
MODULATING CONSOLIDATION OF MEMORY DURING SLEEP” and is incorporated by

reference in its entirety.

INCORPORATION BY REFERENCE
[0002]  All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD
[0003] Described herein are devices, systems and methods for enhancing cognition and/or
memory. More particularly, described herein are devices, systems and methods for interfacing

computerized platforms to enhance human cognition during sleep.

BACKGROUND
[0004] Proper memory function requires encoding of a memory during learning,
consolidation of the memory in the hours and days that follow, and retrieval of the learned
content during testing.
[0005] Memory consolidation is the process whereby the brain transfers memories to long-
term storage. Consolidation of memories occurs primarily during sleep. Deep, or ‘slow-wave’
sleep (SWS), is particularly important for consolidating long-term memories. Recent advances in
the fields of neurobiology, psychology, and sleep research have characterized the important
relationship between sleep and memory.
[0006] Sleep is required for normal memory consolidation and reduced sleep quality or
quantity disrupts memory function. In people, memory and other higher cognitive functions can
be improved by increasing sleep quantity or sleep quality. Intensive training or learning causes
an increase in the amount of SWS sleep during a subsequent night, suggesting that this phase of
sleep is required for memories to be consolidated. In rodents, neurobiological studies have
shown that patterns of activity among neurons in the hippocampus, a key brain region for
memory, occur in a predictable and sequential pattern when a rodent is exploring a maze or other
environment. The spatial memory represented by this experience is thought to be consolidated

during sleep. Electrophysiological recordings during SWS have been used to identify ‘replay’ of
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the patterns of neural activity observed during previous experience, suggesting that replay is an
important mechanism for consolidation of memories to long-term storage. Interruption of replay
during sleep by electrical stimulation disrupts memory formation.

[0007]  There are several phases of sleep that occur in a repeated cycle. Sleep phases can be
identified by differences in brain activity and physiology, including variation in heart rate, body
temperature, and arousal threshold. In humans, sleep is generally described according to a cycle
in which rapid eye movement (REM) sleep is followed by non-REM sleep that generally
proceeds sequentially through phases S1, S2, S3, and S4. Phases S1 and S2 are generally referred
to as light sleep, and phases S3 and S4 are generally referred to as deep or ‘slow-wave’ sleep
(SWS).

[0008]  Normal cognitive function requires sufficient and well-structured sleep. Cognitive
impairment due to sleep abnormalities occurs in individuals with neurodevelopmental disorders
such as Down syndrome, neurodegenerative disorders such as Alzheimer’s disease, various
forms of insomnia, sleep apnea, and other pathological conditions. Similarly, reduced memory
function unrelated to disease occurs with normal aging, overnight shift work, drug or alcohol
use, and other causes of sleep impairment or sleep disruption. For these various forms of

cognitive dysfunction, strategies to alleviate or mitigate cognitive deficits with pharmaceutical,

“educational, and behavioral interventions have received significant attention but have not

adequately addressed cognitive deficits. New methods for improving the lives of those with
intellectual disabilities, age-related cognitive decline, and other forms of learning disability by
improving memory and cognitive function are desired. Moreover, healthy, typically-developed
students of all ages would benefit from a method for enhancing memory consolidation and thus
long-term memory retention.

[0009] The systems, methods and devices described herein may relate to augmenting or
disrupting memory consolidation. These systems, methods and devices may allow the
application of techniques to improve learning and memory non-invasively and without drugs and
may engage memory consolidation processes that are active during sleep.

[00010]  Although there is some academic work examining the presentation of sensory
stimulus cues during sleep, this work has, to date, not been applied to a home setting in a manner
that allows application of these techniques by an individual user. For example, in the first
publication to report this effect, contextual presentations of olfactory cues during a prior learning
event, when re-exposed during slow-wave sleep, were shown to improve the retention of
memories formed during the learning event (Rasch, B., Biichel, C., Gais, S., and Born, J., 2007,
Odor cues during slow-wave sleep prompt declarative memory consolidation. Science, 315,

1426-1429). In the simplest form of this technique, memory may be enhanced by (1) pairing
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learning with a sound or smell, (2) monitoring sleep during a subsequent night’s sleep or nap, (3)
detecting slow-wave (deep) sleep, and (4) re-presenting the sensory cue. Published studies of
controlled, clinical studies of this technique have reported up to about 30% improvements in
memory in healthy young adults (Diekelmann, S., Biichel, C., Born, J., and Rasch, B., 2011,
Labile or stable: opposing consequences for memory when reactivated during waking and sleep.
Nature neuroscience). Unfortunately, these studies provide little guidance on the application of
these results in a home or user-applied setting, outside of a controlled laboratory setting.

[00011] Further, additional research has shown that misapplication of these techniques may
lead instead to a decrease in memory. In contrast to the studies that reported enhanced memory
after sensory re-presentation during sleep, re-presenting the sensory stimulus from training to the
subject during wakefulness leads to a reduction in memory performance (Diekelmann et al.,
2011). This finding also suggests methods for abolishing undesired memories such as those
associated with traumatic events that lead to post-traumatic stress disorder (PTSD). Memory re-
consolidation occurs when a memory that has been successfully stored in long-term memory is
recalled. Maintenance of the memory in long-term memory after this event of memory recall
requires active neurobiological processes to re-consolidate the stored memory trace.
Accordingly, methods that selectively disrupt memories that are maladaptive, related to
psychiatric conditions, or otherwise unwanted would be of great benefit to many.

[00012] Memory consolidation can also be reduced by disrupting sleep or by depriving a
subject of sleep. Studies in humans and animals have shown that sleep deprivation or disruption

of sleep after a training event lead to reduced memory performance.

SUMMARY OF THE DISCLOSURE
[00013] Described herein are devices, systems and methods to deliver a sensory stimulus or
stimuli at opportune physiological periods to enhance the user’s cognitive function in such areas
as memorization and learning. A machine (e.g., a system or device) may be used to identify
opportune periods of the sleep cycle and to deliver a stimulus during specific phases of the sleep
cycle, for example to facilitate or interrupt memory consolidation. In other embodiments, the
machine records ambient sensory inputs such as those detected by auditory, somatosensory,
olfactory, gustatory, visual, vestibular, or sensory systems during a period of learning and stores
these stimuli in a database for subsequent re-presentation during sleep.
[00014] The devices and systems may determine the phase of sleep for a user as part of an
integrated device or system that also determines the sensory stimulus and presents the sensory

stimulus during training and/or sleep. The determination of sleep phase by monitoring an
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individual during sleep may be referred to as sleep staging. Sleep staging may be performed
using the traditional Rechtschaffen & Kales rules, which classify sleep into six separate stages:
wake, rapid eye movement (REM) sleep, S1 (light sleep), S2 (light sleep), S3 (deep sleep), and
S4 (deep sleep). Alternative systems for sleep staging have been described and are known to
those skilled in the art. Techniques for monitoring physiological changes associated with
different stages of sleep may include electroencephalography (EEG) recordings of brain activity,
electrooculagraphy (EOG) of eye movement and ocular muscle contractions, electrocardiography
(ECG) of heart beats, as well as heart rate or heart rate entropy, respiratory rate, body
temperature, eye or body movements (actigraphy), and other techniques. A variety of devices
and sensors can be used to monitor physiological changes associated with sleep phases and may
be incorporated into the devices, systems and methods described herein.
[00015] In addition to sensing the phase of sleep, the devices and systems may also deliver a
stimulus, such as an electrical or sensory stimulus, for the purpose of modulating the phase of a
user’s sleep or modulating the quality of sleep and/or the quality or intensity of brain rhythms
during a particular phase of sleep. In particular, the stimulus may mimic or repeat a stimulus that
was intentionally or inadvertently paired with the “learning” of the memory to be modulated.
[00016] Learning of any appropriate material may be modulated (e.g., enhanced, inhibited) by
the systems and methods described herein. For example, in some variations, the devices and
systems described herein enhance learning of material to be compiled for a user from several
sources that may include: 1) material entered into a computing device by the user or a third party
that may be stored locally on the device or stored on a remote server or intermediate device; 2)
material that may be in a variety of electronic formats that can be uploaded by the user or third
party to a computing device for storage through the Internet on a remote server or on an
intermediate device; 3) material chosen by the user from a pre-determined set of training material
that may be provided by a third party or the device; 4) material that may be generated based on
the user’s location at a particular time or ‘check-in’ by a service having functionality similar to
that of Gowalla or Foursquare; 5) material generated based on the user’s interests as indicated by
the user, by a third party, or by data mining; 6) material that may be supplied by a third party
such as a teacher, work colleague, friend, advertiser, or other individual or entity; or 7) material
supplied by other suitable means appreciated by one skilled in the art, that may be currently
known or hereafter developed.
[00017] In some variations, the devices and systems described herein may be networked such
that user information and device control can be managed through interactions with any
combination of the devices. Exemplary interactions include: 1) the ability for the user to select

physiological recording settings from a personal computer or other machine, which further
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synchronizes information with a base station, 2) the ability for sleep quality information acquired
from a base station to be stored and analyzed on a personal computer, and/or 3) the ability for
remotely communicating with the base station from a learning environment.

[00018] In one embodiment, the system or device has the ability to be networked with remote
servers, other nearby components of the system or device, and third party servers and devices.
The networking of devices offers additional functionality, ease of use, physiological sensing, or
data management as each networked or otherwise connected device may have different
advantages in different phases of the training program. For example, networking of devices may
permit data on learned material, past sleep stimulus exposures, awake sensory exposures,
cognitive performance, or event attendance at a particular location, or event, such as in a lecture
hall, to be used to deduce probable stimuli exposures or training content of interest.

[00019] In general, the devices described herein may be controlled by the user. Thus, any of
the variations described herein may be configured so that a user may activate the device (e.g.,
trigger the learning/training session and later sleep consolidation sessions) without the need for
additional intervention (e.g., from a technician, or the like). For example, a user may control the
device through the machine’s user interface; said interface may exist on the device, through the
Internet on a remote server, through a web-based software application, or through an
intermediate device. An example interaction between the user and the device through the user
interface may be in selecting which previous learned items the user wishes to further practice, or
in defining the importance of a single or group of learned item(s).

[00020] In some variations, a user or third party may receive feedback concerning various
aspects of the device’s functidn, including but not limited to the quality of sleep, learning content
presented, sensory cues presented, and memory function. This feedback may be generated in
real-time or at a delay. The feedback may be delivered to the user or a third party by various
routes including, but not limited to sensory feedback such as by visual, auditory, or haptic
stimuli or information displayed on a computer screen, handheld device, or other electronic
device.

[00021] In general, the stimulus applied during learning and again during sleep consolidation
may be any appropriate sensory stimulus. In particular, stimuli that are below the threshold for
waking the user (e.g., non-distracting sensory stimuli) are used. The mode of the stimuli may
include one or more of: audible, tactile (including somatosensory), olfactory, vestibular,
gustatory, visual, or the like. In some variations, the system or device includes a number of
predetermined sensory stimuli, and may choose from this pool of sensory stimuli to pair the
particular, specific sensory stimuli with a particular training session and/or with a particular

piece of information to be learned. In some variations, the sensory stimuli may be multi-modal.
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[00022] In some variations, the system or devices may be configured to record and provide
sensory stimuli that are copied or extracted from ambient or environmental sensory information
not controlled by the invention. For example, the system or devices described herein may include
an ambient recorder (“sensory recorder”) for recording or extracting background sensory stimuli
from during a training period. In some variations the system may receive information on sensory
stimulus provided by audio players, computers, television/video players, and the like. In some
variations the system or device may communicate electronically with such peripherals to
determine what sensory stimulus was being presented by these peripherals during the learning
phase.

[00023] The device and systems described herein may interface with a networked device to
enable selection of sensory information from a database. The content of such a database could
be populated from user-uploaded content or from third parties through a web-browser or
similarly effective widget. Third parties may include educational entities and socially-derived
networks.

[00024] In some variations, the systems or devices may also include the ability to deliver a
reconstruction of recorded ambient stimuli, or a complimentary percept, such as one that has
undergone signal processing to identify signals of interest or high variance, during targeted
phases of the users’ sleep cycle.

[00025] In general, the devices and systems described herein may be configured for use with
one or more user. For example, a system or device may keep track of which users receive which
stimuli at which time and sleep phase. As mentioned, the system and device may be configured
to ensure that a particular stimulus is paired with a particular training session and/or material to
be learned for a particular user. Thus, a device may be configured to determine user identity to
help insure that the same user receives novel stimuli for new training sessions/new material.
Thus, in some variations the system may use biometric data to determine/confirm user identity.
In some variations the systems and/or devices may request user name and/or password/identity
codes. Examples of biometric data may include fingerprint, or other biometric identifiers. In
some variations the system is configured to assume that it will only be used for a single user.
The pool of sensory stimuli may be finite, and in some variations the device or system may
indicate when the maximum number of sensory stimuli has been used. In some variations, the
system or device may be configured so that a sensory stimuli module may be
removed/added/replaced to provide new or additional sensory stimuli for pairing with training

sessions or learned material.
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[00026] In some embodiments, learning material is presented by the machine or by software
on a computer, phone, or other electronic device (currently known or hereafter developed) at the
same time as sensory stimuli or in close temporal relation to the sensory stimuli.

[00027] Physiological changes that occur in response to presentations of sensory stimuli may
be used for feedback modulation of the delivered stimuli. These physiological changes may be
monitored during sleep, during wakefulness, or during training or testing. The variety of
physiological features that can be monitored will be appreciated by one skilled in the art and may
include brain rhythms that relate to attention, memory processing, or other cognitive function;
heart rate, heart beat entropy, or ECG signals; respiratory rate or entropy; pulse oximetry (blood
oxygen content, SpO,); galvanic skin responses (GSRs); arousal levels; eye gaze; posture;
muscle tone; or other physiological signals of interest or appreciated by one skilled in the art.
[00028] Desirable feedback in response to identified physiological features may include, but
are not limited to, modifying the intensity, modality, or other aspects of sensory stimulus
presentation; modifying the rate, content, or difficulty of training content; delivering a reminder
cue to modify attention, gaze, or other aspects of cognition or physiology; or delivering stimuli
to affect brain rhythms and/or cognitive processes, including but not limited to increasing the
frequency, intensity, or spatial extent of slow wave (delta) rhythms. Moreover, stimuli may be
modulated to recapitulate prior physiological activity measured during past successful sleep
sessions. For example, a strong stimulus intensity could negatively affect the stability of the
current sleep phase, whereas a weak stimulus intensity may not be sufficiently salient to warrant
memory consolidation. By monitoring the effect on sleep, memory, or other aspects of
physiological function, the present invention can choose the appropriate stimulus parameters for
a particular user given a particular set of physiological measurements.

[00029] Third parties may be granted access to control the device as well as gather
information from the device through the Internet on a remote server, or through an intermediate
device. A third party may provide specific instructions as to how the device is to interact with
the user. In some variations a third party may receive information such as durations of sleep
states or assessments of memory performance.

[00030] Third parties may be granted access to submit data to components of the device to
improve the ability of the device to aggregate learning content and to integrate the device’s
capabilities with the third party’s objectives, as well as gather information from the device
through the Internet on a remote server, through a web-based software application, or through
any suitable intermediate device currently known or hereafter developed.

[00031] One variation of a device or system is configured to aid or enhance the development

of a skill. For example, in some variations, the system may be configured to aid in learning
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foreign languages or technical software languages. Training sessions may be paired with a
sensory stimulus. In general, the sensory stimulus is distinct from the material being trained.

For example, the sensory stimulus may be a primitive (e.g., a scent, tone, touch, or the like) that
does not, in the absence of being paired with the training session, evoke the trained material.
[00032] In general, the systems or devices described herein may be used to train virtually any
subject matter. For example, the systems or devices and/or related methods may be used for
learning vocational trade skills, such as, for example, training of automotive mechanics. In one
variation, the systems or devices may be used for test preparation for standardized tests such as
those required for admission to primary or secondary schools, universities, post-graduate
programs, or other academic pursuits; tests required for admittance to a specific professional
group including but not limited to the state bar exam for lawyers, the Certified Public
Accountant (CPA) exam for accountants, the medical board exams for doctors, the Series 7
exams for brokers, or other professional tests or exams that would be known to one skilled in the
art of test preparation. In some variations, the systems and devices described herein may be used
for experiential learning such as occurs during residency training for medical doctors, strategy
learning for professional athletes (such as learning a playbook for football players), or other
applications appreciated by one skilled in the art for which learning by observing and learning by
doing are fundamental. Learning involving rote memorization may also be enhanced using the
devices, systems and methods described herein.

[00033] Thus, the systems, devices and methods described herein may be particularly useful
for repeated learning using these techniques. The system, devices and methods described herein
are particularly well suited for repeated use where it is desirable or necessary to enhance learning
of more than one piece of information or task skill. Because repeated use requires the use of
multiple stimulations, repeated at one or more times following a learning session, a device useful
for repeated learning is typically capable of distinguishing between learning trials and
automatically tracking stimuli and learning sessions.

[00034] In one variation, the system and device may be used to learn more about another
person’s interests or experiences by sharing content learned or stimuli delivered by the device.
This embodiment could be of use to help prepare for an interview, a sales meeting, or a blind
date. Similarly, in some variations, the device, system and/or related methods may be used in
military, law enforcement, or intelligence gathering applications, including those related to
interrogation. In another embodiment, the invention may be used for training of soldiers,
members of law enforcement, or intelligence agents.

[00035] The devices and systems described herein may also be used as part of a therapeutic

method to treat a patient. For example, the devices, systems and methods may be used to
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improve memory and/or cognitive function by individuals with inherited neurodevelopmental
disorders characterized by learning, memory and/or cognitive deficits including Down
syndrome, Rett syndrome, fragile X syndrome, neurofibromatosis type 1, tuberous sclerosis,
phenylketonuria, maple syrup urine disease, and other inherited neurodevelopmental disorders
appreciated by one skilled in the art, as well as disorders such as autism spectrum disorders
which are generally diagnosed in the first five years of life and may be due to genetic and/or
environmental causes.

[00036] An embodiment that applies the device and/or related methods may be used to
improve memory and/or cognitive function by individuals with cognitive and/or memory deficits
associated with normal aging or neurodegenerative disorders including Alzheimer’s disease,
Parkinson’s disease, frontotemporal dementia, and other age-related or neurodegenerative
disorders appreciated by one skilled in the art.

[00037] In some variations, the systems, devices and/or related methods may be used by
individuals with disorders of sleep such as central sleep apnea, obstructive sleep apnea,
insomnia, and other forms of sleep abnormalities appreciated by one skilled in the art, including
but not limited to those that lead to reduced memory function or cognitive impairment. |
[00038] In some variations, the devices, systems and/or methods may be used as a substitute
or supplement to drug therapy to enhance or disrupt memory formation or eliminate or otherwise
modify existing memories.

[00039] In some variations, the systems, devices and/or related methods may be used by
individuals with disorders for which memory disruption is desired such as post-traumatic stress
disorder (PTSD), obsessive compulsive disorder, depression, or other disorders appreciated by
one skilled in the art.

[00040] These system and devices may be used by adults and/or children. For example, the
systems, devices and/or related methods described herein may be adapted for use by babies,
toddlers, or pre-kindergarten-aged children. In this application, one embodiment is a device built
into a toy that a child may interact with and/or a piece of clothing intended for the child to wear
to bed.

[00041] In some variations, the systems, devices and/or related methods may be used
prenatally. The sleep state of a fetus may be determined by monitoring movement, heart rate,
respiratory rate, brain rhythms, or other physiological correlates of sleep in the womb with
detectors placed on or near the mother. The fetus may be presented with auditory training
material (e.g. words and definitions or other language content) combined with a neutral sound or
haptic stimulus and the neutral stimuli are re-presented when the fetus is sleeping or, in some

embodiments, more specifically in deep sleep.
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[00042] In some variations the systems or devices may use training optimization algorithms to
determine what content is presented at what interval to reduce the amount of time required for
training.

[00043] The sensory stimulus may be optimized. In some variations, the sensory stimulus
provided may be optimized based on the information to be learned. As mentioned, the sensory
stimulus provided may be non-interruptive, and may be configured to be innocuous so as not to
interrupt the concentration of the user during the training session and/or not to awaken or disrupt
the user’s sleep during sleep consolidation. In some variations the sensory stimulus is provided
by third parties (e.g. advertisers) who pay to have a user train with a particular scent, jingle, or
other stimulus during training with the device. In another embodiment, a user could purchase a
single stimulus or set of stimuli similar to how one buys a ringtone or rights to a copyright-
controlled stock image.

[00044] An embodiment could populate a user’s training set through the Internet on a remote
server, or through an intermediate device according to a code (e.g. quick response (QR) code,
hashtag, hyperlink, etc.). One specific embodiment would be a QR code at a museum exhibit so
that content about the exhibit could be learned at another time. Another specific embodiment
would be a QR code on an informational plaque at a park or monument so that content about the
geography, ecology, or history of that location could be learned at another time.

[00045] An embodiment could select learning material based on location data, social data (e.g.
who are you with at a particular time -- are they a device user, too?), and/or timing data (e.g.
what time did you enter a particular classroom, thus defining whether your training content
database should be populated with content about physics (your class) or chemistry (the preceding
class)).

[00046] In some variations the system or device may select learning material, sensory stimuli,
or other aspects based on a user’s use of a social network, such as one that includes the
functionality of Facebook, Twitter, or Myspace.

[00047] In general, the sensory stimulus is unique to a particular learning session or subject
matter. Thus, in variations the linking of the sensory stimulus to the subject matter may allow
association across training sessions. For example, in some variations the system (e.g., using
control or system logic) may select stimuli for the purpose of invoking transitive inference
between content to be learned. In a simple example, a user desires to associate the word
“orange” with the picture of an orange. While being presented with an olfactory cue, the user is
also presented the word “orange.” In another learning event, the same olfactory cue is co-
presented with the picture of an orange. The user subsequently uses transitive inference to

associate the word with the picture, without having a simultaneous presentation of the two items.
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[00048] In some variations, the system or device may use analytical and/or data mining
techniques to determine interests, experiences, and/or previously learned content in order to
select a stimulus or set of stimuli that engage transitive inference processes between previous
experience and new learning content. These techniques may be provided as logic (e.g., stimulus
selection logic) configured as hardware, software, firmware, or the like.

[00049] In some variations an automated algorithm (relationship logic) determines which
content that has been added to a user’s content database is related, similar or coupled (e.g. all the
state capitals, the word ‘sleeping’ in different languages, or a sequence of steps required to
perform CPR), then applies the same sensory stimulus (e.g. the sound of snoring or the scent of a
rose) for these pieces of training content, even if the learning events are separated in time by
minutes, hours, days, weeks, months, or years. This embodiment may be considered as related to
the concept of transitive inference. In a related embodiment, a curated service, third party, or
socially-derived network may determine whether content to be learned is related, similar or
coupled and may use this determination to determine whether the same or similar sensory
stimulus should be presented for these items of content to be learned. In another embodiment, the
determination of whether training content is related for purposes of choosing identical or similar
sensory stimuli to present during training may be made based on whether other users have
coupled such content. For instance, if other users had experienced memory improvements due to
transitive inference by using a similar stimulus to associate with content to be learned.

[00050] In general, the systems, devices and methods described herein monitor the user to
automatically determine the sleep phase for the patient, and trigger replay of the sensory stimulus
upon or after detection of a particular sleep phase. The sleep phase may be a typical sleep stage
(e.g., slow-wave sleep) or a variation of a typical sleep stage. In some variations, the user may
have their sleep modified when using the device. For example, a user may take a drug or drugs
to increase the frequency, changes the lengths of bouts of, or otherwise enhance the quality or
quantity of slow-wave sleep to improve memory consolidation. Such drugs could include
gamma-hydroxybutyric acid (GHB, also referred to as sodium oxybate), adenosine Al receptor
agonists, 5-HT2 antagonists or other drugs known to one skilled in the art that increase slow-
wave sleep quantity, quality, or intensity. In some variations, the subject may take a drug or
drugs that disrupts or reduces slow-wave sleep to interfere with normal memory consolidation.
Such drugs could include hypnotics such as flurazepam, benzodiazepine antagonists such as
flumazenil, or other drugs known to one skilled in the art that decrease slow-wave sleep quantity,
quality, or intensity. In some variations the user may take a drug or drugs to change the
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of sleep that may include light sleep, deep sleep, REM sleep, stages S1, S2, S3, or S4 of non-
REM sleep, or other identifiable phases of sleep.

[00051] Also considered herein is the use of the devices or systems described herein to use
one or more techniques (e.g., electrical stimulation, sensory stimulation or other methods) to
induce brain rhythms at delta frequencies to modulate the functional properties of slow-wave
sleep to improve memory consolidation processes. Similarly, systems, devices and methods may
use electrical stimulation, sensory stimulation or other methods to disrupt brain rhythms at delta
frequencies to modulate the functional properties of slow-wave sleep to interfere with memory
consolidation processes. Electrical stimulation, sensory stimulation or other techniques may be
used to induce brain rhythms at other frequencies or with other spatial temporal patterns in order
to affect brain rhythms and underlying cognitive processes.

[00052] Also described herein are devices, system and methods that use feedback from
recording or monitoring of physiological or other parameters that correspond to sleep state or
arousal level to define the intensity, modality, and/or specific stimulus delivered during sleep.
[00053] For example, described herein are systems for improving memory. These systems
may have a training mode and a sleep consolidation mode, and may include: a user interface
comprising a control allowing a user to switch the device to the training mode to indicate a
training session; a sensory stimulator configured to provide a plurality of distinct sensory stimuli;
a sleep monitor configured to monitor a user’s sleep state; and a controller comprising control
logic receiving input from the user interface and configured to select a distinct sensory stimulus
for a specific training session and to control the application of the distinct stimulus during the
specific training session, and further wherein the controller receives information on the user’s
sleep state from the sleep monitor, and controls the sensory stimulator to apply the distinct
sensory stimulus from the specific training session when the user is experiencing a specified
sleep stage during a sleep consolidation mode following the specific training session.

[00054] The sensory stimulator may be configured to provide a plurality of non-distracting
sensory stimuli. The sensory stimuli may be, for example, olfactory, auditory, or tactile. In
some variations the sensory stimuli is predetermined (e.g., the sensory stimulator or controller
may include a set of sensory stimuli for delivery by the sensory stimulator); in some variations
the sensory stimulator is configured to provide an ambient sensory stimulus recorded during the
training session. For example, the sensory stimulator may comprise an ambient recorder for
recording the ambient stimulus wherein the ambient recorder is configured to record one or more
of ambient sounds, ambient odors, and ambient sensations.

[00055] Any of the systems or methods described herein may be configured so that the

specified sleep stage is predetermined from the known sleep stages (e.g., slow wave sleep, light
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sleep, REM sleep, phases S1, S2, S3, or S4 of non-REM sleep, etc.) or combinations of sleep

- stages. For example, in some variations the sleep stage is slow wave sleep. In some variations

(e.g., for reconsolidation of amydalar memories that may be important for PTSD) the sleep stage
is rapid eye movement sleep.

[00056] In any of the variations described herein the systems and devices may include a
memory (e.g., a computer or digitally readable/writable memory). This memory may be
connected directly or remotely to the controller. The memory may be configured to store
information that indicates one or more of: which sensory stimuli have been applied for specific
training sessions, the sleep state of user, and completion of application of a sensory stimulus
during a sleep consolidation mode following a specific training session. In some variation the
memory is important for storing and providing user configuration. For example, the device or
system may read a user configuration file or memory to determine what sensory stimuli have
been used, or are available for use, and/or for determining what training has occurred, or has
been paired with a sensory stimuli. The configuration file may also store user information (e.g.,
biometric information) and/or access information. The controller may be configured to read
information from the memory.

[00057] In general, the user interface is adapted so that the user may readily and easily
control operation of the system or device. For example, the user interface may include at least
one of: a switch, a toggle, a button, a slider, a knob, or a touchscreen, and may indicate (via
instructions, menus, or the like) what options the user may select. The user interface may
provide visual, audible, or tactile feedback on the status or operation of the device and/or system.
[00058] Any appropriate sleep monitor may be used. The system or device may include
sleep monitoring logic to determine (based typically on information provided by a sleep monitor)
what sleep state the user is in. This determination may be probabilistic (e.g., the logic may
indicate a user is in a particular sleep state, or is not even sleeping, when user indicators (e.g.,
movement indicators, thermal indicators, electrical indicators, etc.) indicate that the likelihood of
a particular sleep state is above some threshold). In some variations the sleep monitor comprises
a non-contact sleep monitor. For example, the sleep monitor may be positioned near the sleeping
user and may indicate (based on motion) an approximation of which sleep state the user is in.
[00059] In any of the variations described herein the system or device may be configured
to reside all or partially in a housing. For example, the housing may at least partially enclose the
user interface, sensory stimulator, and controller, and/or other components. In some variations
the system or device is portable. For example, a portable system may include a housing and may
be battery-powered or wall (plug-in) powered. The devices or systems may be lightweight,

particular the portable systems. For example the device or system may weigh less than 20
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pounds, less than 15 pounds, less than 10 pounds, or less than five pounds. In some ultra
lightweight configurations the system weighs less than a pound. For example, a system or
device may be configured to operate on a handheld device (e.g., iPhone™, iPad™, Android, or
other mobile device capable or running application software). For example, the control logic
comprises an application configured to be executed on a mobile device.
[00060] The system or device may include a handle. In general, these systems and device
are intended for a user to operate without requiring additional assistance, at home (e.g., for
personal use).
[00061] Any of the devices or systems described herein may include a communications
module coupled to the controller configured to allow communication with a remote site.
[00062] Thus, for example, also described herein are portable user-controllable devices for
improving memory, the device comprising: a user interface comprising a control allowing a user
to place the device into a training mode indicating a training session; a sensory stimulator
configured to present a plurality of distinct sensory stimuli; sleep monitoring logic configured to
determine when the user is in a specified sleep state; and a controller comprising control logic
configured to determine a specific sensory stimulus received by the user concurrent with a
particular training session; wherein the controller is further configured to reapply the specific
sensory stimulus when the user is in a specified sleep state following the training session. As
mentioned, the portable system or device may include a housing at least partially enclosing the
user interface, sensory stimulator, and controller. The portable system or device may also
include a sleep monitor configured to monitor the user’s sleep state.
[00063] Also described herein are systems for improving memory having a training mode
and a sleep consolidation mode, the system comprising: a user interface comprising a control
allowing a user to switch the device to the training mode to indicate a training session; a sensory
stimulator configured to play back an ambient stimulus recorded during a training session; a
sleep monitor configured to monitor the user’s sleep state; and a controller comprising control
logic receiving input from the user interface and configured to cause the system to record the
ambient stimulus during the training session, further wherein the controller receives information
on the patient’s sleep state from the sleep monitor, and controls the sensory stimulator to apply
the recorded ambient stimulus when the user is experiencing a specified sleep stage following
the specific training session.
[00064] As mentioned above, any of the systems or devices described herein may be
configured to use ambient sensory stimuli, including ambient noise. In some variations the
system or device may therefore include an ambient recorder for recording the ambient stimulus.

The ambient recorder may be part of the sensory stimulator, or it may be a separate element. For
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example, an ambient recorder may be configured to record one or more of ambient sounds,
ambient odors, and ambient sensations. In some variations the sensory stimulator is configured
to access one or more sources of ambient stimuli that are active during the training session. The
one or more sources of ambient stimuli may include one or more of: audio players, computers,
televisions, mobile devices, scent releasing devices, and massage/vibratory devices, or any other
device configured to deliver a sensory stimulus to the user.

[00065] Also described herein are methods of improving memory with a user-controlled
device. For example, the method may include the steps of: selecting, in a user-controlled device,
a specific sensory stimulus that is received by the user during a first learning period; detecting,
with the user-controlled device, a specified sleep stage in the user following the first learning
period; and delivering, from the user-controlled device, the specific sensory stimulus to the user
during the specified sleep stage following the first learning period. In some variations, the
method further includes delivering, from the user-controlled device, the specific sensory stimulus
to the user during the first learning period. In some variations the method includes using
ambient sensory stimuli. For example, the method may include selecting the specific sensory
stimulus by recording an ambient sensory stimulus during the first learning period.

[00066] As mentioned above, delivering the specific sensory stimulus may include
delivering a non-distracting sensory stimulus.

[00067] In some variations, the method includes the steps of: selecting, in the user-
controlled device, a second sensory stimulus that is different from the first sensory stimulus and
that is received by the user during a second learning period; and delivering the second sensory
stimulus to the user during a specified sleep stage following the second learning period.

[00068] The method may also include the step of switching the user-controlled device so
that the device is in a training mode during the first learning period and in a sleep consolidation
mode during delivery of the sensory stimulus to the sleeping user.

[00069] Selecting the sensory stimulus may include choosing a sensory stimulus from
among a plurality of non-distracting sensory stimuli that have not previously been delivered by
the user-controlled device during a learning period. In some variations, selecting the sensory
stimulus comprises selecting one or more of: an olfactory stimulus; an auditory stimulus; and a
tactile stimulus.

[00070] Detecting a specified sleep stage in the user following a learning period (e.g., the
first or a second learning period) may include monitoring the users sleep state without contacting

the users head or portion of the user’s body.
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[00071] In some variations, the method may also include storing in a memory information
that indicates one or more of: which sensory stimulus has been selected, a sleep state of user, and
completed delivery of a sensory stimulus during the specified sleep stage.
[00072] Also described herein are methods of disrupting memory formation in a user, the
method comprising: delivering, from a user-controlled device, a specific sensory stimulus to the
user during a training period comprising recollection or re-experience of information to be
forgotten; detecting, from the user-controlled device, a specified sleep stage in the user;
delivering, from the user-controlled device, the specific sensory stimulus during the specified
sleep stage; and disrupting the specified sleep stage.
[00073] As mentioned above, disruption of memory may be particularly valuable in
treating a disorder of memory such as post-traumatic stress disorder (PTSD) and the like. The
step of disrupting the specified sleep stage comprises waking the user and/or modulating brain
rhythms active during the specified sleep stage, and/or shifting the user to a different sleep stage
and/or disrupting the sleep stage through brain stimulation. As mentioned above, the specified
sleep stage may be any appropriate sleep stage, including slow wave sleep or rapid eye
movement sleep.
[00074] Also described herein are methods of treating a user for a disorder of memory
with a user-controlled device, the method comprising: delivering, from the user-controlled
device, a specific sensory stimulus to a user having a disorder of memory during a first learning
period; detecting, with the user-controlled device, a specified sleep stage in the user following
the first learning period; and delivering, from the user-controlled device, the sensory stimulus to
the user during the specified sleep stage following the first learning period.
[00075] Any appropriate disorder may be treated. For example, the disorder may be a
disorder of memory that is a neurodevelopmental disorder, such as one or more of: Down
syndrome, Rett syndrome, fragile X syndrome, neurofibromatosis type 1, tuberous sclerosis,
phenylketonuria, maple syrup urine disease, autism spectrum disorders. In some variations, the
disorder of memory is a cognitive and/or memory disorder. In some variations, the disorder is a
neurodegenerative disorder, such as one or more of: Alzheimer's disease, Parkinson's disease,
Huntington’s disease, frontotemporal dementia. In some variations, the disorder is one or more

of a sleep disorder, central sleep apnea, obstructive sleep apnea, and insomnia.

BRIEF DESCRIPTION OF THE DRAWINGS
[00076] FIG. 1A shows a schematic view of one variation of a system/device for improving

memory during sleep as described herein.
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[00077] FIG. 1B illustrates functional elements of another variation of a system as described
herein.

[00078] FIG. 2 shows a timeline illustrating how the user may interact with a system in an
exemplary usage in accordance with one embodiment.

[00079] FIG. 3 illustrates how conditioning stimuli may be selected for training where the
user can directly communicate to the device/system, or via a networked computing device, or
may interact with a third party device to choose training content.

[00080] FIG. 4 shows how individualized stimuli may be delivered to the user through
modular devices in accordance with one variation.

[00081] FIG. 5 shows device components for monitoring physiological features of sleep
staging with an electroencephalogram detector (EEG) in accordance with one variation.

[00082] FIG. 6 shows techniques for sleep phase detection and storage of sleep staging data in
accordance with one variation.

[00083] FIG. 7 shows how real-time monitoring of biosignals to assess arousal state and sleep
state can be used to choose or modulate the sensory stimuli delivered during SWS in accordance
with one variation.

[00084] FIG. 8 shows how sensory or electrical stimulation at device-defined frequencies may
be used to enhance or disrupt slow-wave ‘delta’ oscillations during slow-wave sleep in
accordance with one variation.

[00085] FIG. 9 shows methods for determining user-specific training content in accordance
with one variation.

[00086] FIG. 10 shows how the invention determines individualized training parameters to
improve the efficiency of memory training and memory consolidation during sleep in accordance
with one variation.

[00087] FIG. 11 is a schematic illustration of one variation of a memory enhancing device or
system,

[00088] FIG. 12 shows an electronic circuit that may be used to drive a piezo atomizer for the
variation shown in FIG.11.

[00089] FIG. 13 illustrates one variation of a schematic for a mounting board of one variation
of a device such as that shown in FIG. 11.

[00090] FIG. 14 shows an internal view of one variation of a device for improving memory
during sleep as described herein.

[00091] FIG. 15 shows a top view of the device of FIG. 14.

[00092] FIG. 16 shows a rear view of the device of FIG. 14.

[00093] FIG. 17 shows a side perspective view of the portable device of FIG. 14.
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[00094] FIG. 18 illustrates one variation of a microcontroller for a device such as the one
shown in FIG. 14.

[00095] FIG. 19 illustrates one variation of a microSD card that may be used as part of the
device as described herein.

[00096] FIG. 20 shows an exemplary computer screen capture showing a visuospatial
memory game used in a prototype system, in training mode when the user is taught the location
of each object.

[00097] FIG. 21 shows another exemplary computer screen capture showing a visuospatial
memory game after the user clicks the location at which they remember the target object to have
been previously presented.

[00098] FIG. 22 is a chart showing exemplary results from the test task using a prototype as
shown in FIGS. 14-17 when subjects are trained using a memory game as illustrated in FIGS. 20

and 21.

DETAILED DESCRIPTION
[00099] Reference throughout this specification to “one embodiment,” “one variation,” “an
embodiment,” “a variation” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment or variation is included in at least
one embodiment or variation of the present invention. Thus, appearances of the phrases “in one
embodiment,” “in on variation,” “in an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment or variation.
[000100] The devices, systems and methods described herein may be embodied in other
specific forms without departing from their spirit or essential characteristics. The described
embodiments and variations are to be considered in all respects only as illustrative and not
restrictive.
[000101] Memories formed during wakeful activity are consolidated into long-term memories
during sleep. Certain phases of sleep are especially important for memory consolidation, and
ambient stimuli that occur during studying can facilitate consolidation if replayed during those
important sleep phases. We have built a system, described herein, that enhances memory
formation. The system associates the various pieces of information the user is attempting to learn
with the sensory environment experienced by the user while studying. The system can either
record natural stimuli in the study environment, such as the music playing or other ambient
noises, or it can deliver stimuli, such as pleasant and unique odors or sounds. Later, when the
user is sleeping, the system monitors sleep phase by analyzing various sensors such as those for

monitoring brain waves, muscle activity, movement, heart rate, and breathing. In one
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embodiment, when the system determines that the user is in a phase of sleep important for
memory consolidation, the system replays the stimuli associated with the information currently
being learned. Reactivating the sensory stimuli experienced during an awake study may aid
consolidation of the target information during sleep. In the morning, the system may track
learning progress by testing the user’s ability to remember the information studied during the
previous day and consolidated during sleep.
[000102] The following terms may be used herein. As used herein, the phrase “Training
Mode” optionally may be referred to as a Study Mode or the Training Phase, and may refer to a
state of the device or system during which the user utilizes the memory enhancing device during
a session to learn training content. The device activates its stimulus generators at opportune
times as the user experiences elements of learning content.
[000103] As used herein the term “Sleep Mode,” optionally referred to Sleep Consolidation
Mode, refers to a state of the invention, during which the user utilizes the memory enhancing
device during sleep. The device may assess the user’s sleep state. In some variations, during
slow wave sleep, the device activates its stimulus generators to enhance memory consolidation.
[000104] For the purposes of this description, physiology may refer to any biological process in
a human.
[000105] As used herein, “memory” or organic memory (as opposed to computer or device
memory) typically refers to a mental process by which information is encoded, stored, and
retrieved by the brain. There are different types of memory, including motor memory, episodic
memory, and emotional memory.
[000106] As used herein, a mobile device may include a hand-held portable computing device
(e.g. cellular phone, portable music player, or personal digital assistant).
[000107] As used herein, “Contextual Sensory Stimulus™ may refer to a sensory stimulus that is
co-present with elements of training content. For example, a green light presented while the
lyrics to a song are being learned, or the aroma in a room while vocabulary is studied.
[000108] As used herein, “Ambient Stimuli” may refer to sensory impressions experienced by
the user while studying in a natural environment, beyond what the system itself produces, such
as music, coffee aroma, or bus vibrations. “Non-Distracting Sensory Stimuli” may refer to a
sensory stimulus which does not disrupt the process of studying, or the sleep of the user.
[000109] As used herein “Learning Database” may refer to a relational set linking each element
of information from training content to the appropriate contextual sensory stimulus.

[000110] “Training Content” may refer to a set of facts or information to be learned.
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[000111] As used herein, “Trigger State” may refer to a stage of sleep or aspect of sleep (e.g.
slow wave sleep) that cues the device or systems for modifying memory described herein to
begin delivering sensory stimuli to the user.

[000112] In general, the systems described herein may include one or more of: a user interface
that is configured to allow a user (without requiring a third party) to control and operate the
system; a sensory stimulator configured to provide a plurality of distinct sensory stimuli; a sleep
monitor to monitor the user’s sleep state; and a controller to coordinate the operation of the
system in providing the appropriate sensory stimulus during a training period and again later
during one or more sleep consolidation periods. The system may be specifically configured to
be operated by the user over a plurality of different training sessions, providing different (i.e.,
unique) sensory stimuli to coordinate with the different training sessions and/or different
materials to be learned.

[000113] The systems and devices described herein may combine multiple modules into a
cohesive system. These modules or components may include control logic (e.g., software,
firmware, hardware, or the like) which matches learning content with associated sensory stimuli
delivered, and hardware (e.g., sensory stimulators) such as scent dispensers or audio speakers
and/or recorders. During sleep, monitoring hardware such as electroencephalography (EEG) for
recording brain rhythms may be analyzed by logic (e.g., algorithms or logic for detecting deep
sleep, such as slow-wave, or delta, 0.5-4 Hz, rhythms in the EEG signal) or other sleep stages
and then triggering presentation of sensory stimuli (e.g., sounds or smells). In some variations,
performance may be monitored by the system to test memory performance the following day.
The platform may use wireless and internet-based networking technologies to access a database
that may include learning content, sensory stimuli, and/or sleep monitoring parameters in order
to optimize system performance for an individual user or patient population.

[000114] For example, FIG. 1A shows one variation of a schematic illustrating some of the
functional components of a system or device. In this example, the system includes a user
interface, which has a control to switch the device to a training mode. The system or device may
include various modes of operation, including a training mode, during which a sensory stimulus
may be applied, and a sleep consolidation mode, during which the system monitors the
user/patient to determine if the user is in a desired sleep state (e.g., a sleep state conducive to
memory consolidation). Thus, the system also includes a sleep monitor, examples of which are
provided below, to determine or estimate the patient’s sleep state. The system also typically
includes a stimulus generator to generate a plurality of sensory stimuli, and a controller to
coordinate the activity of the system, as discussed herein. In some variations these elements are

separate modules or components, which may be functionally connected (via the controller, for
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example). In some variations these elements are completely or partially housed within a
housing, and may form a unitary device.

[000115] FIG. 1B shows another variation of a system/device for modulating memory in a
sleeping user. In this embodiment, several functional regions/steps are shown. The first step is
to provide a piece of control logic (e.g., software) that functions as a desktop, web, or handheld
device application (FIG. 1B). The control logic may permit a user to search a database of
existing learning content supplied by a third party or the user may upload or otherwise enter their
own information to be learned into the database. In another embodiment, the software may select
training content for the user based on the user’s interests, friends, locations where they have
been, membership in a group (such as being a student in a particular class), or other sources (see
FIG. 9, below).

[000116] In FIG. 1B, once the user and/or software has selected training content for the user to
learn, the system may present the user with the training material in a manner that can be
conducive to learning such as a flashcard-like framework in which one item of a training pair
(e.g. a technical term) may be shown to the user, followed by the other item of the training pair
(e.g. the definition of the technical term).

[000117] At the same time or near in time to the user’s learning session, a sensory cue can be
presented, for instance a sound delivered by a speaker (one variation of a sensory stimulator), a
scent delivered by an odorizer (another variation of a sensory stimulator), a haptic stimulus
delivered to the user’s body, or other sensory stimulus (FIGS. 3 and 4).

[000118] In some variations, the device may record the training content learned and sensory
stimuli delivered to a database that can be stored on the device used for training or remotely via
the Internet or an intermediate device.

[000119] When the user goes to sleep on the subsequent night or a later night or during a nap,
the user’s sleep state can be monitored by one or more techniques appreciated by one skilled in
the art (FIGS. 5 and 6).

[000120] The system may include sleep monitoring that can identify particular stages of sleep
and communicate this information to a device that determines whether to deliver sensory stimuli
and, if so, which sensory stimuli to deliver at which sleep stage to a particular user. In one
embodiment, sleep monitoring may be accomplished by electroencephalography (EEG) and the
sleep state during which sensory stimuli are delivered may be deep sleep identified on the basis
of one or more brain rhythms such as delta rhythms (generally about 0.5-4 Hz) and/or the
absence of muscle activity related to eye or other movements generally indicative of other stages
of sleep. In one embodiment, the quantity or quality (e.g. intensity) of a particular stage of sleep

that may be deep sleep can be increased or decreased by delivering sensory stimuli or electrical
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stimulation (FIG. 8). In one embodiment, the choice of sensory stimulus and/or its intensity
and/or its rate of repetition can be adjusted based on the level of arousal of the user during sleep
(FIG. 7).

[000121] In some variations, efficacy of the system may be determined by re-testing the user
the following morning or at a later time to determine whether training material was learned.
[000122] In some variations the system may save information to a memory, including a local
memory or database on a base device or remotely via the Internet or an intermediate device.
Stored information may be related to a) training content; b) the success or failure to remember a
particular item of information; c) sleep monitoring data related to physiology and/or sleep phase;
d) the sensory stimuli delivered and the intensity of the sensory cues (e.g. how loud was a
sound); and/or ) other information.

[000123] In some variations the system or device uses data mining and/or other statistical
techniques to analyze stored data in order to improve or otherwise modify the quality of memory
enhancement and/or sleep detection for the user or for other users (FIG. 10). For instance, in one
embodiment, the rate of repetition of particular training content may be optimized.

[000124] In one embodiment, the system or device may include a module (e.g., stimulus
generator) to deliver stimuli during the presentation of training content, an element to deduce the
user’s phase of sleep (e.g., sleep monitor), a processor (e.g., controller and/or control logic) to
coordinate what stimuli the user should be exposed to, and to cause the stimulus-generating
module to create the determined stimuli. The system or device may be controlled by the user,
and may allow evaluation, optimal training material, and storage and creation of meta data
related to training, stimuli used, sleep, and memory performance in the context of the training
system, and methods to keep an accounting of which stimuli are associated with what data. The
system or device may also use specific stimuli to modulate the user’s phase of sleep.

[000125] In some variations, the system or device interacts with the user under two primary
conditions: an initial learning event whereby an awake user attempts to learn a fact or concept,
(training phase), and a later memory consolidation phase, during which the invention monitors
the user’s sleep state, and presents stimuli at specific epochs for the purpose of improving the
user’s memory of the initial learning event. In the awake phase, a user is presented with learning
material. During this initial learning/training phase, the device may present a conditioning
stimulus, or may record an ambient stimulus for future playback. Later, in the consolidation
phase, as the user enters sleep, the device may monitor physiological parameters to identify sleep
state. At various times during sleep, the user may enter a slow wave sleep (SWS) epoch, which

may be identified by the device and prompts the device to present the conditioning stimulus. In



10

15

20

25

30

35

WO 2012/138761 PCT/US2012/032173
23

other embodiments, sensory stimuli may be delivered during another phase of sleep such as light
sleep, REM sleep, or specifically during phases S1, S2, S3, or S4 of non-REM sleep.
[000126] The sleep monitor may be a subsystem or module that determines the user’s sleep
state. For example, in some variations, electrode recordings can be used to monitor signals
generated by eye movements (electrooculography; EOG), muscle contractions
(electromyography; EMG), or neural activity in the brain recorded from the scalp
(electroencephalography; EEG). In other embodiments, sleep phase may be determined by one or
more measurement devices (sleep monitors) that may include: accelerometers or other devices
for detecting body movement whether directly by a device mounted on the user (e.g. a wristband,
headband, stick-on device, etc.) or one placed nearby to detect movements for instance through a
bed, pillow, or cover; devices to measure heart rate, heart beat entropy, or other features of an
electrocardiogram (ECG); devices to measure respiratory rate, entropy, or tidal volume of
breathing; devices to measure blood oxygen saturation (SpO,), for instance by a pulse oximeter
placed on a portion of the body; video monitoring of body movements, eye movements, heart
beats, breathing, blood oxygenation, or other features detectable by a video camera; devices to
measure body temperature such as a thermometer or an infrared sensor directed at the user;
devices to measure arousal threshold for instance by presenting a sensory cue (e.g. auditory,
haptic, or visual) of known intensity and monitoring various physiological parameters that
indicate lighter sleep or wakefulness or by delivering a small electrical stimulus targeted to a
muscle or peripheral nerve and using a recording electrode to determine the strength and extent
of a reflex response; or any other suitable measurement devices currently known or hereafter
developed. In yet other embodiments, multiple techniques for detecting biosignals are used at the
same time and executable logic (e.g., an algorithm) for signal processing and statistical
interpretation of the signals is used to determine sleep stage. In another embodiment, standard
polysomnography (PSG) techniques are used to determine sleep staging.
[000127] The systems and devices described herein may include an element or set of elements
to generate a stimulus. Such stimuli are typically capable of activating one or more of a uset’s
auditory, somatosensory, olfactory, gustatory, visual, vestibular, or other sensory systems.
Examples of stimulus generating elements include a screen or light, speaker, tactile electrical or
mechanical stimulator, or scent-releasing device.
[000128] A learning event may be defined as the presentation of a fact-stimulus pair controlled
by a computer training system, computer or Internet site, or the invention; a third party
controlled moment or exposure such as a real life learning or experiential training moment, an
interaction, or most generally, any event during which an aspect of the event is to be recalled or
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U.S. Constitution, they hear the sound of a violin or a song. In some embodiments, the fact and
sound are now linked as a pair. Information regarding learning events are stored by the invention
for subsequent analysis and future presentations of the fact-stimulus pair. Such presentations
constitute the training phase.

[000129] The systems and devices described herein enable learning material to be compiled for
a user from several sources that may include: 1) material entered into a computing device by the
user or a third party that may be stored locally on the device or stored on a remote server or
intermediate device; 2) material that may be in a variety of electronic formats that can be
uploaded by the user or third party to a computing device for storage through the Internet on a
remote server or on an intermediate device; 3) material chosen by the user from a pre-determined
set of training material that may be provided by a third party or the device; 4) material that may
be generated based on the user’s location at a particular time or ‘check-in’ by a service having
functionality similar to that of Gowalla or Foursquare; 5) material generated based on the user’s
interests as indicated by the user, by a third party, or by data mining; 6) material that may be
supplied by a third party such as a teacher, work colleague, friend, advertiser, or other individual
or entity; or 7) material supplied by other suitable means appreciated by one skilled in the art,
that may be currently known or hereafter developed.

[000130] As mentioned above, in some variations, the learning stimulus can be an auditory,
haptic, visual, gustatory, olfactory, or electrical stimulus. The invention may host a selection of
stimuli that can be used by the invention or by third party devices during the learning phase. For
example, a professor’s presentation could use embedded audio content as a learning stimulus
while lecturing to the entire classroom. Such a feature would permit all persons present in the
classroom to experience fact- or content-associated stimuli for later use during sleep phases
associated with memory consolidation.

[000131] In some variations, ambient, rather than provided stimuli may be used. An ambient
or observed stimulus may be recorded during the learning/training event. In situations where the
environment is rich in stimuli suitable for re-presentation during the sleep consolidation phase,
or situations where the user is unable to receive created stimuli, the system may record one or
more of the environmental stimuli, for re-presentation. This information can be transmitted to
the sleep stimuli generator, another device, or to a server (e.g., stored in local or remote memory
for later presentation). Any one of these devices may parse the stimuli or refine it according to
signal processing or statistical interpretation techniques to make it suitable for consolidation
during the sleep phase. For example, in the case where a person is studying in a café the device,
which could be a program on a mobile device, will record audio through a microphone while the

user is learning. Later, the audio can be filtered to find epochs of the recording where the audio
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has more variance than other portions of the learning period or times of the day when the user is
not using the device for learning.

[000132] In some variations the system or device may synchronize with and/or harvest from
third party devices or services. In one embodiment, services that provide streaming audio content
can be linked to the user by their geographical location or by using or being logged in on such a
service like an Internet radio service. A listing of stimuli the user was exposed to (e.g., a playlist)
can be parsed to correlate stimuli with learning events. The device or system may then replay
these stimuli for training during the sleep consolidation phase.

[000133] In a classroom setting, in which multiple students may attend a class where material
is being taught and stimuli are presented, the system or device may apply an ambient stimulus to
generate stimulus-content pairs to be recorded to a device/system locally or remotely (e.g., user
database accessed through the Internet on a remote server), or through an intermediate device.
The system or device may support ways that the user can implicitly connect these learning events
to their accounts. For example, a user can register attendance at such an event, or, for instance,
museum exhibit, by using a QR code, hashtag, or hyperlink, registering with an RFID or near-
field communication device, or by checking in with a third party or socially-derived network
with the functionality of a service such as Foursquare or Gowalla. The element may include a
unique event identification (ID) or a combination of geographic and temporal information to
ensure the appropriate event is registered.

[000134] In some embodiments, the information to be learned is directly visualized by the use
of a computing device such as a desktop computer, tablet device, mobile device or the like. The
system or device may be accessed as an Internet browser application, or as a standalone
application. In both cases, the invention may be responsible for presenting training stimuli, such
as visual cues on the computing screen, or auditory cues presented on speakers.

[000135] In some embodiments, a secondary user may access information regarding the
primary user’s use through the Internet. In other embodiments, the secondary user may remotely
initiate the learning phase. For example, a teacher may remotely access a student’s use for the
purpose of tracking progress made on a lesson rubric.

[000136] In some embodiments, the invention is coupled with the use of electronic book
readers. This embodiment may focus on learning a new language, or acquiring new vocabulary.
The system or method may interface via sofiware to the electronic book reader, or via an external
device that communicates with the electronic book reader.

[000137] In some variations, the system/device is applied to study for K-12 government-
mandated tests, other standardized tests related to application to academic institutions test
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schools, universities, post-graduate programs, or other academic pursuits; tests required for
admittance to a specific professional group including but not limited to the state bar exam for
lawyers, the Certified Public Accountant (CPA) exam for accountants, the medical board exams
for doctors, the Series 7 exams for brokers, or other professional tests or exams that would be
known to one skilled in the art of test preparation.
[000138] The components of the systems and devices described herein may be embedded in
mobile devices, either in the form of hardware and/or software running on general purpose
devices such as cellular phones, portable music players, tablet computers, or other suitable
portable devices currently known or hereafter developed. A mobile device may provide data
connectivity to other networked parts of the memory learning system. For example, the user
interface for controlling priority of learning material can be controlled via software running on a
mobile device. Additionally, because mobile devices are already carried by many people, they
can be used to ‘check in’ to locations where learning content has been, is being, or will be
presented to the user. Also, ambient sounds or other sensory stimuli recorded by the mobile
device could be used to generate stimuli for re-presentation during the memory consolidation
phase. These recorded stimuli could be presented as recorded or processed on the mobile device,
a remote server, or an intermediate device to extract features that are salient or otherwise
beneficial to training. Additionally, mobile devices can provide data display of learning content,
training programs, stimuli patterns previously presented or to be presented during sleep, or other
content. The mobile device can be used to generate sleep quality queries or other subjective 'rate
yourself' style polling; to present reminders to complete training; to generate audio or haptic
stimuli; to control other devices that deliver training content or sensory stimuli. In some
variations a mobile device may be configured to monitor sleep staging; to receive and/or process
data about sleep staging from another device; or to function as a bedside unit to record EEG or
other physiological signals sent wirelessly from a device worn by the user or placed near the
user.
[000139] Thus, in one variation, the system is configured to be executed as an application on a
handheld device such as a mobile phone (e.g., iPhone, Android, iPad, etc.). The application may
include control logic configured to run on the mobile device and record and/or apply a sensory
stimulus during the learning/training phase. The control logic may present a user interface (e.g.,
a control operated through the mobile phone’s touchscreen or buttons) to indicate when the
training mode is to start and presentation and/or recording of the sensory stimulus (e.g., a
sensory stimulus generated by the mobile device or a peripheral component controlled by a
mobile device or ambient sensory stimulus) is to start. Thereafter, the control logic may control

monitoring of a sleep monitor to determine when the user has entered into a specified sleep
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stage. The sleep monitor function may also be performed by the mobile device. As mentioned,
the mobile device may communicate with a separate or integrated sleep monitor (electrode,
accelerometer, etc.). In some variations the controller/control logic communicates with a sleep
monitor module including sleep monitoring logic configured to monitor the users sleep state.
The control logic may thereafter trigger the repeat of the paired sensory stimulus.

[000140] In one embodiment, the system/device is designed to autonomously collect
information without requiring explicit behaviors or actions from the user and furthermore to
populate activities of the user with content relevant to the interests of the user and the capabilities
of the sleep consolidation module. The system/device may use or include easily embeddable
web and local or desktop widgets that can be added to webpages with methods appreciated by
one skilled in the art. The devices may use implicit behavior such as cursor position, eye gaze,
time on website, links clicked, and other web-user interactions appreciated by one skilled in the
art to identify meaningful content. Furthermore, by coupling with third party services that
represent information about social contacts of the users, or other unknown users that share
similar indicators of educational interests, the device can make meaningful suggestions of
content that is related or more easily trainable. These content exposures can be recorded by the
widget into the sleep training device database to improve the rate of memorization. The widget
is one example of a method or web element that can be easily included on any blog, news
service, learning service, or information provider. Including other embeddable web technologies
would function in an identical manner.

[000141] In one embodiment, the device or system may be used to alter sleep state. Sleep stage
can be altered in several ways including: increasing or decreasing the frequency of a particular
sleep state, increasing or decreasing the duration of a particular sleep state, or altering the
intensity of brain rhythms associated with a particular phase of sleep. In the latter embodiment,
methods for inducing changes in the brain rhythms associated with a particular phase of sleep
could include electrical stimulation of the scalp, for instance at delta brain rhythm frequencies
(generally between 0.5 and 4 Hz) with a pair of electrodes placed on the scalp.

[000142] As mentioned above, human sleep is generally described according to a cycle in
which rapid eye movement (REM) sleep is followed by non-REM sleep that generally proceeds
sequentially through phases S1, S2, S3, and S4. Phases S1 and S2 are generally referred to as
light sleep, and phases S3 and S4 are generally referred to as deep or ‘slow-wave’ sleep. Light
sleep can be identified by examination of body movements, such as hypnic jerks, lack of eye
movements, and sleep spindles recorded by EEG. Deep sleep demonstrates enhanced power in

the delta spectrum (generally about 0.5 to 4 Hz) combined with lack of motor activity. During
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REM sleep, apart from rapid eye movements, electroencephalogram (EEG) recordings show
enhanced power in the theta bands (generally about 4 to 8§ Hz).

[000143] Detecting optimum cognitive states for stimulus driven memory consolidation may be
done many different ways. Each method is assessed for the accuracy of sleep phase
determination, cost and computational requirements, and the burden of compliance placed on the
user. Therefore, the system may be adapted to include one or more of the following techniques
to determine sleep state: EEG; electromyography (EMG); electrooculography (EOG); motion
during sleep (called actigraphy measured by image capture, accelerometer, microphone, or other
techniques); heart rate, via accelerometer, pulse oximetry, ECG; respiratory rate, via
accelerometer, microphone; and body temperature, via temperature probe or distant infrared (IR)
Sensor.

[000144] By applying machine learning and clustering techniques to look at previous training
data for a particular user, or population of users, the rate of memory consolidation and the
resolution of sleep phase detection can be optimized for a user or users. To classify such signals
any of the following methods may be used, including, but not limited to: Independent
Component Analysis; Principal Component Analysis; Latent Dirichlet Allocation; Naive
Bayesian Classifier; K-means clustering; and Neural networks.

[000145] A device user interface may allow direct user control over stimuli exposures during
the sleep phase. For example, this interface may be on the device or remote, such as on a
company server, mobile device, nearby computer, or through a third party content provider, such
as a college or test preparation service. The user interface may therefore allow the user to select
groups of learning events that they want to be retrained on. The user or third party can alter meta
data and record the importance of this information for them. The user may have opportunities to
interact with other users to gain information or context into what should be learned. For
example, if a user is studying for an upcoming test they can log into a website and search and
select for relevant content. That information may be transmitted to a training program controller.
[000146] The system may handle the accrual of many learning events during use of the system,
and may therefore use multiple specific and/or unique (to a particular learned subject and/or
training session). For learned material, or material created solely for evaluation, the user may be
tested on their retention of past learning events in order to establish the performance of the
platform, algorithms, and stimulation parameters including stimulus strength, phase of sleep,
maximum number of stimuli during sleep, optimal times of day for the learning parameters, the
neurophysiologic classification of memory type, or any meta information. The results of these
tests can be analyzed through clustering or data mining methods to understand how the platform

should function and the user should be trained in the future. Trained sensory stimuli may be
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repeated immediately after the training/learning phase (e.g., during the next detected specified
sleep stage) or repeated over multiple sleep stages in a single night or over multiple nights. The
replay of a paired sensory stimulus may be delayed for a day or more (e.g., three days, a week,
ten days), or repeated on this schedule. Multiple sensor stimuli may be repeated in a single
specified sleep stage, or a single sensory stimuli corresponding to a training phase may be
repeated during a single specified sleep stage.

[000147] In general, the systems or devices described herein may also include logic for
efficient memory training and memory consolidation during sleep. In some embodiments, an
additional aspect of feedback is used to optimize (or improve) the frequency of repetition by
recording on the device itself or through the Internet on a remote server, or through an
intermediate device. Established techniques for optimizing the repetition time in a spaced
repetition implementation may be based on detailed mathematical models of learning and may
take into account the opportunity cost of forgetting and content repetition. These algorithms can
be used to improve the performance of the present invention for a particular user, subset of users,
or class of users defined by age, gender, cognitive ability, interests, or any clinically relevant
cause of cognitive dysfunction. In various embodiments, optimization can be applied to various
components of the present invention, including the rate of repetition of training stimuli, the
amount of learned material or specific set of content associated with a particular stimulus or class
of stimuli, the salience of stimuli associated with training stimuli, or other aspects.

[000148] Optimum learning strategies based on the above sleep-based memory consolidation
may be individualized. Parameters of the sensory stimuli associated with learned content and
sleep may affect the quality of memory consolidation. These parameters may include the choice
of stimulus cue, timing of stimulus delivery, quantity of learned material associated with a
particular cue, and the modality, intensity, or emotional valence of the sensory input. One
method for identifying optimum parameters would be to use a collaborative application that
enables interaction among students, teachers, and content-providers through the Internet on a
remote server, or through an intermediate device. Groups of learners may be able to share their
experiences and best-parameters. Additionally, learning experts or third-party services could

interface with these groups, providing advice, instructions, and/or content.

Examples

[000149] FIGS. 11 to 19 illustrate one exemplary variation of a device for enhancing memory
during sleep. In this variation, the device includes several components. The device may include
one or a plurality of user interface components that allow a user to control whether the device is

in training mode. The user interface is generally configured so that the device may be controlled
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by the user without requiring additional assistance. The user interface may also allow the user to
select other parameters of device function. The device may also include one or a plurality of
stimulus generators (optionally referred to as stimulus actuators) capable of activating at least
one sensory transduction pathway. The device may also include one or a plurality of sensors that
measure user physiology to determine the sleep state of the user. The device may include logic
that estimates the sleep state of a user from recorded physiological and other data. The device
may also include a controller comprising control logic that determines the device function based
on user inputs, the user’s sleep state or wakefulness, and previous device use cases by the user.
[000150] In some embodiments, the device also includes one more outputs (user outputs) such
as screens, light emitting diodes (LEDs), or other components to indicate device function. The
device may also include one or more switches or other control elements for the user to control
device function. In some variations the device includes a computer-readable/writeable memory
component (local or remote). In some variations, the device includes a controller and control
logic; the device may also include send/receive sub-systems for transmission of data between the

device and an off-site computer.

Example 1: a portable memory enhancing device

[000151] In one embodiment, such as that shown in FIGS. 11 to 19, the device is
configured as a lightweight, portable device that includes a plastic enclosure or housing. In the
example shown, the housing is a black plastic case made by B&W International (e.g. Outdoor
Case Type 05). In this embodiment, the device includes a single user interface component,
including a two-position, three-pole switch mounted on the top of the enclosure. The default
switch position is ‘Sleep Mode’. To enter Training Mode, the user toggles the switch. The switch
reads either 5 volts or ground and is connected to a digital input pin of a microcontroller
contained in the device. The software installed on the microcontroller reads the state of the
switch and sends appropriate control signals for either Sleep Mode or Training Mode. See below
for further details about the microcontroller and the control logic achieved by software installed
on the microcontroller.

[000152] In this exemplary embodiment, the device contains two stimulus actuators for
generating scents that activate olfactory transduction pathways in the user. The scent-releasing
mechanism employs a piezo-actuator controlled by an appropriate electrical circuit to atomize a
volatile liquid held in a reservoir below the atomizer and coupled to it by a wick. The electronic
circuit used to appropriately activate the piezo-actuator is shown in FIG. 12. Digital control
pulses oscillating at or near the resonant frequency of the piezo-actuator (1202) are sent to the

electronic circuit. High pulse values to transistor (1204) allow current supplied by DC power
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(1201) to flow through one coil of the transformer (1203), in turn inducing currents to be sent to
the piezo (1206). An inductor (1207) smooths the induced current traces without altering the
oscillating frequency to generate an effective waveform for driving piezoelectric oscillation and
thus releases a scent. Ground is shown at 1205.

[000153] In one variation, the circuitry, piezo-atomizer, and odorant may be similar to
those described in US patent 6,439,474 B2 titled “Control system for atomizing liquids with a
piezoelectric vibrator” by inventor Dennis J. Denton, herein incorporated by reference in its
entirety.

[000154] In this embodiment, the sleep monitor used to determine the user’s sleep stage
derives sleep stage from brain rhythms recorded by electroencephalography (EEG). In this
example, a pair of conductive fabric recording electrodes is mounted on a headband worn by the
user during sleep. The recording electrodes are oriented on the user’s forehead and register both
brain rhythms and electrical signals generated by contraction of facial musculature, such as eye
movements known to occur during rapid eye movement (REM) sleep. The wearable EEG system
includes a battery and electronic circuits to amplify, filter, and process the recorded signals. A
wireless communication protocol (e.g. Bluetooth, ANT, or another wireless communication
protocol) may be used to transmit the raw and/or processed signals to an EEG receiver board
component of the device.

[000155] Signal processing of EEG signals may use Fourier decomposition (also referred to
as a Fourier transformation) or another effective algorithm to quantify the relative and absolute
proportion of signal power contained in various frequency bands. Other algorithms can be
employed to reduce noise, reduce or eliminate movement artifacts, and modify other features of
the recorded signal that do not relate to the biological signals of interest generated by the brain
and other excitable tissue such as facial or ocular muscles. Various mathematical programming
libraries facilitate simple testing and application of signal processing algorithms. For instance,
Python, Matlab, LABView, or other software packages.

[000156] Sleep state logic may be executed on a processor (€.g., microprocessor) to
determine from the recorded EEG data the sleep stage of the user. The logic may analyze data
that extends over at least about 100 milliseconds, at least about 1 second, at least about 10
seconds, at least about 50 seconds, at least about 100 seconds, at least about 5 minutes, at least
about 10 minutes, at least about 30 minutes, or longer. By analyzing data that extends over time,
signals can be averaged to increase the signal-to-noise ratio. Various well-known statistical and
signal processing techniques can be used for averaging, weighting signals of interest, enforcing
thresholds, and applying various heuristics to distinguish specific stages of sleep such as light

sleep, deep (slow-wave) sleep, REM sleep, and wakefulness. For instance, delta rhythms occur
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during slow-wave sleep. High amplitude, high frequency signals generated from facial muscles
and eye movements occur during REM sleep. Heuristics can also be incorporated into the sleep
stage processing algorithms that take into account the known order of sleep stages during the
sleep cycle. The user’s sleep state may be determined and used by the control logic system (see
below).

[000157] A headband and signal processing unit may be charged by placing the unit on a
docking station mounted on the top of the enclosure. The docking station may be connected to an
EEG PCB board that includes various signal processing and wireless communication
functionalities. Placing the headband unit in the docking station matches the headband unit to the
EEG PCB board for subsequent wireless communication. The EEG PCB board in this example
also includes a serial communication port that transmits a serial stream of data corresponding to
the user’s sleep state, time stamps, and other information. The serial stream is received and
parsed by the programmable microcontroller.

[000158] In this embodiment, a programmable microcontroller board applies control logic
that determines device function based on user inputs, the user’s sleep state or state of
wakefulness, and previous device use by the user. For example, an Arduino open source
microcontroller framework is an effective programmable microcontroller board used in this
embodiment. The Arduino system includes digital inputs and outputs, analog inputs and outputs,
serial receiver, serial transmission, and power (both 5V and 3.3V). The microcontroller system in
this example is programmed with custom software for controlling the various elements of the
system for memory enhancement.

[000159] In one specific embodiment, the microcontroller begins by first checking whether
the device is in Training Mode or Sleep Mode. If the device is in Sleep Mode, the
microcontroller begins reading information via a serial communications receiver in real-time
from sleep-phase detection circuitry. When the user puts on the EEG headband unit, an LED
indicator (the headband LED indicator, LED1) is turned on by changing the appropriate digital
output of the microcontroller to a high (5V) state. The microcontroller parses sleep stage
information for the user and stores these data with timestamps in a memory component of the
device. If the incoming sleep data indicates the user is in a slow-wave sleep epoch, scent delivery
logic is activated by changing the appropriate digital output to a high (5V) state. The activation
of the scent delivery logic is also registered on the memory component of the device with a
timestamp. While slow-wave sleep is occurring, the time of operation is identified and
compared to a training schedule, such that on appropriate days, scents are delivered. The device
loads, reads, and parses a user configuration file stored on the device memory to determine the

appropriate device function based on the training schedule for the user. The selection of which
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An LED indicator, stimulus indicator (the scent LED indicator, LED?2), is turned on when the
scent is delivered during sleep by changing the appropriate digital output of the microcontroller
to a high (5V) state. The LED indicator can be left on for the remaining portion of the night so
that the user can observe it upon wakening. In such embodiments, the control logic turns off
LED? at a fixed time (e.g. 2 hours) after the user wakes. When the slow-wave sleep epoch ends
as determined by the registration of a different sleep state by the sleep state monitoring
components of the system, the scent delivery logic is changed to inactive and scent release
ceases. While the subject is in non-slow wave sleep states, scent delivery logic is not active. If
the device is not being used during sleep, the microcontroller does not acquire sleep information
from the associated EEG hardware and no scents are released.

[000160] If the device is in Training Mode, the microcontroller digital outputs are changed
to high (5V) for LED2 and the appropriate scent delivery unit as determined by the training
schedule for the user. At the end of a Training Mode session, the user toggles the position of the
user interface switch and the microcontroller responds by changing the appropriate digital
outputs to turn off LED2 and cease scent delivery.

[000161] A schematic of this embodiment is shown in FIG. 11. In FIG. 11, DC power (5V,
1102) and ground (1101) are used to power the electronic components of the device. The
programmable microcontroller (1110) includes connections for a plurality of digital outputs
(1108), one digital input (1112), a serial transmitter (1111), and a serial receiver (1113). The
digital outputs are used to control device components: LED1 (headband LED, 1105); LED2
(scent delivery LED, 1104); a memory storage component (1103); and two piezo atomizer units
for delivering olfactory cues (1106 and 1107). An in-line resistor of about 100 ohms (1109) is
used for each of the LEDs. The user (1116) wears a headband that includes EEG electrodes and
an EEG amplification and signal processing unit (1115). EEG and sleep state information are
transmitted wirelessly to an EEG receiver and (further) signal processing unit (1114) that
connects to the serial receiver pin (1113) of the microcontroller. The state of the device (Training
Mode vs. Sleep Mode) is determined by the position of a switch (1117) that is connected to a
digital input of the microcontroller (1112) which reads either ground or 5V. In some
embodiments, a computer or other serial monitoring terminal (1118) is used to monitor device
function via the serial transmitter pin of the microcontroller (1111) for monitoring, debugging,
and/or testing purposes.

[000162] In this embodiment, a custom designed mounting board (Figure 13, 1301) is used
to align and mount the various components. A form is used for alignment to drill holes of various

diameters in the enclosure for mounting screws and placement of LEDs, scent ports, a power
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socket, and the switch. The mounting board includes pre-drilled holes for mounting screws (or
other appropriate hardware) (1302). Next, the microcontroller (1308), two piezo-atomizer
circuits (1305, 1306), and the EEG PCB board (1307) are mounted onto the custom mounting
board (1301). The two LEDs, switch, power socket, and two piezo-atomizers (1303, 1304) are
mounted to the enclosure with appropriate mounting hardware. In FIG. 13, the position of the
two LEDs, power socket, and switch are not shown. Next, the mounting board is installed with
appropriate mounting hardware, including spacers. Power plugs are connected to the EEG PCB
board and microcontroller. Hookup wire or other soldered connectors are used to connect all

components as required.

Example 2: a memory enhancing device with a computer-readable memory component

[000163] Some embodiments include one or a plurality of memory storage components that
permit data to be read from and written to computer-readable memory. In one embodiment, data
is stored on a microSD card coupled to the programmable microcontroller for offline analysis
and confirmation of device function. The stored data can also be used in case of power
interruption to determine what stage of an experimental protocol a user had reached.

[000164] One advantageous feature of embodiments with data storage components is the
capacity for the system to store data about the user’s sleep and the times when: a user interacted
with a user interface component; the state of or information presented by an indicator on the
device was changed; and/or a sensory stimulus was generated. For instance, the device can write
to the memory components if a switch position was changed; if an LED was turned on or off; if a
stimulus such as a particular scent was released; and when a user’s slow-wave sleep epoch
started and ended. In advantageous embodiments, for each memory storage event, a timestamp
may also be written to the memory storage. In this embodiment, storage of data about user
physiology, user interaction with the device, and other information can be used in real-time or
for post hoc analysis in order to improve performance of the device and/or to provide feedback to
the user, for instance about their memory performance over time.

[000165] Another advantageous feature of embodiments with data storage components is
the capacity for the system to read configuration files that influence the control logic output of
the device and thus device function. In some embodiments, configuration files are general-
purpose and indicate a particular training or studying regimen for a user.

[000166] In one specific embodiment, the system writes to a configuration file each time
the user completes a particular phase of use of the device, including when: (1) a user uses the
device in Training Mode for at least a minimum amount of time. The minimum amount of time

may be about 10 seconds, about 30 seconds, about 1 minute, about 10 minutes, or longer; (2) an
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epoch of slow-wave sleep is detected in a user when the device is operating in Sleep Mode.
Each of these events can be registered on each day the device is used.

[000167] In some embodiments, the memory storage components of the device are local to
the device for direct (wired) communication or wireless communication via a wireless protocol
such as Bluetooth or ANT. In other embodiments, the memory storage components are present

on a remote server that is accessed via the Internet.

Example 3: Alternative embodiments of memory enhancing device

[000168] In alternative embodiments, the enclosure of a portable memory enhancing device
is made of plastic, wood, metal, or another suitable material. Other embodiments of a memory
enhancing device use one or more alternative or additional user interface components that allow
the user to control device function, chosen from the list of: touchscreen, buttons, switches, and
other mechanical or electrical input or selection mechanisms. In some embodiments, the memory
enhancing device includes one or a plurality of screens, light emitting diodes (LEDs), or other
components to indicate device function by visual, auditory, tactile, or other means. These
embodiments are advantageous for indicating to the user the device mode, history, options, and
other information.

[000169] In some embodiments, alternative methods for releasing a scent such as an aerosol
spray or another technique known to those skilled in the art of generating smells can be used. In
further embodiments, a plurality of scents can be delivered to the subject. In embodiments
capable of delivering multiple odorants, distinct scents can be generated by releasing multiple
scents concurrently or within a sufficiently short period of time that the volatile compounds are
present concurrently in the user’s environment. In such embodiments, the ratio of the two or
more scents released can be varied to generate a larger number of distinct olfactory percepts.
[000170] In alternative embodiments, the stimulus actuators generate an auditory stimulus.
For instance, the auditory stimulus can be generated by speakers contained in the device.
Alternatively, the auditory stimulus can be generated by headphones connected to the device
with wires or via a wireless protocol such as Bluetooth. In some embodiments, the intensity of
the auditory stimulus is adjusted based on the current sleep state of the user, such that the
stimulus does not disrupt the user’s sleep. In some embodiments, physiological measurements of
sleep stage and/or sleep depth are used to adjust the intensity of auditory stimuli. A similar
strategy of changing stimulus intensity as a function of sleep state of the user can be used for
other modalities of stimuli as well.

[000171] In alternative embodiments, the stimulus actuators generate a tactile stimulus. A

tactile stimulus can be generated by a wearable component attached to the user such as with a
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headband, wristband, piece of clothing, fashion accessory, or other means of coupling physically
to the user. The tactile stimulus can be generated by any means that activates somatosensory
transduction pathways for instance by activating peripheral receptors that mediate touch,
temperature sensation, or pain. In various embodiments, tactile stimuli can be generated by a
piezo actuator, buzzer, heating element, or other mechanism known to one skilled in the art.
Examples of non-contact tactile stimulus actuators include ultrasound transducers, components
that generate a magnetic field, and other non-contact means to activate somatosensory
transduction pathways.

[000172] In alternative embodiments, the stimulus actuators generate a visual stimulus.
Advantageous visual stimuli are those that are low resolution and thus could be effectively
transmitted both to an awake user in Training Mode and a sleeping user in Sleep Mode.
Advantageous low resolution visual stimuli contain positional and light level information but are
not intended to transmit high resolution information. For instance, a white or colored light in a
particular area of the visual field such as the left upper visual field. In some embodiments, red
light is used as an advantageous color due to its relatively higher transmission through closed
eyes relative to other wavelengths of light. In some embodiments, visual stimuli are time-
varying. Temporal patterns may be regular (e.g. sinusoidally varying light intensity), irregular,
random, or pseudo-random. Visual stimuli may be generated by one or a plurality of LEDs, an
OLED screen, or other controllable light-generating source. The visual stimulus actuators may
be mounted on eyeglasses, a hat, or other wearable forms of clothing or accessories.

[000173] In alternative embodiments, the stimulus actuators generate a gustatory stimulus.
In such embodiments, a taste can be delivered via appropriate hardware coupled to the device
that delivers tastant molecules to the lips, tongue, palate, and/or mouth. In one such embodiment,
an orthodontic retainer securing to the teeth and palate, additionally comprises microfluidic
chambers holding concentrated volumes of tastants (e.g. essential oils, artificial sweeteners).
Upon receipt of a wireless control signal, a chamber releases its contents, which come in contact
with taste buds on the palate and tongue.

[000174] In some embodiments, a plurality of stimulus actuators is used to deliver stimuli
chosen from two or more sensory modalities. In such embodiments, a more diverse set of stimuli
can be generated, permitting a larger number of unique stimuli to be delivered to a user during

extended, repeated, or ongoing use of the device.
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Example 4: Instructions for use of a memory enhancing device

[000175] In this example, the user may be provided with instructions for use including
several steps that will be described in instructions. Instructions may be written on paper,
electronically, or may be pictorial (e.g., ideograms) or the like.

[000176] For example, the user may be instructed to place the memory enhancing device at
a convenient bedside location such as a nightstand and to plugs the power supply into a wall
socket. In this case, the user will study while sitting in bed near the device. Alternatively, the
user may put the memory enhancing device near them during study at an alternate location at
home (for instance at a desk or table) or at a cafe, library, or other suitable location for study. In
this use case, the user will need to remember to bring the device to their bedside before going to
sleep.

[000177] In a second step, the user commences a study session by toggling the switch to
Training Mode. When Training Mode is selected, control signals are generated by the
microcontroller to generate stimulus (e.g., a release a scent) and turn on a first light emitting
diode (LED1) mounted at the top of the enclosure, indicating that the stimulus has been
delivered (e.g., scent releasing mechanism is activated). In one example of a study to examine
the efficacy of the device (discussed in detail below), the user may be asked to study a particular
set of content or play a web-based brain game that tests memory function. The Training Phase
may last for an appropriate amount of time, for example, from about 2 minutes to about 2 hours,
from about 2 minutes to about 1 hour, from about 5 minutes to about 45 minutes, from about 5
minutes to about 30 minutes, from about 5 minutes to about 15 minutes, etc.

[000178] At the end of the training phase, the user moves the switch to the Sleep Mode
position. The scent generation ends and LEDI is turned off. In some variations the system may
automatically move the switch to the sleep mode position or simply change the mode of the
system internally. For example, the system may be switched to the sleep mode (or sleep phase
monitoring mode/sleep consolidation mode) by a timer or by detecting when the subject is
sleeping.

[000179] The user may be instructed to wear the sleep monitor (e.g., headband) when they
go to sleep. The device may indicate when the headband is successfully recording and
transmitting to the device by turning on a second LED (LED2) mounted on the enclosure. In one
example, the stimulus (e.g., scent) presented during an earlier training session will be presented
again while the subject is in an epoch of deep (slow-wave) sleep. The user will not be
consciously aware that the scent is presented during sleep. They will not be awoken. For the first

deep (slow-wave) epoch of the night, LEDI1 is turned on and remains on until after the user
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wakes up. Thus, in Sleep Mode, LED1 indicates to the user upon awakening whether the scent
was released during sleep.
[000180] At the end of the night, the user may place the headband back on the docking

station for charging.

Example 5: A memory enhancing system based on an iOS device (or other mobile device)

[000181] In one embodiment, the component functions are achieved by a third party mobile
device such as a cellular phone, portable music player, or personal digital assistant. In this
embodiment, a custom application running on the mobile device coordinates the components to
produce the memory enhancing effect.

[000182] In this embodiment, the user interface component is the touchscreen interface,
keyboard, or other user interface of the mobile device. For instance, the user selects the desired
Mode (Training Mode or Sleep Mode) using the touchscreen, keyboard, or other interface of the
mobile device. In some embodiments, the screen of the mobile device can be used to indicate
device function such as whether the device is in Training Mode or Sleep Mode.

[000183] In this embodiment, the mobile device also functions as a stimulus generator.
Most modern mobile devices contain speakers and/or a headphone jack, as well as the requisite
hardware and sofiware to generate arbitrary auditory stimuli. In alternative embodiments, the
mobile device can control the delivery of other modalities of stimuli through peripheral
accessories that can be activated via wired connections and wireless protocols such as Bluetooth
or ANT. For instance, a stimulus generator capable of delivering one or more olfactory stimuli
could connect to the mobile device and be activated at the appropriate times based on the control
logic of the custom application running on the mobile device.

[000184] In this embodiment, the mobile device can also be used as a component to
measure user physiology that corresponds to sleep state. Many mobile devices include
accelerometer and/or gyroscope components that measure movements of the mobile device and
can be accessed by applications running on the mobile device. By placing the mobile device on
the bed, user movements during sleep can be measured to acquire the necessary data to estimate
sleep states according to the well-established technique of actigraphy. Similarly, the mobile
device includes a microphone that may be used for monitoring sounds arising from body
movements, as well as those arising from user breathing patterns. Both types of sounds may be
used to assess sleep state. In alternative embodiments, the mobile device can be used to acquire
other physiological data related to sleep state either directly or via peripheral or accessory

components.
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[000185] In this embodiment, the algorithm for determining sleep state based on recorded
physiological data is a component of the software application running on the mobile device.
Most modern mobile devices include hardware components with sufficient memory and
processing power to run the requisite algorithms in near real-time.
[000186] In this embodiment, the controller logic that determines device function based on
user inputs, the user’s sleep state or wakefulness, and previous device use cases by the user is
also achieved by the custom application running on the mobile device. Mobile devices also
contain built-in memory for storing data about the user, the device function, or other data
required for proper memory enhancement using this device. Mobile devices have wireless
transmission capabilities for sending this data to another computer or remote server via the
Internet.
[000187] When this embodiment is placed in Training Mode, the device delivers an
appropriate contextual sensory stimulus. In some embodiments of the mobile device version of
this invention, the application also presents Training Content on the screen of the mobile device,
including appropriate user interface components and functions. In this embodiment, as the user
studies the lesson, the device produces the contextual stimuli.
[000188] In Sleep Mode, set by the user prior to sleep onset or activated automatically
based on the signals derived from accelerometer and/or gyroscope components of the mobile
device, the mobile device loads the appropriate contextual stimuli from the learning database and
begins collecting sensor data related to the sleep physiology of the user. The mobile device may
collect this data using built-in sensors such as an accelerometer, gyroscope, microphone, or
ambient light level detector, or communicate with accessory sensory devices. The mobile device
applies an appropriate algorithm to the collected data to estimate the current sleep state of the
user. When the sleep state matches the trigger state (e.g. slow wave sleep), the mobile device
generates the appropriate contextual stimulus.
[000189] To assess the effectiveness of a particular embodiment of the device, it is
advantageous in some cases to use a test or other assessment of cognitive function, learning,
and/or memory. Such tests can take many forms, including standardized tests, assessments of
different cognitive domains (e.g. language, math, reasoning, foreign language, history, motor
performance, and motor learning), tests administered by a trained professional (e.g. a teacher,
school counselor, or clinical social worker), self-administered tests, computer- or web-based
brain games, and other formal or informal assessments that can be tracked, quantified, and/or
normalized.
[000190] One specific example for testing a user’s memory employs a visuospatial game

played via the Internet by using a web browser. The visuospatial game operates in a training
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phase and a testing phase. In the training phase an image is displayed near the center of the
screen. After about several seconds, a target is displayed elsewhere on the screen for about
another several seconds. Next, the image and target disappear and the background is displayed
for about several seconds. The presentation of image and target (with a different, randomized or
pseudo-randomized location) are repeated for different images. In various embodiments of the
game, more than about 2 image-target pairs are presented, more than about 5 image-target pairs
are presented, more than about 10 image-target pairs, more than about 20 image-target pairs,
more than about 50 image-target pairs, more than about 100 image-target pairs, or more image-
target pairs.

[000191] In the testing phase of the visuospatial game, the set of images displayed for a
particular user during a training session are presented again. The user is instructed to use the
mouse or touch screen interface to choose the location of the screen where they remember the
target being presented. After the user clicks or touches to indicate a location, the actual location
is indicated with a target displayed for about several seconds on the screen, and the distance
between the indicated and target position is recorded. Next, the subsequent image is presented
and the user again selects the remembered target location. The order of image presentation may
be the same as during training or the order of the images may be shuffled. A testing session may
be repeated one or more times. The number of times the testing session is repeated may be fixed
(e.g. three repeated testing sessions) or the number of repeated testing sessions may be chosen
according to a threshold of minimum performance. Due to the feedback about the correct target
location provided after each image presentation, subjects generally improve their performance
over multiple testing sessions.

[000192] The accuracy with which users select a remembered target location can be
compared between different memory enhancement or memory disruption conditions to determine
the extent of memory modulation, if any.

[000193] Using an embodiment of a device for enhancing memory similar to that shown in
the schematic of FIGS. 11-19, healthy adults were tested in a visuospatial memory task as just
described, and similar to that shown in FIGS. 20 and 21. The results are summarized in FIG. 22.
The memory task for training was a visuospatial ‘concentration’-style game in which the subject
learns the location of pairs of identical images.

[000194] During training, a scent was released by an atomizer controlled by a microcontroller.
The subject practiced the memory game in the evening, and a baseline memory score was
determined. The subject slept wearing the sleep monitor (forehead electrodes) of the system for
monitoring brain rhythms. When SWS was detected, the portable, user-actuated system

including the controller (microcontroller), which was placed at the subject’s bedside, activated a
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scent atomizer in the experimental condition. In the placebo condition (‘vehicle’, FIG. 22), the
scent was released during training mode when the subject was practicing the game but not during
sleep. In the morning, subjects were tested on the memory game practiced the preceding night.
[000195] Pilot data were collected using software and hardware recording the results of the trial
in subjects using the device, and in subjects for whom the memory consolidation step was not
performed. This preliminary data (n=3 per condition) showed successful enhancement of
memory. Subjects recalled a larger proportion of image locations in the morning under the
experimental conditions relative to the placebo conditions (FIG. 22).
[000196] To save stimuli resources and help the user relate highly connected information, when
possible the system or user may choose to use an identical stimulus or similar stimuli to train
multiple, highly linked pieces of learning content. For example, a quack could be played to
remember facts both about the geography of the United States and Presidents of the United
States.
[000197] From the foregoing it will be seen that this invention is one well adapted to attain all
ends and objects hereinabove set forth together with the other advantages which are obvious and
which are inherent to the structure. It will be understood that certain features and
subcombinations are of utility and may be employed without reference to other features and
subcombinations. This is contemplated by and is within the scope of the claims. Since many
possible embodiments may be made without departing from the scope thereof, it is to be
understood that all matter herein set forth or shown in the accompanying drawings is to be

interpreted as illustrative, and not in a limiting sense.
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CLAIMS

What is claimed is:

1.

10.

A system for improving memory having a training mode and a sleep consolidation mode,
the system comprising:
a user interface comprising a control allowing a user to switch the device to the
training mode to indicate a training session;
a sensory stimulator configured to provide a plurality of distinct sensory stimuli;
a sleep monitor configured to monitor a user’s sleep state; and
a controller comprising control logic receiving input from the user interface and
configured to select a distinct sensory stimulus for a specific training session and
to control the application of the distinct stimulus during the specific training
session, and further wherein the controller receives information on the user’s
sleep state from the sleep monitor, and controls the sensory stimulator to apply
the distinct sensory stimulus from the specific training session when the user is
experiencing a specified sleep stage during a sleep consolidation mode following
the specific training session.
The system of claim 1, wherein the sensory stimulator is configured to provide a plurality
of non-distracting sensory stimuli.
The system of claim 1, wherein the sensory stimulator is configured to provide an
ambient sensory stimulus recorded during the training session.
The system of claim 3, wherein the sensory stimulator comprising an ambient recorder
for recording the ambient stimulus wherein the ambient recorder is configured to record
one or more of ambient sounds, ambient odors, and ambient sensations.
The system of claim 1, wherein the specified sleep stage is slow wave sleep.
The system of claim 1, further comprising a memory connected to the controller.
The system of claim 6, wherein the memory is configured to store information that
indicates one or more of: which sensory stimuli have been applied for specific training
sessions, the sleep state of user, and completion of application of a sensory stimulus
during a sleep consolidation mode following a specific training session.
The system of claim 6, wherein the controller is configured to read information from the
memory.
The system of claim 1, wherein the user interface comprises at least one of: a switch, a
toggle, a button, a slider, a knob, or a touchscreen.
The system of claim 1, wherein the sensory stimulator is configured to deliver olfactory

stimuli.
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11. The system of claim 1, wherein the sensory stimulator is configured to deliver auditory
stimuli.
12. The system of claim 1, wherein the sensory stimulator is configured to deliver tactile
stimuli.
13. The system of claim 1, wherein the sleep monitor comprises a non-contact sleep monitor.
14. The system of claim 1, further comprising housing at least partially enclosing the user
interface, sensory stimulator, and controller.
15. The system of claim 1, further comprising a communications module coupled to the
controller configured to allow communication with a remote site.
16. The system of claim 1, wherein the control logic comprises an application configured to
be executed on a mobile device.
17. A method of improving memory with a user-controlled device, the method comprising:
selecting, in a user-controlled device, a specific sensory stimulus that is received by
the user during a first learning period;
detecting, with the user-controlled device, a specified sleep stage in the user
following the first learning period; and
delivering, from the user-controlled device, the specific sensory stimulus to the user
during the specified sleep stage following the first learning period.
18. The method of claim 17, further comprising delivering, from the user-controlled device,
the specific sensory stimulus to the user during the first learning period.
19. The method of claim 17, wherein selecting the specific sensory stimulus comprises
recording an ambient sensory stimulus during the first learning period.
20. The method of claim 17, wherein delivering the specific sensory stimulus comprises
delivering a non-distracting sensory stimulus.
21. The method of claim 17, wherein the specified sleep stage comprises slow wave sleep.
22. The method of claim 17, further comprising:
selecting, in the user-controlled device, a second sensory stimulus that is different
from the first sensory stimulus and that is received by the user during a second
learning period; and
delivering the second sensory stimulus to the user during a specified sleep stage
following the second learning period.
23. The method of claim 17, further comprising switching the user-controlled device so that
the device is in a training mode during the first learning period and in a sleep

consolidation mode during delivery of the sensory stimulus to the sleeping user.
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28.
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30.

31

32.
33.

34.

44

The method of claim 17, wherein selecting the sensory stimulus comprises choosing a
sensory stimulus from among a plurality of non-distracting sensory stimuli that have not
previously been delivered by the user-controlled device during a learning period.
The method of claim 17, wherein selecting the sensory stimulus comprises selecting one
or more of: an olfactory stimulus; an auditory stimulus; and a tactile stimulus.
The method of claim 17, wherein detecting a specified sleep stage in the user following
the first learning period comprises monitoring the users sleep state without contacting the
users head.
The method of claim 17, further comprising storing in a memory information that
indicates one or more of: which sensory stimulus has been selected, a sleep state of user,
and completed delivery of a sensory stimulus during the specified sleep stage.
A portable user-controllable device for improving memory, the device comprising:
a user interface comprising a control allowing a user to place the device into a
training mode indicating a training session;
a sensory stimulator configured to present a plurality of distinct sensory stimuli;
sleep monitoring logic configured to determine when the user is in a specified sleep
state; and
a controller comprising control logic configured to determine a specific sensory
stimulus received by the user concurrent with a particular training session;
wherein the controller is further configured to reapply the specific sensory
stimulus when the user is in a specified sleep state following the training session.
The device of claim 28, further comprising a housing at least partially enclosing the user
interface, sensory stimulator, and controller.
The device of claim 28, further comprising a sleep monitor configured to monitor the
user’s sleep state.
The device of claim 28, wherein the control logic comprises a set of distinct sensory
stimuli to be presented during a particular training session.
The device of claim 28, further comprising a memory connected to the controller.
The device of claim 32, wherein the memory is configured to store information that
indicates one or more of: which sensory stimuli have been applied for specific training
sessions, the sleep state of user, and completion of application of a sensory stimulus
during a sleep consolidation mode following a specific training session.
The system of claim 32, wherein the controller is configured to read information from the

memory.
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The device of claim 28, wherein the sensory stimulator is configured to deliver olfactory
stimuli.
The device of claim 28, wherein the sensory stimulator is configured to deliver auditory
stimuli.
The device of claim 28, wherein the sensory stimulator is configured to deliver tactile
stimuli.
The device of claim 28, wherein the sleep monitor comprises a non-contact sleep
monitor.
A method of disrupting memory formation in a user, the method comprising:
delivering, from a user-controlled device, a specific sensory stimulus to the user
during a training period comprising recollection or re-experience of information
to be forgotten;
detecting, from the user-controlled device, a specified sleep stage in the user;
delivering, from the user-controlled device, the specific sensory stimulus during the
specified sleep stage; and
disrupting the specified sleep stage.
The method of claim 39, wherein disrupting the specified sleep stage comprises waking
the user.
The method of claim 39, wherein disrupting the specified sleep stage comprises
modulating brain rhythms active during the specified sleep stage.
The method of claim 39, wherein disrupting the specified sleep stage comprises shifting
the user to a different sleep stage.
The method of claim 39, wherein the specified sleep stage is disrupted through brain
stimulation.
The method of claim 39, wherein the specified sleep stage comprises slow wave sleep.
The method of claim 34, wherein the specified sleep stage comprises rapid eye
movement sleep.
A system for improving memory having a training mode and a sleep consolidation mode,
the system comprising:
a user interface comprising a control allowing a user to switch the device to the
training mode to indicate a training session;
a sensory stimulator configured to play back an ambient stimulus recorded during a
training session;

a sleep monitor configured to monitor the user’s sleep state; and
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a controller comprising control logic receiving input from the user interface and
configured to cause the system to record the ambient stimulus during the training
session, further wherein the controller receives information on the patient’s sleep
state from the sleep monitor, and controls the sensory stimulator to apply the
recorded ambient stimulus when the user is experiencing a specified sleep stage
following the specific training session.

The system of claim 46, further comprising an ambient recorder for recording the
ambient stimulus.

The system of claim 47, wherein the ambient recorder is configured to record one or
more of ambient sounds, ambient odors, and ambient sensations.

The system of claim 46, wherein the sensory stimulator is configured to access one or
more sources of ambient stimuli that are active during the training session.

The system of claim 49, wherein the one or more sources of ambient stimuli include one
or more of: audio players, computers, televisions, mobile devices, scent releasing
devices, and massage/vibratory devices.

The system of claim 46, wherein the specified sleep stage is slow wave sleep.

The system of claim 46, further comprising a memory connected to the controller.

The system of claim 52, wherein the memory is configured to store information that
indicates one or more of: which sensory stimuli have been applied for specific training
sessions, the sleep state of user, and completion of application of a sensory stimulus
during a sleep consolidation mode following a specific training session.

The system of claim 52, wherein the controller is configured to read information from the
memory.

The system of claim 46, wherein the user interface comprise at least one of: a switch, a
toggle, a button, a slider, a knob, or a touchscreen.

The system of claim 46, wherein the sensory stimulator is configured to deliver one or
more of olfactory stimuli; auditory stimuli; or tactile stimuli.

The system of claim 46, wherein the sleep monitor comprises a non-contact sleep
monitor.

The system of claim 46, further comprising housing at least partially enclosing the user
interface, sensory stimulator, and controller.

The system of claim 46, further comprising a communications module coupled to the
controller configured to allow communication with a remote site.

The system of claim 46, wherein the control logic comprises an application configured to

be executed on a mobile device.
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61. A method of treating a user for a disorder of memory with a user-controlled device, the
method comprising:
delivering, from the user-controlled device, a specific sensory stimulus to a user
having a disorder of memory during a first learning period;
5 detecting, with the user-controlled device, a specified sleep stage in the user
following the first learning period; and
delivering, from the user-controlled device, the sensory stimulus to the user during
the specified sleep stage following the first learning period.
62. The method of claim 53, wherein the disorder of memory is a neurodevelopmental
10 disorder.
63. The method of claim 54, wherein the neurodevelopmental disorder is one or more of:
Down syndrome, Rett syndrome, fragile X syndrome, neurofibromatosis type 1, tuberous
sclerosis, phenylketonuria, maple syrup urine disease, autism spectrum disorders.
64. The method of claim 53, wherein the disorder of memory is a cognitive and/or memory
15 disorder.
65. The method of claim 56, wherein the disorder is a neurodegenerative disorder.
66. The method of claim 64, wherein the neurodegenerative disorder is one or more of:
Alzheimer's disease, Parkinson's disease, Huntington’s disease, frontotemporal dementia.
67. The method of claim 53, wherein the disorder is one or more of a sleep disorder, central

20 sleep apnea, obstructive sleep apnea, and insomnia.
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