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SYSTEM FOR USE IN IMPROVING COGNITIVE FUNCTION

The present invention relates to a system which monifors and analyses the brain activity of a

user, and which provides a customised programme of activity to the user.

The system of the present invention is particularly suitable for use by patients presenting
with cognitive impairment or with symptoms that may be attributable {0 the onset of

dementia.

The term ‘dementia’ refers to a group of symptoms associated with an ongoing decline of
brain functioning. Alzheimer’s disease and vascular dementia make up the vast majority of
cases of dementia, with Aizheimer’s disease (AD, or Alzheimer’s) considered to be the
cause of 60-70% of cases of dementia. The most common early symptom is difficulty in
remembering recent events (short-term memory loss). As the disease advances, sympioms
may include problems with language, disorientation (including easily getting lost), mood
swings, loss of motivation, not managing self-care, and behavioural issues. As a person’s
condition declines, they often withdraw from family and society. Gradually, bodily functions
are lost, ultimately leading {o death. Although the speed of progression can vary, the

average life expectancy following diagnosis is three to nine years.

It is thought that mental and physical exercise and avoiding obesity may decrease the risk of
AD. There are no medications or supplements that decrease risk. No treatments siop or
reverse its progression, though some may temporarily improve symptoms. For example,
medicaments comprising cholinesterase inhibitors (Donepezil, Rivastigmine and
Galantamine) may delay worsening of memory, thinking, language and thought processes,
by supporting the communication between the nerve cells in the brain through stimulating
the production of acetylcholine. Alongside one of the above medications, Memantime, an
NMDA receptor antagonist, may be prescribed. This medication blocks the effecis of excess
giutamate in the brain. Memantine may assist memory, reasoning, language and attention.
Exercise programmes are beneficial with respect to activities of daily living and can
potentially improve outcomes. Treatment of behavioural problems or psychosis due o
dementia with antipsychotics is common but not usually recommended due to there often

being litlle benefit and an increased risk of early death.

The cause of Alzheimer’s disease is poorly understood. Genetic factors may account for a
significant number of cases. Other risk factors include a history of head injuries, depression,

and hypertension. The disease process is associated with plagues and tangles in the brain.
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A probable diagnosis is based on the history of the iliness and cognitive testing, with medical
imaging and blood tests used to rule out other possible causes. Initial symptoms are often

mistaken for normal ageing. Examination of brain tissue is needed for a definite diagnosis.

The presence of characteristic neurological and neuropsychological features and the
absence of alternative conditions may be supportive of a diagnosis of Alzheimer’s Disease.
Advanced medical imaging with computed tomography (CT) or magnetic resonance imaging
(MRI), and with single-photon emission computed tomography (SPECT) or positron emission
tomography (PET) can be used to help exclude other cerebral pathologies or subtypes of
dementia. Moreover, it may predict conversion from prodromal stages (Mild Cognitive
Impairment) to Alzheimer's disease. Mild Cognitive Impairment (MCI) refers fo a transitional
stage between normal cognition and demenitia, wherein the decline in cognitive function
{which is mostly related to memory) does not interfere with a person’s normal daily activities.
Patients diagnosed with MCI are three times more likely to develop dementia, compared with

people with unimpaired cognition.

Assessmeni of intellectual funclioning including memory testing can further characterise the
state of the disease. Medical organisations have created diagnostic criteria {0 ease and
standardise the diagnostic process for practising physicians. A diagnosis can be confirmed
with very high accuracy post-mortem when brain material is available and can be examined

histologically.

The present invention is concerned with AD and with other types of dementia such as

vascular dementia, and with cognitive impairment.

Quantitative electroencephalography (EEG) may be used as a tool in the diagnosis of
dementia. Al-Qazzaz et al., in 'Role of EEG as Biomarker in the Early Detection and
Classification of Dementia’ The Scientific World Journal, Volume 2014, Article 1D 906038,

[T
Nt
RN

T dotorg/ 10, 118 S/O08038 ) reviews the role of EEG as a biomarker based on

signal processing to detect dementia in early stages and classify its severity.

Various applications of EEG are known in the art.

US 2014/0350431 relates o a headgear with sensors tor electrophysiology measurement
and training. The headgear comprises a helmet with electrodes which are electrically
connected o an electrical stimulation or measuring device. EEG and ERP signals may be
measured while providing sensory stimulus 1o a person, allowing determination of

abnormalities of electrical aclivity in the brain, for example.
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US 2016/235351 discloses a computer implemented method for obtaining an electrical
signal representative of the brain activity of a particular individual; processing the signal with
respect to a pre-determined predictor from a library of predictors containing a piurality of pre-
determined predictors; and outputting a visual indication of a personalised mental siate or

neurclogical condition of the individual.

US 2011/224571 relates to cortical plasticity in the motor system induced by theta burst
stimuiation (TBS) as a biomarker of abnormal neuropiasticity in conditions such as Autism
Spectrum Disorders, schizophrenia, Alzheimer’s disease and dementia, and discloses that a
baseline response measured before applying TBS may be compared with a subsequent

response, post-TBS application, and an assessment of cortical plasticity impairment made.

The brain is divided into a number of brain regions, including the occipital, temporal, parietal
and frontal Iobes. The occipital lobe is involved with the brair's ability 1o recognise cbiects,
colours and visualisation. The temporal lobes are concerned with interpreting, short-term
memory and processing auditory stimuli. The parietal iobes are connectad with the
processing of narve impuises related to the senses, such as touch, pain, aste, pressure,
and iamperaturs, and they alse have languags functions. The frontal iohs 18 concernad with
long-tarm storage memory, amotions, reasoning, planning, movement, and parts of speeachy,
it is also involved in purposeful acts such as creativity, judgment, and problem solving, and

plaming.

Brain waves may be categorised into their different bandwidths (slow, moderate and fast),
with brainwave speeds measured in Heriz (cycles per second):
Delta brainwaves (0.5 1o 3 Mz} are slow, loud brainwaves which are generated in deepest

meaditation and dreamiess sieap. Della waves suspend exiemal awaraness and are the

';

source of empathy. Healing and regengration are slimulsted in this siale.

Thata brainwaves {3 10 8 M2 ocour most offen in slesp bul are also dominant in deep
meditation. Thetla is the gateway o learning, memaory, and intuition.

Alpha brainwaves (8 1 12 Hz) are dominant during quistly flowing thoughts, and in some
medifative slates, and aid overall mental coordination, caimness, alertness, mind/ody
integration and lsaming.

Beta brainwaves (12 1o 38 Hz) dominate the nommal waking state of consciousness when
aitention is directed towards cognitive tasks and the outside world, Bela is a Tast’ achivity,

present when we are slerl, attentive, engagsd in probilem sobving, judgment, decision making,
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of focused mental activity. Beta brainwaves are further divided inte three bands; Beia-1 (12-
18H2), Beta-2 (15-22Hz), and Bela-3 (22-38Hz).
Gamima brainwaves (38 {0 42 Hz) are the fastest of brain waves and relate o simullaneous

processing of information from diferent brain areas.

The present invention relates o a system for monitoring and improving cognitive function in
a user, for example in a patient presenting with symptoms of early dementia. The system
comprises an EEG headset; a personal computer and a cloud server system. The EEG
headset monitors and records the brain activity of the patient under a specific condition and
transmits information {o a cloud server system which is pre-programmed with reference
relating to the brain activity of healthy individuals, i.e., peopie having no early onset
symptoms of dementia, under the same specific condition. Algorithmis in the cloud server
compare the brain activity of the patient under the specific condition with the brain activity of
the healthy individuals under the same specific condition and identify points of difference, for
exampie in activation of particular regions of the brain and/or in the type or properties of
brain waves activated; and direct customised aclivilies, for improving cognitive function, to

the patient.

The sysiem is designed for personal use by a patient in his or her own home and may for
exampie be portable and wireless. The terms ‘individual’, ‘user’, and ‘patient’ are used

interchangeably herein.

In one aspect, the present invention provides a system for monitoring and / or improving
cognitive function in a user, said system comprising:
an EEG headset comprising electrodes positioned in areas corresponding to a user's
brain lobes, a recorder, and a transmitter;
a personal computer configured with interactive activities; and
a cloud server system comprising a private cloud platform;
characterised in that:
the private cloud platform comprises an area in which photographs and images
personal to the user may be uploaded;
the private cloud platform is configured with reference EEG profiles of healthy
individuals; and
the private cloud plaiform is configured with algorithms for
0 analysing EEG output of the user engaged with a specific interactive activity;

and
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(i) instructing the personal computer in the presentation of specific interactive

activities io the usser.

The elecirodes of the EEG headset detect the brain activity of a user, o give an activity
profile which may be stored temporarily in the recorder and transferred via the transmitter {o
the private cloud platform in the server. Detection of the brain activity may be referred to as
measurement of brain aclivity. The information which is fransmitted o the private cloud

platform may be referred to as ‘EEG output’, or ‘output’.

‘EEG output’ includes the identification of the brain area(s) activated with a particular activity

as well as the brain wave(s) activated with a particular activity.

‘Analysing EEG output’ involves the comparison of specific properties of the brain activity of
the user, in relation to a specific interactive activity, with the reference EEG profile of healthy
individuals in relation to the same speacific interactive activity and reaching a decision in
respect of the specific interactive activity that should be delivered to the user via the

personal computer.

Thus, the algorithms of the present invention analyse the brain aclivity (output) of a user
engaged in interactive activity modules provided through the personal computer, including
the specific brain regions activated during engagement with particular interactive aclivity; the
types of brain waves activated; and comparison of the output with the appropriate reference
brain profiles stored within the private cloud platform. The algorithm decision instructs
presentation to the user of pariicular activities, with the aim of driving a cognitive

improvement. No user choice is involved.

Reference profiles represent an average pattern of the brain wave activity of healthy
individuals and may be gained through capturing brain wave activity of healthy individuals
while engaged in the interactive aclivity modules. They are pre-programmed into the system

of the present invention and are specific for each available interactive activity.

The EEG headset (or headcap) is a wearable headset and may take any suitable form.
Electrodes may be referred to as ‘sensors’. The EEG headcap may also be referredfo as a

‘recorder’.
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The personal computer may be a tablet device and references herein {o ‘tablet’ referto a
tablet device or other personal computer. The personal computer may also be referred to as

an ‘activator’, as it stimulates the brain when being used.

The cloud server and private cloud platform with the algorithms may be referred to a

‘processor.

As described above and in accordance with the present invention, a private cloud platform is
configured with an area in which photographs and images personal to the user may be
uploaded. Uploaded photographs and images are used in personalised activities, as are
described in more detail below. Preferably, a patient’s carer or other person will upload

photos and images onto the system of the present invention before aclivities are presented.

Activities, or ‘games’, in accordance with the present invention are arranged in a number of
different activity ‘modules’. These may include:

‘Reminiscence’

Visual Stimulation’

‘Meditatiory

‘Feedback’

‘Spatial

‘Language’

‘Tasks’ and

‘Decision Making’.

The above list is not 10 be considered as limiting, and other activity modules may be

employed in the system of the present invention.

The Reminiscence module may comprise activities in which the user is presented with an
item, such as a photograph, personal to him or herself, together with questions related o

said personal items.

The Visual Stimulation module may comprise activities in which the user is presented with

various colours and shapes, together with puzzles related {o said colours and shapes.

The Meditation module may comprise focus, breathing, meditation and hypnotic meditation

$es8sions.
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The Feedback module may comprise a therapy session in which the user is asked questions

about his or her current personal circumstances.

The Spatial module may comprise perceptual and visual games that set the user tasks such
as map navigation and finding routes around familiar places such as the user's own home or

neighbourhood.

The Language module may comprise language and comprehension tests.

The Tasks module may involve giving the user simple tasks to carry out, for example {o

make a cup of tea or prepare toast.

The Decision Making module may comprise games in which the user is asked to make

decisions, including decisions corresponding to real-life situatlions.

Activities within each interactive activity module may be referred to as activities, or games.
Games may be provided in a range of game levels, of varying (e.g. increasing) levels of
difficuity.

During participation in an aclivity, electrodes in the EEG headcap monitor the brain activity of
a user. Said monitoring may be carried out in repeated sessions over a fixed time period.
For example, monitoring of brain activity may be carried out in daily sessions of engagement
in a particular activity, for example over a period of seven days, during which time a given
activity is continued without change. Algorithms in the cloud server analyse the user’s brain
activity over the fixed period with reference to stored reference profiles of the brain activity of
healthy individuals and identify differences between the user’s response and that of a
healthy individual. At the end of the fixed period, the algorithms direct the presentation of
specific activities to the user (via the personal computer), designed o improve the cognitive

function of the user.

Participation in activity modules in accordance with the present invention has been
demonsirated o uprequlate alpha and beta activity, and to aclivate frontal, parietal and
occipital lobes of users. Depending on the particular activity module and game being
played, other brainwaves and brain regions may also be activated. The findings indicate use

in the prevention and treatment of MC! and early dementia.
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Thus, the system of the present invention is particularly designed for use by a person

presenting with MCI and / or symptoms of early dementia.

Activity modules in accordance with the present invention are described in more detail

below.

Reminiscence

The Reminiscence activity module is a personalised module which provides puzzies and
games using tangible prompts such as photographs (for example, family photos), household
items (for example, personal items) and other familiar items from a users’s past, such as
music and sound recordings specific to the user’'s hisiory. The use of personal photographs

and items in a game provokes the user’s thinking process.

Games included in the Reminiscence activity module include the following:

e Family Tree: in this game, the user is presenied with an image of a family tree,
labelied with titles of family members, such as ‘cousin’, ‘sister’, efc., and a series of
photographs corresponding to said family members. The Game involves the user
moving the photos provided to one of the labelied parts of the family tree.

¢ Know Who: In this game, the user is presented with a photograph of a person familiar
to them and is asked 1o enter that person’s name.

e Event: in this game, the user is asked to maich details of, for exampie, a family
event, with a photo, vear, or name associated with that event.

e Jigsaw Puzzle: In this game, the user is given a complete picture alongside a number
of jigsaw puzzie pieces which iogether make up the picture,; the user is asked {o

correclly place the pieces in an oulline puzzie, in order to make up the picture.

Visual Stimulation

in this partly personalised activity module, the user is exposed {o complex paiterns of colour
and geometry, in both 2-D and 3-D models, which he or she is asked {o describe. This
module may help in studying the cause of visuoperceptual symptoms, such as
hallucinogenic phobias, as experienced by some dementia sufferers. Information obtained in
accordance with the present invention may enable the reduction or prevention of such
symptoms. In more detail, the system of the present invention can analyse a subject’s
response to the images presented during Visual Stimulation and potentially identify any

behavioural changes that occur; enhancement of certain brain wave patterns, effected by
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stimulation in accordance with the present invention, may result in an avoidance of phobic

and hallucinogenic reactions.

Games included in the Visual Stimulation module include:

¢ Match Shapes and Colours: In this game, the user is presented with a set of outline
shapes on one side of the tablet screen, and with circles of colour on another side of
the screen. The user is then given a combination of a colour and a shape, for
example. ‘orange heart’, ‘white octagor’, elc,, and is asked to drag a colouronto a
shape to make the requested combination.

e ldentify Blinking Patierns — In this game, the user is presented with abstract blinking
patterns (for example, a pattern of dots); the patterns blink in fractions of seconds
and the user is asked to identify the patiern.

e ldentify Blinking Colours - In this game, abstract colours blink in fractions of seconds
and then the User is asked to identify the colours.

The above ‘blinking’ games are focused on increasing the concentration of the user
and thereby increasing the Beta-1 aclivity in the user.

e |dentify Colours of Personal Objects — The user is asked to identify the colours of the

personal pictures uplcaded.

Meditation
in this general activity module, focus, breathing, meditation and hypnotic meditation sessions

are delivered io the user.

Activities included in the Meditation moduie include:

¢ Focus Point: this requires the user to focus on an image, for example a dot, and
to reconstruct the image with eyes closed. A person with MCI or early-stage
dementia may find difficulty in concentrating, and this session is aimed at
improving concentration and lessening a wandering mindset.

¢ Breathing: this session guides the user through a series of breathing exercises. A
person with MCl or early-stage dementia may find it difficult to relax and feel
calm, and thus this session aims {o help a patient achieve a relaxed and calm
state of mind.

¢ Music: this session delivers o the user calming music, again to promote

relaxation.
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s Positive Hypnosis — this delivers a hypnotic session to the user for positive

experience and self-confidence.

Feedback
This is a personalised activity module to stimulate different functions of the brain, the user is
presented with a series of questions about his or her self, for example, questions about his or

her age and physical appearance.

This Aclivity meodule comprises a therapy session in which a set of psychological questions
are posed to the patient. This module may raise an early stage dementia patient’s awareness
of his or her physical reality and current psychoiogy. It is common for dementia patients to
recall older memories, while more recent memories are easily depleted. For example, a 60-
vear-old dementia sufferer may believe that he/she is in his/her 40s and may therefore not
recognise, or become frightenad or confused by, an image of himself/herself. Feedback
therapy in accordance with the present invention aims to create a feedback loop io the brain
about the patient’s present circumstances. in more detail, the software included in the present
system records a video session in which the subject verbally answers questions posed by the
system. The session is recorded and automatically replayed to the patient, for example for 3-
5 times, and is configured in the sofiware setlings. This aims to register a new memory in the
brain of the patient, to register information about himself/herself and his/her age and
appearance. The feedback system will also monitor the regions activated during this session
and keep track of the brainwave patierns observed and try to replicate those patterns during
the therapies being played. This is an attempt to encounier new memory registration on the

brain.

As mentioned above, games within the activity modules of the present invention may be
provided at varying levels, referred to herein as ‘game levels’. Game levels may be graded
for exampile from ‘very easy’ 1o *hard’, for example, with intermediate levels including ‘mediuny
and ‘hard’. Factors determining the game level include: time allowed for a particular game,
with the longest allowed time correspending to the easiest, e.q., ‘very easy game level, and
the shortest time allowed corresponding to the hardest, e.g., ‘hard’ game level, number of
repeat attempts within a game in order to achieve a specific result, with the highest number of
attempts allowed corresponding to the easiest, e.q., ‘'very easy’ game level, and the lowest
number of attempts allowed corresponding 1o the hardest, e.q., ‘hard game level, and where
for example muitiple choice is involved, the number of options to choose from, with the lowest
number of choices presenied corresponding {o the easiest, e.g., ‘'very easy game level, and

the highest number of choices presented corresponding to the hardest, e.g., ‘hard’ game level.

16
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It is envisaged that activities may employ avatars in personalised 3D games based on

peopie and places familiar {o the user.

FProperties of brain waves monitored in accordance with the present invention may include one
or more of the frequency, amplitude and morphology of the brain waves, with specific

reference {0 the brain regions activated by each particular game.

As stated above, algorithms in the cloud server analyse the user's brain activity over a fixed
period with reference to stored reference profiles of the brain activity of healthy individuals and

identify differences between the user’'s response and that of a heaithy individuai.

Reference profiles from healthy individuals indicate a range of "acceptable” values for the
brain wave properties in response to a specific activity, and permit assessment of the user's

response.

Properties are typically monitored and analysed over an exiended time period. Typically,
monitoring and analysis may be carried out over an initial period of up to 4 weeks, for example
4 weeks, or 2-3 weeks, i.e., any number of days from 14 days {o 21 days. During this time,

an activity module is undertaken regularly, for example daily, or over several days each wesk.

In one embodiment, in use, the system according fo the first aspect of the present invention
compares the brain activity of a person presenting with one or more symptoms of early
dementia with an average paitern of brain aclivity gained from the monitoring of a number of
peopie with no early onset symptoms of dementia (the reference pattern or profile) for each
game within an activity module. Thus, the profiles are individualised to specific games.
Areas of difference between the brain activity observed in the person presenting with one or
more early onsel sympioms of dementia and the reference patiern, may be supportive of a
diagnosis of dementia and may indicate a treatment pathway for the disease. For example,
where areas of difference exist between the brain wave activity captured in the person
presenting with one or more early onset symptoms of dementia and the reference pattern,
the activity modules described herein may serve {0 restore or enhance brain wave aclivity as
appropriate, so as to reduce or remove the differences between the captured and reference
patterns. Thereby, the early onset symptoms leading o dementia may be alleviated and the

system of the present invention can be used as an early intervention sysitem.

11
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A user of the system of the present invention does not have any choice in selecting activity
modules or games since the algorithms within the system will analyse the user’s brain
activity and instruct the delivery of an activity module according to the requirement of the
brain activity demanded as per the heaithy brainwave profile collected for each game within

each activity module.

Analysis of the frequency of a user's brain waves may be carried out while the user is
engaged in a game within a given activity module. A reference brain wave freguency (fr) for
the given aclivity is stored within the system of the present invention. In one specific
example, the acceptable range, or ‘conditiory for the property of frequency may be plus or
minus 2 Hz of the siored reference for frequency. Thus, if the analysed frequency {(fu) is
within 2 Hz of the stored reference frequency, it can be said to meet, or pass the condition. If
the condition is not met, the system algorithms look for other games within the activity

module to pass the condition of fu within 2 Hz of the stored reference frequency

As stated above, monitoring and analysis is carried out over an extended fime period. if at
the end of an initial period there is identity between the analysed frequency fu and the
reference frequency fr, L.e., if fu— fr = 0, the aclivity module is discontinued. The activity
module is also discontinued at this point if the analysed frequency is less than 8 Hz or more
than 20 Hz, i.e., if 8Hz < fu < 20Hz. A frequency of less than 8 Hz may indicate boredom in
ther user, which may lead to a loss of interest in the system. Otherwise, the activity module

is continued, and different games in the activity module are played.

Different Activity Modules may run concurrently over the time period concerned.

Qver the initial period, a game is continued at the same game level. If the condition is not
met within the four-week period, the game is discontinued. In this case, it can be said that
the game is not effective for the user. If the condition is met, the game is continued, and an
‘Improvement Effect’ () determined. The Improvement Effect relaies to the difference
between fuandfr. The value of the difference is designated as ‘X, with a positive or
negative vaiue for x indicating a difference between fuandfr. If I=xx within the initial period,
a game will be continued at the same game Level; if I=0, the game will be continued and the

game level increased.

Beyond the initial period, in a first following period, monitoring and analysis of brain activity

continues. If, in this period, 1=0 or =X, a game will be continued and the game ievel

12
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increased. After eight weeks, monitoring and analysis of brain activity may continue. If I=1x,
a game will be continued and the game level increased, and if 1=0, a different game is

delivered.

In addition to frequency, analysis of the amplitude and morphology of the monitored brain

waves can determine an appropriate game level based.

A stored a reference brain wave amplitude pattern for a given activity provides a rectangular
window pattern of amplitude; each window may represent a time period of, for exampie,
0.99s with a gap of 0.01s between adiacent windows, and the maximum amplitude within
each window will provide the reference values against which the amplitude of a subject’s
captured brain waves is compared. In one specific example, the accepiable range, or
‘condition’ for the property of amplitude is that 90% of the windows within a given time
period, for example a time period of 600 seconds (therefore, 540 of 800 windows, for
example), have a maximum amplitude of within 30% of the reference amplitude. Thus, if
the analysed amplitude is within 30% of the stored reference amplitude for at least 80% of

the captured time windows, it can be said {o meet, or pass the condition.

A stored reference brain wave morphology pattern is stored for a given activity. The
maximum brain wave amplitude observed within each of a series of rectanguiar windows (for
example of 10 rectangular windows within a 8.99 s width, with a 0.001 s gap width between
windows) constructs a shape of the brain wave, each maximum value giving a reference
value for the rectangular window against which the amplitude of a subject’s captured brain
waves is compared. In one specific example, the acceptable range, or ‘condition’ for the
morphology is that 70% of the windows within a given time period, for exampie a time period
of 1 second (therefore, 7 of 10 windows, for example), have a maximum amplitude of within

40% of the reference amplitude.

During the initial period, palient-specific artefacis are monitored and assessed. These may
include, for example, the patient’s eye movements, blinking patterns, and head movements.
These are siored in the private cloud platform and configured in the algerithm alongside the
reference EEG data. In this way, the effecis of background ‘noise’ may be eliminated in the

analysis of brain activity.

Figure 1 herein illustrates an algorithm process of the present invention, as described above.

Figure 2 gives an overview of the system of the present invention.
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As can be seen from Figure 2, the system of the present invention may include a diagnostic
report system, in which a report of brain activity is generated for assessment by a clinician.
The report will generally comprise the results of brain activily measured over an exiended

period of time, such as over a period of about 6 months.

Thus, in a second aspect, the present invention provides a method of supporting a diagnosis
of MCI or early-stage dementia in a patient through use of the system of the present

invention for an exiended period and generation of a diagnostic report.

in further aspects, the present invention provides methods for monitoring the brain activity of
a patient, improving cognition in a patient, and freating MCI and/or or early-stage dementia

in a patient, through use by the patient of the system of the present invention.
The system of the present invention is designed for example for long-term use with repeated
analysis of brain activity and consequential changes in games and game levels presented io

the user.

The following study example indicates utility of the system of the present invention in the

freatment of MCl and early-stage dementia.

Exampie — use of a software-based "gamified platformy” for cognitive improvement

The study evaluated whether a software-based “gamified platform” can support cognitive
improvement in healthy subjects. The study included 20 healthy volunteers (‘participants’)
using a system in accordance with the present invention and was carried out over a period of
one week. The brain activity of each participant was measured with EEG whilst
using/playing activity modules as detailed below. Brain activity was analysed on Day 1 {first

time using the software) and Day 7 (Software used for 7 days).

Reminiscence

Farticipants were delivered four games, each using using piciures of family members and
significant family events. The games were ‘Family Tree’, Know who', Jigsaw’ and ‘Events’,

all as described above.

The study found that participation in this activity module activated beta-1 activity in the brain,
predominantly in the frontal and parietal brain regions. Parietal lobe activation was observed

during episodic retrieval tasks, such as in the Event game. The most dominant frequency
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was beta-1, thus indicating the siaie of conscicusness when atiention is directed towards

cognitive tasks and the outside worid.

Significant upregulation in beta-1 activity was seen with all games, especially in the
dominant frontal lobe. The parietal iobe was activated in a 25% of parlicipants during the
Events Game, indicating the retrieval of old memories (this was confirmed by the
participants). Significantly, these 25% of participants were older than 40 vears of age,
suggesting that this game can be satisfactorily used in the retrieval of memory in older

adulis.

The results are illusirated in Table 1 below and in Figures 3a and 3b.

Table 1. Reminiscence - Percentage of Subjects showing Brainwave Activity

Family Tree | Know Who Jigsaw Events
Delta 22% 17% 11% 5%
Theta 11% 39% 28% 28%
Alpha 56% 78% 44% 61%
Beta-1 61% 72% 72% 61%
Beta-2 44% 44% 44% 72%

A paired t-test confirmed the domination of Beta-1 brainwaves in all the four games or entire

Reminiscence module.
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Table 2: FPaired t-fest calculation (Reminiscence)

Paired T-Test Calculation
Modules | Brainwaves p-value Statistically | Size Effect (% of
Significant participants)
(p>0.05)
Family Beta-1 0.002 Yes 85% Large
Tree
Know Alpha 0.07 No 46% Medium
Who Beta-1 0.03 Yes 556% | Medium
Jigsaw Beta-1 0.03 Yes 65% Medium
Events Alpha 0.02 Yes 52% Medium
Beta-1 0.08 Yes 54% | Medium
Beta-2 0.1 No 40% Low

Visual Stimulation:
Participants were delivered a Visual Stimulation activity module as described above

Brain wave frequency shifts of at least 0.5 Hz were observed.

The study found that 7 days participation in the Visual Stimulation activity module resulted in
enhancement of mostly alpha and beta waves in the participants’ frontal and partial iohes.
The activation of the temporal lobe was significantly reduced, and the results indicate that
new mamories were encoded in this brain region and then consolidated in the frontal

lobes for long-term storage. On Day 7, fromal lobe activation was dominant in more than
80% of parlicipants, confirming its imporiance in storing memories. Nearly 50% of
participanis aiso showed an activation in their parieial iobes, confirming paristal inbe

activation during episodic retrieval tasks.

The present results indicate that parietal lobe activation occurs in tasks that involve
remembering colours (especially colours difficult to identify due to different shades of
colours). The activation of the parietal lobe indicates intact decision making (retrieval of

memory for colours) by most participants.
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The resulis are illustrated in Table 3 below and in Figures 4a and 4b.

Table 3: Visual Stimulation - Percentage of subjects showing Brainwave Activity

Visual/Colour Games Participants Activated Brainwaves
Delta 0%

Theta 15%

Alpha 55%

Beta-1 55%

Beta-2 55%

It was seen that 7 days participation in the Visual Stimulation activity module resulted in
enhancement of mostly alpha and beta waves in the participants’ frontal and partial iobes.
The activation of the temporal lobe was significantly reduced, and the results indicate that
new meamonies were encoded in this brain region and then consclidated in the fronta
lobes for long-term storage. On Day 7, fromal lobe activation was dominant in more than
90% of participants, confirming s mportance in storing memories. Nearly 50% of
participants aiso showed an activation in thelr parielal iobes, confirming parietal inbe

activation during episodic retrieval tasks.

The present results indicate that parietal lobe activation occurs in tasks that involve
remembering colours {especially colours difficult to identify due {o different shades of
colours). The activation of the parietal lobe indicates intact decision making (retrieval of
memory for colours) by most participants. Most of the participanis showed increased
activation of alpha, beta-1 and beta-2 brainwaves. A paired {-test calculation was carried out,
the resuits of which are set out in Table 4 below. This Table shows that the t-lest results
confirm a statically significant activation of all the three brainwaves, with aipha and beta-1

being dominant in most participanis.
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Table 4: Paired t-test resuits for Visual Stimulation

Paired t-Test

Visual p-value Statistically | Size Effect (%
Game Significant | of participants)

(p>0.05)
Alpha 0.035 Yes 99% Large
Beta-1 0.037 Yes 97% Large
Beia-2 0.002 Yes 62% Medium
Meditation

Farticipants were delivered three aclivities, as follows:

1. Focus Point — Participants were asked 1o focus on a dot and reconstruct the dot, with
gyes closed.

2. Breathing — Participants were delivered guided breathing exercises.

3. Music — Participants were delivered calming music.

in this activity module, alpha wave activation (which represents relaxation) was dominant
during the breathing, music, calm and hypnotic meditation sessions, with a prominent
parietal lobe activation. Movement from beta activation to alpha activation in this module

indicates relaxation and free from stress & anxiety.

Brain lobes other than parietal were also activated, with different types of meditation. For
example, focus meditation was shown to also activate the occipital lobe,; and the frontal lobe

is activated with calm meditation.

Only alpha wave activation (representing caimness and relaxation) was achieved with the
breathing exercises. The other activilies produced dominant beta waves (representing the
wandering mind). Such results appear to be appropriate in consideration of the brief
timescale of the activities, but longer timescales would be expected {o result in more

profound alpha wave activation, and hence relaxation.
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The results are presented in Table 5 and Figures 5a and 5b.
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A paired t-test calculation was carried out, the results of which are set out in Table 6 below.
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Table 6: Paired t-test resulis for Meditation

Paired T-Test Calculation

Mediation p- Statistically | Size Effect (%

module Brainwave | vaiue | Significant | of participants)

{(p=>0.05)

Focus Beta-1 0.02 Yes 57% | Medium

point

Breathing | Alpha 0.002 | Yes 77% | Large

Music Alpha 0.08 No 41% | Low
Beta-1 0.002 | Yes 58% | Medium

The system of the present invention may incorporate a ‘scoring’ system, in which the useris
given a score after participation in a particular activity. This may encourage, and make a
positive psychological impact, on the user. The score may be produced by an algorithm
which will assess, for example, the time taken for successive attempts ai a game, the lime
taken for the user to successfully complete a game; and the number of attempts need {0
achieve success in a game. The scoring system may be based on the average resulis of

healthy volunteers in a particular activity.

Aspects and embodiments of the invention may be described in the following clauses:

1. A system for monitoring brain wave activily in a subject and comparing a measured
brain wave activity with a reference brain wave activity pattern, said system comprising:

an activator configured to stimulate brain wave aclivity in a subject;

one or more sensors configured to detect said stimulated brain wave aclivity,;

a recorder configured to capture one or more property of said detected brain wave activity,

and
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a processor configured to compare said captured brain wave aclivity with one or more
reference pattern(s) of brain wave activity and guantify differences between said pattern of

captured brain wave activity and said one or more reference pattern(s) of brain wave activity.

2. A system as described in clause 1, wherein the aclivator comprises software for a

number of software-driven activities.

3. A system as described in clause 1 or clause 2, wherein each sensor comprises an
electrode.
4, A system as described in any one of clauses 1 to 3, wherein the one or more sensor

and the recorder are provided in a wearable headset.

5. A system as described in any one of clauses 110 4, wherein the processor comprises
an receiver with an salgorithmic +system containing algorithms for analysing information

relayed by the recorder and for instructing the activator.

B. A method of monitoring brain wave activity in a subject and comparing a measured
brain wave activity with a reference brain wave aclivity pattern, which method comprises:
delivering a software driven aclivity programme to a subject, by means of an activator;
detecting one or more property of the brain wave aclivity in an area of a subject’s brain under
a sensor placed on said subject’s head, by means of szaid sensor,;

capturing said one of more property of brain wave activity, by means of a recorder; and
generating a pattern of said one or more property of brain wave activity and a comparison of
said patiern with a reference pattern of brain wave aclivity, by means of a processor; said

activator, sensor, recorder and processor being as described in any one of clauses 1-5.

7. A method as described in clause 6, wherein said software driven activity programme
comprises games within activity modules and wherein the games may be provided at different

levels of difficuity.

8. A method as described in clause 6 or clause 7, wherein said software driven aclivity
programme is delivered for an inilial period of four weeks, during which time the frequency of
monitored brain waves (fw) is compared with the frequency of the brain waves in said

reference pattern of brain wave activity {(f).
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S. A method as described in clause 8, wherein, if at the end of said initial period, if no
Game within an Activity Module meets a condition 8Hz < fu £ 20Hz, the Activity Module is

discontinued,

10. A method as described in clause 8, wherein an ‘Improvement Effect’ (1), defined by the

difference between fuand fr, is analysed by the processor.

11. A method as described in clause 10, wherein the difference between fuw andfr is
designated as ‘X', with a positive or negative value for x indicating a difference between fuand
fr.
12. A method as described in clause 11, wherein if [=2x within the initial pericd, a game is
continued at the same level of aclivity and if I=0, a game is continued atf an increased level of
difficulty.

13. A method as described in clause 8, wherein said software driven activity programme
is delivered for a further period of four weeks, during which time the frequency of monitored
brain waves (fw) is compared with the frequency of the brain waves in said reference pattern
of brain wave activity (fr); and an ‘improvement Effect’ (1}, defined by the difference between

fwand fris analysed by the processor.

14. A method as described in clause 13, wherein if 1=0 or =1, a game is continued at an

increased level of difficulty.

15. A method as described in clause 13, wherein said software driven activity programme
is delivered for afurther period extending beyond eight weeks, during which time the frequency
of monitored brain waves (fu) is compared with the frequency of the brain waves in said
reference pattern of brain wave activity (fr); and an ‘Improvement Effect’ (1), defined by the

difference between fy andfris analysed by the processor.

18. A method as described in clause 15, wherein if I=tx, a game is continued at an

increased level of difficulty; and if 1=0, a different game is applied.

17. A method as described in any one of the clauses 6-16, amplitude and morphology of

monitored brain waves is analysed by the processor.
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18. A method of supporting a diagnosis of early onset dementia in a subject, which method
comprises:

detecting by means of a sensor and capturing by means of a recorder, one or more property
of the brain wave aclivily in an area of a subject’s brain under said sensor, placed on said
subject’'s head;

generating a pattern of said one or more property and comparing said patiern with a reference
pattern, by means of a processor; and

determining and quantifying by means of said processor areas of difference between said
generated and reference paiterns of said one or more property of said brain wave activity; said

activalor, sensor, recorder and processor being as described in any one of clauses 1-5.

19. A method of treating early onset symptoms of dementia in a subject, which method
comprises:

detecting by means of a. sensor and capluring by means of a recorder, one or more property
of the brain wave activity in an area of a subject’s brain under said sensor, placed on said
subject’s head;

generating a pattern of said one or more property and comparing said pattern with a reference
pattern, by means of a processor; determining and quantifying, by means of said processor,
areas of difference between said generated and reference patterns of said one or more
property of said brain wave activity; and delivering, by means of an activator, a software-driven
activity programme to restore, maintain or enhance one or more property of brain wave activity
in the brain of said subject; said sensor, recorder, processor and activator being as described

in any one of clauses 1-5.
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CLAIMS

A system for monitoring and / or improving cognitive function in a user, said system
comprising:

an EEG headset comprising electrodes positioned in areas corresponding to a user’s
brain lobes, a recorder, and a transmitter;

a personal computer configured with interactive activities; and

a cloud server system comprising a private cloud platform;

characterised in that:

the private cloud platform comprises an area in which photographs and images

personal to the user may be uploaded;

the private cloud platform is configured with reference EEG profiles of healthy

individuals; and

the private cloud platform is configured with algorithms for

(iii) analysing EEG output of the user engaged with a specific interactive activity;
and

(iv) instructing the personal computer in the presentation of specific interactive
activities to the user.

A system as claimed in claim 1, wherein said EEG profiles of healthy individuals are
activity-specific, i.e., the private cloud platform is configured with an EEG profile of
healthy individuals for each of said specific interactive activities.

A system as claimed in claim 1 or claim 2, wherein the personal computer is a tablet
device.

A system as claimed in claim any one of the preceding claims, wherein said

interactive activities are included in a number of activity modules.

A system as claimed in any one of the preceding claims, wherein each individual
activity has a series of activity levels, e.g., a series of levels of increasing difficulty.

A system as claimed in any one of the preceding claims, wherein the EEG output

includes identification of brain area(s) activated with a particular activity and
identification of the brain wave(s) activated with a particular activity.
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10.

11.

12.

13.

A system as claimed in any one of the preceding claims, wherein the algorithm for
analysing EEG output of the user engaged with a specific interactive activity includes
processes for the comparison of specific properties of the brain activity of the user, in
relation to said specific interactive activity, with the reference EEG profile of healthy
individuals in relation to the same specific interactive activity; and for reaching a
decision in respect of the specific interactive activity, or activity level, for instruction to
the personal computer.

A system as claimed in any one of the preceding claims, wherein the private cloud
platform is configured with EEG artefacts specific to the user.

A system as claimed in any one of the preceding claims, including means for
producing a diagnostic report in respect of a user.

A system as claimed in any one of the preceding claims, wherein avatars based on
the photographs and images personal to the user are employed.

A system as claimed in any one of the preceding claims, wherein at least one
interactive activity is personalised to the user.

A system as claimed in any one of claims 4-10, including at least one of:

a. a module comprising activities which present to the user personal
photographs or other personal items, with questions relating to said personal
photographs or other personal items (‘Reminiscence’).

b. a module comprising activities which present to the user puzzles relating to
colours and shapes (‘Visual Stimulation’)

c. amodule comprising activities which present to the user focus, breathing,
meditation and/or hypnotic meditation exercises (‘Meditation’)

A system as claimed in any one of the preceding claims, including a scoring system,
in which the user is given a score after participation in a particular activity, which
score is produced by an algorithm which assesses one or more of: the time taken for
successive attempts at a game; the time taken for the user to successfully complete
a game; and the number of attempts need to achieve success in a game, said
scoring system being based on the average results of healthy volunteers for a
particular activity.
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14.

15.

16.

17.

A system as claimed in any one of the preceding claims, wherein, in use,

(i) electrodes in the EEG headcap monitor the brain activity of a user, in
repeated sessions over a fixed time period during which time a given activity
is continued without change;

(i) algorithms in the cloud server analyse the user’s brain activity over the fixed
period with reference to stored reference profiles of the brain activity of
healthy individuals and identify differences between the user’s response and
that of the healthy individuals;

(iii) at the end of the fixed period, algorithms in the cloud server direct the
presentation (via the personal computer) of specific activities or levels of
specific activities to the user (via the personal computer), which specific
activities or levels of specific activities are directed at reducing differences in
the users brain activity and said reference profiles; and

(iv) steps (i) to (iii) are repeated until the EEG output of the user matches the
stored reference profiles of the brain activity of healthy individuals, for all

given activities.

A method of analysing brain activity in a patient, which method comprises:

delivering an interactive activity programme to a subject, by means of a personal
computer;

detecting a property or properties of the brain activity in an area of a subject’s brain
under a sensor placed on said subject’s head, by means of said sensor;

capturing said property or properties of brain activity, by means of a recorder; and
analysing said property or properties of brain activity by means of algorithms which
quantify properties of said property or properties of brain activity.

A method as claimed in claim 15, wherein said interactive activity programme
comprises games within activity modules and wherein the games may be provided at
different levels of difficulty.

A method as claimed in claim 15 or claim 16, wherein said interactive activity
programme is delivered for an initial period of four weeks, during which time the
frequency of monitored brain waves (fw) is compared with the frequency of the brain

waves in said reference pattern of brain wave activity (fr).
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18.

19.

20.

21.

22.

23.

24.

25.

26.

A method as claimed in claim 17, wherein, if at the end of said initial period, if no game
within an activity module meets a condition 8Hz < fu < 20Hz, the activity module is
discontinued.

A method as claimed in claim 17, wherein an ‘Improvement Effect’ (1), defined by the
difference between fu and fr, is analysed.

A method as claimed in claim 19, wherein the difference between fu andfr is
designated as ‘x’, with a positive or negative value for x indicating a difference between
fM and fR-

A method as claimed in claim 19, wherein if I=tx within the initial period, a game is
continued at the same level of activity and if =0, a game is continued at an increased
level of difficulty.

A method as claimed in claim 15, wherein said interactive activity programme is
delivered for a further period of four weeks, during which time the frequency of
monitored brain waves (fwu) is compared with the frequency of the brain waves in said
reference pattern of brain wave activity (fr); and an ‘Improvement Effect’ (l), defined
by the difference between fuand fris analysed.

A method as claimed in claim 22, wherein if 1=0 or |=xx, a game is continued at an

increased level of difficulty.

A method as claimed in 22, wherein said interactive activity programme is delivered
for a further period extending beyond eight weeks, during which time the frequency of
monitored brain waves (fwu) is compared with the frequency of the brain waves in said
reference pattern of brain wave activity (fr); and an ‘Improvement Effect’ (l), defined
by the difference between fuandfris analysed.

A method as claimed in claim 22, wherein if |I=xx, a game is continued at an increased

level of difficulty; and if 1=0, a different game is applied.

A method as claimed in any one of claims 15-25, amplitude and morphology of

monitored brain waves is analysed.
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27. A method of supporting a diagnosis of MCI or early-stage dementia in a patient
comprising obtaining a diagnostic report generated by the system as claimed in any
one of claims 1-14.

28. A method for improving cognition in a patient, treating MCI in a patient, or treating
early-stage dementia in a patient, comprising providing to the patient the system of
any one of claims 1-14 for a fixed period of time or for successive fixed periods of
time.
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