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DISPLAY ENHANCED TESTING FOR CONCUSSIONS
AND MILD TRAUMATIC BRAIN INJURY

TECHNICAL FIELD
The present invention relates generally to an assessment tool for diagnosing

cognitive injuries and impairments, in an audio-visually immersive environment.

BACKGROUND

Mild traumatic brain injury (mTBI), commonly known as concussion, describes
an insult to the head that, in turn, causes an injury to the brain. It most often occurs
from direct contact to the head, but can also result from indirect injury (e.g., whiplash
injury or violent shaking of the head). Individuals who have suffered one brain injury
are three times more at risk for a second brain injury and eight times more susceptible
for subsequent injuries (see the website www.brainsource.com). Regardless of the
severity, the second injury to the brain can be life-threatening if incurred within a short
time interval (see Cantu, R.C. and F.O. Mueller, Catastrophic football injuries:
1977-1998, Neurosurgery, 2000, 47(3): p. 673-5; discussion 675-7, and Kelly, J.P., et
al., Concussion in sports, Guidelines for the prevention of catastrophic outcome,
JAMA, 1991.266(20): p. 2867-9). Also, the damage from successive concussions is
cumulative (see Cantu, R. C., Second-impact syndrome, Clinics in Sports Medicine,
17(1):37-44, 1998, and the Catastrophic football injuries paper cited above).

Functions commonly affected by mTBI are cognition, movement, sensation, and
emotion (see Table 1, and Mathias, J.L. and J.L. Coats, Emotional and cognitive
sequelae to mild traumatic brain injury, Journal of Clinical & Experimental
Neuropsychology, 1999, 21(2): p. 200-15, Schoenhuber, R. and M. Gentilini, Anxiety
and depression after mild head injury: a case control study, Journal of Neurology,
Neurosurgery & Psychiatry, 1988. 51(5): p. 722-4, and Rutherford, W.H., J.D. Merrett,
and J.R. McDonald, Symptoms at one year following concussion from minor head
injuries, Injury, 1979. 10(3): p. 225-30).
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Additional risks from a series of concussions include premature senility and
Alzheimer's disease (see Fleminger S, Oliver DL, Lovestone S, Rabe-Hesketh S, Giora
A., Head injury as a risk factor for Alzheimer's disease: the evidence 10 years on; a
partial replication, ] Neurol Neurosurg Psychiatry, 2003 Jul;74(7):841, Mayeux, R.,
Ottman, R., Tang, M. X., Noboa-Bauza, L., Marder, K., Gurland, B., and Stern, Y. 1993.
Genetic susceptibility and head injury as risk factors for Alzheimer's disease among
community-dwelling elderly persons and their first-degree relatives, Ann Neurol 33:
494-501, Graham, D. I., Gentleman, S. M., Lynch, A., and Roberts, G. W. 1995,
Distribution of beta-amyloid protein in the brain following severe head injury,
Neuropathol Appl Neurobiol 21: 27-34, and Nemetz, P. N., Leibson, C., Naessens, J.
M., Beard, M., Kokmen, E., Annegers, J. F., and Kurland, L. T. 1999, Traumatic brain
injury and time to onset of Alzheimer's disease: a population-based study, American
Journal of Epidemiology 149: 32-40.

Table 1.
Overview of areas impacted by mTBI
Cognition Concentration memory, judgment mood
Movement Strength coordination balance
Sensation Tactile and special senses (vision)
Emotion Instability, impulsivity

Traumatic brain injuries (TBI) are often classified into mild, moderate and severe
TBI based on three parameters: 1) the quality and length of change in consciousness, 2)
the length of amnesia (memory loss), and 3) the Glasgow Coma Scale (GCS) (Table 2).
Table 2. TBI classification criteria

TBI Classification | Length of Loss of Length of | Glasgow Coma

Consciousness Amnesia | Scale Score
Mild TBI (mTBI) | <20 minutes <24 hours |GCS > 13+
Moderate TBI > 20 minutes, but < 6 hours GCS9-12
Severe TBI > 6 hours GCS <8

For a brain injury to be classified as mTBI, the following conditions must be
observed: (1) the length of consciousness is less than 20 minutes and amnesia is 24
hours or less, and (2) a GCS score of 13+.

mTBI is estimated to occur in 750,000 of over 2 million cases of TBI annually
in the United States alone (see Anonymous, Injury Fact Book, National Center for
Injury Prevention and Control: Atlanta, 2002). Based on statistics gathered by the
National Center for Injury Prevention Center (NCIPC) at the Center for Disease
Control (CDC), mTBIs are most commonly suffered from sports-related injuries, which
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account for approximately 300,000 injuries annually. The high incidence of mTBI
among athletes has raised concern in professional sports organizations. For example,
the National Hockey League supports an ongoing concussion study. Age groups most
at risk are 15-24 and 75+ years of age. Males are twice as likely to suffer from mTBI
as are females. Total costs attributable to mTBI exceed $17 billion annually.

The fundamental dilemma with mTBI lies in the fact that a practical, easy-to-
administer diagnostic tool is not yet available. As a result, mTBI is commonly under-, or
misdiagnosed, resulting in potential long-term consequences for patients. The present
invention is designed to address this specific need.

As was mentioned above, in the United States, approximately 750,000 mild
traumatic brain injuries (mTBI) occur every year. Mild traumatic brain injuries remaina
serious public health and socioeconomic problem, resulting in long-term disability and
death from secondary complications when not properly diagnosed (see Cantu, R. C.,
Second-impact syndrome. Clinics in Sports Medicine, 17(1):37-44, 1998, Cantu, R. C.
and R. Voy, Second-impact syndrome - a risk in any contact sport, Physician and
Sports Medicine. 23(6):27, 1995, and Kelly, J. P., J. S. Nichols, C. M. Filley, K. O.
Lillehei, D. Rubinstein, and B. K. Kleinschmidt-DeMasters, Concussion in sports,
Guidelines for the prevention of catastrophic outcome, JAMA).

Diagnosing mTBI is difficult even in the best setting. The signs and symptoms
of mTBI are often very subtle and difficult to detect. Undiagnosed or under-diagnosed
mTBI leads to poor clinical management and can often cause cognitive deficits,
psychosocial problems, and secondary complications such as depression. See
Englander, J., K. Hall, T. Stimpson, and S. Chaffin, Mild traumatic brain injury in an
insured population: subjective complaints and return to employment, Brain Tnj.
6(2):161-6., 1992, Farm, J. R., W. J. Katon, J. M. Uomoto, and P. C. Esselman,
Psychiatric disorders and functional disability in outpatients with traumatic brain
injuries, Am J Psychiatry. 152(10):1493-9., 1995, Gomez-Hernandez, R., J. B. Max, T.
Kosier, S. Paradiso, and R. G. Robinson, Social impairment and depression after
traumatic brain injury, Arch Phys Med Rehabil. 78(12):1321-6., 1997, Gronwall, D.,
Cumulative and persisting effects of concussion on attention and cognition, in Mild
Head Injury, H.S. Levin, Eisenberg, Howard M., Editor, Oxford University Press; New
York. p. 153-162, 1989, Gronwall, D., Performance changes during recovery from
closed head injury, Proc Aust Assoc Neurol. 13:143-7, 1976, Gronwall, D. and P.
Wrightson, Delayed recovery of intellectual function after minor head injury, Lancet.
2(7881):605-9., 1974, Gronwall, D. and P. Wrightson, Memory and information
processing capacity after closed head injury, ] Neurol Neurosurg Psychiatry.
44(10):889-95., 1981, Jorge, R. E., R. G. Robinson, S. V. Arndt, A. W. Forrester, F.
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Geisler, and S. E. Starkstein, Comparison between acute- and delayed-onset
depression following traumatic brain injury, Y Neuropsychiatry Clin Neurosci.
5(1):43-9., 1993, Stambrook, M., A. D. Moore, L. C. Peters, C. Deviaene, and G. A.
Hawryluk, Effects of mild, moderate and severe closed head injury on long-term
vocational status, Brain Tnj. 4(2):183-90., 1990, and van der Naalt, J., A. H. van
Zomeren, W. J. Sluiter, and J. M. Minderhoud, One year outcome in mild to moderate
head injury: the predictive value of acute injury characteristics related to complaints
and return to work, J Neurol Neurosurg Psychiatry. 66(2):207-13., 1999. In addition,
many cases mTBI are overshadowed by other injuries or by the events surrounding the
injury, further confounding accurate diagnoses.

Mild cognitive decline that results from mTBI or degenerative diseases is often
very subtle and difficult to detect. Frequently mTBI is overshadowed by other injuries
or by the events surrounding the injury. The need for rapid and simple diagnostic
testing for early detection is immense. The standard for evaluating possible cognitive
deficits is neuropsychological testing. However, neuropsychological testing requires a
quiet room void of distractions and the presence of trained personnel to administer,
score, and interpret the measures. In addition, these tests may require several hours to
perform. In many situations such as sideline assessment of a concussion in sports,
these requirements make standard neuropsychological testing impractical.

The lack of diagnostic aids is especially apparent in athletic settings and can lead
to repetitive injuries in children and young adults. For sports assessment of mTBI,
length of test, ease-of-administration, and immersiveness are the top three criteria for a
useable solution. The available approaches have not produced solutions that have all of
these attributes.

For example, there are a number of known developmental efforts under way that
are directed toward producing a neuropsychological assessment tool. Most of these
solutions are software-based and aim to assess the cognitive functioning or impairment
of the brain. For example, Neuroscience Solutions uses proprietary technology,
sublicensed from Scientific Learning Corporation, based on established principles of
"brain plasticity" to address neuropsychological disorders. NuCog is a cognitive
assessment tool, developed by researchers in Australia, and is only available for limited
use in research and clinical settings.

Of the 2 million traumatic brain injuries per year,[121 eighty percent are
classified as "mild"(see Anonymous, Injury Fact Book, 2002, National Center for
Injury Prevention and Control: Atlanta.). A substantial number of these patients
experience initial objective neuropsychological difficulties involving memory, attention,
and executive functioning. See Gronwall, D. and P. Wrightson, Delayed recovery of
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intellectual function after minor head injury. Lancet, 1974. 2(788 1): p. 605-9, Dikmen,
S., A. McLean, and N. Temkin, Neuropsychological and psychosocial consequences of
minor head injury, J Neurol Neurosurg Psychiatry, 1986. 49(11): p. 1227-32, Dikmen,
S. and J.E. Machamer, Neurobehavioral outcomes and their determinants. Journal of
Head Trauma Rehabilitation, 1995. 10(1): p. 74-86, Hinton-Bayre, A.D., et al.,
Concussion in contact sports: reliable change indices of impairment and recovery. J
Clin Exp Neuropsychol, 1999. 2 1(1): p. 70-86, Macciocchi, S.N., et al.,
Neuropsychological functioning and recovery after mild head injury in collegiate
athletes. Neurosurgery, 1996. 39(3): p. 510-4, Ponsford, J., et al., Factors influencing
outcome following mild traumatic brain injury in adults. Journal of the International
Neuropsychological Society, 2000. 6(5): p. 568-79, and Levin, H.S., et al.,
Neurobehavioral outcome following minor head injury: a three-center study. J
Neurosurg, 1987. 66(2): p. 234-43.

A significant subset of patients is left with persistent subjective cognitive
complaints that disrupt their social relationships and their ability to resume leisure and
work related activities (See van der Naalt, J., Prediction of outcome in mild to moderate
head injury: a review. Journal of Clinical & Experimental Neuropsychology, 2001.
23(6): p. 837-51). The importance of the morbidity (i.e., prolonged cognitive deficits,
affective and personality changes) and mortality (i.e., second impact syndrome)
produced by mTBI has become increasingly appreciated. See Cantu, R.C. and F.O.
Mueller, Catastrophic football injuries: 1977-1998. Neurosurgery, 2000. 47(3): p.
673-5; discussion 675-7, Cantu, R.C., Head and spine injuries in youth sports. Clinics
in Sports Medicine, 1995. 14(3): p. 517-32, Cantu, R.C., Second-impact syndrome.
Clinics in Sports Medicine, 1998. 17(1): p. 37-44, Erlanger, D.M,, et al.,
Neuropsychology of sports-related head injury: Dementia Pugilistica to Post
Concussion Syndrome. Clinical Neuropsychologist, 1999. 13(2): p. 193-209, and
Kelly, J.P., et al., Concussion in sports. Guidelines for the prevention of catastrophic
outcome. JAMA, 1991. 266(20): p. 2867-9.

There is good evidence that repetitive concussions result in long-term cognitive
deficits and structural damage to the brain. See Cantu, R.C., Second-impact syndrome.
Clinics in Sports Medicine, 1998. 17(1): p. 37-44, Kelly, J.P., et al., Concussion in
sports. Guidelines for the prevention of catastrophic outcome. JAMA, 1991. 266(20):
p. 2867-9, and Cantu, R.C. and R. Voy, Second-impact syndrome - a risk in any
contact sport. Physician and Sports Medicine, 1995. 23(6): p. 27.

When a second concussion occurs prior to recovery from the first, rapid onset
of cerebral edema and death can occur (See Cantu, R.C. and F.O. Mueller, Catastrophic
football injuries: 1977-1998. Neurosurgery, 2000. 47(3): p. 673-5; discussion 675-7,
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Cantu, R.C., Head and spine injuries in youth sports. Clinics in Sports Medicine, 1995.
14(3): p. 517-32, Cantu, R.C., Second-impact syndrome. Clinics in Sports Medicine,
1998. 17(1): p. 37-44, Erlanger, D.M., et al., Neuropsychology of sports-related head
injury: Dementia Pugilistica to Post Concussion Syndrome. Clinical
Neuropsychologist, 1999. 13(2): p. 193-209, and Kelly, J.P., et al., Concussion in
sports. Guidelines for the prevention of catastrophic outcome. JAMA, 1991. 266(20):
p- 2867-9), particularly for athletes prematurely returning to play.

In addition to these young adult populations, traumatic brain injury peaks in the
aged population (See Frankowski, R.F., J.F. Annegers, and S. Whitman, Part 1: The
descriptive epidemiology of head trauma in the United States. In: D.P. Becker, IT
Povlishock (Eds.). Central Nervous System Trauma Status Report, 1985). With the
escalating aging of the population, it has become imperative to develop efficient and
accurate methods to diagnose mTBI in older adults. Approximately 21% of the U.S.
population is older than age 55, and this will increase to 30% by the year 2025 (See
Commerce, U.S.D.o., Statistical Abstract of the United States 1997. 1997, U.S.
Department of Commerce, Bureau of the Census). The "oldest-old" (i.e. persons "85
years) are increasing at the fastest rate.

Early detection of mTBI is critical to patient education and treatment and could
potentially prevent secondary complications of depression and anxiety. Depression is a
common secondary complication of mTBI. See Fenton, G., et al., The postconcussional
syndrome: social antecedents and psychological sequelae. British Journal of
Psychiatry, 1993. 162: p. 493-7, Mathias, J.L. and J.L. Coats, Emotional and cognitive
sequelae to mild traumatic brain injury. Journal of Clinical & Experimental
Neuropsychology, 1999. 21(2): p. 200-15, Schoenhuber, R. and M. Gentilini, Anxiety
and depression after mild head injury: a case control study. Journal of Neurology,
Neurosurgery & Psychiatry, 1988. 51(5): p. 722-4, Rutherford, W.H., J.D. Merrett, and
J.R. McDonald, Symptoms at one year following concussion from minor head injuries.
Injury, 1979. 10(3): p. 225-30, Levin, H.S,, et at., The neurobehavioural rating scale:
assessment of the behavioural sequelae of head injury by the clinician. Journal of
Neurology, Neurosurgery & Psychiatry, 1987. 50(2): p. 183-93, and Levin, H.S., F.C.
Goldstein, and E.J. MacKenzie, Depression as a secondary condition following mild
and moderate traumatic brain injury. Seminars in Clinical Neuropsychiatry, 1997(2):
p. 207-215.

Mittenberg and colleagues compared the effectiveness of standard hospital
treatment and discharge instructions versus education concerning the symptoms and
their management in mTBI patients. See Mittenberg, W., et al., Cognitive-behavioral
prevention of postconcussion syndrome. Archives of Clinical Neuropsychology, 1996:
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p. 139-145. At six months postinjury, 28% percent of patients who received standard
treatment met ICD-1O criteria for post-concussion syndrome, compared to only 11% of
the preventative treatment group. Patients in the preventative group also reported
significantly shorter overall symptom duration, fewer symptoms, fewer symptomatic
days in the previous week, and lower symptom severity levels. One implication of this
research is that early detection could lead to interventions to mitigate the morbidity
associated with mTBIL.

The diagnosis of mTBI is very challenging. This difficulty is largely a result of
the continuing debate over the clinical definition of concussion. Most physicians agree
on the physical signs and symptoms of a moderate and severe TBI (measured by the
Glasgow Coma Scale (GCS) score; severe = 3-8 and moderate = 9-12), which are
characterized by alterations in the level of consciousness. [36j However, patients with a
mild TBI (GCS 13-15) by definition have almost no mental status changes profound
enough to change their GCS score, and fewer than 10% result in an initial loss of
consciousness. See Cantu, R.C., Head injuries in sport. British Journal of Sports
Medicine, 1996. 30(4): p. 289-96, and Cantu, R.C., Reflections on head injuries in sport
and the concussion controversy. Clinical Journal of Sport Medicine, 1997. 7(2): p.
83-4. Many of these patients do not initially seek medical attention or are
under-diagnosed by the medical community, making the determination of true incidence
impossible. Even when the diagnosis is suspected, patients are not being hospitalized
for mTBI as often as in the past, indicating the need for greater surveillance and
diagnosis of these cases in the emergency room and outpatient primary care facilities.
See Thurman, D. and J. Guerrero, Trends in hospitalization associated with traumatic
brain injury. [comment]. JAMA, 1999. 282(10): p. 954-7.

The understanding of mTBI is further complicated by a lack of biomechanical
understanding of the forces and deformations that lead to mild cognitive deficits.
Although mechanical tolerances have been proposed for moderate and severe TBI,
determination of thresholds for mTBI is complicated by poor patient recounts and
delayed or inaccurate clinical diagnoses. See Lighthall, JJW., J.W. Melvin, and K.
Ueno, Toward a biomechanical criterion for functional brain injury. Society of
Automotive Engineers, Inc., 1989, and Margulies, S.S. and L.E. Thibault, A proposed
tolerance criterion for diffuse axonal injury in man. Journal of Biomechanics, 1992.
25(8): p. 917-23. Early and reliable diagnosis of mTBI may not only assist the patient
with rehabilitation and improved outcome, but it will also provide a tool to correlate the
acute response to a mild insult with the mechanical circumstances of the injury.

Neuropsychological testing has proven useful in detecting the often subtle
changes resulting from mTBI. See Dikmen, S., A. McLean, and N. Temkin,



WO 2005/079332

10

PCT/US2005/004515

8

Neuropsychological and psychosocial consequences of minor head injury. J Neurol
Neurosurg Psychiatry, 1986. 49(11): p. 1227-32, Hinton-Bayre, A.D., et al.,
Concussion in contact sports: reliable change indices of impairment and recovery. J
Clin Exp Neuropsychol, 1999. 2 1(1): p. 70-86, Levin, H.S., et al., Neurobehavioral
outcome following minor head injury: a three-center study. J Neurosurg, 1987. 66(2):

p. 234-43, and Leininger, B.E,, et al., Neuropsychological deficits in symptomatic minor

head injury patients after concussion and mild concussion. J Neurol Neurosurg

Psychiatry, 1990. 53(4): p. 293-6.

Table 3 shows results of representative studies conducted in the United States

that have prospectively recruited patients with mTBI as opposed to retrospectively

recruiting those patients who have complaints and thus introducing a selection bias. The

results of these studies indicate cognitive impairments in the initial days that can be

detected by formal neuropsychological testing.

Table 3.

Authors/Cognitive OQutcome Measures

Findings

Barth et al., 1983/ Wechsler Adult
Intelligence Scale-R or Wechsler
Intelligence Scale for Children-R,
Halstead-Reitan Neuropsychological
Test Battery, Wide Range Achievement
Test, Wechsler Memory Scale

At 3 months postinjury, 44 pts (57%)
had mild-severe impairments on
Haistead-Reitan.

Dikmen et al., 1986/ Haistead-Reitan
Neuropsychological Test Battery,
Wechsler Memory Scale, Selective
Reminding Test

Pts significantly poorer in
concentration and delayed verbal
memory.

Goldstein et al., 2000/ California Verbal
Learning Test, Continuous Recognition
Memory, Controlled Oral Word
Association, Trailmaking, Digit Span,
Visual Naming, Wisconsin Card
Sorting Test.

Mild TBI pts. 50 years and older
exhibited performance, comparable to
normal controls, on most measures
within 2 months postinjury. Word
fluency under timed conditions,
however, was selectively impaired.

Hugenholtz et al., 1988/ Simple Reaction
Time (PT): Press response key with
dominant hand to a single stimulus
(e.g., circle); Choice RT: Press
response key with dominant hand to a
target stimulus (e.g., white circle), and
respond with non-dominant hand for
other shapes (e.g. white square, white
triangle); Complex: Press response key
with dominant hand to a target stimulus
(e.g., white circle with horizontal lines)
and respond with non-dominant hand
for other shapes, colors, and line
orientations (e.g., white circle with
vertical lines, blue circle with horizontal
lines)

1. Within 3 days postinjury and up to
3 months postinjury, no significant
differences between pts and controls
on Simple RI task

2. Up to 17 days postinjury, pts
significantly slower than controls on
Easy Choice RI task but not at 1 and 3
months postinjury

3. Within 3 days postinjury and up to
1 month postmjury, pts significantly
slower than controls on Complex
Choice RI task but not at 3 months
postinjury
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Levin et al., 1987/ Digit Span, Memory
for animal names (Mattis-Kovner),
Benton Visual Retention Test, Digit
Symbol, Paced Auditory Serial Addition
Task

1. At 1 week postinjury, pts had
significantly impaired attention,
memory, and visuomotor and
information processing speed (76%-
87% of 57 pts below control mean
performance in each domain)

2. At 1 month postinjury, no
significant differences between pts and
controls in Galveston and the Bronx;
Pts in San Diego exhibited recovery of
memory but continuing difficulties
with attention and visuomotor and
information processing speed

3. At 3 months postinjury, pts at all 3
centers were not significantly different
from controls, except digit span which
was lower in San Diego pts relative to
controls

McAllister et al., 1999/ Trail Making,
Controlled Oral Word Fluency Test,
Continuous Performance Test, Stroop
Color Word Test, California Verbal
Learning Test, Facial Memory,
Working Memory Test

1. At 1 to 5 weeks postinjury, pts
significantly slower in simple reaction
time and reaction time under
distraction.

2. No significant differences in word

fluency, verbal and visual memory, or
other measures of attention

Rimel et al., 1981 / Wechsler Scales of
Intelligence, Wechsler Memory Scale,
Halstead-Reitan Neuropsychological
Test Battery, Wide Range Achievement
Test

1. At 3 months postinjury, pts
exhibited mild deficits involving
attention-concentration and problem-
solving

2. No significant impairments, based
on published norms, in overall
intellectual functioning and academic
achievement

However, the practicality of neuropsychological testing is limited, as it requires a

quiet room, few distractions, and trained personnel to administer, score, and interpret the

measures. These conditions are rarely available when most mTBI patients need to be

evaluated in the initial days postinjury. In addition, these tests may require several

hours to perform. In many situations, such as sideline assessment of concussion or in a

busy emergency department, these requirements make standard neuropsychological

testing impractical. Moreover, testing in doctors' offices and other non-specialized

medical facilities is currently limited due to the specialized training and time required to

administer these tests. A concise, portable test that maintains sensitivity for mTBI

would allow better management of these patients and provide marked improvement in

disease surveillance and outcomes.

Papers have been published relating to virtual reality and neuroscience.

Exemplary papers include "VIRTUAL REALITY IN NEUROSCIENCE: A SURVEY",
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Giuseppe Riva, Virtual Environments in Clinical Psychology and Neuroscience, Ios
Press: Amsterdam, Netherlands, "Virtual Reality and Cognitive Assessment and
Rehabilitation: The State of the Art", Albert A. Rizzo and J. Galen Buckwalter, Ios
Press: Amsterdam, Netherlands, and "Virtual Environments in Neuropsychological
Assessment and Rehabilitation”, F. D. Rose, E. A. Attree and B.M. Brooks, Ios Press:
Amsterdam, Netherlands, all of which generally discuss the use of virtual reality in
neuroscience, However, no systems are discussed in these papers that provide for a
portable audio-visually immersive evaluation tool.

Thus, although computer-based neuropsychological tests for mTBI evaluation
are available, none of these systems provide an immersive, portable, site-of-injury
format. The need for rapid, simple and convenient diagnostic testing for early detection
of mTBI is immense.

SUMMARY OF THE INVENTION

The present invention comprises cognitive assessment systems and methods that
provide an integrated solution for evaluating the presence or absence of cognitive
impairment. The present invention is used to test cognitive functions of an individual
including information processing speed, working memory, work list learning and recall,
along with variations of these tasks. Testing using the present invention may be
completed in real time, typically in less than 15 minutes.

Embodiments of the present invention provide for non-immersive and immersive
systems and methods. The present invention implements cognitive assessment systems
and method for testing cognitive impairment of an individual.

An exemplary non-immersive system is embodied in a portable computing
device that comprises audio and video output devices, and a response selection device
that allows the individual to make response selections responding to predefined
neuropsychological tests presented to the individual. Software runs on the portable
computing device that (1) presents the predefined neuropsychological tests to the
individual, and (2) processes the response selections to evaluate cognitive functions of
the individual to generate test results that are indicative of the presence or absence of
cognitive impairment.

An exemplary immersive cognitive assessment system comprises a portable
computing device, headgear with audio-visual immersion that is worn by an individual to
be tested that includes audio and video output devices, and a response selection device
coupled to the headgear that allows the individual to make response selections
responding to predefined neuropsychological tests presented to the individual free of
destractions from the environment Software runs on the portable computing device that
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(1) presents the predefined neuropsychological tests to the individual by way of the
headgear mounted display, and (2) processes the response selections to evaluate
cognitive functions of the individual to generate test results that are indicative of the
presence or absence of cognitive impairment.

In either of the above embodiments, the portable computing device may include a
database that stores pre-injury test data or baseline data (norms) for similar subjects that
is used for comparison with the tests that are given to the individual.

In an exemplary non-immersive cognitive assessment method, predefined
neuropsychological tests are presented to the individual. The individual makes response
selections based upon what is presented in the tests. The response selections of the
individual are immediately processed to evaluate cognitive functions of the individual
and to generate test results that are indicative of the presence or absence of cognitive
impairment.

In an exemplary immersive cognitive assessment method, the individual wears
headgear, comprising audio and video output devices, that immerses the individual in an
audio-visually immersive environment. The tests are performed and processed to
generate test results that are indicative of the presence or absence of cognitive
impairment.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of embodiments of the present invention
may be more readily understood with reference to the following detailed description
taken in conjunction with the accompanying drawings, wherein like reference numerals
designate like structural elements, and in which:

Fig. 1 illustrates exemplary embodiments of an immersive cognitive assessment
tool or system in accordance with the principles of the present invention for evaluating
the presence or absence of cognitive impairment of an individual;

Fig. 1a illustrates an exemplary carrying case for storing components of the
system shown in Fig. 1;

Fig. 2 is a front view of headgear employed in the system shown in Fig. 1;

Fig. 3 is a side view of the headgear shown in Fig. 1;

Fig. 4 is a side view of a second embodiment of headgear that may be employed
in the system shown in Fig. 1;

Fig. 5 is a side view of a third embodiment of headgear that may be employed in
the system shown in Fig. 1;

Fig. 6 is a side view of a fourth embodiment of headgear that may be employed
in the system shown in Fig. 1;
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Fig. 7 illustrates an exemplary embodiment of a non-immersjve cognitive
assessment tool or system in accordance with the principles of the present invention;

Fig. 8 is a flow chart that illustrates work flow performed in testing patients
using the systems;

Fig. 9 illustrates an exemplary simple and complex choice reaction time test
employed in the systems;

Fig. 10 illustrates an exemplary selective reminding memory test employed in
the systems;

Fig. 11 is a flow diagram that illustrates an exemplary N-back test order;

Fig. 12 is an enlarged view that illustrates an exemplary N-back working
memory test employed in the systems;

Fig. 13 illustrates an exemplary 1-back test;

Fig. 14 illustrates an exemplary 2-back test;

Fig. 15 is a flow diagram illustrating exemplary embodiments of immersive
cognitive assessment methods in accordance with the principles of the present invention;
and

Fig. 16 is a flow diagram illustrating exemplary embodiments of non-immersive
cognitive assessment methods in accordance with the principles of the present invention.

DETAILED DESCRIPTION

Referring to Fig. 1, it illustrates exemplary embodiments of immersive cognitive
assessment tools 10 or systems 10 in accordance with the principles of the present
invention for diagnosing concussions and mild traumatic brain injury. Figs. 2 and 3
show front and side views, respectively, of headgear 12 used in the exemplary immersive
cognitive assessment tools 10 or systems 10 shown in Fig. 1.

The exemplary tool 10 or system 10 comprises a portable system 10 including a
portable computing device 11, such as a portable computer 11 or a personal di gital
assistant (PDA), for example, and a software application 40 that runs on the portable
computing device 11. The exemplary tool 10 or system 10 also comprises headgear 12
that is worn by an individual to be tested that totally immerses the individual within a test
environment, The headgear 12 includes a display screen 12a and audio output device
13, such a headphones, for example. A response selection device 14 is coupled to the
headgear 12. The response selection device 14 may comprises input buttons 14a or
switches 14a of a mouse-like device, or may be selection buttons 14a on the portable
computing device 11. Other embodiments of the portable computing device 11 may be
housed within the headgear 12, for example (shown using a dashed box).
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The portable computing device 11 (portable computer 11 or PDA 11) may
include a wireless communication device 16 that allows it to wirelessly communicate
with the headgear 12 using an antenna 17 in the headgear 12 and a wireless
communication link 16a. The response selection device 14 may be coupled to the
headgear 12 by way of a wired connection 15. Alternatively, the response selection
device 14 may be a wireless device 14 that is coupled to the headgear 12 by way of a
wireless connection 15a, such as is provided by a Bluetooth link, for example.

Fig. laillustrates an exemplary padded carrying case 20 for storing components
of the system shown in Fig. 1. The padded carrying case 20 is configured to store the
response selection device 14, a PDA 11 and a cable 22 for connecting the PDA 11 to
the headgear 12. Again, it is to be understood that embodiments of the present
invention may have the portable computing device 11 wired to or wirelessly coupled to
the headgear 12. Fig. 1a illustrates the truly portable, field-useable, nature of the present
invention.

Figs. 4-6 show other exemplary embodiments of the headgear 12. Fig. 4 shows
exemplary bicycle-style helmet headgear 12 including a connector jack 15b to which the
response selection device 14 may be connected. Fig. 5 shows exemplary visor-style
helmet headgear 12 also including a connector jack 15b. Fig. 6 shows an exemplary
embodiment of visor-style helmet headgear 12 wherein the response selection device 14
is hard wired to the headgear 12. In addition, the headgear 12 may be in the form of a
football helmet having a facemask comprising the display screen 12a.

A prototype of the immersive cognitive assessment tool 10 or system 10 was
reduced-to-practice using off-the-shelf components shown in Table 4 to test the concept
of the system 10 shown in Fig. 1. Specific hardware components were chosen that
contribute to an immersive environment, are easy to use, and are comfortable to wear by
subjects. These hardware components include Bose active noise reduction (ANR)
aviation headphones 13, Sony and Olympus visual display headgear 12 and display
screen screens 12a, a user interface comprising the response selection device 14, and a
Dell Latitude laptop computer 11 as the portable computing device 11.

Table 4. Components of the prototype system

Component Function Manufacturer & Specification
Portable Data storage and Dell Latitude C840 notebook computer
computer program interface | with a Mobile Pentium ® processor (2.2

GHz, 512 MB RAM, 40 GB Hard Drive),
64 MB DDR video card, Windows ® XP
Professional version 2002 (SP1)

Visual display Visual immersion | Two versions:
1) Sony Glasstron & JO Display systems
2) 1 glasses
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Noise reduction | Audio immersion Bose® Aviation Headset X active noise
headphones reduction (ANR) headphones

Switches Input Device Two Jelly Bean® switches connected to X
- keys USB Switch Interface and
programmed to respond to a 'Yes or 'No
button

The complete system 10 is comprised of a laptop computer, 11 input buttons
14a, and headgear 12 (Sony visor and Bose ANR headset), hard-wired together. The
computer 11 and accessories fit into a padded case 20 for portability. The user holds
the input buttons 14a and listens to instructions while sitting down. It is to be
understood that the above-mentioned components of the system 10 may be housed as a
single integrated and wireless unit.

An initial version of the software for the neuropsychological testing component
(software 40) of the system 10 was developed following an extensive literature review
relating to mTBI and consultation with practicing neuropsychologists. Three
neuropsychological tests were chosen for inclusion in the system based on their
practicality and sensitivity parameters which are outlined in Table 5. These tests include
N-back working memory, simple and complex reaction time, and selective reminding.

Table 5. Neuropsychological tests programmed for the system

Test Measures Time (mm)

N-Back Working Memory Task Working memory with 5
increase load

Simple and Complex Choice Information processing 5

Reaction Time speed

Working Memory Memory 5

Software 40 derived from the above three standard neuropsychology tests was
created using Virtual Basic. These tests examine areas that are especially vulnerable to
early mTBI including memory and speed of processing (See Buschke, H. and P.A.
Fuld, Evaluating storage, retention, and retrieval in disordered memory and learning.
Neurology, 1974. 24(11): p. 1019-25, Hugenholtz, H., et al., How long does it take to
recover from mild concussion? Neurosurgery, 1988. 22: p. 853-858, and MacFlynn
G., M.E.A,, Fenton, G.W., Rutherford, W., Measurement of reaction time following
minor head injury. Journal of Neurology and Neurosurgical Psychiatry, 1984).

Fig. 7 illustrates an exemplary embodiment of non-immersive cognitive
assessment tools 10 or systems 10 in accordance with the principles of the present
invention. The non-immersive cognitive assessment tools 10 or systems 10 may be
used in testing individuals that may have Alzheimers disease, for example, or in cases
where an immersive environment is not necessary.
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An exemplary non-immersive system 10 is embodied in a portable computing
device 11 that comprises video and audio output devices 12a, 13, and a response
selection device 14 that allows the individual to make response selections responding to
predefined neuropsychological tests presented to the individual. In this embodiment of
the system 10, the video output device 12a is a display screen of the portable computing
device 11 and the audio output device 13 is a speaker system of the portable computing
device 11. The response selection device 14 may be built-in selection buttons or
selected keys of the portable computing device 11. Software 40 runs on the portable
computing device 11 that (1) presents the predefined neuropsychological tests to the
individual, and (2) processes the response selections to evaluate cognitive functions of
the individual to generate test results that are indicative of the presence or absence of
cognitive impairment.

Fig. 8 is a flow chart that illustrates exemplary work flow 20 performed in
testing using the systems 10. Introductory screening 21 is performed on subject. Then,
a battery of tests/tasks (involving sequences of tests/tasks) are performed using the
system 20. The tests include a simple and complex choice reaction time test 33, a
selective reminding test 23, a series of N-Back tests 24, and a long term selective
reminding test 25. Figs. 9-14 illustrate details of the testing that is performed using the
system 10.

Fig. 9 illustrates an exemplary simple and complex choice reaction time test 22
employed in the system 10. Fig. 10 illustrates an exemplary selective reminding -
memory test 23 employed in the system 10. Fig. 11 is a flow diagram that illustrates
ordering of an exemplary N-back test 24. The N-back test 24 includes a first 0-back
test 31, a first 1-back test 32, a first 2-back test 33, a second 0-back test 34, a second 1-
back test 35, and a second 2-back test 35. Fig. 12 is an enlarged view that illustrates an
exemplary N-back working memory test displayed on the display screen 12a of the
system 10. Fig. 13 illustrates an exemplary 1-back test 32. Fig. 14 illustrates an
exemplary 2-back test 33.

The N-Back working memory task 24 utilizes a non-verbal version in which
subjects determine whether a particular stimulus appears in a specific location. The
demands of the N-Back working memory task 24 are increased from a O-load, a 1-load
and a 2-load. The simple and complex choice reaction time task 22 requires the subject
to focus on increasing dimensions of a stimulus before making a response. The simple
and complex choice reaction time task 22 varies from an easy version (i.e., respond
whenever you see a red circle) to a harder version (i.e., respond whenever you see a red
circle with diagonal lines and ignore all other red circles or other colored circles with

diagonal lines).
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The hardware components and initial software have been tested together. Initial
usability testing of the system 10 has been done with normal college age volunteer
subjects in a controlled, artificially simulated noisy environment.

In the usability study, it was found that there was no difference in test results
obtained using the present invention in a quiet room versus a simulated noisy
environment. The advantage of total immersion allows the present invention to be used
on-site, even in a noisy environment such as a sporting event. Therefore, the system has
great potential for use as a side-line assessment tool for mTBI as well as application that
require portability and ease-of-use.

The specific results from these tests are given below:

1. Objective evaluation of the system 10 in quiet and artificially induced noisy
environments.

To test the ability of to create an effective immersive environment that is void of
external visual and auditory distractions, normal healthy volunteer subjects (n=42) were
recruited and randomly assigned to two groups. The headgear 12 was worn at all times
in both groups. Group 1 completed neuropsychological tests using the system 10 in a
quiet environment. This same group was then required to retake the test in an artificially
induced external noisy environment (-.75 decibels of fluctuating noise, equivalent to an
average football game crowd). Group 2 took the same test in the noisy environment
first, and then completed the second round of tests in the quiet environment. Between
group comparisons (noisy to quiet group vs. quiet to noisy group) were made as well as
individual changes between the 1st and 2nd tests (from noisy to quiet or quiet to noisy).
The findings show that the quiet and noisy environments did not contribute to
statistically significant differences (p>0.1) in participants' test scores or response times
when taking the test.

2. Subjective usability survey.

After completing the two neuropsychological tests using the system 10, the
volunteer subjects completed a post-task survey. The findings show that the subjects
thought the system 10 blocked out visual and audio distractions. They also thought
both the head-mounted display 12a and the ear muffs (headphones 13 were comfortable
to wear. They strongly agreed that the buttons 14a of the response selection device 14
they interacted with were easy to use.

Data derived from the tests indicate that the system 10 provides an adequate
immersive environment for neuropsychological testing even in an artificially produced
noisy environment.

An embodiment of the portable computing device 11 may include a relatively
large testing databank that is stored in a database 19. The databank stores pre-injury
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test data that is used for comparison with later tests. Alternatively, without pre-injury
test data, tests are compared against norms or baseline data for similar subjects that may
be stored in the database 19. The software 40 may include an algorithm that
implements autoscoring to provide immediate scoring of test results. For the system 10
to be used as a screening tool, individual subjects are generally required to take the tests
more than once. For example, for football players, prescreening neuropsychological
testing is performed preseason and repeated if a head injury is suspected. The act of
retaking the tests can alone improve the test scores. This improvement in scores from
repeated testing is known as the "learning effect." It has been well-described in the
literature for almost all available tests. One way to minimize this effect is to provide
different questions or stimuli each time the test is taken. In this way, the learning effect
is reduced, but not totally eliminated. The system 10 may also be modified to enlarge
the question bank to provide five different versions of the tests.

Pre-injury history, epidemiological, and background information can affect the
interpretation of neuropsychological test results. Because of this, it is desirable to
gather pre-injury data against which future test data may be compared. Examples of
baseline data include: history of head injury in the past, history of intracranial
pathology, history of mental retardation, age, level of education, and the like.
Incorporating the database 19 containing the databank in the system 10 that is
accessible by the software 40 greatly enhances the portability of the system 10, make it
less reliant on monitoring personnel, and permits generation of real-time score results.
No known cognitive testing system provides this capability.

The software 40 grades the test results and measures differences in scores
compared to baseline scores from the databank or from "normal" data. The software 40
may include the self-scoring algorithm that can grade and provide standard deviations
from norms or from a subject's previous scores (i.e., data in the databank. The ability to
immediately determine the score, and hence the degree of cognitive impairment,
significantly enhances the usability and portability of the system 10.

The system 10 and software 40 provide for a method that allows subjects with
possible preclinical Alzheimer's disease to be tested, providing an alternative method for
early diagnosis. The system 10 is used to administer tests to a geriatric patient
population to diagnose preclinical Alzheimer's disease.

Alzheimer's disease is a progressive neurodegenerative disorder that causes
impaired thinking and behavior. Alzheimer's disease affects 4 million Americans, and is
the most expensive condition to treat following heart disease and cancer. It is estimated
that more than 14.3 million Americans will have Alzheimer's disease by the year 2050
(See Evans, D. A., H. H. Funkenstein, M. S. Albert, P. A. Scherr, N. R. Cook, M. J.
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Chown, L. E. Hebert, C. H. Hennekens, and J. 0. Taylor, Prevalence of Alzheimer's
disease in a community population of older persons. Higher than previously reported.
[comment]. JAMA. 262(18):2551-6, 1989, and McNeil, C., Alzheimer's Disease:
Unraveling the Mystery, NIB, National Institute on Aging. Bethesda, MD, 1997).

Although there is no cure at present for Alzheimer's disease, early detection of
symptoms and slowing of the disease course via pharmacologic agents offer great
promise. Early detection is the key to implementing new therapies and interventions. It
has been found that the system 10 can detect early cognitive decline in patients with
Alzheimer's disease. The system has been evaluated using geriatric patients who do not
yet meet diagnostic criteria for Alzheimer's disease but who have evidence of mild
cognitive impairment on neuropsychological measures.

The protocol entails contacting potential candidates and scheduling them for
testing. Each subject completes both the screening and undergo standard pen and paper
versions of the neuropsychological tests. Subjects are randomly assigned to take either
the system test first or the standard tests. Results were statistically compared to
determine the sensitivity of the system 10 as compared to standard pen and paper
neuropsychological tests (Table 6).

Table 6 Neuropsychological battery for validation in Alzheimer's disease patients

Test Measures Time (min)
Paced Serial Addition Task Information processing speed 10
and working memory
Controlled Oral Word Speeded measure: word list 5
Association Test generation: sensitive to
frontal lobe deficits
Trail Making Set shifting under timed 10
conditions
Selective Reminding Word list learning and recall 10
Memory Test
Wisconsin Card Sorting Test Hypothesis generation and 10
response shifting
N-back Working Memory Working memory with 5
Task increase load
Simple and Complex Choice Information processing speed 5
Reaction Time

Tests were performed to validate the use of the system 10 in patients with known
cognitive impairments from a prior severe had injury. The system 10 was tested to
determine the sensitivity of the system 10 for detecting cognitive deficits in head injured
patients. Use of a population of patients that are currently known to have cognitive
deficits from TBI increases the power to detect difference between the system 10 and
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the standard neuropsychological tests employed. Only patients capable of undergoing
testing with both the head mounted display 12a and the pen and paper versions were
enrolled. Testing in this population allow verification that the system 10 is able to
clearly pick up less subtle cognitive deficits and compare crude categories of severity
with the pen and paper version of the neuropsychological tests.

For the purposes of completeness, Figs. 15 and 16 are flow diagrams illustrating
exemplary embodiments of immersive and non-immersive cognitive assessment
methods 50, 60, respectively, in accordance with the principles of the present invention.

Fig. 15 is a flow diagram illustrating exemplary embodiments of the immersive
cognitive assessment methods 50. An exemplary immersive method 50 for assessing
cognitive capabilities of an individual is implemented as follows.

An individual wears 51 headgear, comprising audio and video output devices,
that immerses the individual in an audio-vidually immersive environment. Predefined
neuropsychological tests are presented 52 to the individual using the headgear. The
individual makes 53 response selections based upon what is presented in the tests. The
response selections of the individual are processed 54 (preferably immediately) to
evaluate cognitive functions of the individual to generate test results that are indicative of
the presence or absence of cognitive impairment. An autoscoring software algorithm
that is part of the software may be used to provide substantially immediate test results.

Fig. 16 is a flow diagram illustrating exemplary embodiments of non-immersive
cognitive assessment methods 60. An exemplary non-immersive method 60 for
assessing cognitive capabilities of an individual is implemented is implemented as
follows.

Predefined neuropsychological tests are presented 61 to an individual. The
individual makes 53 response selections based upon what is presented in the tests. The
response selections of the individual are processed 54 (preferably immediately) to
evaluate cognitive functions of the individual to generate test results that are indicative of
the presence or absence of cognitive impairment. An autoscoring software algorithm
that is part of the software may be used to provide substantially immediate test results.

In summary, the present invention provides for portable systems 10 and
methods 50, 60 that implement fast, easy to administer, and sensitive testing of cognitive
impairment of individuals. The applications for this technology are tremendous and
range from sideline assessment of concussion and emergency room and field evaluation
of TBI. Additional cognitive assessment applications, such as early assessment of
Alzheimer's disease, may also benefit from using the systems 10 and methods 50, 60.

Neuropsychological tests were generated that take five minutes each to complete,
for a total testing time of approximately 15 minutes for three sets of tests. The chosen
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tests are known to be sensitive for detecting mild concussion in a traditional

environment. The use of abbreviated but sensitive neuropsychological tests provide for

a highly-useful portable system 10 for diagnosing mTBL

Thus, systems and methods for testing cognitive impairment of individuals have

5 beendisclosed. Itis to be understood that the above-described embodiments are merely

illustrative of some of the many specific embodiments that represent applications of the

principles of the present invention. Clearly, numerous and other arrangements can be

readily devised by those skilled in the art without departing from the scope of the

invention.
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CLAIMS

What is claimed is:

1. A cognitive assessment system for testing cognitive impairment, comprising:
a portable computing device comprising audio and video output devices, a
response selection device that allows the individual to make response selections
responding to predefined neuropsychological tests presented to the individual, and
5  software that (1) presents the predefined neuropsychological tests to the individual, and
(2) processes the response selections to evaluate cognitive functions of the individual to
generate test results that are indicative of the presence or absence of cognitive

impairment.

2. The system recited in Claim 1 wherein the predefined neuropsychological
tests comprise cognitive function tests that evaluate information processing speed,

working memory, and work list learning and recall.

3. The system recited in Claim 1 wherein the response selection device is

external to the portable computing device.

3. The system recited in Claim 1 wherein the response selection device is
wirelessly coupled to the portable computing device.

5. The system recited in Claim 1 wherein the audio and video output devices are
disposed in headgear that is worn by the individual to be tested.

6. The system recited in Claim 5 wherein the headgear is wirelessly coupled to

the portable computing device.

7. The system recited in Claim 5 wherein the headgear is wired to the portable
computing device.

8. The system recited in Claim 1 wherein the software comprises an autoscoring
algorithm to provide substantially immediate scoring of test results.
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9. An immersive cognitive assessment system for testing cognitive impairment,
comprising:

a portable computing device;

headgear, comprising audio and video output devices, that is worn by an
individual to be tested;

a response selection device coupled to the headgear that allows the individual to
make response selections responding to predefined neuropsychological tests presented
to the individual; and

software that runs on the portable computing device that (1) presents the
predefined neuropsychological tests to the individual by way of the headgear in an
immersive environment free from external distractions, and (2) processes the response
selections to evaluate cognitive functions of the individual to generate test results that are
indicative of the presence or absence of cognitive impairment.

10. The system recited in Claim 9 wherein the predefined neuropsychological
tests comprise cognitive function tests that evaluate information processing speed,
working memory, and work list learning and recall.

11. The system recited in Claim 9 wherein the response selection device is part

of the portable computing device.

12. The system recited in Claim 9 wherein the portable computing device is

wirelessly coupled to the headgear.

13. The system recited in Claim 1 wherein the response selection device is

wired to the computing device.

14. The system recited in Claim 1 wherein the software comprises an
autoscoring algorithm to provide substantially immediate scoring of test results.
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15. A method for assessing cognitive capabilities of an individual, comprising:
presenting predefined neuropsychological tests to the individual,
causing the individual to make response selections based upon what is presented
in the tests;
5 processing the response selections of the individual to evaluate cognitive
functions of the individual to generate test results that are indicative of the presence or
absence of cognitive impairment.

16. The method recited in Claim 15 wherein the predefined neuropsychological
tests comprise cognitive function tests that evaluate information processing speed,
working memory, and work list learning and recall.

17. The method recited in Claim 15 wherein presenting the predefined
neuropsychological tests comprises:

causing the individual to wear headgear, comprising audio and video output
devices, that immerses the individual in an audio-vidually immersive enviroﬁment, and

5  through which the tests are presented.

18. The method recited in Claim 15 wherein the response selections are

processed Immediately.

19. The method recited in Claim 18 wherein the response selections are
processed Immediately.
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CAUSING THE INDIVIDUAL TO WEAR HEADGEAR, COMPRISING
AUDIO AND VIDEO OUTPUT DEVICES, THAT PLACES THE
INDIVIDUAL IN AN AUDIO-VISUAL IMMERSIVE ENVIRONMENT

\

52
!

PRESENTING PREDEFINED NEUROPSYCHOLOGICAL
TESTS USING THE HEADGEAR THAT ARE VIEWED
AND HEARD BY THE INDIVIDUAL

INFORMATION PROCESSING SPEED, WORKING
MEMORY, AND WORK LIST LEARNING AND RECALL

\

53
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CAUSING THE INDIVIDUAL TO MAKE RESPONSE SELECTIONS
BASED UPON WHAT IS PRESENTED IN THE TESTS

\

54
I

PROCESSING THE RESPONSE SELECTIONS OF THE INDIVIDUAL
(PREFERABLY IMMEDIATELY) TO EVALUATE COGNITIVE
FUNCTIONS OF THE INDIVIDUAL AND TO GENERATE TEST
RESULTS THAT ARE INDICATIVE OF THE PRESENCE OR ABSENCE
OF COGNITIVE IMPAIRMENT

oo Fig. 16
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PRESENT PREDEFINED NEUROPSYCHOLOGICAL
TESTS TO AN INDIVIDUAL
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THE INDIVIDUAL MAKES RESPONSE SELECTIONS
BASED UPON WHAT IS PRESENTED IN THE TESTS

Y

54
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THE RESPONSE SELECTIONS OF THE INDIVIDUAL ARE
PROCESSED (PREFERABLY IMMEDIATELY) TO EVALUATE
COGNITIVE FUNCTIONS OF THE INDIVIDUAL AND TO
GENERATE TEST RESULTS THAT ARE INDICATIVE OF THE
PRESENCE OR ABSENCE OF COGNITIVE IMPAIRMENT
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