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SYSTEM AND METHOD FOR ASSESSING COGNITIVE AND MOOD STATES OF
A REAL WORLD USER AS A FUNCTION OF VIRTUAL WORLD ACTIVITY

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application No. 62/342,358, filed May 27, 2016,

the entire disclosure of which i1s hereby incorporated herein by reference.

FIELD OF THE INVENTION
[0002] The present invention relates generally to the fields of
computing and computer games, and more particularly, to a computerized system for
assessing cognitive and mood states of a real world system user as a function of the
users activity in a virtual world provided by the computerized system. As such, the
system acts as a tool for a healthcare professional seeking to monitor, assess and/or
Interact with a patient, or other person, for diagnostic, interventional, or other

PUrpPOSES.

BACKGROUND

[0003] In many contexts, there 1s a need for monitoring, assessing
and/or interacting with persons for diagnostic, interventional, or other purposes. For
example, a healthcare professional may wish to monitor, assess or interact with a
particular patient to assess the patient's cognitive and/or mood states. In a different
context, it may be desirable to monitor, assess or interact a particular group or class
of persons (not necessarily patients), such as employees, military personnel,
adolescents, etc. For example, it i1s believed to be recognized that adolescents and
young adults show a growing prevalence of depression. However, yearly physical
examinations for adolescents and young adults typically do not screen for potential
depressive states. Further, ad hoc psychiatric assessments are unlikely to occur
due to a percelved stigma, patient/guardian denial, etc. Further, any such

assessment Is essentially a snapshot in time, without any long-term monitoring.

[0004] Regardless of age, it has been observed that patients often
consider a psychiatric visit as threatening to their “status.” As a result, patient

discussion and Interaction with the healthcare professional is often guarded.
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Accordingly, such Interactions tend not to be open and frank, which can lead to
Inaccurate assessments. Further, such visits tend to be scheduled appointments,
often scheduled weeks in advance, and thus tend to be ineffective in capturing and
assessing sporadic mood states that may not persist or remain constant over long

periods of time.

[0005] Further still, it 1s understood that research into implicit
association has shown that patients respond to questions about their state of well-
being more often and freely in an online environment versus that of a traditional/in-

person interview with a clinician.

[0006] What Is needed Is a system and method for assessing
cognitive and mood states of a person that is accessible and unobtrusive, that
provides monitoring and/or assessment in real time, and over a long period of time,
that promotes open and frank interaction support accurate assessments, and/or that
avolds any perceived stigma associated with psychiatric evaluation, particularly for

adolescents and young adults.

SUMMARY

[0007] The present invention provides a system and method for
assessing cognitive and mood states of a real world user as a function of activity in a
virtual world environment. The virtual world environment may be used to provide
Interactive experiences for measuring cognitive bias, which is a known by-product of
depression. Accordingly, the use of such interactive experiences In the virtual world
environment application creates additional data elements that can be used as part of
an overall assessment cognitive and mood states, including depression. Further,
configuring the virtual world environment as a video game, playable on a video game
platform, allows for a less intimidating and more accessible than an in-person visit
with a psychiatrist, particularly for adolescents and young adults. This promotes
open and frank interaction that supports accurate assessments and/or avoids any
perceived stigma associated with psychiatric evaluation, particularly for adolescents
and young adults. Accordingly, the present system and method provides a virtual
world environment capable of capturing a patient’'s degree of sadness and
pessimistic thoughts that may be reflective of depression severity as measured by

the respective elements of the Montgomery-Asberg Depressing Rating Scale
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(MADRS).

[0008] Further, providing such a virtual world environment via a
software application executable on a personal computing device, such as a desktop,
laptop, or tablet computer, or a smartphone, allows for easy access in an
unobtrusive manner, and enables monitoring and/or assessment in real time, and
over a long time, which permits performance of assessments based on more robust
and accurate data, and thus supports more accurate cognitive and/or mood state

assessments.

BRIEF DESCRIPTION OF THE FIGURES

[0009] An understanding of the following description will be facilitated
by reference to the attached drawings, in which:

[0010] FIg. 1 1s a diagrammatic view of an exemplary networked
computing environment implementing systems and methods for assessing cognitive
and mood states of a real world user as a function of virtual world activity In
accordance with the present invention;

[0011] Fig. 2 is a diagrammatic view of an exemplary Mental State
Monitoring System providing a virtual world environment in accordance in
accordance with the present invention;

[0012] Fig. 3 is a diagrammatic view of an exemplary Mental State
Assessment System for processing interaction data gathered in a virtual world
environment in accordance in accordance with the present invention;

[0013] Fig. 4 I1s a flow diagram Illustrating an exemplary method for
gathering data reflecting cognitive and mood states of a real world user as a function
of virtual world activity in accordance with the present invention;

[0014] Fig. 5 Is a flow diagram illustrating an exemplary method for
assessing cognitive and mood states of a real world user as a function of virtual
world activity in accordance with the present invention;

[0015] Fig. 6 lllustrates an exemplary menu of user-selectable
gender and body type options for an avatar, in accordance with the present
Invention:;

[0016] Fig. 7 lllustrates an exemplary menu of user-selectable facial

expression options for an avatar, in accordance with the present invention;
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[0017] Fig. 8 lllustrates an exemplary menu of user-selectable hair
style options for an avatar, in accordance with the present invention:;

[0018] Fig. 9 lllustrates an exemplary menu of user-selectable setting
options for an avatar, in accordance with the present invention;

[0019] Fig. 10 illustrates an exemplary graphical user interface
displaying cognitive performance and mood indicators, in accordance with the
present invention;

[0020] Fig. 11 llustrates an exemplary graphical user interface
displaying a recommended action, in accordance with the present invention; and

[0021] Fig. 12 illustrates an exemplary graphical user interface

displaying a virtual world avatar display, in accordance with the present invention.

DETAILED DESCRIPTION

[0022] The present invention provides a computerized system and
method for assessing cognitive and/or mood (collectively, “mental”) states of a real
world system user as a function of the user's activity in a virtual world environment
provided by the computerized system. As used herein, the term “virtual world”
INcludes any computer-generated environment in which the user of the system is
represented by a character having user-selectable characteristics that are displayed
to the user via the computerized system, and/or the characteristics of the
environment are user-selectable, and the user-selected characteristics are displayed
to the user via the computerized system. Accordingly, a virtual world environment
may be two- or three-dimensional computer-simulated environment resempling the
real worid, and being navigadie by a two-~ or three-dimensionatl graphical
representation of the user s avatar. Navigation of the virtual world may or may not
pe part of playing a compuler game. Alternatively, a virtual wortd envirenment as
used herein may not inciude such an avatar-navigable worild, bul rather may simpiy
nciude a texting/communications applicalion, a simpie video game, proguctivity
software, or other application that simply inciudes a displayed representation of the
system user at the users compuling device. 1he virtual world and/or the avatar is
gdispiayved 10 the user at the users computing device by soitware in accordance with

the present invention.
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[0023] In accordance with one aspect of the present invention, the
user Is required to provide user input to configure the users avatar and/or virtual
world environment during each session of interaction with the virtual world, e.g.,
each time the user opens an "app” to begin game play involving the users avatar's
navigation within a virtual world environment. The user's input Is required for user-
selectable parameters that are relevant to assessment of mood state, including
depression. Accordingly, the user's selections are gathered over time across
multiple sessions, for the same relevant parameters, and thus the user can be
monitored over time, in real time, as a function of those selections. For example, to
the extent that the avatar represents the user, and the user is permitted to choose
characteristics of the avatar, the users selections provide insight as to the user's
then-current mood state. Similarly, the user's selection of characteristics related to
the virtual environment provide similar insights into the user's then-current mood
state.

[0024] In accordance with a second aspect of the present invention,
the virtual world Is constructed according to predetermined logic to permit the user to
participate In virtual world activities that provide insights into the user's then-current
mood state, and the user's interactions with the virtual world are tracked by the
system. For example, the virtual world may include a psychiatrist's or counselors
office, or a bar, and the user's navigation to those locations and/or interactions at
those locations may be tracked and used to support assessment of the user's then
current mood state.

[0025] In accordance with a third aspect of the present invention, the
virtual world I1s constructed to permit the user to perform tasks of a type
conventionally used In clinical or other settings for the purpose of assessing
cognitive and/or mood state. For example, this may involve completion of a personal
health questionnaire, answering sets of questions of a type traditionally used In
clinical settings for assessing cognitive function/mood/depression, playing games or
performing tasks conventionally used to test cognitive function such as memory
tasks, a Tower of Hanol task, tasks that capture reflex time, etc. The system may
provide these tasks within or outside of the virtual world environment.

[0026] The user may be instructed (by a healthcare provider or by

the system) to use the system, interact with the virtual world environment and/or
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perform one or more tasks on a recurring basis — e.g., 2x/week for 8 weeks — so that
a baseline may be established, and then performance can be compared to the
baseline, and/or so changes over time can be identified. Data representing the
user's interactions may be used to create a report provided to a healthcare provider
IN support of cognitive and/or mood state assessment by the healthcare provider, to
trigger an alert to a healthcare provider as the result of automated analysis of the
data by the system, and/or may be analyzed by the system such that the system
renders its own automated assessment of cognitive and/or mood state according to
predetermined rules and/or logic.

[0027] Referring now to Fig. 1, a diagrammatic view of an exemplary
networked computing environment 10 Is shown for implementing systems and
methods for assessing cognitive and mood states of a real world user as a function
of virtual world activity. As shown In Fig. 1, a user (or player) 20 interacts with a
virtual world environment provided via a Mental State Monitoring System (MSMS)
100 in accordance with the present invention. The MSMS 100 may comprise the
users personal computing device, which may be a desktop, laptop, notebook
computer 100a, a tablet PC 100c, a smartphone 100b, or a conventional computer
gaming system 100d, such as a Sony PlayStation manufactured and/or distributed
by Sony Corporation, or a Microsoft Xbox manufactured and/or distributed by
Microsoft Corporation, that stores and executes special-purpose software configuring
the general purpose computing devices as the special-purpose MSMS described
herein. The MSMS may receive and store software executable to provide the virtual
world-based system described herein In standalone fashion. Alternatively, the
MSMS may act as a client device communicating over a communications network 50
with a system 200 acting as a server to cause display of a graphical user interface at
the client device that provides the virtual world with which the user may interact. In
either case, data may be communicated from the MSMS 100 over the network to a
system 200 for further processing, analysis and/or storage, as described herein.

[0028] The components of the networked environment 10 can be
Interconnected in any suitable configuration, using any suitable type of connection
and conventional communications hardware and software. The components may be
connected directly or over a network 50, which may be any suitable network. For

example, one or more portions of network 50 may be an ad hoc network, an intranet,
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an extranet, a virtual private network (VPN), a local area network (LAN), a wireless
LAN (WLAN), a wide area network (WAN), a wireless WWAN (WWAN), a metropolitan
area network (MAN), a portion of the Internet, a portion of the Public Switched
Telephone Network (PSTN), a cellular telephone network, another type of network,
or a combination of two or more such networks.

[0029] The components of the networked environment 10 may be
connected to each other using any suitable communication connections. For
example, suitable connections include wireline (e.g., DSL or DOCSIS), wireless
(e.g., WIMAX), and optical (e.g., SONET SDH) connections. For example, one or
more connections may include an intranet, extranet, VPN, LAN, WAN, cellular
telephone network or other type of connection or combination of connections.

[0030] Fig. 2 is a block diagram showing an exemplary MSMS 100 in
accordance with an exemplary embodiment of the present invention. As will be
appreciated from Fig. 2, the MSMS 100 is generally conventional in that it includes
conventional hardware and software for general operation. However, the MSMS 100
IS a special-purpose computer system that includes conventional hardware, e.g. one
Or more processors, memory, etc. storing and executing both conventional software
enabling operation of a general purpose computing system, such as operating
system software 120 and network communication software 130, and specially-
configured computer software for configuring the general purpose hardware as a
special-purpose computing system for carrying out at least one method In
accordance with the present invention.

[0031] Accordingly, the MSMS 100 of Fig. 2 includes a general
purpose processor, such as a microprocessor (CPU) 102 and a bus 104 employed to
connect and enable communication between the processor 102 and the components
of the presentation system in accordance with known techniques. The exemplary
MSMS 100 includes a user interface adapter 106, which connects the processor 102
via the bus 104 to one or more interface devices, such as a keyboard 108, mouse
110, and/or other interface devices 112, which can be any user interface device,
such as a touch sensitive screen, digitized entry pad, etc. The bus 104 also
connects a display device 114, such as an LCD screen or monitor, to the processor

102 via a display adapter 116. The bus 104 also connects the processor 102 to
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memory 118, which can include solid state memory, a hard drive, diskette drive, tape
drive, etc.

[0032] The MSMS 100 may communicate with other computers or
networks of computers, for example via a communications channel, network card or
modem 122. The MSMS 100 may be associated with such other computers in a
local area network (LAN) or a wide area network (WAN), and may operate as a client
In a client/server arrangement with another computer, etc. Such configurations, as
well as the appropriate communications hardware and software, are known In the
art.

[0033] In this exemplary embodiment, the system architecture
employs an executable software application at the MSMS 100 to specially-configure
the MSMS 100 in accordance with the present invention. Accordingly, as shown in
Fig. 2, the MSMS 100 includes a Virtual World Engine (VWE) application 150
comprising computer-readable, processor-executable instructions stored in the
memory for carrying out the methods described herein. Further, the memory stores
certain data, e.g. in a database or other data store 140 shown logically in Fig. 2 for
llustrative purposes, without regard to any particular embodiment in one or more
hardware or software components. Optionally, other software and/or data may be
stored In a corresponding data store 140 of the memory 118.

[0034] The VWE 150 effectively creates, displays, and otherwise
manages the state of the virtual world via the MSMS 100 to provide to the user 20 a
virtual world environment with which the user 20 can interact, and to which the user
20 can provide input. A virtual world state comprises all virtual world parameters,
including avatar state, non-player character (NPC) state, in-world object state, world
state (e.g., internal game clocks, world environment settings and parameters), and
other virtual world parameters. Each user 20 controls at least the users avatar
within the virtual world, and provides input to the system and the VWE via the input
hardware and software of the MSMS 100. Generally, the VWE 150 receives inputs
from the user 10 and causes display of the virtual world interface. As a non-limiting
example, MSMS 100 can act in a client role to download client components of an
online or server-supported virtual world, which are executed locally, while a remote
server, such as system 200, provides backend support for the client components and

may be responsible for maintaining application data of the game, processing the
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iInputs from the user, updating and/or synchronizing the game state based on virtual
world logic and/or input from one or more users, and transmitting instructions to
MSMS 100. As another non-limiting example, each time user 20 interacts to provide
an input to the virtual world through the MSMS 100 (such as, for example, by typing
on a keyboard, clicking a mouse button, tapping a touchscreen or operating a
joystick of MSMS 100), the client components of the VWE may transmit the user's
INnput to system 200, as discussed in greater detail below.

[0035] Notably, the VWE 150 iIs specially-configured in accordance
with the present invention to provide a virtual world experience that includes user-
selectable options, or solicits or presents opportunities for user input, that is deemed
to be probative of the users cognitive and/or mood state. Accordingly, In this
manner, the users input is not merely input into a virtual world environment, but
rather 1s Input that can be used for the purposes of assessing the users cognitive
and/or mood states. Accordingly, in accordance with the present invention, the
virtual world environment Is unlike conventional virtual world environments In that it Is
specially-configured to serve as a diagnostic tool, by gathering information relevant
to assessment of the users cognitive and/or mood states.

[0036] Consistent with the present invention, VWE 150 includes at
least three logical components, namely, an Avatar Management Engine 160, an
Interaction Engine 170, and a Task Engine 180. These engines are logical
components responsible for controlling certain aspects of the virtual world
experience, consistent with the present invention.

[0037] The Avatar Management Engine (AME) 160 Is operable to
prompt, and preferably require, the user to create (or to modify or update) an avatar
representative of the user during each session in which the user interacts with the
virtual world. Accordingly, the users avatar is not static, and does not persist across
multiple interaction sessions, but rather, Is recreated often, so that each recreation
serves as another data point providing insight into the user's then-current mood
state. As discussed In greater detail below, the AME 160 prompts the user, and
recelves user input, via graphical user interfaces displayed to the user by the AME
160 via the MSMS 100. The graphical user interface solicits input from the user for
various avatar characteristics. The AME 160 may present via a graphical user

Interface a visual or textual menu of user-selectable options including multiple
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disparate choices for each characteristic. The AME 160 is specially-configured in
accordance with the present invention such that the specific characteristics for which
INput Is solicited are selected to be those that are useful In assessing the user's
mood state. Examples of such characteristics include Username, Gender, Skin
Tone, Body Type/Shape, Height, Facial Expression, Eye Color, Hair Style, Hair
Color, Clothing Outfit, and Clothing Color.

[0038] These elements, and the users selections in response
thereto, and In particular the menu of options from which the user may select, are
deemed to be probative of the users then-current mood state, as discussed below.
For example, Gender selection may be reflective of a current mental or emotional
state. For example, an avatar of an opposite sex may be selected to make the user
look and feel stronger or weaker as compared to the user's actual gender
stereotype. By way of further example, Body Type/Shape selection may reflect how
a user feels physically, the feeling being projected through size values (height and
weight). One’s subjective sense of their size and strength might alter when feeling
depressed. It has been observed that depressed persons are more likely to create
unrealistically “fat”, "short”, or "weird looking™ avatars that expressed their self-image
and their issues with being undesirable (e.g.; too fat, too short, or ugly / weird
looking). By way of further example, Skin, Eye, Hair Color selections can be
iInformative, and options may be included that do not map to real world occurrences.
For example, colors fitting with common expressions of happiness and sadness
(e.g., blue for “feeling blue”, or yellow for feeling “sunny or happy’, etc.), as well as
some abstract colors (purple, green) may be included as user-selectable options.
Color importance (and its linkage to the mood) is understood to be most relevant for
“skin” selection, and also relevant for Clothing selection. Further, clothing choice is
probative. For example, it has been observed that women who are depressed or
sad are more likely to wear baggy tops, jeans, and a sweatshirt or jumper. In
contrast, women who are happy or positive are more likely to wear a favorite dress,
jewelry, and jeans . These clothing choices seem to mean that women who are
feeling down put less effort — or perhaps want to disappear — into what they're
wearing, and women who are in a good mood tend to try and look nicer to match
their mood. Further clothing color options will be provided that correspond to Robert

Plutchik's basic (joy, trust, fear, surprise) and basic opposite (sadness, disgust,
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anger, anticipation) emotions as reflected in the Plutchik’'s VWheel of Emotions.
Accordingly, the user's selections can be reflective of the user's then-current mood
state. Further still, the user will be presented with user-selectable options of facial
expressions, which may be based at least in part on Paul's Ekman Pictures of Facial
Affect (POFA) stimulus set published in 1976 and revised in 1990, which
recognizably indicate anger, disgust, fear, happiness, sadness, contempt, and
surprise.

[0039] The Interaction Engine 170 (IE) is operable to prompt, and
preferably require, the user to provide environmental inputs during each session In
which the user interacts with the virtual world. The |[E 170 is specially-configured in
accordance with the present invention such that the specific environment options for
which input is required are selected to be those that are useful in assessing the
users mood state. Accordingly, the user's virtual world environment is not static,
and does not persist across multiple interaction sessions, but rather, i1s reconfigured
often, so that each reconfiguration serves as another data point providing insight into
the user's then-current mood state. As discussed in greater detail below, the IE 170
prompts the user, and receives user input, via graphical user interfaces displayed to
the user by the |[E 170 via the MSMS. The graphical user interfaces solicit input from
the user for various environmental characteristics. The specific characteristics for
which input Is solicited are selected to be those that are useful in assessing the
user's mood state. Examples of such characteristics include Setting, Weather, and
Background Music. The |[E 170 may present via a graphical user interface a visual

or textual menu of user-selectable options including multiple disparate choices for

each characteristic.
[0040] For example, users may be presented with different virtual

world environments for their avatar that include settings linked to specific emotions.
For example, a city is not likely to be selected by those seeking solitude or are not
willing or able to deal with all the interactions and business such environment
presents. Individuals who are looking for a place to escape, to “be left alone” will be
more likely to opt for a place like a tropical island, forest, or ancient ruins. Other,
more abstract environmental options, such as a heavenly environment, a hellacious

environment, and an otherworldly space ship may also be provided.
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[0041] Additionally, the |E 170 is operable to track the user's
Interactions with the virtual world environment. In an avatar-navigable virtual world
environment, the virtual world environment is preferably designed to provide
opportunities for user-selected activities that are useful in assessing the users mood
state. For example, the virtual world environment is designed to provide user-
selectable (e.g., via navigation) settings such as a psychiatrist or counselor's office,
or a bar. The users interactions with the virtual world are tracked by the IE 170. For
example, If the |lE 170 observes that a user has navigated to and/or otherwise
Interacted with the psychiatrist/counselor, or the bar, then those observations may be
used In assessing the users mood state. By way of further example, the |IE 170 may
track the user's path within the virtual world and may analyze predictive or
spontaneous behavior In support of an assessment of the user's cognitive and/or
mood states.

[004 2] The Task Engine 180 (TE) is operable to permit, prompt
and/or require, the user to provide additional input to the system by performing
various tasks during one or more sessions in which the user interacts with the
system, e.g., within the virtual world environment. The TE 180 is specially-
configured In accordance with the present invention such that the specific input
permitted, prompted and/or required Is selected to be items useful In assessing the
users cognitive and/or mood state. As discussed In greater detail below, the TE 180
recelves user input via graphical user interfaces displayed to the user by the TE 180
via the MSMS. The graphical user interfaces solicit input from the user for in
connection with the performance of specific, predefined tasks. Research has shown
that individuals In depression have impaired attention, working memory, executive
function, motivation, and processing speed. The tasks are thus selected to develop
INsight into how their depression or other mood state is affecting the cognitive
processes. Accordingly, the specific tasks for which input is solicited may be
selected to be those that are useful In assessing the users mood state and/or the
users cognitive state, and thus may mimic various standard cognitive tests. For
example, this may involve the TE’s causing of display of a personal health
guestionnaire, set of questions of a type traditionally used In clinical settings for
assessing mood/depression, or delivery of a game- or task-based experience of a

type conventionally used to test cognitive function such as memory tasks, tasks that

12



CA 03025483 2018-11-23

WO 2017/205647 PCT/US2017/034514

capture reflex time, etc. The TE 180 may present via a graphical user interface a
text- or graphics-based sequence to deliver such experiences. Examples of such
games or tasks (collectively, “tasks™) are described below.

[004 3] Briefly, the user's selections of options to create and/or
configure an avatar and the virtual world environment, and the users navigation of
virtual world, playing of games, performance of tasks, and other interactions with
and/or within the virtual world are tracked by the VWE 150, and associated data is
stored (logged) in the data store 140 of the memory 118 of the MSMS 100. Such
data I1s subsequently processed to allow for further analysis, and/or to perform an
assessment of the cognitive and/or mood states of the user, as a function of the
Interaction data. Although in some embodiments such further processing, or at least
a part of it, may occur at the MSMS 100, in this exemplary embodiment of the
system, such interaction data is transmitted by the MSMS 100 via the
communications network 50 shown in Fig. 1, to a Mental State Assessment System
(MSAS) 200, where such further processing is performed as described in greater
detail below. Fig. 3 is a diagrammatic view of an exemplary Mental State
Assessment System (MSAS) 200 for processing interaction data gathered by the
MSMS 100 as the result of the user's interaction with a virtual world environment
provided by the MSMS 100 in accordance in accordance with the present invention.

[0044] Every interaction performed by the user in game Is collected
and stored In an “event-based architecture.” Every action is stored as an individual
event. Each and every event is stored with a minimum four pieces of information
(referred to as "parameters™): (1) a date/time stamp indicating when the event
occurred (when the action was performed), (2) a universally unigue identifier (UUID)
unique to the physical device the user is using to run the game, (3) an event type
iIndicating the type of event stored and (4) an event |ID indicating the unique instance
of that event. Apart from those four parameters, each event will store additional
parameters depending on the type of event. For example, the
“‘CustomizationHairChange” event also stores the type of hair the user has chosen
during avatar creation.

[0045] Referring now to Fig. 4, a flow diagram 400 is provided that
llustrates an exemplary method for assessing cognitive and mood states of a real

world user as a function of virtual world activity in accordance with the present
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iInvention. As shown in Fig. 4, this exemplary method begins with providing a user
interactive virtual world (VW) environment at a Mental State Monitoring System 100
accessible to the user, as shown at 402. This may involve providing a pre-
configured MSMS 100 to a user, but preferably involves providing Virtual World
Engine software 150, such as an “app” distributable via an “app store,” that may be
downloaded to the users MSMS 100a, 100b, 100c, 100d, and may be executed to
display a pre-configured VW environment via the display device 116 of the MSMS
100, and to receive user input via the MSMS’s input devices 108, 110, 112, etc., to
store gathered interaction data in a data store 140 of the MSMS’s memory 118, and
to transmit gathered interaction data via a communication channel 122 as
appropriate.

[0046] In one embodiment, the pre-configured VW environment
INncludes an avatar-navigable world, and the environment provided IS a single user
experience where the user Is represented as a user-customized avatar within the
virtual world environment. As discussed above, the user can explore the virtual
world In a free-roam capacity, interact with non-human characters, answer
standardized health and other questions, and play games and/or perform tasks.

[0047] Next, the MSMS 100 waits until the user initiates a new VW
session, as shown at 404 and 406. By way of example, the user may Initiate a new
VW session by executed the VWE software 150, e.g., by opening the VWE software
app to being a new Interaction, €.g., gameplay, session.

[0048] After the MSMS 100 has determined that the user has
initiated a new session at 404, the MSMS 100 displays (via its display device) one or
more graphical user interfaces including graphical and/or textual menus of user-
selectable options for configuring a session avatar that represents the user, and that
will be used by the user and the VWE 150 during the initiated VW session, as shown
at 408. This is performed under control of the Avatar Management Engine 160
component of the VWE 150.

[0049] The user can use the application to initiate a new session on
an ad-hoc basis, or on a scheduled basis, as directed by a healthcare provider. For
example, a healthcare provider caring for the user may prescribe or “order’ the
patient to participate in sessions a prescribed number of times according to an

assigned schedule. Preferably, the schedule comprises a plurality of sessions over
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a period of multiple weeks, and preferably more than six (6) sessions over more than
siX (6) weeks. The application can be configured to limit access on a scheduled
basis to the application as a whole, or to limit access to specific elements within the
virtual world — such as requiring a minimum amount of time to elapse before a user
can replay one or more of the games.

[0050] Consistent with the present invention, in order to progress
through and participate in the initiated VW environment session, the user Is required
to first create the session avatar by providing input to the MSMS by selecting options
from the menus, and those selections are logged, 1.e., recorded and stored in the
data store 140, by the Avatar Management Engine 160, as shown at step 410. For
example, the user is given an opportunity to select the session avatars gender,
facial representation of mood, hair color, eye color, skin color, clothing, and body
type. The user can adjust the proportions of the avatars head and body. Fig. 6
Illustrates an exemplary menu of user-selectable gender and body type options for
an avatar, In accordance with the present invention. Fig. 7 illustrates an exemplary
menu of user-selectable facial expression options for an avatar, in accordance with
the present invention. Fig. 8 illustrates an exemplary menu of user-selectable hair
style options for an avatar, in accordance with the present invention.

[0051] Since the VWE 150, and the user-selectable options for
configuring the session avatar, are selected during VWE creation to provide options
that correspond to different possible user mood states, the user's particular selection
at the time of the session provides insight into the users mood state at the time of
the session. Requiring the user to participate in multiple sessions over a long period
of time (e.g., at least six (6) weeks), provides a plurality of data points reflective of
the users mood state, and provides a longitudinal view useful for mood assessment.

[0052] In this exemplary embodiment, the MSMS 100 next displays
menus of user-selectable options for creating an ideal avatar representing the user,
as shown at 412. In particular, the system prompts the user to create an “ideal”
avatar reflecting the user in an ideal state. Further, the system requires the user to
complete the creation of the ideal avatar in order for the user to proceed and
progress through the session, as shown at 414. Similar menus and user-selectable
menu options are provided, and the user's selections are similarly logged in the data

store, under control of the Avatar Management Engine 160. In this manner,
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discrepancies between a user's current state and a user's ideal state may be
captured. For example, a users selections for a current state may indicate a sad
mood, but the users selections for an ideal state may indicate a happy mood, which
can be useful In the mood assessment process.

[0053] In this exemplary embodiment, the MSMS 100 next displays
menus of user-selectable options for configuring the virtual world environment for the
initiated VW session, as shown at 416. Further, the MSMS 100 requires the user to
select characteristics from the menus to configure the VW environment for the
Initiated VW session, and log selections by storing selections in the data store 140,
as shown at 418. This s performed by the VWE's Interaction Engine 170. For
example, the user may be presented with a menu to choose a setting for the virtual
world (such as a city street, a forest, or a desert), a weather setting for the virtual
world (such as sunshine, rain, or snow), background music for the virtual world (such
as an upbeat tune, or a melancholy song). Fig. 9 illustrates an exemplary menu of
user-selectable VW settings, In accordance with the present invention. As with the
avatar options, the user-selectable options for configuring VW environment are
selected during VWE creation to provide options that correspond to different possible
user mood states. Accordingly, the user's particular selections at the time of the
session provide Iinsight into the users mood state at the time of the session.

[0054] Optionally, the Interaction Engine 170 may present additional
user-selectable menus of options, and require additional user input, which Is logged
and stored In the data store 140, before proceeding with the VW session. For
example, in one embodiment, the user Is presented with a menu of non-player
character (NPC) options for a companion character that will follow the user
throughout the virtual world. The companion choices are selected to be a
subordinate-looking character that might need to be protected by the user (such as a
small pet-like character), a dominant figure that might protect the user (such as a
fire-breathing dragon), or a neutral figure (such as a robot). The user-selectable
options for configuring VW environment are selected during VWE creation to provide
options that correspond to different possible user mood states. Accordingly, the
users particular selections at the time of the session provide insight into the user's

mood state at the time of the session.
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[0055] After gathering data for “required” inputs according to VWE
150 design, the MSMS 100 next permits the user to proceed with VW interaction,
e.g., by displaying to the user the user's created session avatar in the user-
configured VW environment during the session, as shown at 420. This is performed
by the VWE by providing graphical user interface via the MSMS 100’s display
hardware. Any selected companion is similarly displayed. Preferably, the ideal
avatar i1s not displayed within the VW environment during VW interaction, but rather
IS displayed only as part of the ideal avatar creation process. Fig. 12 illustrates an
exemplary graphical user interface displaying a session avatar in a virtual world
environment, in accordance with the present invention. Preferably, the users
session avatar (per the users prior selections) Is rendered In a third-person view.
Any companion Is also visible and oriented near the users session avatar.

[0056] In one embodiment, the users avatar can move freely
throughout the virtual world environment. In certain embodiments, a path Is provided
within the landscape that the user can follow, or the user can choose to explore off-
path. The VW environment is designed to provide opportunities for interactions that
are useful in assessing the users cognitive and/or mood states.

[0057] Accordingly, the MSMS 100 monitors user-directed
activity/interactions within the VW environment, and logs activity by storing data In
the data store 140. This is performed by the VWE's Interaction Engine 170.

[0058] As the user (the users avatar) traverses the virtual world, the
avatar encounters coins that it can pick up. These coins/value tokens can be used
to purchase items within the virtual world environment. Predetermined portions of
the path are associated with particular predetermined tasks, such that reaching
those portions initiates the associated task. The particular tasks are provided such
that they provide insight into the user's cognitive or mood state. For example, a
musical note displayed at a predetermined portion may Initiate prompting of the user
to change the background music within the experience. There are a several song
options that may convey an “audio mood,” each of which provides insight into the
users mood state. Alternatively, a shopping cart displayed at a predetermined
portion may Initiate prompting of the user to buy items within the experience. The
user can choose to buy food for the user's avatar, or for the companion character,

clothes for the users avatar, or nothing, each of which provides insight into the
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users mood state. Further, a star displayed at a predetermined portion may initiate
prompting of the user to play a game or perform a task, each of which provides
INnsight into the users cognitive and/or mood state. Further still, a question mark
displayed at a predetermined portion may Initiate prompting of the user to answer a
patient health question or to change the appearance of the users avatar, each of
which provides insight into the users cognitive and/or mood state. The providing of
such tasks is controlled by the Task Engine 180, and the user's input provided In
association with those tasks is logged and stored in the data store 140 by the Task
Engine 180.

[0059] In certain embodiments, as the user interacts with the VW
environment, each interaction performed by the user Is collected and stored in an
‘event-based architecture™. Every action is stored as an individual event. Each event
IS stored with a minimum four pieces of information (referred to as “parameters™): (1)
a date/time stamp indicating when the event occurred (when the action was
performed), (2) a universally unique identifier (UUID) unique to the physical device
the user 1s using to run the game, (3) an event type indicating the type of event
stored and (4) an event |ID indicating the unique instance of that event. Apart from
those four parameters, each event will store additional parameters depending on the
type of event. For example, the “CustomizationHairChange” event also stores the
type of hair the user has chosen during avatar creation.

[0060] A small sample of exemplary events and the respective stored
parameters are provided below In Table 1. Parameter values are stored as “|Ds” to
reduce data size and complexity (1.e. rather than storing “"Hat large (male)” for the hat
choice, the value “12" i1s stored, which is a lookup value ID that can be cross-

referenced later.) An exemplary table of Parameter Value |ID's is provided Iin Table
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: CustomizationTopChange @~ clothingID ~: When the user changes the top clothing
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. CustomizationTopColorChange : colorlD . When the user changes the color of the top
5 : - clothing
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: CustomizationshoeChange : clothinglD - When the user changes the shoes
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- CustomizationHeadSizeChange : head size - When the user changes the head size. On slider
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: . release, report change

: CustomizationBodyChange . body type - When the user changes the body type. On slider

i : - release, report change
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: WeatherChoice + weatherl|D - When the user chooses a weather (can happen

§ : . multiple times before a confirmation)
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data locally long term, but rather builds a queue of events in-memory (in data store
140) and transmits packets of information on a predetermined frequency as long as
there Is an adequate, cell or Wi-FI or other communications channel signal. If there
IS N0 adequate channel/signal, it will retain the information in memory until there is
one. It then sends the packet of information via the communications network 50 to
the Mental State Assessment System 200, as shown in Fig. 1. More particularly, the
data Is sent to a cloud-hosted API (application programmable interface) which acts
as a gatekeeper, either accepting or rejecting the information based on
authentication and correct data formatting, and then writes it appropriately to the
application database and a JSON (JavaScript Object Notation, the format used to
store raw event data) data lake. Subsequently, various services copy that data from
the data lake to a hosted database where the data can be more robustly analyzed by
data scientists and statisticians, using a suitable data analysis platform, as discussed
IN greater detail below. This allows for more robust analysis than can be provided
using typical personal computing hardware for the MSMS 100.

[0064] Referring now to Fig. 3, a diagrammatic view of an exemplary
Mental State Assessment System (MSAS) 200 is shown. The MSAS 200processes
interaction data gathered in a virtual world environment by the MSMS 100 in
accordance with the present invention. Fig. 3 shows a number of logical
components without regarding to disparity of hardware, use of commercially
avallable services/hardware/software, etc. for ease of illustration. Referring now to
Fig. 3, the MSAS 200 includes a Communication Engine 210 in accordance with the
present invention. The Communication Engine 210 is responsible for communication

via the communications network with the MSDS 100, to receive interaction data, e.qg.,
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event data, from VWE 150 of the MSDS 100. The Communication Engine 210
INncludes an Authentication Engine 212 for authenticating the VWE 150 and
accepting transmitted data packets containing interaction data, which in this
embodiment is formatted in the reference event-based architecture. By way of non-
imiting example, the Communication Engine 210 may be implemented, at least in
part, by a cloud-hosted (e.g., Apigee) APl service written in node.js. The
Communication Engine includes an Event Tracking Engine 214 and an Profile
Creation Engine 216. The Profile Creation Engine 216 creates a new user the first
time the user play and stores associate User Profile Data 222 in a Data Store 220.
The Profile Creation Engine 216 may be implemented, at least in part, by a
createUser API service.

[0065] The Event Tracking Engine 214 tracks interaction data and
stores raw (e.g., JSON) interaction data as Raw Data 224 in a Data Store 220. The
Event Tracking Engine 214 may be implemented, at least in part, by a trackEvent
APl service. For example, the Raw Data 224 may be written to a cloud-hosted (e.g.,
Apigee) Cassandra database which stores the JSON events passed from the VWE
app through the API trackEvent service In raw format. Further, in this embodiment,
the Event Tracking Engine 214, e.qg., the trackEvent service, writes the raw (e.g.,
JSON) data to an Event Data data store 226, such as an S3 JSON Lake. The Event
Data data store 226 is the only part of the VWE's virtual private cloud (VPCx)
environment that is accessible from outside external networks via secure
authentication by the API service. The event data is written in raw JSON format to
this staging ground by the API trackEvent service at the same time as it I1s written to
the Cassandra app database.

[0066] The MSAS 200 also includes a Data Transformation Engine
230. The Data Transformation Engine 230 may be implemented as an ETL (extract,
transform, load) service (e.g., Lambda ETL) that searches for new data in the Event
Data data store 226 on a scheduled basis, such that when found, the new data is
transformed, e.qg., from raw JSON format to a format that can be written to an a
relational database (such as Amazon Redshift data warehouse), since such a
relational database allows greater statistical analysis capabilities than, for example,
JSON. Systems and methods for performing such data transformations are well

known In the art and outside the scope of the present invention. The Data
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Transformation Engine 230 further writes the transformed data to the Event Data
Warehouse 232, which stores the Avatar event data in a relational (tabular) format
instead of the raw JSON format. At the Event Data Warehouse, and in a relational
database format, the interaction data for a single user, and for many users, Is stored
INn a format that is well-suited for further data processing, €.g., to perform cognitive
and mood state assessments for a single user, and;/or for multiple users, and/or
across users.

[0067] The MSAS 200 further includes a Feature Extraction Engine
234. The Feature Extraction Engine 234 pre-processes the data to perform
automated dimensionality reduction prior to substantive analysis, as Is a common
data science practice. Optionally, the Feature Extraction Engine 234 may be
implemented via an Amazon Web Services (AWS) Elastic Compute Cloud (EC2)
engine that is set up to run a series of scheduled (automated) feature extractors’
written in Python. The end result of the processing by the Feature Extraction
Engine 234 Is that the data is transformed from raw data to a subset of data that
contains only the features of the data that are of interest to the data
scientists/healthcare professionals performing analysis. The preprocessing results in
a smaller data set that is more manageable and contains only the information of
Interest.

[0068] Further, the MSAS 200 includes a Data Analysis Engine 236.
The Data Analysis Engine 236 performs the desired substantive data analysis.
Optionally, the Data Analysis Engine 236 may be implemented as a data science
virtual machine in the nature of a shared AWS EC2 engine that is set up for remote
login by data scientists and statisticians, and equipped with software and tools
required to perform planned and ad-hoc analyses or data visualizations by data
science teams. This EC2 engine is much more powerful than personal desktop or
laptop systems and thus can perform more complex analyses in a shorter amount of
time than local machines. It also exists within the same VPCx instance as the
Redshift DB and S3 JSON Lake, which means it has direct and speedy access to the
event data to be analyzed

[0069] In certain embodiments, the Data Analysis Engine 236
Includes preconfigured software in accordance with the present invention that

performs automated assessments of cognitive and mood states of a user, according
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to the interaction data gathered by that users MSMS 100 during that user's
Interaction with the virtual world environment (including avatar creation/modification,
virtual world navigation, games, tasks, etc.). In accordance with predetermined logic
Internal to the Data Analysis Engine 236, the DAE may make an assessment
requiring, according to predetermined rules, notification of a healthcare provider.
This may be the case, for example, If an intervention is required or advisable In view
of the user's particular cognitive or mood state. In that case, the Data Analysis
Engine communicates with the Notification Engine 238, which may transmit an aler,
report, or e-mail notification by doing following predetermined notification rules on a
per-user or per-organization basis. If the Data Analysis Engine reaches a conclusion
but does not determining that an intervention is required or advisable, then Data
Analysis Engine may then communicate with the Reporting Engine 240, which may
transmit a report via encrypted e-mail or another designated secure data
transmission format, according to predetermined rules on a per-user or per-
organization basis.

[0070] Referring now to Fig. 5, a flow diagram 500 is shown that
llustrates an exemplary method for assessing cognitive and mood states of a real
world person as a function of virtual world activity in accordance with the present
iInvention. Referring now to Fig. 5, the method begins with providing a Mental
Statement Monitoring System (MSMS) 100 including a Virtual World Engine 150 for
providing a specially-configured virtual world environment for gathering
cognitive/mood-assessment relevant interaction data from a user's interaction with
the virtual world environment, as shown at 502. This Is described In detall above
with reference to Fig. 4.

[0071] The method further includes providing a Mental State
Assessment System (MSAS) 200 for processing interaction data gathered by the
MSMS 100, as shown at 504. An exemplary MSAS 200 is described above with
reference to Fig. 3.

[007 2] Next, the method includes receiving at the MSAS 200, e.g.,
via the communications network 50, interaction data for a user that was gathered
and logged by a user-operated MSMS 100, as shown at 506.

[007 3] Next, the method Includes processing the interaction data to

assess the user's cognitive and/or mood state, as shown at 508 and 510. This may
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be performed as described above with reference to Fig. 3. Notably, the processing
to determine the users cognitive and/or mood state involves processing the
Interaction data to identify the user-selected options, to identify associated mood
Indicators associated with the user-selected options, and to assess cognitive
performance on cognitive performance tests, and to assess mood and/or cognitive
states as a function of the user's interactions in the virtual world, according to the
association of such interactions with indicators of the users mood. This step may be
performed by one or more logical components of the MSAS 200, and in this
exemplary embodiment, is performed by the Data Analysis Engine 236 In
accordance with predetermined rules and logic. Any suitable rules and logic may be
used for this purpose.

[0074] Next, the MSAS 200 determines whether an intervention is
warranted, as shown at 512. This is performed by the Data Analysis Engine 236
according to predetermined rules and logic internal to the Data Analysis Engine 236.
If an Iintervention 1s warranted, then the Data Analysis Engine 236 communicates
with the Notification Engine 238 to cause the Notification Engine 238 to issue an
alert to a healthcare provider, as described above. If an intervention is not
warranted, then the Data Analysis Engine 236 communicates with the Reporting
Engine 240 to issue a report comprising an automated assessment of the user's
cognitive and/or mood states, and/or to information that may be used by a healthcare
provider to perform an independent assessment of the users cognitive and/or mood
states.

[0075] Accordingly, the systems and method described herein
provide the patient/doctor experience with an enhanced set of tools, suited for
modern life. Beyond the engaged delivery method, data collection and analytics are
also beneficiary. More specifically, a pre-determined set of variables of virtual world
Interaction are tracked and collected, to be analyzed and potentially studied in a
standard clinical trial to create a diagnostic instrument. Further, the virtual world
environment provides can be used as a connection interface, to connect a patient to
a healthcare provider through/during a virtual world session, iIn a manner that avoids
stigma, and promotes open and frank discussion.

[0076] Virtual world sessions/interactions (and the associated

software) may be prescribed by the healthcare provider, Primary Care Physician or
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Psychiatrist, to the patient. By interacting with the virtual world, various attributes are
collected. These attributes include: Speed, Memory, Flexibility, Problem Solving,
and Mood . In addition, Standard Health Questions may be asked in accordance
with the generally accept practice PHQ-9. Further, the patient is encouraged to
continue to virtual world sessions by collecting achievement badges. Through virtual
world session interactions, reports are generated for assisting the in-person patient-
doctor health visits. Patient/user performance statistics are logged and can be
provided in a report to the patient or healthcare provider. See Figs. 10 and 11.

[0077] Additionally, the gathered bulk data has value. Bulk data
stored in the data warehouses may be licensed to larger Health Care Institutions, the
delivery could be subscription based. The Health Care Institute could select the
number of patient licenses for the game and prescribe for patients to play. Collected
data could be transmitted to the Health Care Institute in a customizable fashion.
Additionally, data could be used for the purposes of further algorithmic data mining to
further enhance the virtual world sessions and create a continuous improvement in
the virtual world medium of therapy.

[0078] Telemedicine Platform: Depression goes undiagnosed In
many young people because they find it difficult to have a conversation with a
healthcare provider regarding their feelings. As a result their symptoms worsen and
they may become a risk to themselves and others. Patients suffering from
depression are custom to the negative of reaction to faces in anticipation of negative
outcomes, the so called ‘negative attentional bias’. Further patients with Major
Depressive Disorder (MDD) see everyone as frowning even in remission and worse
when sick. Therefore the system may be used as a telemedicine platform to allow
the patient to ‘real time’ connect with their Health Care Provider by speaking through
the game. The Healthcare Provider may be masked as either another avatar in the
game or as the companion user. The Patient or HCP could initiate conversation at
any time using the virtual world environment as a medium to talk at the point of
depression relapse. The use of avatars provides for the removal of faces, the
negative attentional bias and allows for 24-7-365 contact via the established
Telemedicine networks.

[0079] Examples of Games and Tasks

25



CA 03025483 2018-11-23

WO 2017/205647 PCT/US2017/034514

[0080] Bubble Pop game: In this game, users have to pop various
colors of bubbles before they drift off a display screen of the MSMS. Each color of
bubble requires a different type of action to pop them (e.g. single tap, swipe, double
tap). Each game starts with only one color of bubble present; additional colors are
added, one at a time, as play continues. The game ends after the user makes ten
errors (either missed taps, taps not on a bubble, or wrong type of tap). This game Is
similar to many other task/rule switching tasks currently in use. |t measures the
users ability to switch between tasks/rules, as well as working memory
(remembering the rule to color mapping), inhibition, and motor speed. Reaction time
and accuracy to each bubble, Including the type of any errors, are tracked by the TE
180. The number of bubbles of each type on screen for each action and the total
time playing are also tracked and stored In the data store 140 by the TE 130.

[0081] Whack-a-Mole game: |n this game, moles pop out of holes
and the user has to whack them with a toy mallet. In this game, there are nine holes
IN three rows of three that either a mole or a porcupine can pop out of. Users must
tap all moles, but not touch the porcupines. The animals pop up in variable locations
and at variable times throughout the game. The rate of appearance and number of
animals on screen increases a play continues. This game measures attentional
vigilance, inhibition, and motor speed. Reaction time, accuracy to each animal,
number of animals on the screen at each tap, and the highest number of animals on
the screen are tracked and stored In the data store 140 by the TE 180.

[0082] The Right Tile game: This game involves tapping colored
squares (red, blue, or orange) according to a continually changing rule. Columns of
three tiles are added on the right side as the entire wall scrolls to the left. Colored
bars appear sporadically to indicate what color of square should be tapped.

Squares must be tapped in order from left to right. The level of difficulty is increased
during the game by increasing the scroll speed of the tiles. Game play continues
until five wrong tiles, either wrong color or wrong location, are tapped. This task
measures the users ablility to switch and update the rules for the task, their
attentional vigilance to detect new targets, their inhibition to invalid (though possibly
previously valid) tiles, and their motor speed. In this game, reaction time, accuracy

to each tile, the amount of perseveration following a rule change, and the error type
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for all errors (color or location), and speed of the tiles at each action point are
tracked and stored In the data store 140 by the TE 180.

[0083] Speed Packing game: In this game, users are given a
suitcase with different layers that need to be folded together to close. Each layeris
laid out In a grid and has a set of objects in it (books, mugs, etc.). In order to close,
each object must be In a space that, when closed, will not be occupied by any other
objects. Each level has one layer that is colored yellow and contains one object that
IS not In a valid space. The users must move this highlighted object to one of the
other spaces In the yellow layer. If they move the object to a valid space (i.e. will not
be occupied by any other objects when the suitcase is closed), then the suitcase will
automatically close and a new suitcase will appear. Nothing happens If an invalid
space Is selected. Users have a certain amount of time to complete as many
suitcases as they can. The suitcases increase In complexity as the game
progresses by adding additional layers or more objects in each layer. This task
measures spatial planning, decision-making, and mental rotation (a sub-function of
working memory). Reaction time, accuracy for each move the user tries to make,
the difficulty of suitcase completed at each level, and the total number of suitcases
completed successfully are tracked and stored in the data store 140 by the TE 180.

[0084] Towers of Hanoil game: In this game, users are shown a set
of pegs and a set of different sized discs all staked up In size order (smallest on top)
on one peg. Theirtask is to move the stack of discs from the starting peg to a
different peg. Users can only move one disc at a time and can never put a larger
disc on top of a smaller disc. This task measures executive function, spatial
planning, and decision-making. Reaction time for each move, the total number of
moves for each level (compared to the known minimal number), number of illegal
moves attempted, number of perseverative moves (moves back and forth from the
same two pegs), and the overall time to completion are tracked and stored in the
data store 140 by the TE 180.

[0085] The Card Sequence game: This game is a serial memory
task, known as an n-back task in psychological and cognitive literature. Users are
shown a series of cards, one at a time, and asked at each point whether the current
card matches the one they saw n spaces (e.g. 1, 2, 3 spaces) previously. Users tap

yes or no for each card. Users start at 1-back, reporting on whether the current card
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matches the previous card. As play progresses, the number of cards back the user
needs to remember increases. Each n-back level Is treated as a separate level In
the game, with a new series of cards to remember starting after each increase. The
user plays until three mistakes have been made. This is a classical visual short-term
(or working) memory task that measures how well an individual can store featural
(Identity) information, as well as how well they can adapt to shifts in the task/rules of
the game. Reaction time to each card, the accuracy at each card, and, for any
errors, the type of error (false alarm, miss, perseveration to the previous rule, etc.)
are tracked and stored In the data store 140 by the TE 130.

[0086] Memory Cards game: This game is based on a classical
game where a series of cards are laid out face up for the user to see and memorize.
There are multiple different images on the cards (here we have six different card
types), but each card has an identical match in the set. After a short time, all the
cards are then flipped over and the user must find the matched pairs. Each turn the
user clicks one card, which is then flipped over for them to see. They then click a
second card, which is also flipped over. If this second card is a match, both cards
disappear; otherwise, both are flipped back over. Play continues until all matches
are found. This game iIs a standard visual short-term memory (also known as
working memory) task that requires remembering both featural (identity) and spatial
(location) information. Reaction time to select each card, the accuracy of each turn,
and the amount of perseveration (continual choice of the same card(s)) are tracked
and stored in the data store 140 by the TE 180.

[0087] Avoid the Obstacles game: In this game, users must move
their avatar around a board to prevent any of the “obstacles” (i.e. gray balls) from
hitting it. The number of balls I1s Increased over time. The game Is over when the
user has been hit three times (loss) or when they move the avatar to collect a coin
that appears during play (win). This game Is based on multiple object tracking
(MOT) tasks used to assess visual attention. Unlike many other visual attention
tasks, this one requires you to split your focus and attend to multiple items
simultaneously. As users must also move their avatar to prevent being hit by the
palls, this task can also serve as a measure of spatial planning. In this game, the
length of time survived, win/loss status of the game, highest number of balls on

screen, number of collisions, and the number of balls on screen for each collision, as

28



CA 03025483 2018-11-23

WO 2017/205647 PCT/US2017/034514

well as the movement of the avatar by the user, are tracked and stored in the data
store 140 and stored In the data store 140 by the TE 130.

[0088] Questionnaire task: In this task, a series of questions are
presented and the users response Is solicited and stored. The questions are
selected to elicit data related to the patient’'s current mood and depression
symptoms. The severity of a patient’'s depression will be assessed using questions
from the PHQ9, a well-validated MDD metric. Responses are tracked and stored In
the data store 140 by the TE 180.

[0089] Feelings task: In this task, a series of animated images are
displayed to the user in a user-selectable menu. Each image is selected to depict a
different emotional state. The TE 180 solicits a users input as to the image
corresponding to the users current mood state. Responses are tracked and stored
IN the data store 140 by the TE 180.

[0090] Additionally, computer readable media storing computer readable
code for carrying out the method steps identified above Is provided. The computer
readable media stores code for carrying out subprocesses for carrying out the
methods described above.

[0091] A computer program product recorded on a computer readable
medium for carrying out the method steps identified above Is provided. The
computer program product comprises computer readable means for carrying out the
methods described above.

[0092] Having thus described a few particular embodiments of the
Invention, various alterations, modifications, and improvements will readily occur to
those skilled in the art. Such alterations, modifications, and improvements as are
made obvious by this disclosure are intended to be part of this description though not
expressly stated herein, and are intended to be within the spirit and scope of the
iInvention. Accordingly, the foregoing description Is by way of example only, and not
limiting. The invention is limited only as defined in the following claims and

equivalents thereto.
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VWhat is claimed is:

1. A computerized assessment system for assessing a mental state of a
person, the system comprising:
a Processor;
a display device;
a memory; and
Instructions stored in the memory and executable by the processor to provide
a virtual world navigable by an avatar under control of the person to provide the
person with a video game experience session via the display device;
Instructions stored in the memory and executable by the processor to:
display via the display device a menu of alternative options for
configuring at least one aspect of at least one of the avatar, the virtual
world and the video game experience session;
recelve from the person at least one user-selected option

selected from among the alternative options displayed via the menu;

and
modify at least one of the video game experience session, the
avatar as displayed via the display device, and the virtual world as

displayed via the display device in accordance with the at least one
user-selected option; and
Instructions stored in the memory and executable by the processor to assess

the mental state of the person as a function of the at least one user-selected

option;
whereby the system performs an automated assessment of the mental state of the
person as a function of the person’s selection of options for configuration of aspects

of at least one of the avatar, the virtual world and the video game experience

session.

2. The computerized assessment system of claim 1, further comprising:
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Instructions stored in the memory and executable by the processor to store In
the memory the at least one user-selection option for each of a plurality of video
game experience sessions;

wherein the instructions stored in the memory and executable by the
processor to assess the mental state of the person is configured to assess the
mental state of the person as a function of the at least one user-selected option for

the plurality of video game experience sessions.

3. The computerized assessment system of claim 1, further comprising:
Instructions stored in the memory and executable by the processor to display

to via the display device an indication of an assessed metal state of the person.

4. The computerized assessment system of claim 1, further comprising:
Instructions stored in the memory and executable by the processor to display
to via the display device a user-selectable link for automatedly establishing a

communication session with another person’s communications device.

5. The computerized assessment system of claim 1, further comprising:
Instructions stored in the memory and executable by the processor to transmit
via a communications network to a healthcare providers computing system an alert

identifying the person’s assessed mental state.

O. The computerized assessment system of claim 1, further comprising:

a plurality of actions stored in the memory, each of the plurality of actions
being associated with at least one of a plurality of mental state assessments;

Instructions stored in the memory and executable by the processor to identify
at least one recommended action that corresponds to the assessed mental state of
the person;

Instructions stored in the memory and executable by the processor to display
to via the display device information instructing the person to perform the

recommended action.
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/. A computerized assessment system for assessing a mental state of a
person, the system comprising:
a pProcessor,
a memory;
a display device;
an Input device; and
Instructions stored in the memory and executable by the processor to:
display a menu of user-selectable options for configuring a session
avatar, each of the user-selectable options being reflective of a respective
mood state:
requiring user input via the input device for configuring the session
avatar:
display via the display device a virtual world environment including the
session avatar, during a virtual world session; and
assess the users mood as a function of user-selected options for the

session avatar.

3. The system of claim 7, wherein the instructions stored in the memory
and executable by the processor to display the menu of user-selectable options for
configuring the session avatar comprises instructions for displaying options for facial

expressions.

9. The system of claim 7, further comprising instructions stored in the
memory and executable by the processor to:

display a menu of user-selectable options for configuring an ideal avatar, each
of the user-selectable options being reflective of a respective mood state;

require user input via the input device for configuring the ideal avatar; and

assess the users mood as a function of differences between user-selected

options for the session avatar and user-selected options for the ideal avatar.

10.  The system of claim 7/, further comprising instructions stored In the

memory and executable by the processor to:
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display a menu of user-selectable options for configuring a virtual world
environment, each of the user-selectable options being reflective of a respective
mood state;

require user input via the input device for configuring the virtual world
environment; and

assess the users mood as a function of user-selected options for the virtual

world environment.

11.  The system of claim 10, wherein the instructions stored in the memory
and executable by the processor to display the menu of user-selectable options for
configuring a virtual world environment comprises instructions for displaying a

plurality of different environmental setting options.

12.  The system of claim 10, wherein the instructions stored in the memory
and executable by the processor to display the menu of user-selectable options for
configuring a virtual world environment comprises instructions for displaying the
menu of user-selectable options for configuring a virtual world environment

comprises displaying a plurality of different music options.

13.  The system of claim 10, wherein the instructions stored in the memory
and executable by the processor to display the menu of user-selectable options for
configuring a virtual world environment comprises instructions for displaying the
menu of user-selectable options for configuring a virtual world environment

comprises displaying a plurality of different weather options.

14.  The system of claim 7, wherein the instructions stored in the memory
and executable by the processor to display a virtual world environment comprises
Instructions to display destinations corresponding to respective mood states, the
system further comprising instructions stored in the memory and executable by the
pProcessor to:

monitor user-directed interactions with the virtual world environment

destinations; and
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assess the users mood as a function of destinations visited by the user's

session avatar.

15.  The system of claim 7, wherein the instructions stored in the memory
and executable by the processor to display a virtual world environment comprises
Instructions to display tasks providing information probative of the users mood state,
the system further comprising instructions stored in the memory and executable by
the processor to:

monitor user-directed interactions with the virtual world environment In
performance of at least one task; and

assess the users mood as a function of the user's performance of the at least

one task.

16.  The system of claim 15, wherein the instructions stored in the memory
and executable by the processor to display tasks providing information probative of
the users mood state comprises instructions to display a task comprising at least

one question soliciting a user response.

17. The system of claim 7, wherein the instructions stored in the memory
and executable by the processor to display a virtual world environment comprises
Instructions to display tasks providing information probative of the users cognitive
state, the system further comprising instructions stored in the memory and
executable by the processor to:

monitor user-directed interactions with the virtual world environment In
performance of at least one task; and

assess the users mood as a function of the user's performance of the at least

one task.
18.  The system of claim 1/, wherein the instructions stored in the memory

and executable by the processor to display tasks providing information probative of

the user's cognitive state comprises instructions to display a game interface.
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19. A computerized assessment system for assessing a mental state of a
person, the system comprising:
a pProcessor;
a display device;
a memory; and
Instructions stored in the memory and executable by the processor to provide
a virtual world environment and an avatar associated with the person to provide the
person with a virtual world session via the display device;
Instructions stored in the memory and executable by the processor to:
display via the display device a menu of user-selectable options
for configuring at least one aspect of at least one of the avatar, the
virtual world environment and the virtual world session;
require from the person at least one user-selected option
selected from among the alternative options displayed via the menu;
and
modify at least one of the avatar as displayed via the display
device, the virtual world environment, and the virtual world session as
displayed via the display device in accordance with the at least one
user-selected option; and
Instructions stored in the memory and executable by the processor to assess
the mental state of the person as a function of the at least one user-selected

option;

whereby the system performs an automated assessment of the mental state of the
person as a function of the person’s selection of options for configuration of aspects
of at least one of the avatar, the virtual world environment, and the virtual world

session.

20. A computerized assessment system for assessing a mental state of a
person, the system comprising:
a mental state monitoring system comprising:

a Processor,
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a display device;
a memory; and
Instructions stored in the memory and executable by the processor to
provide a virtual world environment and an avatar associated with the person
to provide the person with a virtual world session via the display device;
Instructions stored in the memory and executable by the processor to:
display via the display device a menu of user-selectable options
for configuring at least one aspect of at least one of the avatar and the
virtual world environment;
require from the person at least one user-selected option
selected from among the alternative options displayed via the menu for
each of said at least one of the avatar and the virtual world
environment; and
Instructions stored in the memory and executable by the processor to
monitor user-directed activity within the virtual world session; and
Instructions stored in the memory and executable by the processor to
transmit data representing recorded interactions that are associated with the

person’'s mood state; and

a mental state assessment system comprising:

a second processor;

a memory; and

Instructions stored in the memory and executable by the processor to
perform an automated assessment of the mental state of the person as a function of
recelved data representing recorded interactions that are associated with the
person’'s mood state, including the person’s selection of options for configuration of
aspects of at least one of the avatar and the virtual world environment, and the

person’'s monitored activity with the virtual world session.
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