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(57) Abrégée/Abstract:
Disclosed herein are systems and methods for assessing cognitive function. In an example embodiment, an assessment computer
recelves demographics data relating to an individual and provides a cognitive assessment test to a portable touchscreen personal
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(57) Abrege(suite)/Abstract(continued):

computing device, for self administration of the test by the Individual. The portable touchscreen personal computing device
generates cognitive assessment stimull, receives responses to the stimuli from the individual via touchscreen activations, measures
reaction times of the responses, and transmits the responses and reaction times to the assessment computer for storage In a
database. The assessment computer receives cognitive assessment performance data relating to the individual, including the

recelved responses and measured reaction times, and generates performance metrics including at least a cognitive baseline for the
Individual based at least on the first cognitive assessment performance data.
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(57) Abstract: Disclosed herein are systems and methods for assessing cognitive function. In an example embodiment, an assess-
ment computer receives demographics data relating to an individual and provides a cognitive assessment test to a portable touch -
screen personal computing device, for self administration of the test by the mdividual. The portable touchscreen personal computing
device generates cognitive assessment stimuli, receives responses to the stimuli from the individual via touchscreen activations,
measures reaction times of the responses, and transmits the responses and reaction times to the assessment computer for storage in a
database. The assessment computer receives cognitive assessment performance data relating to the mmdividual, mcluding the received
responses and measured reaction times, and generates performance metrics including at least a cognitive baseline for the individual
based at least on the first cognitive assessment performance data.
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TITLE

SYSTEMS AND METHODS TO ASSESS COGNITIVE FUNCTION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Provisional Patent Application No.
61/417,189 filed on November 24, 2010, the entire contents of which hereby incorporated by

reference.

BACKGROUND

[0002] There are many 1ndividuals that would like to assess their cognitive function, either
compared to self over time or compared to others at particular times and/or over time.
Additionally, there are a number of entities that would benefit from being able to assess the
cognitive function of individuals. Allowing these individuals and entities to assess cognitive
function compared to others with a particular chosen characteristic, such as age group, income
level, health status, etc. would be particularly helpful. The prior art does not provide any system
that allows individuals and these entities to quickly, rehiably, and cost-effectively assess
cognitive function compared to a current, relevant, and statistically-meaningtul sample of data
(¢.g., other individuals having the same or similar demographic characteristics).

[0003] Systematic normative and clinical data updates are important to keep up with changes in
test performance in the population. However, the efficiency, sharing, and integration limitations
in the current testing methods do not permit such data collection. More specifically, persons of
skill 1n the art are presented with a significant problem of obtaining rehiable data from suitable
subjects. It should be appreciated that, for example, subjects that have previously taken a test
may provide responses that skew the results of normative data. For example, if the subject 18
overly familiar with the test, the data may be useless or even harmful to the collective data set to
be analyzed. In such a case, the test performance could be deemed as measuring training effect
rather than measuring a subject’s cognitive abilities or functions. In general, using such data may
be frowned upon, and may be considered by many as junk science.

[0004] Currently available cognitive assessment tools include traditional paper and pencil tests
as well as computerized and internet-based tests. Despite the variety of developed testing tools

and test administration methods, the limitations described above remain for several reasons.
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[0005] Using traditional cognitive assessment methods, a pool of subjects representative of a
population of interest 1s sclected. The statistically relevant sample of subjects 1s then tested to
develop a normed performance metric. Individuals taking the same test at a later time can then be
compared to this historical pre-selected reference group. Maintaining the currency of the normed
performance metric 1S incredibly time-consuming and expensive because new sample groups
must be repeatedly 1dentified and tested with the results incorporated. Identifying new sample
groups 18 time consuming and expensive. Also, the actual test administration 18 time consuming
and expensive as well. These costs typically involve millions of dollars and thousands of hours
of work for cach normed data sct. For example, 1n a clinical setting typically used 1n the prior art,
administration, analysis, and reporting of a typical battery of cognitive assessment tests may cost
approximately $2,000 to $3,000 per individual. Because of the costs associated with maintaining
currency of the data, the normed data sets are often outdated and do not reflect current societal
norms. However, 1t 18 often critical, or at least very important, that the data obtained for analysis
1s reliable data that can be validated, and strict adherence to established procedures for including
selection of individuals for testing, test administration, and the like 1s followed at great expense.
[0006] There are also drawbacks associated with traditional paper and pencil tests and
computerized and internet-based tests. For example, paper and pencil tests generally must be
individually administered by a trained clinician. This makes the testing procedures inetficient
and time consuming.

[0007] Morcover, despite training, 1t 1S inevitable that differences in testing procedures will
occur. These differences can be very subtle, relating to the speed of presentation of instructions,
breaks 1n phrasing, voice quality, or voice intonation and modulation, direction of the examiner's
gaze at the materials, frequency and appropriateness of eye contact, etc. Other factors can
include subtle changes 1n verbal instructions, familiarity and facility in the manipulation of test
materials.

[0008] Additional differences during test administration include the clinician's appearance,
gender, and ethno-cultural background. Even factors such as height, hair color, and attire
introduce additional variation. There can also be the divergent influence of interpersonal factors
relating to the quality of rapport between the clinician and the subject.

[0009] Tests that do not require individual administration still require time for scoring and

scoring of these tests 1s not always performed consistently across test-takers.
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[0010] Computerized and/or internet-based cognitive assessment tools address some of the
problems discussed above, yet still suffer many of the same limitations of the traditional tests.
Overall, test administration 1s more firmly standard, detailed timing parameters are collected, and
scoring accuracy 18 improved. Limitations remain, however, with regard to low throughput due
to individual administration and inefficient data collection and sharing. For example, 1t may be
difficult and expensive to determine which individuals should perform the test. Also, many
currently available computer tests have an additional limitation related to the interface between
the subject and the computer. For example, different keyboards often have different response
times, which may degrade the quality of reaction time data obtained therefrom. For example,
display and operating systems have different refresh rates and resolutions, and operating system
performance may influence the performance metrics, and thus, the rchability of the data.
Accordingly, these limitations may require test reliability validation for each computing device
configuration and cach specific interface environment, which 15 generally infeasible or
unpractical. Further, self administration of cognitive assessment tests 18 not generally accepted
for providing reliable data which can be validated. The prior art does not provide any assessment
platform that 1s casy to use to obtain reliable data and cost effective, to the contrary, the prior art
systems and methods are generally difficult to implement and administer, and are cost

inetfective.

SUMMARY

[0011] The present disclosure provides a new and innovative system and method for assessing
cognitive function. In an example embodiment, an assessment computer receives demographics
data relating to an individual and provides a cognitive assessment test to a portable touchscreen
personal computing device, for self administration of the test by the individual. The portable
touchscreen personal computing device generates cognitive assessment stimuli, receives
responses to the stimuli from the individual via touchscreen activations, measures reaction times
of the responses, and transmits the responses and reaction times to the assessment computer for
storage 1n a database. In an example embodiment, touchscreen activations may be replaced by, or
supplemented with, eye tracking and/or speech recognition assessment. The assessment
computer receives cognitive assessment performance data relating to the individual, including

the received responses and measured reaction times, and generates performance metrics
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including at least a cognitive baseline for the individual based at least on the first cognitive
assessment performance data.

[0012] An example embodiment may include a self-administrable suite of cognitive assessment
tools (interchangeably referred to as tests or tasks herein) on a portable touchscreen personal
computing device. Individuals utilizing the cognitive assessment tools provide information
relating to at least one demographic characteristic. Assessment tool results and provided
demographic characteristics are uploaded and stored into a database that can aggregate, filter,
sort and analyze the data.

[0013] In an example embodiment, when an individual utilizes the cognitive assessment tools
and results are uploaded 1nto the database, the individual receives a report comparing his or her
performance to performance of others with common demographic characteristics. This report can
take many forms including text and graphical representations of results. Further, researchers or
others with an interest in the collected data may query the database for evaluation of the
cognitive and associated demographic data contained therein.

[0014] Additional features and advantages of the disclosed method and apparatus are described

in, and will be apparent from, the following Detailed Description and the Figures.

BRIEF DESCRIPTION OF THE FIGURES

[0015] Figure 1 1illustrates a block diagram of an example screen layout for a cognitive
assessment test on a portable touchscreen personal computing device, according to an example
embodiment of the present invention.

[0016] Figure 2 1s a flowchart illustrating an example cognitive assessment method, according to
an example embodiment of the present invention.

[0017] Figure 3 1s a detailed block diagram of an example cognitive assessment system,
according to an example embodiment of the present invention.

[0018] Figure 4 1s a flowchart illustrating an example cognitive assessment method, according to

an example embodiment of the present invention.

DETAILED DESCRIPTION

[0019] Example embodiments disclosed herein provide self-administered cognitive assessment

tools on portable touchscreen personal computing devices. The exemplary assessment tools
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disclosed 1n detail herein are based, 1n part, on reaction time measures to computer-based stimuli.
In an example embodiment, user performance metrics are automatically uploaded to a database
or databases at an assessment computer. The data 1s dynamically normed through continuous
uploading of user performance metrics. This approach allows for the development of norms
based on self-reported behavior and demographics and allows for the creation of a large sample
size¢ of varymg demographics and behavior that can influence cognitive function. Also,
administration of cognitive assessment tests 1S time consuming and expensive, so self
administration of tests saves a great deal of time and money. As noted above, for example, 1n a
clinical setting typically used 1n the prior art, administration, analysis, and reporting of a typical
battery of cognitive assessment tests may cost approximately $2,000 to $3,000 per individual.
On the contrary, using the presently disclosed system and method, the administration, analysis,
and reporting of a typical battery of cognitive assessment tests may cost approximately $24.
These cost savings, along with savings of cost on test selection and/or subject selection, provide
for expenses that are orders of magnitude lower than the prior art methods, which allows for far
oreater data throughput. Further, self administration may provide higher quality cognitive
assessment data 1n some respects. For example, the individual taking the test finds the
touchscreen user interface extremely simple and intuitive, so the thought process 1s not interfered
with by thinking about manipulating a mouse, a keyboard, navigating a paper answer sheet, or
the like. There may be little to no learning of the user interface required.

[0020] The benefits of self administration may save a great deal of expense 1n gencrating a
normed performance metrics and validating data, however, the disclosed method of self
administration may also require the use of data which 1s unrehiable and unsuitable for validation.
For example, an individual which takes a test while intoxicated will provide bad data.
Accordingly, using self administration for collecting cognitive assessment data as disclosed
herein flies 1n the face of many of the teachings of the prior art. However, as disclosed herein,
the presently disclosed portable touchscreen personal computing device provides an intuitive and
casy to usc user interface which overcomes these problems, even when the data received 1s
anonymous data that would generally be unsuitable for use. The presently disclosed system and
method provide an intuitive mobile assessment platform via portable touchscreen personal
computing devices, such as commonplace devices like the 1Pad®, which advantageously allows

for increased throughput of cognitive test performance, through increased accessibility, increased
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usability, a more 1solated analysis of cognitive ability, decreased training for test administration,
decreased administration costs, decreased or eliminated subject selection costs, etc. Moreover,
costs and difficulties associated with performing cognitive function assessment may be
significantly reduced, and quick, reliable, and cost-effective cognitive function assessment with
respect to a current, relevant, and statistically-meaningful data set that includes validated
performance metrics may be more easily provided.

[0021] The database(s) with performance metrics may be queried by third parties evaluating the
ctfects of demographic variables on cognitive performance. Morecover, third parties can use the
data to evaluate cognitive function against performance of various tasks. Product developers may
use the data to help create products that are cognitively appropriate for a targeted demographic.
[0022] The exemplary tests chosen for inclusion with the present disclosure assess cognitive
function by measuring abilities related to attention, memory, executive function and processing
speed.

[0023] As used herein, “attention” refers to an individual’s ability to focus on information that 1s
relevant to a task at hand while 1gnoring information that 1s not relevant to the particular task.
[0024] As used herein, “memory” refers to an individual’s ability to biologically store
information 1n the short-term or long-term.

[0025] As used herein, “executive function™ describes an individual’s ability to plan, solve
problems, and mitiate appropriate and inhibit inappropriate actions for a task at hand.

[0026] As used herein, “processing speed” refers to how quickly an individual 1s able to perceive
and 1nterpret sensory information.

[0027] As used herein, “cognitive function” refers to the overall ability with which individuals
arc able to perceive, remember and act on information in the environment, and can also be used
to refer to one of the core mental abilities mentioned above. For example, the term can be used 1n
cither of the following contexts: “cognitive training leads to improved cognitive functioning” or
“attention 1S considered a core cognitive function.”

[0028] As used herein, “cognitive baseline” refers to a stable state of cognitive functioning at a
given point 1n time. The baseline can act as a point of reference for assessing cognitive decline,
improvement, or maintenance over time and/or due to ¢.g., aging or pathological conditions,
exposure to an event or chemical, etc. For example, assessment tools may be used as a screening

instrument for traumatic brain injury (TBI), including mild TBI. For example, a military
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application may provide for an assessment test within one hour of a blast exposure, which 1s
coupled with a physiological measurement procedure.

[0029] Attention, memory, executive function, and processing speed were chosen as aspects of
mental processing to support creation of a cognitive baseline because they can be considered
“core” cognitive functions, and as a result provide the most useful means of assessing cognitive
baselines 1n both neurologically normal and neurologically impaired individuals. In particular,
these functions have been implicated in the performance of real-world tasks affected by
cognitive decline, such as driving or problem solving, and as a result the measurement of these
particular functions provides predictive value in the assessment of cognitive ability. Each of the
tests listed below taps one or more of these functions, using both accuracy and reaction time
measures. Because of the emphasis of these tasks on reaction-time measures, they can provide a
sensitive assessment of cognitive function and changes therein. It should be appreciated that
different cognitive functions may be used or not used, and likewise, one or more of the
exemplary cognitive functions may not be used for determining a cognitive baseline and/or
assessing cognitive function.

[0030] Morecover, the example systems described herein include a suite of tests that primarily
employ reaction-time measures, providing a continuous variable measure of cognitive
performance that 1s more sensitive to subtle changes 1in cognitive functioning than traditional
ncuropsychological tests. Lees et al., (2010) Translating cognitive neuroscience to the driver's
operational environment: A ncuroergonomics approach. American Journal of Psychology, 123,
391-411. Continuous variable measures provide greater sensitivity to detecting changes within
and across individuals because they allow for a continuous measure of cognitive function. For
example, most assessment tests used 1n a clinical setting are relatively easy, use subjective
scoring methods (1.¢., clinicians rate and score responses), and interpret these scores 1n a nominal
(impaired vs. unimpaired) or ordinal (as in IQ tests) manner. This works for describing gross
deficits 1n cognitive functioning like those experienced after brain damage, but works less well
for measuring subtle changes in cognitive function in normal, healthy adults because most
healthy adults would have little difficulty performing the tests. Accordingly, these tests do not
discern cognitive changes 1n normal high functioning individuals. The tests described herein
using reaction-time measures, however, allow the detection of minute differences in cognitive

function, based on differences 1n how long it takes a user to respond to stimuli under differing
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stimulus conditions.

[0031] The disclosed example embodiments allow the creation of a personal cognitive baseline
for an individual. The baseline can be used to compare the individual’s performance to that of his
or her “peers” or “cohorts” (used interchangeably herein) based on chosen characteristics that
make them peers, or to compare the individual’s performance under varying circumstances (¢.g.,
before and after taking medication) or for comparison over time, such as to measure cognitive
decline or improvement relative to one’s self or one’s peers.

[0032] Chosen characteristics to define peers can include, without limitation, characteristics such
as gender; birth year; ethnicity (e.g., Hispanic/Latino, American Indian or Alaska Native, Asian,
Black or African American, Native Hawaiian or Pacific Islander, White); highest education (e.g.,
high school, some college, bachelor’s degree, graduate degree); income per year (e.g., 0-9,999;
10,000-24,999; 25,000-49,999; 50,000-74,999; 75,000+); health (¢.g., measured as times per
week performing exercise (strenuous, moderate, and mild)); leisure hours per week spent:
playing video games, reading, surfing the web, watching television; hours per day spent sleeping;
how many languages the individual can read and write; and whether 1 the past two years the
individual has learned a new language or musical instrument.

[0033] Examples of appropriate tests may include, without limitation:

[0034] Visual Short-term memory (VSTM). In the visual short-term memory task, individuals
are briefly presented with four color patches presented at the center of the screen and are asked
to remember the colors. Following a short delay, a single color patch 1s shown and the individual
1s asked whether the color was one of those presented or not. For example, on a given trial an
individual can be briefly presented with color patches 1n blue, red, green and yellow and asked to
remember them. If they were then shown the color purple, they would respond “no match”
because the color purple was not 1n the presented and remembered set. This test measures the
ability to remember visual information 1n the short-term.

[0035] Spatial Working Memory (SPWM). In the spatial working memory task one to three
objects are briefly flashed on the screen and then disappear, and individuals are asked to
remember the locations of cach of the objects. After a brief delay, a single object appears on the
screen and the participant responds to whether or not the object 1s 1 the same location as one of
the objects being remembered. This task measures the ability to remember visuospatial

information in the short-term.



CA 02820599 2013-05-23
WO 2012/071544 PCT/US2011/062106

[0036] N-back. In the N-back task individuals are presented with a continuous stream of letters
at the center of the screen and are asked to respond whether the letter presented on the current
trial matches the one presented on the previous trial. For example, an individual can see the letter
H followed by the letter T, and would be asked to respond to whether the H and T match 1dentity
or not (the case in this example). This test measures how well participants can hold and
manipulate information in short-term memory. In another version of this task, individuals are
presented with a continuous stream of letters at the center of the screen and are asked to respond
whether the letter presented on the current trial matches the one presented two trials ago.

[0037] Stroop Task. In the Stroop task individuals are asked to name the color of a written word
presented at the center of the screen as quickly as possible. The word can either be a color-word
(¢.g., the word red written 1n either green or red) or a non-color word (e.g., the word cat written
in red). The ability to focus attention 1s assessed by seeing how much an incorrect color/word
combination (¢.g., the word red written 1in green) slows an individual’s reaction time. This task
provides a measure of how well an individual can control attention and executive function
Processes.

[0038] Attention Blink. In the Attentional Blink task an individual views a stream of letters
presented rapidly at the center of the screen and 1s asked to search the stream for either one or
two pre-defined target letters. On trials 1n which there are two targets, detecting the first target
interferes with the ability of an individual to detect the second target, and the extent of this
interference 18 used to assess attention function.

[0039] Task Switch. In the task-switch task, individuals see a digit (e.g., 1-10) at the center of
the screen, and the digit appears on a color patch. Depending on the color of the patch, the
individual has to respond to either the parity (e.g., high vs. low) of the number or whether the
number 1s odd or even. Importantly, on each trial the color patch 1s either the same color as the
previous trial, resulting 1n participants performing the same task from trial to trial, or a different
color than the previous trial, resulting 1n a switch 1n the task. For example, on a given trial an
observer can see the number two on a pink color patch. On this trial, the individual would
perform the parity judgment task. On the following trial, if the color patch stays the same the
individual would continue to perform the parity task. However, if the color patch changes color,
this signals that the individual should switch and perform the odd/even task on this trial. This

task measures the ability to rapidly switch tasks, a subset of executive function.
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[0040] Trails A&B. In the Trails task, individuals are to connect dots in sequence as quickly as
possible using their finger. In trails A, individuals are asked to connect dots 120 1n sequence. In
trails B, individuals are asked to connect many more dots or dots 110 and A-J 1n sequence,
alternating between numbers and letters. This test measures how quickly individuals can search
for and sequentially process information from the within a category (Trails A) or between
categories (Trails B). The Trails test measures of attention and executive function.

[0041] Flanker Task. In the flanker task, individuals are presented with a display containing
several objects. One of the objects, the target, 1s always presented at the center of the screen, and
participants are asked to i1dentify which of two target types the item 1s. The target 1s flanked on
both sides by distractor objects that are either identical to the target on a given trial or not. For
example, participants can view a display containing multiple arrows. One arrow, the target, will
be presented at the center of the screen and participants’ task 1s to report whether the arrow 1s
pointing to the left or to the right. This arrow 1s surrounded on both sides by arrows that are
pointing 1n either the same or different directions. This task assesses how well individuals can
focus attention on relevant and i1gnore wrrelevant visual information, providing a measure of
attention and executive function.

[0042] Visual Search Task. In the Visual Search Task, individuals are presented with an array of
objects and are asked to find a target object as quickly as possible. For example, an individual
can be told to secarch for a particular color box with a gap 1n the top or bottom, and report the
location (top or bottom) of the gap. This task assesses how quickly an individual can find and
identify basic visual information, a subset of attention function.

[0043] Perceptual Motor Speed (PMS). In this task, individuals are presented with a schematic
face and are asked to press a button as soon as possible 1n response to a happy face, and withhold
their response to a sad face. The ability to withhold a response to sad faces provides a measure of
executive function, and the speed with which responses to happy faces are made provides a
measure of processing speed.

[0044] Basic Processing Speed. In this task, individuals monitor a blank screen, and after a
variable delay a small circle appears at the center of the screen. Participants are asked to press a
button as quickly as possible when they see the circle appear. This task measures basic visual
processing speed.

[0045] Digit Span. In this task observers see strings of two to eight numbers, and are asked to
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remember their identities and their order. After the strings are removed from the screen,
participants need to type as many of the numbers as they can remember. This test provides a
measure of verbal short-term memory.

[0046] Additional tests known to those of ordinary skill in the art can also be used. As will be
understood by those of ordinary skill in the art, the systems and methods disclosed heremn can
utilize all tests described above or a subset of these tests in various combinations. The
embodiments can also use varying numbers of these tests, typically, anywhere from 1 to 20 tests,
including 1 test, 2 tests, 3 tests, 4 tests, 5 tests, 6 tests, 7 tests, & tests, 9 tests, 10 tests, 11 tests, 12
tests, 13 tests, 14 tests, 15 tests, 16 tests, 17 tests, 18 tests, 19 tests or 20 tests.

[0047] The suite of tests 18 administered on a personal computing device with a touch-activated
screen, such as an 1Pad®, 1Phone® or other similar device. For this reason, the tests described
above are adapted for use with a touchscreen user interface. In the example of an 1Pad® most
tests can be adapted for providing a response button on cach end of the screen. The individual
taking the test can hold the 1Pad® on both ends, using his or her thumbs to select the answer
selection on the left of the screen or the answer selection on the right of the screen.

[0048] Figure 1 1illustrates a block diagram of an example screen layout for a cognitive
assessment test on a portable touchscreen personal computing device, for example, the N-Back
test discussed above. The example screen layout includes a stimuli area 2, a left side selection
button 3, a right side selection button 4, a header 5, and a footer 6. The stimul1 areca 2 provides
the stimuli for the individual to react to, for example, letters (e.g., “Z”’), numbers, colors, shapes,
and the like are provided according to the particular cognitive test being administered at a given
time. The stimuli provided 1n the stimuli area 2 may be centrally located, peripherally located,
and/or move around the stimuli areca 2 1n an ordered or random fashion. Also, for example, the
stimul1 arca 2 may be provided to cover a smaller or larger arca, including spanning the entire
screen layout 1. Then, the individual reacts to the stimuli provided in the stimuli arca 2 by
pressing either the left side selection button 3 or the right side selection button 4. The left side
selection button 3 and the right side selection button 4 are touchscreen buttons provided on the
display screen of the personal computing device. It should be appreciated that the individual may
be able to change settings or customize the screen to move the left side selection button 3 and/or
the right side selection button 4, for example up or down along the edge of the display for case of

use, comfort, and the like. Further, 1t should be appreciated that touchscreen left and right side
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selection buttons 3, 4 arc not required, and that other configurations of touchscreen buttons,
including more or less buttons, different positioning, different sizes and/or shapes, ctc. Also, 1t
should be appreciated that no touchscreen buttons may be required for providing response, for
example, as with the Trails test when the individual traces a finger or stylus around on the stimuli
arca 2, as discussed above. A header 5 may be provided with information relating to the
cognitive test being taken, the current time, battery life, wireless connection information, a quit
button, ctc. A footer 6 may also be provided with information, such as a progress bar, and
functional buttons (¢.g., Begin Practice, Begin Test, Continue, Back). It should be appreciated
that the screen layout 1 1s merely an 1llustrative example and may be modified in a variety of
ways for usability, aesthetics, branding, and the like.
[0049] Further, for example, in the Visual Search Test, the left side selection could be “Bottom”™
and the right side selection could be “Top.” In the Flanker Test utilizing pointing arrows, the left
side selection could be “Left” and the right side selection could be “Right.” Similarly, in the N-
back test, the left side selection could be “No Match™ and the right side selection could be
“Match.” A progress-line and 1con near the bottom of the screen (e.g., in the footer 6) may be
used to provide the user with an indication of remaining queries in the particular practice session
Or asscssment.
[0050] Instructions and explanations of the test that are casy to understand are also provided to
increase the likelihood that the tests are self-administered properly. Examples for a subset of the
described tests as they could be administered on a portable touchscreen personal computing
device are described below:
[0051] General Introductory Instructions before Starting Assessments:

In order to get an accurate measure of your cognitive function, make sure you are

sitting somewhere quiet where you won’t be interrupted or distracted during the

test.

Hold your device with your hands on both sides of the screen, and use your

thumbs to respond.

Press the Continue key to continue.
Exemplary Screens for Administration of VSTM

[0052] VSTM General Introduction & Instructions:

This test measures your visual memory. You will see a set of 4 colored boxes
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flash on the screen, and you must remember the color of each box.
(Diagram)
After a short delay, you will be shown another colored box and be asked 1f
it matches the color of one of the boxes you saw 1n the previous set.
If the square matches one 1n the previous set, press the MATCH key with your
left thumb. If the square doesn’t match one 1n the previous set, press the NO
MATCH key with your right thumb.
The first block of trials will be practice. Try as best you can to remember the
colors of the four boxes, and respond as accurately as possible.
[0053] VSTM Practice
[0054] VSTM Assessment Instructions:
This task will be 1dentical to the one you performed 1n the practice. Remember to

respond as accurately as possible.
Exemplary Screens for Administration of SPWM

[0055] SPWM General Introduction & Instructions:
This test measures your spatial memory. You will see a set of 2 or 3 black dots,
and you will try to remember the locations of these dots.
(Diagram)
After a short delay, you will be shown a red dot and will have to respond whether
the red dot matches the location of one of the black dots.
If the location of the red dot matches the location of one of the black dots, press
the MATCH key with your left thumb. If the location of the red dot doesn’t match
the location of one of the black dots, press the NO MATCH key with your right
thumb.
The first block of trials will be practice. Try as best you can to remember the
locations of the black dots, and respond as accurately as possible.

[0056] SPWM Practice

[0057] SPWM Assessment Instructions:
This task will be 1dentical to the one you performed 1n the practice. Remember to

respond as accurately as possible.
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Exemplary Screens for Administration of Nback

[0058] Nback-1 General Introduction & Instructions:
This test measures your working-memory. A sequence of letters will appear at the
center of the screen, and you will have to respond to whether the current letter
matches the one you saw just before it.
If the current letter matches the previous letter, press the MATCH key with your
left thumb. If not, press the NO MATCH key with your right thumb.
The first block of trials will be practice. Try to respond as accurately as possible.
[0059] Nback-1 Practice
[0060] Nback-1 Assessment Instructions:
This task will be 1dentical to the one you performed 1n the practice. Remember to
respond as accurately as possible.
[0061] Nback-2 Practice Instructions:
This part of the test will be similar to what you just did, but this time you will
have to respond to whether the current letter matches the one you saw TWO
letters before 1it.
If the current letter matches the letter TWO letters before 1t, press the MATCH
key with your left thumb. If not, press the NO MATCH key with your right
thumb.
The first block of trials will be practice. Try to respond as accurately as possible.
[0062] Nback-2 Practice
[0063] Nback-2 Assessment Instructions:
This task will be 1dentical to the one you performed 1n the practice. Remember to

respond as accurately as possible.
Exemplary Screens for Administration of Stroop

[0064] Stroop General Introduction & Instructions:
This test measures how well you can block out distraction. You will see colored

words presented at the center of the screen. Your task will be to respond to the
COLOR of the words.
Press the button matching the COLOR of the word. For example 1f you saw the
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following, you would press the green key. (picture of color word, red printed 1n
oreen)
The first block of trials will be practice. Try respond as quickly and accurately as
possible.

[0065] Stroop Practice

[0066] Stroop Assessment Instructions:
This task will be 1dentical to the one you performed 1n the practice. Remember to

respond as quickly and accurately as possible.
Exemplary Screens for Administration of Blink

[0067] Blink General Introduction & Instructions:
This test measures how quickly you can pay attention to things across time. You
will see a stream of letters presented rapidly at the center of the screen, and you
will watch the stream for a target letter.

[0068] Blink Target 1 Practice Instructions:
In the first part of the test, you will watch the stream of letters at the center of the
screen and look for the RED letter.
When the stream ends, you will be asked to respond to the i1dentity of the red
letter, which will always be a B,G, or S. Respond using the B, G, or S buttons at
the bottom of the screen.
Please respond as accurately as you can.

[0069] Blink Target 1 Practice

[0070] Blink Target X Practice Instructions:
In this part of the test, you will watch the stream of letters at the center of the
screen and look for the letter X.
On some trials, there will be an X 1n the stream. In other trials, there won’t be an
X. When asked 1f you saw an X 1n the stream, you will press the YES button 1f
you saw an X, and the NO button 1f you did not.
Remember to respond as accurately as you can.

[0071] Blink Target X Practice

[0072] Blink Combined Practice Instructions:
In this part of the test, you will look for BOTH the red letter and the letter X on

15



CA 02820599 2013-05-23
WO 2012/071544 PCT/US2011/062106

cach trial.
At the end of the stream, you will first respond to the identity of the RED letter,
and then you will respond to whether or not you saw an X.
Remember to respond as and accurately as you can.
[0073] Blink Combined Practice
[0074] Blink Combined Assessment Instructions:
This block will be exactly like the practice you just performed.

Remember to respond as quickly and accurately as possible.
Exemplary Screens for Administration of Task Switching

[0075] Task Switch General Introduction & Instructions:
This test measures how quickly you can switch between two different tasks.
First, you will practice each task individually. Then we will combine the tasks and
measure how well you can switch between them.

[0076] Task 1 Practice Instructions:
On each trial, there will be a box with a number inside of 1t. Your task will be to
decide whether the digit 1s HIGHER or LOWER than the number 5. Use your left
thumb to respond HIGH or LOW. If the number 1s higher than 5, press the HIGH
key. If the number 1s lower than 5, press the LOW key. Please respond as quickly
and accurately as you can.

[0077] Task 1 Practice

[0078] Task 2 Practice Instructions:
Just as before, on each trial there will be a box with a number inside of it.
For this task, you will decide whether the digit is ODD or EVEN. Use your right
thumb to respond, and press the ODD button 1f the number 1s odd and the EVEN
button 1f the number 18 even.
Please respond as quickly and accurately as you can.

[0079] Task 2 Practice

[0080] Task Switch Combined Practice Instructions:
Now you will be asked to switch between the two tasks you just practiced.
The digit will appear inside of either a blue or pink square. If the square 1s BLUE,
perform the high/low task using your left thumb. If the square 1s PINK perform
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the odd/even task using your right thumb.
The color of the square will change unpredictably, so be ready to perform both
tasks. This block of trials will be practice.
Please respond as quickly and accurately as you can.
[0081] Combined Task Practice
[0082] Task Switch Combined Assessment Instructions:
This block will be exactly like the practice you just performed. Remember to

respond as quickly and accurately as possible.
Exemplary Administration of Trails

[0083] Trails A General Introduction & Instructions:

This task measures how quickly you can search for information 1n space. The task

will be similar to connect the dots, and you will have to use your finger to

sequentially connect dots numbered 1-20, as quickly as possible.

To make the task more difficult, you will not be able to lift your finger once you

begin, otherwise you will be forced restart the task.
[0084] Trails A Practice with hypothetical practice performance.
[0085] Optional Instructions for Trails B.
[0086] Trails practice based on second 1nstruction set.
[0087] In certain embodiments, completion of an assessment can generate an end screen stating,
for example:

You have completed the test. Press the “Results” button to see your score.
[0088] Following responses during practice sessions and/or actual assessment, the individual
taking the assessment can be given feedback regarding the correctness of his or her responses. In
certain embodiments, this feedback 1s only provided during the practice phase of the assessment.
For example, the feedback may state “Correct” or “Incorrect” or “No Response Detected™ after a
response 1s provided.
[0089] Initially, the individual may be presented with a home screen that allows the user to
choose his or her already-existing profile or to create a new profile. An individual may create a
user profile by walking the user through a series of questions eliciting different types of
demographic data. During profile creation the systems and methods disclosed herein will ask

particular questions of the user. In some embodiments, defined response options can be provided
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for selection (¢.g., a dropdown list). In other embodiments, questions can be open-ended with no
defined response options provided. Some embodiments may employ a mix of these question
types. Particular embodiments can also allow a user to enter personal characteristics not
particularly requested.

[0090] Next, the individual can choose tests from the available suite (e.g., Blink, Flanker, N-
Back, PMS, Posner, Speed, SPWM, Stroop, Task Switching, Trails A & B, Visual Search,
VSTM). Following selection by the individual, instructions such as those described above are
provided for the chosen test and practice questions are provided. Then, the individual takes the
test. Answer selections are made directly on the touchscreen without the need for an intermediate
device and performance (¢.g., percent correct and response time) 1s recorded. Scores and user
performance data are uploaded to the assessment computer database which can sort, filter and
aggregate information for transmission back to the personal computing device. Based on
communication with the assessment computer database, a report of the data can be created on the
personal computing device or created from the database and downloaded to the personal
computing device. The mean data can be represented via a hot-cold graphical plane, and
individual scores can be plotted above or below the mean. The mean data may continually
change to reflect the population the individual 1s interested 1n comparing himself or herself to.
Baseclines for cohorts may be continually updated as individuals self-administer the suite of tests
and additional performance data 1s collected.

[0091] Individuals within the dataset may be compared to different groups or cohorts based on
selected demographic characteristics. For example, the individual may request that test results be
analyzed against cohorts of the same age (¢.g., 47 years old). Alternatively, the individual may
request an age around his or her own age such as 45 to 50 years old. Alternatively, the user could
request comparison to a different peer group such as 20 year olds, or those that are more or less
physically active and/or socially active. It should be appreciated that studies have shown that
physical activity appears to have an influence on cognitive function (e.g., individuals with higher
rates of physical activity have higher cognitive function scores 1n specific areas of cognition).
Alternatively, the systems and methods disclosed herein can utilize default cohort creations
based on one or more chosen characteristics. The same 1s true when the database 1s queried by a
third party. Individual’s cohort groups within the database may change based on selected
demographics and how these demographics are defined by the party submitting the query (e.g.,

18



CA 02820599 2013-05-23
WO 2012/071544 PCT/US2011/062106

the systems and methods described herein allow the creation of “retrospective cohort groups™).
[0092] Figure 2 1s a flowchart illustrating an example cognitive assessment method, according to
an cxample embodiment of the present mvention. The exemplary method utilizes a portable
touchscreen personal computing device 10 on which an individual can perform cognitive
assessment tasks and an assessment computer 12 that can, without limitation, store, aggregate,
filter, analyze and sort stored data using a database.

[0093] Upon 1nitiation of use, a user enters a home page 14. Optionally, the methods described
herein can upload 15 and record the entry of a user into the home page into the database 16. At
the home page, the user can select an existing profile 17 or choose to create (or edit) a profile 18.
The user (or the entity directing the user to perform the cognitive assessments described herein)
can decide whether the user’s profile 1s linked with a unique 1dentifier of the particular user 20 or
1s uploaded independently of a unique identifier with demographic information only 22 after
which the profile data can be uploaded 21 and recorded 20, 22. A unique user 1dentifier can be
created from any suitable data unique to the user including, without limitation, a password, a
fingerprint, a profile name, a face-print, ctc. Additionally, some personal computing devices,
such as mobile phones can be tied to a user by default and can require no separate user 1identifier.
[0094] Following creation and/or selection of a user profile, the user can select a cognitive
assessment task 24. Optionally, the methods disclosed herein may upload 25 and store the task
sclection 1nto the database 26. This information may be useful to assess percentage of aborted
tests, tests chosen but not taken, etc. 1n conjunction with or independently of demographic data to
assess ability or willingness of users to complete the test.

[0095] Following task selection, a processor can run the assessment tools based on the user’s
request. Users can be presented with test instructions and take the selected tests 28 as described
in more detail above. All test results are uploaded to the database 30 with results linked to a
particular user also linked with the user’s previous uploaded data 32. Results not linked with user
IDs are also stored with associated demographic information of the user profile 33. Storage of
the data can be accomplished 1n any suitable manner, including distributing the data across
different storage media on the same or different computing devices, for example, across multiple
hard drives in a RAID server, or multiple computing devices 1n a cloud storage system.

[0096] Results related to number of queries answered correctly, incorrectly or not responded to

along with information relating to timing of test taking optionally can be generated locally by the
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user’s personal computing device 34. The user’s personal computing device 10 can also store
previous performance specific to the user profile and display changes against previous
performance 34. The assessment computer 12 may analyze results 35 for populating the
database. Analyzed data can be tabulated and downloaded by the database 36. The user may be
presented with downloaded results 37. Additionally, the assessment computer 12 can provide
current comparative data against peers or cohorts defined by shared demographic characteristics,
which may include, for example, behavioral characteristics, medical history characteristics,
educational characteristics, and training experience characteristics. A user's activity history or a
group of users’ activitiecs can be analyzed to generate particular reports. The reports can be 1n the
form of text, charts, graphs, animations, and/or 1illustrations. The reports can include data related
to any aspect of the user's activity history. For example, the reports can track the user's level of
performance of specific cognitive tasks over a period of time, showing how the level of the user's
performance has varied based on the passage of time, or m relation to the user's level of
performance of other cognitive tasks, the user’s previous performance on the same task, the
performance of others with a shared or shared demographic characteristics of the user, etc.

[0097] Aggregating user information can involve, for example, updating cumulative totals,
updating cumulative totals for the same cognitive task, averaging performance over time for
individual assessment tasks and/or groups of tasks, etc.. For example, the user information can be
aggregated with any data already 1n the user's activity history in the database.

[0098] Based on the results that are generated and/or presented to the user, the personal
computing device 10 and/or assessment computer 12 can gencrate recommendations or user
alerts based on comparisons to previous results 38. The assessment computer 12 can also
generate recommendations or user alerts based on comparisons to the particular user’s cohorts
40,

[0099] In steps 35 and 38 the user's informational history can be used to evaluate the user's
cognitive functions, and to make recommendations of programs for the user to use. For example,
through step 35 and 38, the level of performance of the user can be used to recommend to the
user programs that will help the user improve at cognitive tasks at which they show deficiencies,
sharpen the user's ability to perform specific cognitive tasks that the user 1s already good at but
wishes to be better at, etc. These programs can be computer or non-computer based (e.g.,

recommendations for diet or physical activity). The recommendation can include programs the
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user should interact with, a schedule providing for when and how long the user should interact
with certain programs, and/or goals or checkpoints for the user's level of performance of certain
cognitive assessment tasks, etc. These methods additionally permit comparison to a user’s own
individual performance over time as compared to self and cohorts allowing even more sensitive
monitoring of the individual’s cognitive abilities over time. Alerts/recommendations can also
suggest visiting a physician. Accordingly, the information may become part of the individual’s
medical record as a screening instrument for physicians. Methods disclosed herein can also
utilize cognitive data and associated demographic characteristics uploaded from other external
sources 42.

[0100] Additionally, external subscribers can access the “all results™ data in the database (1.¢. all
data uploaded and linked with demographic information but user IDs never present or removed)
and query this data to assess demographic influences on cognitive abilities. This access can be
based on a per query fee or can be provided based on pre-purchased time allotments.
Alternatively, external subscribers could pay a flat fee for access for a defined period of time
such as an hour, day, week, month, year or perpetual. Subscribers may also be given free access
to the “all results” data.

[0101] Figure 3 1s a detailed block diagram of an example cognitive assessment system,
according to an example embodiment of the present invention. The personal computing device
110 can be any suitable combination of hardware and software that allows the individual to
perform the cognitive assessments on a touch-activated screen. The personal computing device
110 includes a processor, a touchscreen, and a communications device. In an example
embodiment, the personal computing device 110 may include eye tracking and/or speech
recognition technology. The suite of assessment tools described herein may be stored on the
personal computing device 110 or may reside on external media that can be accessed by the
personal computing device 110.

[0102] The processor can be any general or special purpose microprocessor, depending on the
nature and uses of the personal computing device 110, suitable for executing, and allowing the
user to interact with the suite of tests described herein.

[0103] The communications device can be any suitable device for allowing the personal
computing device 110 to send data to and receive data from the assessment computer 112, which

includes a database. For example, the communications device can be, without limitation, an
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802.11x protocol based wireless (W1F1) card, an Ethernet device, a modem, a Bluetooth module,
an IR link, etc. The personal computing device 110 can make use of more than one
communications device, for example, a personal computing device can have a WiF1 card and a
Bluetooth module. The communications device can be connected to the personal computing
device 110 1n any suitable manner, for example, using wired or wireless connections.

[0104] The assessment computer 112 database may embody any type of suitable data structure
and may be provided for using any suitable combination of hardware and software of assessment
computer 112 to suitably allow for the storage and analysis of the data stored within. For
example, the database may be provided on one or more computers which comprise the
assessment computer 112, including for example a database server, a server cluster, and/or one
or more computers. It should be appreciated that the assessment computer 112 may be provided,
for example, on multiple computers of a distributed computing network, and the database may or
may not be distributed amongst multiple separate computers. The assessment computer 112
includes a processor and a communications device. The assessment computer 112 database can
receive cognitive assessment performance and demographic characteristics uploaded from a
plurality of portable touchscreen personal computing devices through the personal computing
devices communications device(s).

[0105] For simplicity of the figures, particular hardware such as processors and communications
devices, which are known be persons of skill 1n the art, are not explicitly depicted in Figure 3.
Instead, this figure depicts a personal computing device 110 including functional modules such
as a home page presentation module 114, a profile creation and selection module 117, a test
selection presentation module 124, a test presentation module 128, a home page entry storage
and upload module 115, a profile storage and upload module 121, a test selection storage and
upload module 123, a test results storage and upload module 130, a local results analysis module
134, a local recommendation generation module 135 (in the context of Figure 3,
“recommendations” include recommendations and ‘““‘user alerts” as described above), a results
and recommendations display module 140 and a new test selection or exit option module 142.
Figure 3 also depicts a assessment computer 112 including a test suite entry recordation module
116, a profile data linked with user IDs recordation module 120, an all profile data recordation
module without user IDs 122, a test selection linked with user IDs (and associated profile data)

recordation module 126, an all test selection data recordation module with no user IDs (with test
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selections linked to other profile information) 127, a test results linked with user IDs (and
associated profile data) recordation module 132, an all test results data recordation module with
no user IDs (with test results linked to other profile information); a results analysis module 135,
a results download module 136 and a recommendations download module (which can also create
recommendations based on analyzed results). Assessment computer 112 can also include a third
party data receipt module 144, a third party data integration module 146, a third party query
receipt module 148, a third party query analysis module, 150 and a third party query analysis
download module 152. It should be appreciated that the assessment computer 112 may include
onc or morc databases to storec and access data for the assessment of cognitive function as
disclosed herein. Based on the preceding descriptions and figures, one of ordinary skill in the art
understands the various possible system architectures of the systems disclosed herein and how
the various modules may interconnect and function.

[0106] Computers and computer systems described herein can include operatively associated
computer-readable media such as memory for storing software applications used 1n obtaining,
processing, storing and/or communicating data. It can be appreciated that such memory can be
internal, external, remote or local with respect to 1ts operatively associated computer or computer
system. Memory can also include any means for storing software or other instructions.

[0107] In general, computer-readable media can include any medium capable of being a carrier
for an e¢lectronic signal representative of data stored, communicated or processed 1n accordance
with embodiments disclosed herein. Where applicable, method steps described herein can be
embodied or executed as instructions stored on a tangible computer-readable medium or media.
[0108] Fig. 4 1s a flowchart of an example process 400 for assessing cognitive function.
Although the process 400 1s described with reference to the flowchart 1llustrated in Fig. 4, 1t will
be appreciated that many other methods of performing the acts associated with the process 400
may be used. For example, the order of many of the blocks may be changed, certain blocks may
be combined with other blocks, and many of the blocks described are optional.

[0109] An assessment computer receives demographic characteristics data relating to an
individual (block 402). For example, the individual may fill out a survey with information about
the individual’s age, race, health, sleep habits, income level, exercise level, etc., which 1s
transmitted to the assessment computer from the individual’s 1Pad®. One or more cognitive

assessment tests are provided to a portable touchscreen personal computing device (block 404).
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The 1Pad® downloads several cognitive assessment tests, which the individual can choose to
perform.

[0110] The portable touchscreen personal computing device enables self administration of the
cognitive assessment test by the individual by executing the cognitive assessment test (block
406). For example, the 1Pad® allows the user to self administer cognitive assessment tests. The
portable touchscreen personal computing device generates cognitive assessment stimuli
perceptible to the individual (block 408). For example, the 1Pad® provides on its screen the
Flanker test. The portable touchscreen personal computing device receives responses to the
stimul1 from the individual via touchscreen activations (block 410). For example, the individual
presses a touchscreen button on the left or right sides of the 1Pad® screen with his thumbs based
on the direction of arrows provided by the Flanker test. Also, in an example embodiment, a
touchscreen may not be required, and a touch activation may be replaced with eye tracking
and/or speech recognition. The portable touchscreen personal computing device measures
reaction times of the responses to the stimuli (block 412). For example, the 1Pad® measures the
time for each response from the individual. The portable touchscreen personal computing device
transmits the received responses and measured reaction times to the assessment computer for
storage m a database (block 414). For example, the 1Pad® uploads the left and right selections,
and the corresponding measured response times, to the assessment computer for storage and
analysis.

[0111] The assessment computer receives cognitive assessment performance data relating to the
individual, including the received responses and measured reaction times (block 416). For
cxample, data indicating the specific test taken, the time of the administration of the test, cach
selection response, and the corresponding measured response times, 18 recerved at the assessment
computer, and stored for immediate or future analysis. The assessment computer gencrates
performance metrics including at least a first cognitive baseline for the individual based on the
cognitive assessment performance data (block 418). For example, a cognitive baseline for the
individual 1s created or updated based on the responses, reaction times, etc. Also, normed
performance metrics may be generated based on cognitive assessment performance data obtaimned
from many different individual’s. Further, generated performance metrics may be validated using
statistical analysis.

[0112] It should also be appreciated that user performance metrics may be generated at the
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personal computing device (€.g., an 1Pad®) and/or at the assessment computer. For example,
prior to administration of a cognitive assessment test, the portable touchscreen personal
computing device may receive a set of normative values which may be used to provide a real-
time comparison or analysis of the individual’s performance. Standard normed performance
metrics may be general or specific (e.g., tailored to certain demographic characteristics of the
individual). It should be appreciated that a subset of the analysis that may be performed at the
assessment computer may be performed on portable touchscreen personal computing device.
Also, for example, an 1Pad® may receive an update to a stored set of normative values each time
the internet 1s accessed. Accordingly, the individual may receive real-time feedback based on
performance metrics from a portable touchscreen personal computing device even when no
internet connection 1s available.

[0113] Benefits of the systems and methods disclosed herein may include creation of societal
cognitive baselines that can be used by clinicians and researchers similar to those provided by
blood pressure, blood sugar, or cholesterol baselines; an ability for individuals or entities to track
performance of an individual against previous performance of the individual or against the
individual’s cohorts quickly and reliably by having the mdividual self-administer the tests at
various time points or cvents; reduces costs compared with psychological tests that must be
administered by a trained clinician; reduces costs and collects reliable data due to the absence of
an intermediate answer selection device (such as a keyboard that requires mapping a user’s
response to the keyboard which 1n turn requires more practice before giving tests, and more
errors 1n testing). The database of the assessment computer can also be queried by individuals,
entitics or researchers to generate reports based on questions presented about the data. These
benefits are described below 1n the context of real-world examples of how the systems and
methods disclosed herein could be used.

Uses for the Military

[0114] The systems and methods disclosed herein may allow reliable cognitive assessments to be
performed quickly, reliably and easily by a number of individuals and different entities that
previously could not perform such assessments without undue burden and expense. For example,
embodiments disclosed herein allow the military to assess cognitive function of military
personnel at the beginning of military service, periodically during the service career, prior to

deployment, during deployment, anytime after a mild or traumatic brain injury and/or on return
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from deployment. Military personnel could be given an individual personal computing device to
carry throughout their service or could be provided with a personal computing device at the
particular times the military would like to evaluate an individual or group of individuals’
cognitive performance. For example, an assessment test may be performed within one hour of a
blast exposure and coupled with a physiological measurement procedure (e.g., heart rate
variability).

[0115] Accordingly, this application of the embodiments disclosed herem provides numerous
benefits including allowing service personnel to self-administer cognitive assessment tests,
perform testing 1n remote locations, perform testing with commercial off-the-shelt computing
hardware, test a large number of individuals at particular times, aggregate test performance
metrics overtime, and link test performance metrics with characteristics such as military training,
service record, and/or medical records.

Uses in Clinical Research — Environmental Simulators

[0116] Embodiments described herein may allow clinical research groups to link an individual or
groups cognitive function to simulator-based performance metrics. For example, those interested
in examining how individuals or groups of individuals cognitively perform in real world
activities such as driving, frequently evaluate driver performance and behavior through
controlled simulation based technologies (e.g., vehicle simulator, flight simulator, bicycling
simulator, military platform simulator. Simulator based performance metrics, such as number of
crrors committed during a driving scenario, lane deviations, collisions, speeding violations)
could be automatically linked to cognitive performance metrics and demographics gathered by
the disclosed invention.

Uses in Clinical Research — Substance Exposure

[0117] Embodiments described herein may allow clinical research groups to link an individual or
groups cognitive functions to exposure to chemical substances. For example, the systems and
methods disclosed herein could be used to assess the cognitive function of a patient or research
subject before, after and/or during exposure to chemical substance ingestion, exposure, and or
administered through medical treatment (e.g., pharmaceuticals, alcohol, nicotine, industrial bi-
products, food-based nutrients, etc.).

|0118] Uses For Occupational or Rehabilitation Therapists and Medical Practitioners

Embodiments described herein may allow occupational or rehabilitation therapists or medical
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practitioners to link a patient or research subjects’ cognitive function to rehabilitative treatment
or therapy.

[0119] Accordingly, this application of the embodiments disclosed herein provide numerous
benefits including automated linking of cognitive function of a patient or research subjects
cognitive response to rchabilitative treatment or therapy protocols or regimes. This allows
reporting of a patient or resecarch subject’s performance measures at a single visit and over
longitudinal measurements of performance as well as the limking of cognitive performance
metrics to digital medical records.

Uses for Employers and Human Resources Departments

[0120] Embodiments described herein may allow employers and human resources departments
to test an employee’s cognitive functions prior to and during the course of employment.
Accordingly, this application of the embodiments disclosed herein provides numerous benetits
including employee self testing with automated scoring and reporting of an employees
performance measures at the beginning of employment and over longitudinal measurements of
performance and the potential to link cognitive assessments to additional digital employee testing
instruments. Performance metrics of individuals can be used to create a baseline of multiple
domains of cognitive function to determine arcas of strength and weaknesses 1n an employee’s
ability. These measures can be used to evaluate arcas of service that personnel can be assigned to
or trained 1n that would be appropriate to enhance work performance.

Uses in Athletics

[0121] Embodiments described herein may allow athletic personnel to test a player’s cognitive
function prior to and following sports-related head injuries and/or over the course of a scason
with or without head injury. This application allows the ability to obtain pre-injury baselines and
post-injury assessments 1n cognitive function in amateur and professional athletes, as well as the
ability to administer said tests in remote locations. Additionally, the absence of brain injury, the
cftects of regular exercise on cognitive performance can be assessed.

Uses by an Individual

[0122] Embodiments described herein may allow an individual to track cognitive performance
over time against self and/or peers based on chosen or pre-determined demographic
characteristics. Individuals can also i1dentify arcas of deficiency to inform arcas for cognitive

function or ability training. Improvement based on such training can also be monitored.
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Uses by Parents & Teachers

[0123] Parents and teachers can also utilize the systems and methods disclosed herein to assess
the cognitive development of children. Performance on the provided test of suites can be
compared to classroom performance or other factors to assess performance against peers or to
uncover potential disconnections between cognitive ability and performance in other arecas. This
may allow parents and teachers to understand the abilities of particular children to create
appropriate learning environments.

Uses to Assess Effects of Environment on Cognitive Function

[0124] In certain embodiments part of the user profile can provide information relating to the
individual’s geographic location. In personal devices that do not have GPS or a similar location
system, the user can enter a zip code of residence or present location. In devices that do have
GPS or a similar location system, current location can be tracked and data can reflect residence
location and current location. This data could be especially useful for researchers hoping to
understand the effects of location on cognitive function. Locations could be correlated with
environmental factors such as urban vs. rural, proximity to a power supply;, proximity to a
muscum; proximity to a university; land value; transport of hazardous materials through or near a
location; ambient noise levels; state or county of residence; access to public transportation; crime
statistics; local liquor regulations; etc. In essence, researchers could use the systems and methods
disclosed herein to uncover correlations between cognitive function and any other metric that can
be associated with a geographic location.

Uses to Assess Fatigue

[0125] Fatigue plays a role in many work-related accidents and traffic accidents. Moreover,
fatigue can decrease attention, memory and other cognitive functioning, leading to costly
mistakes. The systems and methods used herein can be used to create a baseline of cognitive
performance of cohorts when alert and when 1mpaired due to fatigue. Individual performance
when alert compared to when fatigued can also be utilized when alert performance data is
available for an individual. When individual alert data for an individual 1s not available, the
individuals’ performance can be compared to a cohort cognitive baseline. This use of the systems
and methods disclosed herein can be useful to assess the fatigue level of shift workers, drivers,
residents 1n hospitals, surgeons before beginning an operation, athletes before being put into a

game, ctc. In certain embodiments, police may carry portable touchscreen personal computing
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devices as described herein to assess the fatigue level of drivers. If drivers fall below a certain
level, this could provide a basis for citation — driving while fatigued.

Uses in Technology Development

[0126] Embodiments described herein may allow product or technology research and
development groups to link individuals or groups cognitive function to usage behavior metrics.
Accordingly, this application of the embodiments disclosed herein provide numerous benefits
including filtering of demographic data and automated linking of cognitive function of
individuals and groups to technology usage behavior metrics, support of technology design to
meet the cognitive abilities of identified demographic groups and inform design of technology to
meet cognitive abilities to market demographics.

[0127] For example, stmilar to the concept of ergonomics that designs physical objects to fit the
physical characteristics of an intended user, systems and methods disclosed herein allow the
design of objects to match the cognitive abilities of intended users.

[0128] One example 1s use with video game design and/or marketing. Automated linking of
demographics and cognitive function performance metrics would provide information to game
designers and marketing firms that would be similar to providing physiological measures of
demographic groups to companies that are designing running shoes. The game designers and/or
marketers can then design products that fit the cognitive abilities they would like to develop for
or market to.

[0129] Particularly, designing game mechanics involves understanding how a player 1s able to
respond to a scenario, speed and response to stimuli within a game or game level. Current
methods used to “tweek” game design to optimize players experience include play testing, some
physiological response measures (such as GSR or EEG) and visual maps of player movement
throughout an environment. Utilizing the systems and methods disclosed herein 1in designing
games would increase the likelihood of game dynamics matching the cognitive abilities of the
target audience, increasing enjoyment and resulting revenue generated by the game.

[0130] Automated linking of demographics data to cognitive function performance metrics could
also be used to improve user satisfaction with personal devices such as mobile devices. Mobile
device and computer interface device makers aim to develop interfaces that “match™ the
cognitive abilities of their target users. Understanding differences in memory and or ability to

filter visual distracters would benefit user interface design for more mature markets, such as cell
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phone markets. This concept could also be extended to automobile manufactures and dashboard
controls and displays, cockpit displays and other arcas that can utilize human factors and
cognitive function metrics to inform design.

[0131] The phrase “portable touchscreen personal computing devices” has been used throughout
this disclosure, which 1s meant to encompass 1Pads®, 1Phones® and other similar devices, for
example, including gaming consoles (w11, Xbox, Nintendo, etc.), gaming console control devices
(accelerometer, computer vision, biometric interfaces, auditory, KINECT, etc.), mobile phones
and other devices with hand-held touchscreens and/or with physical buttons for answer selection.
[0132] The terms ““a,” “an,” “the” and similar referents used in the context of describing the
exemplary embodiments (especially in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted
by context. Recitation of ranges of values herein 1s merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range. Unless otherwise
indicated herein, cach individual value 18 incorporated into the specification as if it were
individually recited herein. All methods described herein can be performed 1n any suitable order
unless otherwise mdicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., “such as”) provided herein 1s intended merely to
better 1lluminate the exemplary embodiments and does not pose a limitation on the scope of the
exemplary embodiments otherwise claimed. No language in the specification should be
construed as indicating any non-claimed clement essential to the practice of the exemplary
embodiments.

[0133] Furthermore, numerous references have been made to patents and printed publications.
Each of the above-cited references 1s individually incorporated herein by reference in their
entirety.

[0134] It will be appreciated that all of the disclosed methods and procedures described herein
can be implemented using one or more computer programs or components. These components
may be provided as a series of computer instructions on any conventional computer-readable
medium, including RAM, ROM, flash memory, magnetic or optical disks, optical memory, or
other storage media. The instructions may be configured to be executed by a processor, which
when executing the series of computer instructions performs or facilitates the performance of all

or part of the disclosed methods and procedures.
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[0135] It should be understood that various changes and modifications to the example
embodiments described herein will be apparent to those skilled in the art. Such changes and
modifications can be made without departing from the spirit and scope of the present subject
matter and without diminishing its intended advantages. It i1s therefore intended that such

changes and modifications be covered by the appended claims.
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CLAIMS

What 1s claimed 1s:
1. A method for assessing cognitive function, the method comprising:
recerving, at an assessment computer, demographics data relating to an individual;
providing at lcast onc cognitive assessment test to a portable touchscreen personal
computing device, which, when executed by the portable touchscreen personal computing device
cnables self administration of the at least one cognitive assessment test by the individual by:
generating cognitive assessment stimuli perceptible to the individual;
receiving responses to the stimuli from the individual via touchscreen activations;
measuring reaction times of the responses to the stimuli; and
transmitting the received responses and measured reaction times to the assessment
computer for storage 1n a database;
receiving first cognitive assessment performance data relating to the individual, including
the received responses and measured reaction times; and
generating performance metrics including at least a first cognitive baseline for the

individual based at least on the first cognitive assessment performance data.

2. The method of claim 1, wherein the performance metrics generated further
include normed performance metrics relating to a plurality of individuals defined by a plurality

of demographic characteristics.

3. The method of claim 2, wherein the normed performance metrics are statistically
validated.

4. The method of claim 2, wherein the normed performance metrics are dynamically
generated.

5. The method of claim 1, wherein data relating to at least one of time reaction

values, stimuli, performance metrics, demographics, tests, and behavior, 1s stored 1in a database

accessible by the computer.
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6. The method of claim 1, wherein the stimuli are at least one of visual stimuli,

tactile stimuli, and audio stimuli.

7. The method of claim 1, wherein abilities measured include at least one of

attention, memory, executive function, and processing speed.

8. The method of claim 1, wherein measurement 1s carried out continuously.

9. The method of claim 1, further comprising:
providing feedback to the individual relating to the first cognitive assessment

performance data.

10.  The method of claim 1, further comprising:
identifying the individual; and

associlating first cognitive assessment performance data with the individual’s user profile.

11.  The method of claim 1, wherein the generation of performance metrics includes:
storing the first cognitive assessment performance data including at least results related to
a number of queries answered correctly, incorrectly, and not responded to, along with

information relating to the measured reaction times.

12.  The method of claim 11, further comprising:
comparing the first cognitive assessment performance data with second cognitive
assessment performance data from a previous performance of the individual, which 1s stored 1n

the database.

13.  The method of claim 11, further comprising:
comparing the first cognitive assessment performance data with second cognitive
assessment performance data from a performances of a plurality of different individuals, which 1s

stored 1n the database.
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14.  The method of claim 1, further comprising:

storing the of performance metrics 1n the database.

15. The method of claim 1, wherein the first cognitive baseline 1s automatically

updated each time the individual performs a cognitive assessment test.

16.  The method of claim 1, wherein the individual self-reports all demographic

characteristics data relating to the individual.

17.  The method of claim 1, wherein the portable touchscreen personal computing
device generates user performance metrics based on the first cognitive assessment performance
data and including a comparison to normed performance metrics stored on the portable
touchscreen personal computing device, and displays the user performance metrics 1n real-time

to the individual.

18.  The method of claim 1, wherein the portable touchscreen personal computing
device receives responses to the stimuli from the mmdividual via at least one of e¢ye tracking and

speech recognition.
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19. A system for assessing cognitive function, the system comprising;:
a tangible computer readable medium storing cognitive assessment performance data,
demographic characteristic data, and performance metrics; and
at least one processing device operably coupled to the tangible computer readable
medium, the at least one processing device executing instructions to:
receive, at an assessment computer, demographics data relating to an individual;
provide at least one cognitive assessment test to a portable touchscreen personal
computing device, which, when executed by the portable touchscreen personal computing device
cnables self administration of the at least one cognitive assessment test by the individual by:
generating cognitive assessment stimuli perceptible to the individual;
recerving responses to the stimuli from the individual via touchscreen activations;
measuring reaction times of the responses to the stimuli; and
transmitting the received responses and measured reaction times to the assessment

computer for storage in a database;

recerve first cognitive assessment performance data relating to the individual,

including the recerved responses and measured reaction times; and

generate performance metrics including at least a first cognitive baseline for the

individual based at least on the first cognitive assessment performance data.

33



CA 02820599 2013-05-23

WO 2012/071544
I
LO
N
4P

1/4

PCT/US2011/062106

FIGURE 1



CA 02820599 2013-05-23

PCT/US2011/062106

WO 2012/071544

¥

SLH0Od3d A3
ANV 3SvaVLvd
FHL AYIN0 YO/ANY
S3HHAVHEDOW A
HLIM Q41VI{DOSSY
V.IVQ EINIINSIISSV
JALLINDOD
avO1 dfl

S1HOddY JAIEHOIY
ANV 4SVEVLvQ
JHL AHIN0D

v

SNOILOV ALYV €

7 3HNOH N3
_ ot
LIX3 —
SI¥IATY H3ASN ¥O/ANY SLYITV 435N 3O ANV 4O 1631 MIN 137735
SNOLLVANINWINOI 48 AV O INAMOd 8E SNOLLYGNIWINOD3Y i
A Q3IAYOINMOQG
g¢ S11NS3Y GVOINMOQ 1NISIHd
4 6E
S17NS3Y IZAVINY el
J3QVOINMOQ .
H L N3S3Hd
) 4 \d Sq; Le |
43SN HLIM V.1VQ SEICED |
G4ACW3d ST 4451 JU408d HLIM 1207 LN3SIHd
HLIM v1vQ 3H404d YN ANV S1INS3Y HO,/ANV IZATYNY
HLIMA SL1NS3Y - 1S3 a¥OD3IN Z¢ "
1631 77V QYOOI _
¢
Sy ——" w S17NSIY 1S3t
ISA HLIM YLYG FHOLS ¥ AVOidf( 1531 PivL I./fl .
TUH0Yd HLIM SN SR ES LA wLE G Ot t
IN4048d /A JINIT
ANV NOILL3313S o7 ozm zo\. 13738 NOI{LD313S 1S3k
1531 NV QYOOI <4 JHOILS ® AvYO 14N (€31 [273713¢ <
1531 QHOD23Y
< 92 ST A H T~~~ 7
GIAONIY SA! H¥3sN Gl ¥3asn W05 3 viva -
HLIM VLYa 31408d | €C | Him aasnn viva [ - 11404d G31V3d) H0 1R 08
a313313S QV01dn 3LV || ISOOHD Ly
TV Q¥023Y TH10Ud QUODFY | g7
IZ
v1VQa IHOLS P
INVYDOHd 3LINS 1531 OINI AYINT Qd0)3Y - 15Vd INOH HILNG
I SNOILOV ISVYavIVa e SNOLLOV 30130 SNOLLDV Y35 \ o1

DONLLNGAIOD TYNOSYH3d

2/4



CA 02820599 2013-05-23

PCT/US2011/062106

WO 2012/071544

¢ 19

TINAOW
AVOTNAMOG
7cT S1INS3Y
AH3INT
ALYYd o, € JINGOW QYOTINMOQ SNOILYONINIWOITY gET
e
IINAOIN
o SIS ATYNY ITNAON QYOINMOG S1INSIN 9€T
AUIND
ﬁmq_a as® JINOW SISATYNY S11NSTY GET
|
3NAUN SQ ¥3SN IINCON
- LdidJdd ON HLIM 31NAON NOILV3d40034
AY3INT ccr| NOILVGYOOIY VLvQ SAUIYISAHLUM .
ALAdYd g, SLINSIY 1531 TIY Q3NNITSLINSIY 1S3
JINGOW Sal ¥3ASN ITNA0ON
NOILYY OILNI ON HLIM 3ITNAON NOILYQ0J3Y Sai
v YLvQ ,77| NOLLYQHOO3Y VIva 43ISN HLIM GIDINNT |97t
ALEVd g4€ NOILD3T3S £S3L TV NOILDI13S 1S3t
|
Sl ¥ASH IINAON
ON HilIM 371NAON NQILYQd0D3d
NOILYQYOD3Y Sal ¥3SN HLM
V1YQ3 3THOEd TV ABINITYLVA 3T1H0ud [0¢
Zel |
I1NAOCW ITNAON
PPT | LdI303¥ V.Lvd NOILVdd003d
ALY¥Yd € AdINT LINS 1S3

S11

AN

Ort

gel

YA

J1NA0ON AV1dSIA
SNCILVONIWWOOI 1Y

¥ SLINSIY

4 11A0W
NOILYHINID

SNOLLYAONIWWO3Y
o071

I

SINAON SISATYNY
SLANS3H 1WOO01

F1NJON
NOILdO LIX3 ¥O
NOILD313S 1531 MAN

—
11000 avOoldn

ANY 3DVdOLS
S1INSIY 1831

——

1TNAGON AvOi1dN
OGNV 3DVHCLS

NOILJ313S 1531

1cl

NGO
AVO1d GNY

FINTOWN
NOILVINIS3Hd 1541

FINA0OW
NOILVINISIHd
NOLLD313S 1531

FOVHOLS 3THI0Hd

517

JINA0OW avoidi

ANV 3DVH0LS
A¥LNd 4DV JNOH

FTNAOWN
NOII3313S ANV
NOILYIUY) 311104d

FH1A0IN
NOILVINIS3Hd
ADVd JNOH

ri

8T

Vil

[11

711

OL1

3/4



CA 02820599 2013-05-23
WO 2012/071544 PCT/US2011/062106

C Start j / 400
40727

An assessment computer receives demographic characteristics data relating to
an individual

404

One or more cognitive assessment tests are provided to a portable touchscreen
personal computing device

406

The portable touchscreen personal computing device enables self administration
of a cognitive assessment test by the individual by executing the cognitive
assessment test

408

The portable touchscreen personal computing device generates cognitive
assessment stimuli perceptibie to the individual

410

The portable touchscreen personal computing device receives responses to the
stimult from the individual via touchscreen activations

412

The portable touchscreen personal computing device measures reaction times
of the responses to the stimul

414

The portable touchscreen personal computing device transmits the received
responses and measured reaction times to the assessment computer for
storage in a database

416

The assessment computer receives cognifive assessment performance data
retating to the individual, including the received responses and measured
reaction times

418

The assessment computer generates performance metrics including at least a
cognitive baseline for the individual based on the cognitive assessment
performance data
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