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Figure 10 
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VIRTUAL REALITY TOOLS AND 
TECHNIQUES FOR MEASURING 

COGNITIVE ABILITY AND COGNITIVE 
IMPAIRMENT 

RELATED APPLICATION INFORMATION 

0001. The present application claims the benefit of U.S. 
Provisional Patent Application No. 60/928,577, entitled 
“Computer Software-Oriented Tools and Techniques for 
Measuring Cognitive Ability and Cognitive Impairment.” 
filed May 9, 2007, the disclosure of which is incorporated by 
reference. 

GOVERNMENT SUPPORT 

0002 The inventions described in this patent application 
were made in part by government support under NIH Grantil 
P30 AG08017. The United States Government may have 
rights in these inventions. 

FIELD 

0003. The present disclosure relates to tools and tech 
niques for measuring cognitive ability and/or impairment. 

BACKGROUND 

0004. Many environmental and intrinsic factors influence 
cognitive function. Intrinsic factors that can influence cogni 
tive function include sex, age and genetic makeup. 

Sex Differences in Cognitive Function 
0005 Effects of sex on cognitive function have been 
shown in humans and animal models using established tests. 
Sex differences have been demonstrated in both episodic 
memory tasks (favoring women) and spatial visualization 
tasks (favoring men). Interestingly, in some studies alcohol 
consumption abolished sex differences in spatial visualiza 
tion, but not episodic memory performance. In addition, 
stress has been shown to differentially affect fear condition 
ing in men and women. 
0006 Consistent with the human studies, effects of sex on 
cognitive function have also been reported in animal models 
using established tests. In general, studies of spatial learning 
and memory in rodents have shown that males learn more 
quickly than females and exhibit Superior performance in a 
variety of mazes. Some studies, however, have not shown 
such differences between the sexes. Sex differences in clas 
sical fear conditioning and shuttlebox avoidance condition 
ing in rats have also been reported. In addition, in some 
studies neonatal isolation facilitated appetitive response 
learning in adult female, but not male, rats. 
0007 Cognitive tests administered to humans and animals 
frequently involve large differences. Therefore, it often 
remains difficult to directly compare results on these tests 
across species. For example, while spatial learning and 
memory can be easily assessed in humans and animal models, 
to compare assessments of spatial learning and memory in 
humans and mice, navigation to a target can be important. In 
Some tests of spatial memory, when all the information is 
within one field of view, the participant has an aerial perspec 
tive and a body-centered (egocentric) frame of reference (e.g. 
table-top tests of spatial memory). Such tests are routinely 
used to assess visuospatial memory, but are very different 
from tests of spatial memory typically used for rodents. Test 
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ing visuospatial memory in rodents typically involves a 
viewer perspective of a world-centered (allocentric) frame of 
reference with information found throughout a complex envi 
ronment in which the participant has to navigate. Making 
direct inferences about performance on navigation tests from 
performance on table-top tests can be problematic. 
0008 Virtual reality (“VR), which has been used to 
assess, expose, and desensitize (in phobias) event and place 
related memories, to assess and teach driving and flying 
skills, and to distract in pain management, can also be used to 
assess spatial learning and memory in humans using a navi 
gational task. Navigation in a virtual environment has been 
shown to be sensitive to effects of sex of participants in Some, 
but not all, studies. In one study, a virtual environment con 
sisting of a series of interconnected hallways, some leading to 
dead ends and others leading to a designated goal location, 
was used to study age and sex differences in spatial naviga 
tion. In this study, there was no significant effect of sex on 
time to complete the maze or total distance traveled, but there 
was an effect of sex on total number of deviations from the 
correct route into a dead-end corridor, and there was an effect 
of sex on how often participants traveled on a portion of the 
correct route through which they had already traveled. How 
ever, as there was no cued version of this test, it is difficult to 
distinguish task learning performance from spatial learning 
and memory performance. In another study from the same 
authors, a virtual water maze environment was used to study 
the effects of age and sex on spatial learning and memory in 
humans. (The water maze paradigm is commonly used to 
assess spatial learning and memory in rodents.) An effect of 
age, but not of sex, was detected on performance. In this 
study, a trial with a visible target was given following the 
trials with a hidden target. 

Apollipoprotein E (APOE) Genotype and Age Differences in 
Cognitive Function 
0009. The three major human isoforms of apolipoprotein 
E (APOE), which are encoded by distinct APOE alleles (e2, 
e3, and e4), are involved in the metabolism and redistribution 
of lipoproteins and cholesterol. Compared with e2 and e3, e4 
is associated with increased risk of cognitive impairments and 
of developing Alzheimer's disease (AD). Women are at 
higher risk to develop AD than men, particularly women 
carrying e4. In contrast to the risk to develop AD, the effects 
of e4 on cognitive function in the non-demented elderly old 
old (>75 years of age) are less clear. While some studies have 
shown poor cognitive performance in non-demented elderly 
e4 carriers compared with non-demented elderly non-e4 car 
riers and a small effect was observed in a meta-analysis, other 
studies did not. 
0010. In the elderly, high cortisol and low testosterone 
levels might contribute to reduced cognitive function. In older 
men and women, higher cortisol levels have been associated 
with poorer cognitive performance in some studies. However, 
in another study cortisol levels only inversely correlated with 
paragraph recall in older participants with mild cognitive 
impairment (MCI) but not in elderly control participants. 
APOE genotype might also influence cortisol levels. In AD 
patients, higher cerebrospinal cortisol levels in e4 than non 
e4 carriers have been reported, although comparable cere 
broSpinal cortisol in non-e4 and e4 carriers have also been 
reported. In elderly men, low testosterone levels might also 
contribute to reduced cognitive function. In older men, test 
osterone levels have been positively correlated with cognitive 
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function, and cognitive function could be improved by test 
osterone treatments. Similarly, testosterone, but not estrogen, 
levels in serum have correlated positively with cognitive per 
formance in older women, and androgen therapy has been 
shown to improve cognition in Surgically menopausal 
women. The relationship between testosterone levels and 
cognitive function might be e4-dependent. In men, low test 
osterone levels and e4 have been shown to interact in increas 
ing the risk of developing AD. In addition, an interaction 
between e4 and cognitive performance in healthy older men 
has been reported; while in non-e4 carriers higher testoster 
one levels were associated with better general cognition, in e4 
carriers higher testosterone levels were associated with lower 
cognitive performance. 

SUMMARY 

0011. This Summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used to limit 
the scope of the claimed subject matter. 
0012. In summary, the Detailed Description is directed to 
various techniques and tools for measuring cognitive ability 
and/or detecting cognitive impairment or decline. For 
example, techniques and tools are described that can be used 
to diagnose or test Susceptibility to cognitive impairments in 
children or in elderly people (such as cognitive impairments 
associated with Alzheimer's Disease). Techniques and tools 
are described that can be used to evaluate treatment effects 
and/or measure cognitive decline over time. 
0013 The foregoing and other objects, features, and 
advantages of the invention will become more apparent from 
the following detailed description, which proceeds with ref 
erence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a block diagram of a suitable computing 
environment in conjunction with which several described 
embodiments may be implemented. 
0015 FIG. 2 is a flowchart of a generalized technique for 
analysis of cognitive status using VR testing. 
0016 FIG. 3 is a flowchart of a generalized technique for 
analysis of cognitive status using Novel Image Novel Loca 
tion (“NINL) testing. 
0017 FIG. 4 is a diagram showing example panels of a 
NINL software tool according to one or more described 
embodiments. 
0018 FIG.5 is a diagram showing screen shots of a virtual 

reality, spatial navigation Software tool according to one or 
more described embodiments. 
0019 FIGS. 6A and 6B are charts showing comparable 
facial recognition scores in male and female participants, and 
correlation of the Faces I and Faces II scores, respectively. 
0020 FIGS. 7A-7F are charts showing NINL total scores 
of male and female participants, correlation of NINLI and 
NINL II, NINL scores for ability to detect a change, NINL 
scores for ability to detect a novel image, NINL scores for 
ability to detect a novel location of a familiar image, and 
correlation of combined NINL total scores and combined 
facial recognition total scores, respectively, according to one 
or more described embodiments. 
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0021 FIGS. 8A-8E are charts showing, for males and 
females tested with a virtual reality, spatial navigation soft 
ware tool in hidden target trials and visible target trials, results 
for latency to reach the target with (+) or without (-) wearing 
a head-mounted display (“HMD), velocity, latency to reach 
the target, percentage time in the target quadrant, percentage 
of Successful trials, respectively, according to one or more 
described embodiments. FIG.8F is a chart showing, for males 
and females in a probe trial, percentage time in four quad 
rants, according to one or more described embodiments. 
(0022 FIGS. 9A-9C are charts showing correlation 
between NINL total scores and latency to reach the target 
during a visible target session with a virtual reality, spatial 
navigation software tool, correlation between NINL total 
scores and latency to reach the target during a hidden target 
session with a virtual reality, spatial navigation software tool, 
and correlation between NINL total scores and percentage of 
time spent in the target quadrant during a probe trial, respec 
tively, according to one or more described embodiments. 
(0023 FIGS. 10A-10D are charts showing, for elderly 
women and men, an effect of sex on “Family Pictures' test 
scores, effect of APOE e4 on NINL total scores (combined 
immediate and delayed scores), effect of APOE e4 on Novel 
Location Sub-scores (combined immediate and delayed 
scores), and effect of sex on Novel Location Sub-scores, 
respectively, according to one or more described embodi 
mentS. 

0024 FIGS. 11A and 11B are charts showing, for elderly 
women and men tested with a virtual reality, spatial naviga 
tion software tool, effect of sex on velocity during visible 
target trials, and effect of sex on Velocity during hidden target 
trials, respectively, according to one or more described 
embodiments. 

(0025 FIGS. 12A-12F are charts showing, for elderly 
women and men tested with a virtual reality, spatial naviga 
tion software tool, effect of APOE e4 on velocity during a 
visible target session, effect of e4 on Velocity during a hidden 
target session, effect of APOE e4 on cumulative distance 
during a visible target session, effect of APOE e4 on cumu 
lative distance during a hidden target session, effect of APOE 
e4 on latency to reach target during a visible target session, 
and effect of APOE 64 on latency to reach target during a 
hidden target session, respectively, according to one or more 
described embodiments. 

(0026 FIGS. 13A and 13B are charts showing, for elderly 
women and men tested with a virtual reality, spatial naviga 
tion software tool in a probe trial, effect of sex on percentage 
of time spent in four quadrants, and effect of APOE e4 on 
percentage of time spent in four quadrants, respectively, 
according to one or more described embodiments. 
0027 FIG. 14 is a chart showing, for elderly women and 
men, effect of e4 on salivary testosterone levels. 
(0028 FIGS. 15A and 15B are charts showing, for elderly 
men, correlation of salivary cortisol levels with NINLI novel 
image recognition, and correlation of salivary cortisol levels 
with NINL II novel image recognition, respectively, accord 
ing to one or more described embodiments. 
(0029 FIGS. 16A, 16B and 16C are charts showing effects 
of APOE 54 on performance in 7-10 year-old boys and girls 



US 2008/0280276 A1 

tested with a virtual reality, spatial navigation Software tool, 
according to one or more described embodiments. 

DETAILED DESCRIPTION 

0030 Described embodiments are directed to techniques 
and tools for measuring cognitive ability and/or detecting 
cognitive impairment or decline. For example, techniques 
and tools are described that can be used to diagnose or test 
Susceptibility to cognitive impairments in children or in eld 
erly people (such as cognitive impairments associated with 
Alzheimer's Disease). Techniques and tools are described 
that can be used to evaluate treatment effects and/or measure 
cognitive decline over time. The various techniques and tools 
described herein may be used independently. Some of the 
described techniques and tools can be used in combination. 
0031. The following paragraphs include a discussion of 
terms used herein. 
0032. Adjusting for effects of X’ refers to adjusting an 
interpreted result such that the condition X does not skew the 
interpreted result. 
0033 "Age-related cognitive decline” refers to a reduction 
in cognition associated with advancing age, e.g., an age 
related dementia. 
0034 Artificial intelligence” refers to information pro 
cessing performed by one or more computers that mimics 
human reasoning. 
0035 “Based at least in part on X” means based on X and 
Zero or more other acts, results, or conditions. 
0036 “Cognitive status” refers to status of cognition-men 

tal processes related to knowing, thinking, learning and/or 
judging. 
0037 “First-person” refers to a simulation of a perspective 
a user would have if the user were physically present in a 
virtual environment. 
0038 “Learning of navigation skills' refers to gradual 
improvement of navigation skills through repetition, such as 
navigation skills used in a virtual reality environment. 
0039 “Learning of landscape” refers to gradual improve 
ment of knowledge of a landscape, Such as a landscape in a 
virtual reality environment. 
0040 “Measuring neural activity” refers to detecting acti 
vated brain regions. For example, neural activity can be mea 
Sured using functional magnetic resonance imaging (fMRI) 
techniques that measure changes in neuroanatomical activity, 
such as increased blood flow to areas of the brain having 
corresponding neurological functions. 
0041. “No change score” refers to a performance signifier 
that measures performance of a user in identifying situations 
with no change in image content or image location for a 
second set of one or more images relative to a first set of one 
or more images. 
0042 “Novel image” refers to a new image in a second set 
of one or more images relative to a first set of one or more 
images. 
0.043 “Novel location” refers to a new location of an 
image in a second set of one or more images relative to a first 
set of one or more images. 
0044) “Pattern recognition” refers to identification of a 
pattern in data and association of the identified pattern with a 
condition or other data. 
0045 “Pediatric cognitive disability” refers to diminished 
cognition (as compared to unaffected normal peers) in a 
human child under the age of 18. Pediatric cognitive disability 
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can be associated with, for example, a genetic abnormality or 
a neuropsychological disturbance. 
0046 “Pre-clinical Alzheimer's disease' refers to Alzhe 
imer's disease in its early stages before memory disturbance 
significantly interferes with psychosocial function to an 
extent that a clinical diagnosis can be made based on the 
memory disturbance. 
0047 "Providing a treatment regimen” refers to setting or 
adjusting a treatment regimen, such as a dose of an anti 
Alzheimer's disease medication or the degree to which an 
environment is structured to address the effects of dementia. 
0048 “Score” refers to a performance signifier, such as a 
number or percentage of Successful trials. 
0049. “User refers to a human being that uses or interacts 
with computer Software and/or a computerized system. 
0050) “Virtual reality environment” refers to an environ 
ment that simulates a physical environment. For example, a 
computer can display a virtual reality environment to a user 
via a graphical display, and the user can interact with the 
virtual reality environment by transmitting input to the com 
puter. 

I. COMPUTING ENVIRONMENT 

0051 FIG. 1 illustrates a generalized example of a suitable 
computing environment (100) in which several of the 
described embodiments may be implemented. The comput 
ing environment (100) is not intended to Suggest any limita 
tion as to scope of use or functionality, as the techniques and 
tools may be implemented in diverse general-purpose or spe 
cial-purpose computing environments. 
0.052 With reference to FIG. 1, the computing environ 
ment (100) includes at least one processing unit (110) and 
memory (120). In FIG. 1, this most basic configuration (130) 
is included within a dashed line. The processing unit (110) 
executes computer-executable instructions and may be a real 
or a virtual processor. In a multi-processing system, multiple 
processing units execute computer-executable instructions to 
increase processing power. The memory (120) may be vola 
tile memory (e.g., registers, cache, RAM), non-volatile 
memory (e.g., ROM, EEPROM, flash memory, etc.), or some 
combination of the two. The memory (120) stores software 
(180) implementing one or more of the described techniques 
and tools for testing cognitive ability and/or cognitive impair 
ment. 

0053 A computing environment may have additional fea 
tures. For example, the computing environment (100) 
includes storage (140), one or more input devices (150), one 
or more output devices (160), and one or more communica 
tion connections (170). An interconnection mechanism (not 
shown) Such as abus, controller, or network interconnects the 
components of the computing environment (100). Typically, 
operating system Software (not shown) provides an operating 
environment for other software executing in the computing 
environment (100), and coordinates activities of the compo 
nents of the computing environment (100). 
0054 The storage (140) may be removable or non-remov 
able, and includes magnetic disks, magnetic tapes or cas 
settes, CD-ROMs, DVDs, flash memory, or any other 
medium which can be used to store information and which 
can be accessed within the computing environment (100). 
The storage (140) stores instructions for the software (180). 
0055. The input device(s) (150) may be a touch input 
device Such as a keyboard, mouse, pen, touch screen, or 
trackball, a Voice input device, a scanning device, or another 
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device that provides input to the computing environment 
(100). For audio or video encoding, the input device(s) (150) 
may be a sound card, video card, TV tuner card, or similar 
device that accepts audio or video input in analog or digital 
form, or a CD-ROM, CD-RW or DVD that reads audio or 
video samples into the computing environment (100). The 
output device(s) (160) may be a display, printer, speaker, CD 
or DVD-writer, or another device that provides output from 
the computing environment (100). 
0056. The communication connection(s) (170) enable 
communication over a communication medium to another 
computing entity. The communication medium conveys 
information such as computer-executable instructions, audio 
or video input or output, or other data in a modulated data 
signal. A modulated data signal is a signal that has one or 
more of its characteristics set or changed in Such a manner as 
to encode information in the signal. By way of example, and 
not limitation, communication media include wired or wire 
less techniques implemented with an electrical, optical, RF, 
infrared, acoustic, or other carrier. 
0057 The techniques and tools can be described in the 
general context of computer-readable media. Computer-read 
able media are any available media that can be accessed 
within a computing environment. By way of example, and not 
limitation, with the computing environment (100), computer 
readable media include memory (120), storage (140), com 
munication media, and combinations of any of the above. 
0058. The techniques and tools can be described in the 
general context of computer-executable instructions, such as 
those included in program modules, being executed in a com 
puting environment on one or more target real processors or 
virtual processors. Generally, program modules include rou 
tines, programs, libraries, objects, classes, components, data 
structures, etc. that perform particular tasks or implement 
particular abstract data types. The functionality of the pro 
gram modules may be combined or split between program 
modules as desired in various embodiments. Computer-ex 
ecutable instructions for program modules may be executed 
within a local or distributed computing environment. 

II. GENERALIZED TECHNIQUE FOR ANALYSIS 
OF COGNITIVE STATUS USINGVR TESTING 

0059 FIG. 2 shows a generalized technique (200) for 
analysis of cognitive status of a user using testing with a 
virtual reality (“VR) environment. A software tool such as 
one operating in the computer system environment shown in 
FIG. 1 or other tool performs the technique. Example use 
scenarios and example clinical applications for the general 
ized technique (200) are described below. 
0060. The tool receives (210) input from the user as the 
user interacts with software presenting a VR environment. In 
example implementations (including those described in the 
following sections), the VR environment includes a first 
person, three-dimensional graphical rendering of the environ 
ment as well as Sound cues for the environment. The environ 
ment is graphically rendered on a computer monitor or, for a 
more immersive experience, presented to the user using Vir 
tual reality goggles or another head mounted display. Inputs 
(such as direction of movement, speed of movement) are 
received from the user using a force-feedback joystick, other 
joystick, mouse, keyboard or other input device. 
0061 Returning to FIG. 2, the tool measures (220) perfor 
mance of the user in the VR environment based at least in part 
upon the received input. The organization of the VR environ 
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ment depends on implementation but typically includes areas 
Such as quadrants which may be organized in terms of a 
coordinate space. As an intermediate part of measuring per 
formance, for example, the tool tracks position of the user 
over time in the coordinate space. The results of the tracking 
are stored in memory or a file (e.g., as timestamped coordi 
nate locations) for later analysis of patterns of user behavior. 
0062 Interms of metrics, the tool measures one or more of 
the following: (1) distance (e.g., cumulative or start to target) 
traversed in the VR environment, (2) time elapsed before 
reaching a target (or targets) in the VR environment, (3) 
percentage of successful trials (where success is, e.g., finding 
a target), (4) time spent in a target area of the VR environment, 
(5) velocity of movement in the VR environment, (6) pattern 
of movement (e.g., between multiple areas or in terms of 
coordinates) in the VR environment, and/or (7) pattern of time 
spent in respective areas of the VR environment. Alterna 
tively, the tool measures performance using other and/or addi 
tional metrics. Some metrics (such as Velocity of movement 
and time elapsed before reaching a target) may depend on 
each other to some extent, while other metrics do not. 
0063. In some implementations, the tool measures perfor 
mance in a series of VR tests, with some tests having one or 
more “visible” targets and other tests having one or more 
“hidden targets. In the “visible' target trials, one or more 
visual or audible cues assist the user in finding a target. For 
example, a prominent flag or other graphical cue is placed 
next to the target to help the user find the target, or directional 
arrows guide the user to the target. In the hidden target trials, 
the performance of the user in finding the target(s) is mea 
Sured without giving the user the cues from the visible target 
testing. Such tests help measure memory retention of the user 
in navigating the VR environment. 
0064 Returning to FIG. 2, the tool uses (230) the mea 
sured performance of the user in the VR environment in 
analysis of cognitive status. For example, the tool assesses: 
(a) the presence or extent of age-related cognitive decline 
(e.g., a decline in memory performance or learning perfor 
mance), (b) presence or extent of pediatric cognitive disabil 
ity (e.g., a memory performance problem or learning perfor 
mance problem), (c) presence or extent of progression of 
Alzheimer's disease, (d) presence of a characteristic of pre 
clinical Alzheimer's disease, and/or (e) response of the user to 
therapeutic intervention to treat cognitive decline. To make 
the assessment, the tool can use artificial intelligence mecha 
nisms such as classifiers (e.g., neural networks) for pattern 
recognition, statistical analysis, etc. Example therapeutic 
interventions are presented below. Alternatively, the tool uses 
the measured performance for a different type of analysis. 
0065. The cognitive status assessment relates the mea 
Sured performance to a cognitive status classification. In mak 
ing the assessment, the tool can compensate for the effects of 
sex, age and/or learning about the VR environment (e.g., 
navigation skills, landscape) on the measured performance. 
The following sections describe observed correlations 
between sex, age and learning in example uses of the gener 
alized technique (200), and Such correlations can be compen 
sated for during the assessment of cognitive status. 
0066. In some implementations, the user repeatedly takes 
the VR navigation test and the performance of the user over 
time is measured so as to assess changes in cognitive status of 
the user. Typically, this involves comparing cognitive status 
assessments from trial to trial for the user. In other implemen 
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tations, the results of testing are compared for multiple users, 
e.g., as part of population studies for the efficacy of a therapy. 

III. GENERALIZED TECHNIQUE FOR 
ANALYSIS OF COGNITIVE STATUS USING 

NINL Testing 

0067 FIG. 3 shows a generalized technique (300) for 
using measured performance of a user on a Novel Image 
Novel Location ("NINL) test in analysis of cognitive status. 
A Software tool Such as one operating in the computer system 
environment shown in FIG. 1 or other tool performs the 
technique. Alternatively, the NINL test is administered by a 
human Supervisor using paper materials. Example use sce 
narios and example clinical applications for the generalized 
technique (300) are described below. 
0068. The tool receives (310) input from the user as the 
user takes the NINL test. In example implementations, a 
software tool graphically presents the NINL test to the user on 
a computer monitor as a series of images in panels or a 
slideshow. The software tool accepts input from the user via a 
keyboard, touchpad or mouse, or the Software tool receives 
and process voice input from the user, or the Software tool 
receives and processes another kind of input. In a typical 
NINL test, the input indicates whether the user perceives “no 
change' in an image or group of images presented to the user, 
a “new location' in the image(s), or a “new image' in the 
image(s). Alternatively, the choices presented to the user and/ 
or selections received from the user have a different format. 

0069. Returning to FIG.3, the tool measures (320) perfor 
mance of the user in the NINL test based at least in part upon 
the received input. In some implementations, as described in 
the following sections, the tool presents a first set of images 
organized by location to the user. For example, the first set of 
images includes multiple panels with each panel including 
multiple images. The tool then presents a second set of images 
organized by location to the user. For example, the second set 
of images includes multiple panels with each panel including 
multiple images. To measure whether the user detects 
changes in image content and/or location, one or more images 
of the second set of images differs in image content and/or 
image location relative to the first set of images. Alternatively, 
the sets of images for the NINL test have a different configu 
ration. 

0070 Interms of metrics, the tool measures one or more of 
the following: (1) a novel location score indicating perfor 
mance of the user in identifying changes in locations of 
images; (2) a novel image score indicating performance of the 
user in identifying new images in a second set of one or more 
images relative to a first set of one or more images; and/or (3) 
a no change score indicating performance of the user in iden 
tifying situations with no change in image content or image 
location for a second set of one or more images relative to a 
first set of one or more images. Alternatively, the tool mea 
Sures performance using other and/or additional metrics. 
0071. In some implementations, the tool measures perfor 
mance in an “immediate” NINL test and also measures per 
formance in a “delayed NINL test. For example, the imme 
diate NINL test occurs shortly after the user reviews a training 
set of images for the NINL test, and the delayed NINL test 
occurs some defined period (e.g., five minutes) after the 
immediate NINL test. The duration of the defined delay 
period depends on implementation and is set to measure 
memory retention performance of the user. 
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(0072 Returning to FIG. 3, the tool uses (330) the mea 
Sured performance of the user on the test in analysis of cog 
nitive status. For example, the tool assesses: (a) the presence 
or extent of age-related cognitive decline (e.g., a decline in 
memory performance or learning performance), (b) presence 
or extent of pediatric cognitive disability (e.g., a memory 
performance problem or learning performance problem), (c) 
presence or extent of progression of Alzheimer's disease, (d) 
presence of a characteristic of pre-clinical Alzheimer's dis 
ease, and/or (e) response of the user to therapeutic interven 
tion to treat cognitive decline. Example therapeutic interven 
tions are presented below. Alternatively, the tool assesses 
cognitive status for a different type of cognitive assessment. 
0073. The cognitive status assessment relates the mea 
Sured performance to a cognitive status classification. In mak 
ing the assessment, the tool can compensate for the effects of 
sex, age and/or learning about the testing on the measured 
performance. The following sections describe observed cor 
relations between sex, age and learning in example uses of the 
generalized technique (300), and such correlations can be 
compensated for during the assessment of cognitive status. 
0074. In some implementations, the user repeatedly takes 
the NINL test and the performance of the user over time is 
measured so as to assess changes in cognitive status of the 
user. Typically, this involves comparing cognitive status 
assessments from trial to trial for the user. In other implemen 
tations, the results of testing are compared for multiple users, 
e.g., as part of population studies for the efficacy of atherapy. 

IV. EXAMPLE USE SCENARIOS 

(0075. The generalized techniques (200, 300) can be used 
in various scenarios, including but not limited to home use 
scenarios, professional use scenarios with fMRI equipment, 
professional use scenarios with MRI equipment, and profes 
sional use scenarios with just the testing. 
0076 For example, when used with MRI equipment (or 
fMRI equipment), the equipment measures neural activity of 
the user as the user takes the NINL test and/or VR test. A 
cognitive status assessment for the user can then also be based 
on the measured neural activity. 
0077. Or, when used in a home use scenario, the user takes 
the NINL test and/or the VR test on a home computer system 
Such as a desktop or laptop computer. The test can be deliv 
ered to the user on a computer-readable medium such as a 
disk or delivered to the user over a network connection from 
a server computer system. The user inputs can be received and 
processed locally to measure performance and assess cogni 
tive status, or information can beforwarded to a remote server 
computer site to measure performance and/or assess cogni 
tive status. 
(0078. Alternatively, the NINL testing and/or VR testing is 
performed in conjunction with other and/or additional batter 
ies of cognitive tests or physical evaluations of the user. 
0079. Described implementations can be used in a variety 
of contexts, such as psychological testing or clinical trials 
involving children and/or the elderly. The NINL object rec 
ognition test and the Memory Island spatial navigation test 
turned out to be sensitive to detect differences in learning and 
memory performance in these two populations. The sensitiv 
ity of these tests is a potential benefit or advantage over other 
technology. For example, in contrast to established cognitive 
tests, these tests were shown to be sensitive to effects of 
APOE e4 (a risk factor for developing Alzheimer's disease 
and cognitive impairments following various environmental 
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challenges) in non-demented elderly and children. Other 
advantages and problems to be solved are presented herein. 

V. EXAMPLE THERAPEUTIC INTERVENTIONS 

0080. In example implementations, cognitive status 
assessments are used to make decisions about therapeutic 
interventions for users (e.g., children or elderly). In general, 
in this context, a therapeutic intervention is a known or pro 
posed treatment for cognitive decline, such as the cognitive 
decline caused by normal aging or a pathological process, 
Such as Alzheimer's disease or another condition associated 
with dementia, Such as a neurological disease (for example, 
Huntington's Disease, Parkinson's disease, Creutzfeldt-Ja 
kob Disease or a brain tumor), a vascular disorder (such as 
multi-infarct dementia or stroke), an infectious etiology (Such 
as HIV/AIDS, spongiform encephalopathy, or syphilis), a 
toxic exposure (for example, to lead or alcohol), or an undes 
ired effect of a drug. When the treatment is a proposed treat 
ment, it can be administered as part of a clinical trial, and the 
response of the subject to the treatment can be assessed by the 
performance of the subject in the VR environment and/or 
NINL testing. 
0081 For example, the therapeutic intervention includes a 
drug therapy, and the cognitive status assessment is used in 
determining a therapeutic dose of the drug therapy. In the 
context of treating cognitive decline, for example, the thera 
peutic intervention is an APOE e4 inhibitor, an APOE e3 or 
APOE e2 mimetic, a cholinesterase inhibitor, an N-methyl 
aspartate receptor antagonist, or a vitamin. Or, the therapeutic 
intervention includes hormone therapy using testosterone 
and/or another androgen, or using estrogen. 

VI. EFFECTS OF SEX ON OBJECT 
RECOGNITION AND SPATIAL NAVIGATION IN 

HUMANS 

0082. This section describes example implementations of 
NINL tests and VR spatial navigation tests, then details 
results of performance on the tests in a first series of trials. It 
includes discussion of specific problems addressed and 
advantages for the example test implementations in some 
contexts. Alternatively, implementations of the NINL and VR 
spatial navigation techniques and tools vary in terms oftech 
nical details, specific advantages and/or problems solved. 
0083. A computer-generated VR island environment was 
developed to mirror the water mazeparadigm of spatial learn 
ing and memory sensitive to effects of sex on age-related 
cognitive decline in mouse studies. The participants were 
trained to navigate to a visible target and Subsequently to a 
hidden target. A joystick was used to control direction and 
speed of body movement. In addition, potential effects of sex 
on facial recognition and object recognition were tested using 
faces and NINL testing, respectively. 
0084 A. Materials and Methods 
I0085 1. Participants 
I0086 To determine the effects of sex on cognitive test 
performance, 27 community college students between 20 and 
44 years of age (mean age-tS.E.M., 30.3t 1.2 years of age; 14 
males (mean age S.E.M., 29.1+1.4 years of age) and 13 
females (mean age S.E.M., 31.5+1.9 years of age)) were 
tested. 

0087. To determine whether use of a head-mounted dis 
play (“HMD) system (HMD model V8, Virtual Research 
System Inc., Santa Clara, Calif.) influences performance in a 
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spatial learning and memory test requiring navigation (see 
below), 24 additional young participants between 17 and 40 
years of age (mean age tS.E.M., 30.5-t1.2 years of age; 14 
males and 10 females) were recruited from the Oregon Health 
Science University campus community. 
0088 
I0089. The testing began with two non-computerized 
memory tests. The first of these was a facial recognition test 
(Faces I and Faces II), a part of the Wechsler Memory Scale 
III developed and published by the Psychological Corpora 
tion. In this test, the participant was shown a series of 24 faces 
and asked to remember each one. Immediately after, the par 
ticipant was shown another series of 48 faces (the 24 original 
faces plus 24 distracter faces) and asked to indicate whether 
each face was one of the faces they were directed to remember 
earlier or not (Faces I score). After an interval offive minutes, 
the participant was shown a different set of 48 faces (the same 
24 original faces plus 24 new distracterfaces) and again asked 
to indicate whether each face was one of the faces they were 
directed to remember earlier or not (Faces II score). For the 
Faces I and Faces II scores, the participant received one point 
for a correct response and Zero points for an incorrect 
response with a maximal total of 48 points. 
0090 
0091. Following the facial recognition test, an object rec 
ognition test entitled Novel 
0092. Image, Novel Location (“NINL) test was presented 
to the study participants. In this test, the participant was 
presented with a series of 12 panels, one at a time, for eight 
seconds each. Each panel consisted of four quadrants (A, B, 
C, and D), with a different image in three of the four quad 
rants. The images were all similar in complexity but different 
in content. Positioning of the images within three of the four 
quadrants varied between panels. 
0093 FIG. 4 is a diagram showing example panels of the 
NINL software tool. On the left are panels from the first set. 
On the right are the corresponding panels from the second set, 
containing a novel location (A), novel image (B), or no 
change (C). 
0094 For each panel, the participant was asked to remem 
ber the images and their positions. After the participant had 
been presented the first set of 12 panels, they were immedi 
ately presented with a second set of 12 panels. After five 
minutes, they were again presented the second set of 12 
panels. In the second set, the panels were eitheridentical to, or 
slightly different from their counterparts in the first set. The 
variations in the new panels were either in the positioning of 
one of the three images (Novel Location) or in that they 
contained a novel image in the location previously containing 
one of the three familiar images (Novel Image). Out of the 12 
panels in the second set, 4 panels were identical to panels 
shown in the first set, four panels contained a familiar image 
in a novel location, and four panels contained a novel image 
in place of a familiar image. For each of the 12 panels in the 
second set, the participant was asked to identify the new panel 
as being either identical to the corresponding panel in the first 
set (“Yes” answer), or containing a novel image or a novel 
location of a familiar image (“No” answer), with a maximum 
score of 12. These answers provided the total score. 
0.095 Test performance was also analyzed with four sub 
scores. If a panel was identified as containing a novel image, 
the participant was asked which image on the panel was 
novel. If a panel was identified as containing a novel location 

2. Facial Recognition 

3. Object Recognition 



US 2008/0280276 A1 

of a familiar image, the participant was asked the novel loca 
tion of the familiar image on the panel. 
0096. The “No Change' sub-score (four points max) 
reflected correct identification of panels identical to those 
seen in the first set. No points were deducted for incorrect 
identification of a panel as being identical to one seen in the 
first set. The “Change' sub-score (eight points max) reflected 
the ability to identify and characterize the type of anomaly in 
the panel (novel location or novel image), but not whether the 
particular image that changed was identified. No points were 
given when a change was indicated but the type of anomaly 
(novel location or novel image) was not correctly identified. 
The final two sub-scores reflected the ability to correctly 
identify the exact Novel Location (maximal four points) or 
Novel Image (maximal four points). In preliminary studies 
involving study participants age-matched to those in the cur 
rent study, the version of the object recognition test described 
worked well and did not lead to a ceiling effect in test perfor 
mance as a result of being too easy. 
0097. 4. Memory Island 
0098 Next, a computer-generated virtual reality world 
(Memory Island) was used to assess spatial learning and 
memory. The participants were immersed in a computer 
generated three-dimensional environment through a HMD 
system (HMD model V8, Virtual Research System Inc., Santa 
Clara, Calif.) comprised of special LCD video goggles and 
Sennheiser headphones. Inside the visor of the helmet were 
two video screens, one for each eye, generating a three 
dimensional visual experience. Two earphones presented ste 
reo Sounds that coincided with the visual images in the visor, 
further enhancing the immersion experience. A Microsoft 
Sidewinder joystick determined the direction and speed of 
movement in the virtual world. As mentioned earlier, to deter 
mine whether use of the HMD influences performance in a 
spatial learning and memory test requiring navigation, an 
additional cohort of participants was tested with and without 
the HMD in two Subsequent sessions using a counterbalanced 
design. Each session included four visible target trials, four 
hidden target trials (target only visible in very close proximity 
to the target), and a probe trial (no target present). Movement 
of the participant was tracked and recorded in time-stamped 
coordinate files, which were used to calculate speed of move 
ment, time to reach the target (latency), and percentage time 
spent in each quadrant during the visible target session and 
hidden target session. Percentage time spent in each quadrant 
is a valuable measure, as it is usually independent of velocity. 
0099. The virtual world simulated an island environment 
of 347 mx287 m comprised of four quadrants. FIG. 5 is a 
diagram showing screen shots of the virtual reality, spatial 
navigation Memory Island software tool. A flag marks the 
location of the target during the visible target session (A) 
while no flag is present during the hidden target session (B). 
Each quadrant of the island has a different target. The targetin 
quadrant 1 is a fountain (C), in quadrant 2 a piece of moving 
art (D), in quadrant 3 a seal (E), and in quadrant 4 a seagull 
(F). 
0100. As shown in FIG. 5, each quadrant contained a 
different target item. The participant was first asked to navi 
gate to a target location visibly marked with a flag adjacent to 
the target (visible target). Targets in all four quadrants were 
used for visible target training in four consecutive trials. The 
starting orientation of the participant was varied in each trial, 
and these variations were kept consistent for all participants. 
As the starting orientation for a particular trial influenced the 
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difficulty level of that trial, mean performance over the four 
trials of the visible or hidden target session were used for data 
analysis rather than performance during individual trials. 
After training to locate the visible targets, the participant was 
trained to navigate to a hidden target (here, no flag adjacent to 
the target, so the participant had to remember where the 
hidden target was and how to get there). The location of the 
hidden target was kept constant for each participant. Partici 
pants were given four trials with the hidden target. If the 
participant was unable to locate the target within two minutes, 
an arrow appeared to guide them to it. Trials in which the 
target was located within two minutes were defined as Suc 
cessful trials. The percentage of successful trials in the visible 
and hidden target session was used as an additional perfor 
mance measure. Following the hidden target trials, the par 
ticipant received a thirty second probe trial (target removed). 
0101 5. Statistical Analysis 
0102 Statistical differences between groups were deter 
mined by ANOVA, with sex as between participant factor, 
followed by Tukey-Kramer post hoc tests when appropriate. 
For analyzing probe trial data on Memory Island, the envi 
ronment was divided into four quadrants and data was ana 
lyzed for the percentage of time spent in each quadrant, with 
the percentage of time spent in each quadrant as a within 
participant measure. To assess significance of linear correla 
tions, Pearson correlation calculations with two-tailed p val 
ues were used. All these statistics were performed using JMP 
software (SAS Institute Inc., Cary, N.C.). 
(0103 B. Results of the First Series of Trials 
0104 human tests designed to mirror rodent tests of object 
recognition and spatial navigation were administered to adult 
cognitively healthy humans. Facial recognition was also 
assessed. The trial results showed no statistically significant 
sex difference in facial recognition, consistent with earlier 
studies. In the object recognition test, the test-retest NINL 
total scores during the same visit were highly correlated, 
comparable to the test-retest correlations obtained in the 
established facial recognition test. No statistically significant 
effects were identified for sex on object recognition. How 
ever, in the spatial navigation test, effects were identified for 
sex on spatial learning and memory during the session with 
the hidden, but not visible, target. These tests are useful to 
compare assessments of object recognition and spatial learn 
ing and memory in humans and animal models. 
0105 1. Facial Recognition Scores 
0106 First, facial recognition was assessed. FIGS. 6A and 
6B are charts showing comparable facial recognition scores 
in male and female participants, and correlation of the Faces 
I and Faces II scores, respectively (n=14 males and n=13 
females). No statistically significant effect was identified for 
sex (F=0.5043, p=0.6810, FIG. 6A) on facial recognition 
scores. The scores of Faces I and Faces II were highly corre 
lated (r=0.8182, p<0.0001, FIG. 6B). 
0107 2. Novel Image and Novel Location (NINL) 
0.108 Next, participants were tested for object recogni 
tion. FIGS. 7A-7F are charts showing (A) NINL total scores 
of male and female participants, (B) correlation of NINLI 
and NINL II, (C) scores indicating ability to detect a change, 
(D) scores indicating ability to detect a novel image, (E) 
scores indicating ability to detect a novel location of a famil 
iar image, and (F) correlation of combined NINL total scores 
and combined facial recognition total scores, respectively 
(n=14 males and n=13 females). 
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0109 As with the facial recognition test, no statistically 
significant effect was identified for sex on NINL total scores 
(F=0.5805, p=0.6305, FIG. 7A). The scores of NINL trials 1 
and 2 were highly correlated (r=0.8775, p<0.0001, FIG.7B). 
Interestingly, the combined total scores for facial recognition 
and NINL total scores were also highly correlated (r=0.5228, 
p-0.005, FIG.7F). 
0110. With regard to the sub-scores, male and female par 

ticipants showed no difference in their ability to detect a 
change (F=0.3183, p=0.8121, FIG.7C), a novel image (F=0. 
6360, p=0.5952, FIG. 7D) or novel location (F=0.4148, p=0. 
7431, FIG.7E). 
0111. 3. Spatial Learning and Memory Requiring Naviga 
tion (Memory Island) 
0112 Finally, spatial learning and memory requiring navi 
gation were assessed on Memory Island. FIGS. 8A-8E are 
charts showing, for males and females tested with a virtual 
reality, spatial navigation software tool in hidden target and 
visible target trials, (A) results for latency to reach the target 
with (+) or without (-) wearing a HMD, (B) velocity, (C) 
latency to reach the target, (D) percentage time in the target 
quadrant, (E) percentage of Successful trials, respectively. 
FIG.8F is a chart showing, for males and females in a probe 
trial, percentage time in four quadrants. In FIG. 8A, n=14 
males and n=10 females for (A). In FIGS. 8B-8F. n=14 males 
and n=13 females. 

0113. The participants were first trained to locate a visible 
target in four trials (visible target session). Subsequently, they 
were trained to locate a hidden target in four trials (hidden 
target session). No statistically significant effect was identi 
fied for the use of the HMD to perform this task on time to 
locate the target (latency) (F=0.92, p=0.5150, FIG. 8A), 
velocity (F=1.24, p=0.5300, FIG. 8B) or percentage time 
spent in the target quadrant (F-2.14, p=0.323, FIG. 8D) dur 
ing the visible or hidden target session. 
0114. In both the visible target session and the hidden 
target session, the female participants moved slower (lower 
velocities) (F=15.59, p<0.0002, FIG. 8B) than the male par 
ticipants. Analyzing the visible and hidden target sessions 
combined by repeated measures, the female participants 
showed higher latencies (F=19.22, p<0.0001, FIG. 8C) than 
the male participants and there was a sex X session interaction 
(F-7.80, p=0.008). In the hidden target session, but not the 
visible target session, the females showed higher latencies 
than the males (FIG. 8C). As the female participants moved 
slower than the male participants in both the visible and 
hidden target session and the magnitude of this sex difference 
was comparable in the visible and the hidden target session 
(FIG. 8B), the sex difference in moving speeds did not 
account for the sex difference in latencies in the hidden target 
session (FIG. 8C). 
0115 Percentage time in the target quadrant, which is 
typically not affected by velocity, was also measured. In the 
visible target session, female and male participants had no 
difficulty in locating the target and spent close to 100% of 
their time searching in the target quadrant (FIG. 8D). In 
contrast, in the hidden target session, female participants 
spent less time in the target quadrant than male participants 
(F=12.27, p<0.001). 
0116. Additionally, the percentage of “successful' trials 
for each participant was measured (FIG. 8E). A successful 
trial was defined as a trial in which the target was located 
within 120 seconds. Female participants had fewer successful 
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trials than male participants in the hidden target session 
(F=10.29, p=0.0021), but not the visible target session (F=1. 
94, p=0.2652). 
0117. Following the hidden target session, the participants 
performed a 30-second probe trial in which there was no 
target present. The participants were unaware of the absence 
of the target during the probe trial, and were asked to perform 
one last trial with the hidden target. Both females and males 
spent most of their time searching in the target quadrant (FIG. 
8F). There was a trend towards a sex difference with the males 
spending more time in the target quadrant than the females, 
but that did not reach significance (F=3.49, p=0.0715). 
0118 4. Sex and Performance 
0119 Since there were sex differences in spatial naviga 
tion measures on Memory Island, these measures were exam 
ined for correlation with performance on the other behavioral 
tests. FIGS. 9A-9C are charts showing correlation between 
NINL total scores and latency to reach the target during a 
visible target session with a virtual reality, spatial navigation 
software tool, correlation between NINL total scores and 
latency to reach the target during a hidden target session with 
a virtual reality, spatial navigation software tool, and corre 
lation between NINL total scores and percentage of time 
spent in the target quadrant during a probe trial, respectively. 
I0120 In female, but not male, participants the combined 
NINL total scores correlated with average time to reach the 
target during the visible target session of Memory Island 
(r=-0.6736, p<0.01, FIG.9A), with average time to reach the 
target during the hidden target session of Memory Island 
(r=-0.6005, p<0.03, FIG. 9B), and with percentage of time 
spent in the target quadrant in the probe trial (r=0.7217, 
p-0.01, FIG.9C). 
0121 D. Discussion 
I0122. In the object recognition test, the test-retest NINL 
total scores during the same visit were highly correlated, 
comparable to the test-retest correlations obtained in the 
established facial recognition test. In the spatial navigation 
test, effects were identified for sex on spatial learning and 
memory during the session with the hidden, but not visible, 
target. No statistically significant effects were identified for 
sex on object recognition. 
I0123. There was a sex difference in the percentage of time 
in the target quadrant during the hidden target, but not visible 
target, session. This measure is independent of Velocity and 
not biased by start location, as all participants started out in 
the center of the island. Therefore, these data tend to show a 
sex difference in ability to locate the hidden target per se, 
rather than in general ability to perform this task regardless of 
whether the target was visible or hidden. 
0.124. The identified sex differences in spatial learning and 
memory on Memory Island are consistent with sex differ 
ences in visual spatial perception and in spatial learning and 
memory in real and other virtual environment navigation 
tasks. Functional magnetic resonance imaging (fMRI) dur 
ing navigational tasks has shown that women recruit the right 
parietal and right prefrontal area, whereas men recruit the left 
hippocampal area, which may relate to the predominant use 
of landmark cues by women and geometric and landmark 
cues by men. However, it might be more complex. The 
Memory Island test environment contains landmarks predict 
ing the target location and still showed sex differences in 
performance. These data tend to show that the sex differences 
in spatial memory do not require the exclusion of stable 
landmarks. 
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0.125. The Memory Island test can be distinguished from 
prior studies that have adapted the water maze test to study 
spatial learning and memory in humans using VR. Programs 
designed to mirror the water maze test in rodent studies might 
lack elements found in real world situations. Compared to the 
prior studies, Memory Island involves a higher degree of 
immersion into the virtual environment. For example, 
Memory Island also contains environmental sounds (e.g., 
birds). While not a water maze environment, the design and 
analysis of the water maze test was incorporated into the 
design of Memory Island. Importantly, none of the partici 
pants experienced nausea or dizziness on Memory Island, 
while 10% of the participants experienced these symptoms 
after exposure to a virtual environment of interconnected 
hallways and other virtual environments in Some prior stud 
1CS 

0126. In contrast to Memory Island, in NINL testing, no 
statistically significant effects were identified for sex on 
object recognition. 
0127. These tests are useful in comparing assessments of 
object recognition and spatial learning and memory in 
humans and animal models. 

VII. EFFECTS OF SEX AND APOE e4 ON 
OBJECT RECOGNITION AND SPATIAL 

NAVIGATION IN THE ELDERLY 

0128. After describing example implementations of NINL 
tests and VR spatial navigation tests, this section details 
results of performance on the tests in a second series of trials. 
It includes discussion of specific problems addressed and 
advantages for the example test implementations in some 
contexts. Alternatively, implementations of the NINL and VR 
spatial navigation techniques and tools vary in terms oftech 
nical details, specific advantages and/or problems solved. 
0129. In the second series of trials using example imple 
mentations of NINL tests and VR tests, to determine effects of 
APOE e4 (eA) on cognitive performance of healthy elderly, 
115 non-demented elders (mean age 81 years) were cognitive 
tested. The established tests Faces, Family Pictures, Spatial 
Span Forward and Backward, as well as the object recogni 
tion and spatial navigation tests described herein, were used 
as cognitive tests. Salivary samples were collected to deter 
mine APOE genotype and salivary testosterone and cortisol 
levels. 
0130 Non-e4- and e4-carrying men and women did not 
differinage, or Mini-Mental State Examination, Wide Range 
Achievement Test-Reading, Beck Anxiety Inventory, or reac 
tion time scores. In the second series of trials, an effect was 
identified for e4 on the object recognition and spatial naviga 
tion tests, however, with non-e4 carriers outperforming e4 
carriers, but not in the other cognitive tests. No relationship 
was found for sexande4 status or sex and performance during 
the hidden target session of Memory Island. In men, salivary 
cortisol levels correlated with object recognition. These 
results show that object recognition and spatial navigation 
tests are useful to assess cognitive function in the elderly. 
0131 A. Procedures 
(0132) 1. Study Participants 
0133) To determine the effects of sex and e4 on cognitive 
performance in the non-demented elderly, people ranging in 
age from 62 to 92 (mean age S.E.M., 81.60+0.57 years) 
were tested. The inclusion criteria were: 1) age 55 and over; 
and 2) stable medical conditions. Exclusion criteria were 
vision or hearing deficits severe enough to interfere with 
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cognitive testing. Participants were given a Mini-Mental 
State Examination (“MMSE), a short questionnaire that 
tests different areas of cognitive function, with a maximum 
score of 30. (See Kurlowicz et al., “The Mini Mental State 
Examination (MMSE). Try This: Best Practices in Nursing 
Care to Older Adults, Hartford Institute for Geriatric Nursing, 
no. 3 (January 1999).) 
0.134 All participants had MMSE scores equal or greater 
than 22 (see below). 
0.135 The final sample was composed of 115 participants, 

all whites. The sample was divided into two APOE genotype 
groups, e4 carriers and non-e4 carriers. Those in the non-e4 
carriers group represented e3/e3 homozygotes and e2/e3 het 
erozygotes. Those in the e4 carriers group represented e4/ea. 
homozygotes, e2/ea, and e3/e4 heterozygotes (Table 1). 

TABLE 1 

APOE genotype distribution of study participants. Values are 
presented as N (%) of women and men for each genotype. 

Genotype Women Men 

e2e3 13 (15.1%) 2 (6.9%) 
e2.e4 1 (1.2%) 0 (0.0%) 
e3e3 52 (59.3%) 22 (75.9%) 
e3.e4 18 (20.9) 5 (17.2%) 
e4fe4 2 (2.3%) 0 (0.0%) 

I0136. The group of women consisted of 86 individuals 
(mean age S.E.M., 81.2-0.7 years of age), among them 65 
non-e4 carriers and 21 e4 carriers. The group of men con 
sisted of 29 individuals (mean age S.E.M., 82.9+0.9 years of 
age), among them 24 non-e4 carriers and five e4 carriers. 
There was no significant sex difference in the proportion of e4 
carriers among men and women. When cognitive status of the 
participants was assessed using the MMSE, 111 participants 
had a MMSE score greater than 23 which corresponds to a 
cutoff score for cognitively healthy people. The four partici 
pants who obtained a MMSE score below 24 (three scored 23, 
one scored 22) performed well on the other cognitive tests. As 
MMSE scores can be affected by other conditions such as 
hearing impairment, the data were analyzed with and without 
these four individuals included. Both analyses revealed a 
similar pattern of results. Therefore, these four participants 
were not excluded from the study. 
0.137 Premorbid intellectual functioning general intelli 
gence levels were evaluated using the Wide Range Achieve 
ment Test-Reading (“WRAT-R') instead of years of formal 
education. As anxiety levels and reaction times can influence 
performance on cognitive tests, they were analyzed as well. 
Levels of anxiety were assessed using the Beck Anxiety 
Inventory (“BAI). Reaction times were measured by pre 
senting (on a computer screen) a series of colored ellipses at 
varying time intervals and asking the participants to press a 
button as soon as the ellipse appeared (Gary Darby, “Reaction 
Times.” http://www.delphiforfun.org/Programs/Reaction 
times.htm (C2000-2007)). The amount of time between the 
appearance of the stimulus and the time the button was 
pressed was recorded. No statistically significant differences 
were identified for age, cognitive status, pre-morbid intellec 
tual functioning, anxiety levels or reaction times between 
men and women or non-e4 and e4-carrying study partici 
pants, respectively. (See Table 2.) The persontesting the study 
participants was blinded to APOE genotype. 
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TABLE 2 

Demography of study participants. Values are presented as N (%) 
or adjusted meant S.E.M., as indicated. 

Sex e4 Status 

Measure Women Men Non-e4 e4 

Subjects 86 (74.8%) 29 (25.2%) 89 (77.4%) 26 (22.6%) 
N (%) 
Mean age 81.2 - 0.7 82.90.9 81.9 6.4 80.5 - 1.2 
(years) 
WRATR 57.6+ 1.0: 57.5 + 1.6° 58.2 + 1.0° 55.3 + 1.8 
MMSE 27.3 O2 27.O-O.3 27.3 O2 27.1 O.4 
BAI 4.2 + 0.4s 3.5 + 0.8° 4.2 + 0.4s 3.6 + 0.7 
Reaction times 0.37 + 0.01 0.40 + 0.02 0.38 + 0.01 0.39 + 0.02 

"Two participants dropped out of the study between the two testing sessions. 
Three participants dropped out of the study between the two testing ses 

sions. 
One score missing. 
Two outliers removed from dataset. 

0138 2. Study Design 
0139 For APOE genotyping, samples of saliva were col 
lected at the beginning of an evaluation session for a user. (See 
Table 3.) 

TABLE 3 

Sequence of cognitive testing. 

Test stage" Description 

1 Collection of a saliva sample 
2 Facial Recognition Immediate Faces I 

5 min delay 
Face Recognition Delayed Faces II 

3 NINLI 
5 min delay 
NINLII 

4 Reaction times 
5 Memory Island: 

3 Visible trials (three different targets: Seagull Art Piece Seal) 
3 Hidden trials (Seagull Target) 
Probe trial 

6 MMSE 
7 FPI 

5 min delay 
FPII 

8 OraGene DNA Test 

Three months following this session, additional tests such as BAI, the WAIS 
SSF and SSB, and the WRAT-R were conducted. These tests were not 
included in the first visit to minimize the length of the visit and potential 
fatigue. 
Saliva samples were used to determine salivary cortisol and testosterone 

levels. 
OraCiene tests were used to determine APOE genotype. 

0140. The neuropsychological tests were administered in 
a designated apartment of the retirement community in two 
visits lasting around two hours and one hour, respectively. 
Table 3 illustrates the sequence of neuropsychological testing 
in both visits and the salivary collection. To control for circa 
dian variations in hormone levels, all examinees were tested 
in the morning starting at 8:30 a.m. 
0141 3. Cognitive Tests 
0142 a. Facial Recognition 
0143 For Faces I (immediate) and Faces II (delayed) tests 
(as in Section VI) to reduce the overall testing time and 
potential problems with fatigue, an interval of five minutes 
instead of 25 minutes was used between test and re-test for the 
facial recognition. A five-minute delay was also used for 
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family pictures and object recognition tests. Performance on 
facial recognition was analyzed using Faces I and Faces II 
SCOS. 

0144) b. Family Pictures 
(0145 Family Pictures I (FP I, immediate) and Family 
Pictures II (FP II, delayed) are also part of the Wechsler 
Memory Scale III developed and published by the Psycho 
logical Corporation. In the FP tests, the participants were 
asked to memorize as many details as they could from four 
different cartoon-like family scenes. After the four scenes 
were displayed for 10 seconds each, the examinees were 
prompted to describe which characters were in each scene, 
where they were positioned in the scene, and what they were 
doing. After an interval offive minutes, the study participants 
were asked the same question as in FPI. Each correct answer 
was scored as one point. Performance was analyzed using FP 
I and FPII Scores. 
0146 C. Object Recognition 
0147 The example implementation of Novel Image Novel 
Location ("NINL) test described in Section VI was used in 
the second series of trials. Briefly, this example NINL test 
consists of two sets of three-image panels (12 panels in each 
set). The three pictures on each panel are similar in complex 
ity but different in content and how they are randomly located 
in three of the four quadrants of the panel (A, B, C, and D). 
(See FIG. 1.) The first set of 12 panels is the reference set 
(here, the set participants are asked to memorize). The second 
set is the test set; panels are either identical to, or slightly 
different from, their counterparts in the first set. The varia 
tions in the second set of panels are either in the positioning of 
one of the three images or in that they contain a novel image 
instead of one of the three familiar images. Out of the 12 
panels in the second set, four panels are identical to panels 
shown in the first set, four panels contain a familiar image in 
a novel location, and four panels contain a novel image in the 
original position of a familiar image. 
0.148. The participants were first read the instructions and 
shown an example of what was expected from them in this 
test. Then they were presented with the first set of 12 panels 
(reference set), one at a time, for eight seconds each and asked 
to memorize the images and their positions. Without delay, 
they were presented with the second set of 12 panels and were 
prompted to identify each panel as being eitheridentical to the 
corresponding panel in the first set ("No Change score'), or 
containing a novel image (“Novel Image score) or a novel 
location of a familiar image (“Novel Location score'). Their 
answers provided the total NINL immediate score, with a 
maximum of 12 points ("NINLI'). After five minutes (and 
without seeing the reference set again), participants were 
presented with the second set and asked the same questions. 
These answers provided the total NINL delayed score, with a 
maximum of 12 points ("NINL II). Test performance was 
analyzed using NINL I, NINL II and three sub-scores for 
each. The Novel Location and Novel Image sub-scores 
reflected the ability to correctly identify the exact Novel 
Location and Novel Image, respectively (maximal four points 
each). The No Change sub-score reflected correct identifica 
tion of panels identical to those seen in the first set (maximal 
four points). 
0149 d. Spatial Span Forward (SSF) and Spatial Span 
Backward (SSB) 
(O150 SSF and SSB are also part of the Wechsler Memory 
Scale III developed and published by the Psychological Cor 
poration. They provide a nonverbal measure of immediate 
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memory. Both tests involve a board containing ten randomly 
anchored cubes. The participants were asked to watch the 
investigator tap the cubes (1 cube/second) in a prearranged 
order and to reproduce these tapping sequences. In the SSF 
test the tapping is performed in order of the example (for 
ward), while in the SSB test it is performed in reverse order 
compared with the example (backward). The difficulty 
increases with the number of cubes tapped; from two cubes up 
to nine cubes. A correct sequence is scored as one point. 
Testing ended when the participants failed to reproduce the 
sequence correctly after two trials or when the pair of nine 
cubes sequence was tapped correctly. 
0151 
0152 Memory Island, a computer-generated virtual real 

ity (“VR) world described in Section VI, was used in the 
second series of trials to assess spatial learning and memory 
requiring navigation. Briefly, the participants were immersed 
through a high quality 19-in. Dell computer monitor and a 
Harmon Kardon HK395 stereo speaker system with sub 
woofer. A Microsoft Sidewinder joystick was used to deter 
mine the direction and speed of movement in the virtual 
world. The virtual world simulated an island environment of 
347x287 m composed of four quadrants, each containing a 
different target item. 
0153. The participants were first asked to navigate to a 
target location visibly marked with a flag adjacent to the target 
(visible target session). Targets in all four quadrants were 
used for visible target training in three trials. The starting 
orientation of the participant was varied in each trial, and 
these variations were kept consistent for all participants, as 
the starting orientation for a particular trial influenced the 
difficulty level of that trial. After being trained to locate the 
visible targets, the participants were trained to navigate to a 
hidden target (here, no flag adjacent to the target) in three 
trials. In this part of the test, the participants had to remember 
where the hidden target was and how to get there (hidden 
target session). The location of the hidden target was kept 
constant for all participants (Seagull target). In each trial of 
the visible or hidden target session, if the participant was 
unable to locate the target within two minutes, a directional 
arrow appeared to guide them to the target. Following the 
hidden target trials, the participant performed a 30 second 
probe trial (target removed). In each trial, movement of the 
participants was tracked and recorded in time-stamped coor 
dinate files, which were used to calculate total distance 
moved (feet), Velocity (feet per second), latency (seconds), 
cumulative distance to the target (feet) and percentage time 
spent in the target quadrant until it was located or up to 120 
seconds, whichever came first. For the probe trial, the per 
centage time spent in each quadrant was analyzed. Trials in 
which the target was located within two minutes were defined 
as Successful trials. The percentage of Successful trials in the 
visible and hidden target session was used as an additional 
measure of performance. 
0154 4. Salivary Cortisol and Testosterone 
0155 For assessment of salivary cortisol and testosterone 
levels and to assess potential correlations of these levels with 
measures of cognitive performance, samples of saliva were 
collected at the beginning of the session. (See Table 3.) Sali 
vary cortisol and testosterone levels were determined using 
commercial kits by the General Clinical Research Center at 
Oregon Health Science University. 

e. Memory Island 
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0156 5. Statistical Analysis 
0157. As e2 might provide protection against age-related 
cognitive decline, possible effects of e2 on cognitive perfor 
mance of the study participants were assessed. As no Such 
effects were found, the study participants were divided in e4 
carriers and non-e4 carriers. The lack of an effect of e2 on 
cognitive performance of the study participants might have 
been caused by the relatively low number of e2 carriers in this 
sample. Because performance on immediate and delayed 
parts of the cognitive tests from the same Subjects is likely to 
be correlated, a mixed effects model (repeated measures 
design) was used to evaluate the change of cognitive perfor 
mance test for recall parts (Family Pictures and Faces). This 
model was also adopted for analyzing performance across 
trials in Memory Island. Based on the Bayesian information 
criterion, a compound symmetrical structure as the variance 
covariance matrix was selected. 

0158. In addition, generalized estimating equation 
(“GEE) regression for the object recognition outcomes, such 
as Novel Image, Novel Location, No Change, and Total NINL 
scores was used to obtain estimates clustered by study par 
ticipant, and odds ratios were estimated for significant com 
parisons. The method of GEE is often used to analyze longi 
tudinal and other correlated response data. 
0159. When tests did not contain a delayed recall part, 
statistical differences between e4 and non-e4-carrying groups 
as well as between men and women were determined using 
analyses of covariance (ANCOVA) with, in both cases, age 
as a covariate. Regarding the probe trial, Mann-Whitney U 
tests were conducted to assess effects of sex and e4 on time 
spent in the target quadrant. A Friedman test and when appro 
priate follow-up pairwise comparisons using Wilcoxon 
signed rank-tests were used to assess effects of sex and e4 on 
the percentage of time spent in each quadrant of Memory 
Island. To assess significance of linear correlations, Pearson 
correlation calculations with two-tailed p-values were used. 
To limit the risk of violation of a normal distribution, outliers 
were removed from testosterone, cortisol and reaction times. 
Adjustment for multiple testing was handled by using 
repeated-measures analyses. Age was used as a covariate in 
all analyses. 
0160 Statistical analyses were performed using SPSS 
software (SPSS version 14.0: SPSS Inc., Chicago, Ill., USA) 
and Statistical Analysis System version 9.1 (SAS Institute, 
Cary, N.C., USA). 
(0161 B. Results of Second Series of Trials 
0162. 1. Facial Recognition 
0163 Performance was slightly better on Faces II than 
Faces I (F=6.91, p=0.010). The estimated mean for the Faces 
II was 35.70, while the estimated mean for the Faces I was 
33.95 with a standard error of 0.53. 

(0164 
0.165 FIG. 10A is a chart showing, for elderly women and 
men, an effect of sex on “Family Pictures’ test scores. There 
was strong evidence that women (estimated mean tS.E.M., 
34.58+1.30) performed better than men (estimated mean 
+S.E.M., 23.84+2.09) in the Family Pictures test (F-22.52, 
p-0.001). 
(0166 
0.167 FIG. 10B is a chart showing, for elderly women and 
men, an effect of e4 on NINL total scores (combined imme 

2. Family Pictures 

3. Object Recognition 
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diate and delayed scores). An effect was identified for e4 on 
NINL total scores (combined immediate and delayed scores) 
(X–4.23, p=0.040). At any given age, non-e4 carriers had a 
higher estimated NINL total score than e4 carriers. Mean 
NINL scores for non-e4 and e4 carriers were 9.01+0.25 and 
8.10+0.39, respectively. There was a trial by e4 interaction 
(X '', p=0.026, FIG. 7B); comparing the immediate and 
delayed object recognition test total scores, e4 carriers 
showed a larger decline in performance than non-e4 carriers. 
With regard to the sub-scores, effects were identified for sex 
and e4 on the novel location Sub-scores (combined immediate 
and delayed scores). FIGS. 10C and 10D are charts showing, 
for elderly women and men, effect of e4 on Novel Location 
Sub-scores (combined immediate and delayed scores), and 
effect of sex on Novel Location sub-scores, respectively. 
There was suggestive evidence of non-e4 carriers performing 
better than e4 carriers (X ''', p=0.045, FIG. 10C) and of 
women performing better than men (X ''', p=0.028, FIG. 
10D). For the no change sub-scores, interactive trial by e4 
effects were found (X-7, p=0.006). In contrast to the novel 
location Sub-scores, the analyses of the novel image Sub 
scores yielded that performance was lower in the delayed 
score compared with the immediate recall (X=5.30, p=0. 
021). 
(0168 
0169. No statistically significant effects were identified 
for sex (F=1.21, p=0.273) or e4 (F=0.79, p=0.375) on SSF 
test performance. SSB test performance showed no effects of 
e4 (F=0.71, p=0.791), or effect of sex (F=1.60, p=0.209). 
0170 
0171 Spatial learning and memory requiring navigation 
were assessed using a virtual reality, spatial navigation 
(Memory Island) test. FIGS. 11A and 11B are charts show 
ing, for elderly women and men, effect of sex on Velocity 
during visible target trials, and effect of sex on Velocity during 
hidden target trials, respectively. FIGS. 12A-12F are charts 
showing, for elderly women and men, (A) effect of e4 on 
velocity during a visible target session, (B) effect of e4 on 
Velocity during a hidden target session, (C) effect of e4 on 
cumulative distance during a visible target session, (D) effect 
of e4 on cumulative distance during a hidden target session, 
(E) effect of e4 on latency to reach target during a visible 
target session, and (F) effect of e4 on latency to reach target 
during a hidden target session (P<0.05), respectively. 
0172. During the visible target trials, an effect was identi 
fied for sex (F=8.15, p=0.005, FIG. 11A) on velocity. There 
fore, average Velocity during the visible target session was 
used as an additional covariate in all repeated-measures 
analyses of covariance (except for percentage time spent in 
the target quadrant as it is typically not related to speed of 
movement). Velocity also increased significantly across the 
visible trials (F-3.58, p=0.036). Learning curves during the 
visible trials (as shown in FIGS. 12A, 12B, 12C and 12D) 
demonstrate that the participants understood and could navi 
gate in the three dimensional virtual environment. As shown 
in FIG. 12A, overall velocity increased across trials during 
the visible target session (P<0.05). During the hidden target 
session, effects of e4 were found on cumulative distance to 
the target (F=5.14, p=0.026, FIG. 12D) and on latency (F=6. 
17, p=0.015, FIG. 12F). For example, e4 carriers showed 
larger cumulative distance to the target at 120 seconds com 
pared with non-e4 carriers (P<0.05). In contrast, no statisti 

4. Spatial Span 

5. Memory Island 
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cally significant effects were identified for e4 on cumulative 
distance (FIG. 12C) or latency to the target during the visible 
target session (FIG. 12E). 
(0173 FIGS. 13A and 13B are charts showing, for elderly 
women and men tested with a virtual reality, spatial naviga 
tion software tool in a probe trial (target removed), effect of 
sex on percentage of time spent in four quadrants, and effect 
of e4 on percentage of time spent in four quadrants, respec 
tively. Women spent more time in the right quadrant (P<0.01) 
compared with the target quadrant and more time in the target 
quadrant compared with the left (P<0.05) and to the opposite 
quadrant (P<0.01) while men spent more time in the target 
quadrant compared with the left quadrant (P<0.05). Non-e4 
carriers spent more time in the target compared with the left 
quadrant (P<0.001) and the opposite quadrant (P<0.05) while 
e4 carriers spent more time in the right quadrant compared 
with the target quadrant (P<0.01). 
0.174. In particular, women spent more time in the right 
quadrant than the target quadrant (Z-2.68, p=0.007), and 
more time in the target quadrant than the left (Z=-2.92, p=0. 
004) and opposite quadrant (Z=-2.07, p=0.039), while men 
spent only more time in the target quadrant than the left 
quadrant (Z-2.45, p=0.014) (FIG. 13A). Non-e4 carriers 
spent more time in the target quadrant than the left (Z=-3.59. 
p<0.001) and the opposite quadrant (Z=-2.54, p=0.011) while 
e4 carriers spent more time in the right quadrant than the 
target quadrant (Z=-2.74, p=0.006, FIG. 13B). Compara 
tively, non-e4 carriers spent more time in the target quadrant 
(31%) than e4 carriers (15%) (z=-2.03, p=0.042, FIG. 13B). 
0.175 6. Salivary Cortisol and Testosterone Levels and 
Correlations with Cognitive Performance 
0176 FIG. 14 is a chart showing, for elderly women and 
men, effect of e4 on salivary testosterone levels. Effects were 
identified for sex (F=3.944, p=0.05 and F=4.245, p=0.04 after 
controlling for age, FIG. 14) and e4 (F-4.520, p=0.04 and 
F=4.036, p=0.06 after controlling for age, FIG. 14) on sali 
vary testosterone levels. Women carrying e4 had lower test 
osterone levels compared with non-carriers while men carry 
ing e4 had higher testosterone levels compared with non 
carriers. Age was included as a covariate in the analysis. 
0177 Based on this result and to avoid spurious conclu 
sions, potential correlations of salivary testosterone levels 
with cognitive measures in the complete sample were not 
considered. Only in men, salivary cortisol levels correlated 
with Some cognitive measures. (See Table 4.) 

TABLE 4 

Correlations of Salivary cortisol levels with cognitive measures. 

Cortisol Level 

Measure Women Men Non e4 e4 

MMSE -0.05 -0.32 -0.05 -0.22 
BAI O.OS O.12 O.O3 O.39 
WRATR -O.08 O.O3 -0.03 -0.14 
Reaction O.16 -0.33 O.OS -0.10 
times 
Spatial span SSF O.OO 0.27 O.O3 O.O3 

SSB -O.O3 -0.11 -0.11 O.OS 
Faces Faces immediate O.04 -0.22 O.O3 -0.17 

Faces delayed -0.11 -0.23 –0.04 -0.49 
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TABLE 4-continued 

Correlations of salivary cortisol levels with cognitive measures. 

Family 
Pictures 

NINL 

Memory 
Island visible 
target 
session 

Memory 
Island 

Measure 

Family Pictures 
immediate 
Family Pictures 
delayed 
No change 
immediate 
No change delayed 
Novel image 
immediate 
Novel image 
delayed 
Novel Location 
immediate 
Novel Location 
delayed 
Total NINLI 
Total NINLII 
Average velocity 
Total distance 
%. Successful trials 
%. In target quadrant 
Cumulative distance 
Average velocity 
Total distance 

Women 

-O.08 

-O.08 

-O.09 
-0.05 

-0.01 

-0.02 

Cortisol Level 

Men 

-0.15 

-0.06 

-0.02 
-0.45* 

-0.37 

-0.28 

-0.12 
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TABLE 4-continued 

Correlations of salivary cortisol levels with cognitive measures. 

Cortisol Level 

Non e4 e4 Measure Women Men Non e4 e4 

O.OS -0.23 hidden target % Successful trials -0.18 -0.24 -0.19 -0.41 
session %. In target quadrant -0.21 -0.11 -0.19 -0.30 

O.04 -0.15 Cumulative distance O.13 O.32 O.17 O43 

-O.09 O.O2 N = 109; missing four cortisol samples, two outliers removed. 
N = 107; two outliers removed. 

-O.O8 -0.07 N = 104; five participants dropped out of the study between the two testing 

-0.12 -0.14 ENSE.e. 
N = 103; six participants did not complete the visible target session. 

-O.07 -0.05 N = 80; 29 did not complete the hidden target session. 
*Correlation is significant at the 0.05 level (two-tailed). 

O.06 -0.38 While p < 0.05, closer examination showed it was driven by a single 
datapoint (P = 0.187 without). 

O.O8 -0.14 p = 0.051. 

-0.08 -0.31 (0178 FIGS. 15A and 15B are charts showing, for elderly 
-0.04 -0.14 men, correlation of salivary cortisol levels with NINLI novel 
-0.03 -0.16 image recognition, and correlation of salivary cortisol levels 
-O.O3 -0.3O with NINL II novel image recognition, respectively. In the 
O.O7 0.2O object recognition tests, Novel Image sub-scores correlated 
O.14 0.04 with salivary cortisol levels; immediate scores (r--0.45, p=0. 

-O.O6 0.03 05, FIG. 12A), and delayed scores (r -0.37, p=0.05, FIG. 
-0.13 O.OO 15B). Total NINL scores correlated also with salivary cortisol 
O.09 (0.22 levels (r=-0.44, p=0.05). No such correlations were found in 

WOC. 

TABLE 5 

Effects of ea and sex on cognitive measures (repeated-measures analyses)" 

Within Interaction 

e4 Sex subject ea X Seq Sex X Seg 

Measure N F P F P F P F P F P 

Faces 14 O.O1 O.943 1.00 0.32O 6.91 OO1O O.15 O.696 O.90 O.344 
Family 15 2SO 0.117 22.57 &.OOO1 O.12 O.733 1.73 O.191 3.64 O.O59 
Pictures 
Visible O9 O.31 O.861 8.15 O.OOS 3.58 0.036 1.82 0.17O 2.11 O.131 
Velocity 
Visible O9 O.77 0.781 3.24 O.O75 OSO O.S35 0.11 O.818 0.61 0.486 
Total 
Distance 
Visible O9 3.26 O.O74 0.65 0.421 O.33 O-639 2.14 O.138 O.SO O.S37 
Latency 
Visible % 09 1.07 O.303 3.73 O.OS6 2.18 O.117 O.93 0.392 O.69 O.496 
Time spent 
in Target 
Visible % O9 2.06 0.154 O.OS 0.821 1.03 0.353 1.14 O.317 O.O1 O.987 
Successful 
trials 
Visible O9 O.18 O.67O O.S.S 0.462 O34 0.695 2.OO 0.142 0.69 0.493 
Cumulative 
Distance 
Hidden 84 2.37 O.128 340 OO69 2.89 O.OS9 O.10 O.90S 1.91 0.151 
Velocity 
Hidden 84 1.10 O297 100 0.321 O.O2 (0.983 0.84 0.433 1.12 0.331 
Total 
Distance 
Hidden 84 6.17 OO15 O.69 O.410 1.01 (0.366 0.83 0.438 240 (0.094 
Latency 
Hidden% 84 3.48 0.066 0.76 O.385 1.33 O.268 125 0.288 1.18 0.311 
Time spent 
in Target 
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Effects of ea and sex on cognitive measures (repeated-measures analyses)" 

Within Interaction 

e4 Sex subject ea x Seq Sex X Seq 

Measure N F P F P F P F P F P 

Hidden% 84 2.06 0.154 O.OS 0.821 1.03 0.353 1.14 O.317 O.O1 O.987 
Successful 
trials 
Hidden 84 5.14 O.O26 O.62 0.433 0.73 O.482 0.21 O.809 2.6O O.O78 
Cumulative 
Distance 

"There were 19 models in Table 5. Since there were 19 separate models for different outcomes (re 
sponse variables), a multiple test procedure for controlling the family-wise error rate was not 
applied when testing general hypotheses defined in terms of Sub-models. Age was used as a covari 
ate in all analyses. 
Repeated measures analyses were used to assess potential within-subjects effects. 
Faces represented a combined measure of “Faces I and Faces II. 

TABLE 6 

Effects of ea and sex on cognitive measures (GEE regression analysis)" 

Within Interaction 

e4 Sex subject ea x Seq Sex X Seq 

Measure N X P X P X P X P X P 

NINL 11S 4.23 O.040 2.51 0.113 3.48 0.062 4.93 0.026 O.09 O.767 
total 
Novel 11S 4.01 O.O4S 4.82 0.028 O.09 O.763 1.82 0.178 O.S2 O.472 
location 
Novel 11S 1.66 O.198. O.25 0.615 S.30 O.O21 O.65 0.419 0.70 0.403 
image 
No 115 O.OO O.968 0.13 O.723 O.OO O.980 7.64 O.OO6 144 O.230 
change 

Adjustment for multiple testing was handled using repeated-measures analyses. Age was used 
as a covariate in all analyses. 
Repeated-measures analyses were used to assess potential within-subject effects. 
Sequential, used for the assessments of potential interactions of e4 or sex with the repeated 
measure of performance. 

0179 
0180. The established cognitive tests Faces, Family Pic 

tures, SSF and SSB were administered along with the object 
recognition and spatial navigation tests to non-demented eld 
erly. Women performed better than men in the family pictures 
test (FIG. 10A). This sex difference in performance is con 
sistent with the better performance of women than men in 
recognizing pictures containing natural categories. Of the 
cognitive tests used, only the object recognition and spatial 
navigation tests were sensitive to effects of e4 on cognitive 
performance. The lack of e4 effects in the established cogni 
tive tests is consistent with other studies showing no effects of 
e4 on cognitive performance in the non-demented elderly. 
Deficits in episodic memory, memory for specific experi 
ences that can be defined in terms of time and space, are often 
the first symptoms experienced by patients with AD. There 
fore, poor performance on episodic memory tests such as the 
object recognition and spatial navigation tests can indicate 
pre-clinical phases of cognitive impairment. 
0181. In the object recognition test, an effect was identi 
fied for e4 (FIG. 10C) on the novel location score (combined 
immediate and delayed score) with e4 carriers performing 
worse on novel location, but not on novel object, scores than 

C. Discussion non-e4 carriers. These data indicate that it is more difficult for 
e4 carriers to accurately recall location. Together with the 
poorer performance of e4 than non-e4 carriers on the spatial 
navigation test, these data Support the proposition that e4 
carriers are particularly Susceptible to spatial memory impair 
mentS. 
0182. In the object recognition test, there was also an 
effect of sex (FIG. 10D) on the novel location score (com 
bined immediate and delayed score) with women performing 
better than men, and there were no effects of sex on spatial 
navigation in the Memory Island test. Using the same object 
recognition test, for cognitive testing of healthy adult 
humans, no sex differences in performance were seen. In the 
first series of trials, using the same spatial navigation test used 
in the current study, adult men performed better than adult 
WOC. 

0183 In the probe trial, elderly women and men did not 
spend most of their time in the target quadrant. (See FIG. 
13A.) In contrast, younger adult women and men (20-44 
years of age) did spend most of their time in the target quad 
rant in the probe trial. (Section VI.) These data are consistent 
with the effect of age on spatial memory retention in young 
(25-45 years of age), middle-aged (45-65 years of age), and 
old (65-93 years of age) humans shown in other studies, with 
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the older study participants showing lower measures of spa 
tial memory retention in the probe trial than the younger study 
participants. In the probe trial, e4 carriers spent more time in 
the right quadrant than the target quadrant (FIG. 13B). This 
was not seen in non-e4 carriers. This is an important finding in 
that, based on the starting orientation in the probe trial, enter 
ing the right quadrant indicates that the study participants 
navigated Straight rather than effectively searching for the 
target location. 
0184 For salivary testosterone levels, there was a sex X e4 
interaction, with higher salivary testosterone levels in e4-car 
rying than non-e4-carrying men and lower salivary testoster 
one levels in e4-carrying than non-e4-carrying women. (See 
FIG. 14.) In men, the difference between immediate and 
delayed novel image recognition scores correlated with Sali 
vary testosterone levels (r-0.473, p=0.015) and at each per 
formance level difference between immediate and delayed 
recognition performance, e4-carrying men had the highest 
salivary testosterone levels. Similarly, during the hidden tar 
get session of Memory Island, salivary testosterone levels in 
male e4 carriers correlated with latency (r=-0.92, p=0.03), 
cumulative distance to the target location (r-0.87, p=0.06), 
percentage of successful trials (r–0.85, p=0.07), and percent 
age of time spent in the target quadrant (r=0.89, p=0.04). 
0185. The correlations of salivary cortisol levels with cog 
nitive measures were sensitive to sex. Only in men, salivary 
cortisol levels correlated with immediate total NINL scores, 
and immediate Novel Image sub-scores. (See Table 6.) The 
association of higher cortisol levels with poorer cognitive 
performance in the elderly is consistent with other studies. 
However, the second series of trials underlines the importance 
of considering e4 and sex in assessing potential correlations 
of cortisol with cognitive measures. 
0186 There was no significant sex difference in the pro 
portion of e4 carriers. The lack of such a difference might 
have been due to the sex difference in sample size with more 
women than men participating in the study, which in turn 
might relate to sex differences in longevity. 
0187. D. Conclusion 
0188 The object recognition and spatial navigation tests 
were sensitive to effects of e4 in the elderly. Differences in 
neuroanatomy, brain glucose metabolism during mental 
activity, and brain activation in memory tasks between non 
demented non-e4 and e4 carriers might contribute to these 
effects. As the mean age of the participants of this study was 
82, these data indicate that while the +4-associated risk to 
develop AD is age-dependent and maximal before this age, 
effects of e4 on cognitive performance can be revealed in the 
old-old using episodic memory tests. 
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VIII. APOE e4EFFECTS ON SPATIAL 
LEARNING AND MEMORY IN CHILDREN 

0189 This section describes example implementations as 
well as discussion of specific problems addressed and advan 
tages for those implementations in Some contexts. Alterna 
tively, implementations of the preceding techniques and tools 
vary in terms of technical details, specific advantages and/or 
problems solved. 
(0190. Compared to APOE+3, APOE e4 is a risk factor for 
age-related cognitive decline and cognitive impairments fol 
lowing environmental challenges. To assess whether APOE 
e4 has effects on cognitive performance in children, they were 
given standardized cognitive tests as well as an object recog 
nition test and a spatial navigation test sensitive to effects of 
APOE e4 in the elderly. Children with APOE e4 showed 
reduced novel location recognition, reduced ability to navi 
gate to a visible target, and reduced spatial memory retention. 
The early effect of APOE e4 on cognition indicates predis 
position to cognitive impairments later in life. 
(0191). Of the three major human APOE isoforms, which 
play roles in cholesterol metabolism and are encoded by 
distinct alleles (e2, e3, and e4), e4 increases the risk of age 
related cognitive decline and cognitive injury following envi 
ronmental insults. To assess potential effects of e4 on cogni 
tion in children, 55 healthy 7-10 year-olds (girls: 17 non-e4 
and eight-e4; boys: 24 non-e4 and six-e4) were given estab 
lished cognitive tests, as well as an object recognition test and 
a spatial navigation test requiring navigation sensitive to 
effects of e4 in non-demented elderly, and provided saliva 
samples for APOE genotyping and cortisol levels. 
0.192 The inclusion criteria were healthy boys and girls 
7-10years of age. The exclusion criteria were children whose 
birth mother or legal guardian could not be interviewed, chil 
dren with severe visual impairments, children born more than 
35 weeks premature, children with epilepsy, head injury, 
Tourette's syndrome, cerebral palsy, congenital abnormali 
ties, severe brain trauma, diagnosed with leukemia or any 
other medical condition that could interfere with cognitive 
ability, or children exposed to elicit drugs during pregnancy. 
Children were from middle/upper class families and 84% 
Caucasian, 7% Hispanic, 3.5% African American, and 3.5% 
Pacific Islander. During pregnancy the average age of the 
mother's was 29 years old with 12.0% reporting smoking and 
17.2% reporting at least some alcohol consumption during 
pregnancy. 
0193 Average cortisol levels did not correlate with any 
cognitive measure, but did correlate with anxiety scores 
(Pearson Correlation r=0.293, p<0.05). (See Table 7, below.) 
Thus, self-reported anxiety levels were likely not a confound 
ing factor for assessing cognitive measures. Each child was 
given cognitive tests during a 1.5 hr session. (See Table 7. 
below.) 

TABLE 7 

Cognitive measures in non-e4 and e4 carrying 7-10 year-old boys and girls. 

Task 

Dot 
Location - 
Learning 
Dot Location - 
Total Score 

ANCOVA or 
REM 

Immediate Delay (Geno) 

Non-e4 e4 carrier Non-e4 e4 carrier F p 

10.4 + 0.5 11.6 + 0.9 1.37 0.25 

11.01 - O.S 12.4 + 0.9 1.95 0.17 
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Cognitive measures in non-ea and ea carrying 7-10 year-old boys and girls. 

ANCOVA or 
REM 

Immediate Delay Geno) 

Task Non-e4 e4 carrier Non-eA. e4 carrier F p 

Dot Location - 11...6+ 0.3 11.8 + 0.6 O.OS 0.81 
Long 
Delay 
Dot Location - 11.3 + 0.4 12.0 - O.7 O67 O.41 
Short 
Delay 
CPTB Non- 56.6 - 31 551 - 5.4 O.OS 0.81 
clinical score 
CPT 9 49.6 + 2.2 51.8 - 3.8 O.24 O.62 
Omissions 
CPT 9 49.6+ 1.9 45.9 - 3.3 O.98 0.32 
Commissions 
CPT Hit Rate 47.6+ 1.8 520 - 31 1.47 0.23 
MASC- 45.5 - 2.3 474 - 39 O.17 O.67 
Total Score 
WASId 56.9 - 18 57.3 - 3.1 O.O1 O.91 
Vocabulary 
WASI Block 56.2 - 1.6 60.5 - 2.8 1.64 O.20 
Design 
Family 11.8 + 0.4 11.9 - O.S 1.O.O.-- 0.8 10.2 - O.9 3.39 O.O7 
Pictures 
NINL- 27.4 + 1.0 26.0 - 1.O 25.5 - 18 23.7 - 18 119 O.28 
Total Score 
NINL- 5.1 + 0.4 4.2 + 0.5 5.2 - 0.7 4.8 - O.8 O. 10 O.74 
Novel Image 
NINL- 6.5 + 0.4 6.1 + 0.4 5.3 - 0.6 4.3 - 0.7 4.77 0.03 
Novel 
Location 
Average O.07 - O.O1 O.08 - O.O2 O.80 O.38 
Cortisol 
levels 
(ug? dL) 

Childrens Memory Scale, Dot Location test. 
'Conners' Continuous Performance Test (“CPT) is an attention test used in ADHD research 
and clinical assessments. 
Multi-dimensional Anxiety Scale for Children. 
Wechsler Abbreviated Scale of Intelligence. 
Particularly significant effects 

0194 As attention (CPT, overall non-clinical score) cor 
related with performance in most cognitive tests (p<0.05), it 
was included as a covariate in all analyses. Age was used as a 
covariate if age correction tables were not available. The data 
were analyzed using ANCOVAs or repeated measures (REM) 
with trial as the with-in subject variable and genotype as the 
fixed factor. As no statistically significant effects were iden 
tified for sex on any cognitive measure, boys and girls were 
combined for the analysis. e4 did not affect general cognitive 
ability in children (Table 7), consistent with earlier reports. 
However, an effect was identified for e4 on novel location 
recognition (p<0.04) with lower delayed novel location rec 
ognition scores in e4 carriers (p<0.03). As such an effect of e4 
was also seen in non-demented healthy elderly, novel location 
recognition can be used to detect effects of e4 throughout life. 
0195 Spatial learning and memory requiring navigation 
were assessed using the virtual reality Memory Island test. 
FIGS. 16A, 16B and 16C show effects of e4 on Memory 
Island performance in 7-10 year-old boys and girls. FIG.16A 
shows effects of sex on velocity during the visible and hidden 
target trials (* p<0.04). FIG. 16B shows effects of e4 on 
cumulative distance to the target in the visible (p<0.005), but 

not hidden, target trials. FIG.16C shows percentage of time 
spend in quadrants for e4 and non-e4 children (* p-0.04 for 
the target quadrant versus all other quadrants). Compared to 
the left and right quadrants, the children tended to spend more 
time in the opposite quadrant. This might be due to the fact 
that the start orientation in the probe trial faces the opposite 
quadrant. 
0196. The velocity of boys was higher than girls during the 

trials with the visible (F=4.75; p-0.04) and hidden (REM 
ANCOVAs F=7.90; p <0.007) target. (See FIG. 16A.) There 
fore, Velocity was used as covariate for the analyses of per 
formance on Memory Island. Non-e4 carriers outperformed 
e4 carriers during the trials with the visible (F-4.53; p<0.04), 
but not hidden (F-0.11; p=0.74), target by navigating closer 
to the visible target location. (See FIG. 16.B.) 
0.197 Fifteen minutes following the last hidden trial, non 
e4 carriers showed spatial memory retention in the probe trial 
(no target present) and searched most of the time in the 
quadrant previously containing the target p-0.04) but e4 car 
riers did not. (See FIG. 16C.) Similarly, while 75.6% of 
non-e4 carriers showed target preference, only 43% of e4 
carriers did (p<0.04, Fisher's exact test). 
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0198 Thus, effects of e4 on spatial learning and memory 
are already detected in 7-10 year-old children and indicate 
predisposition to cognitive injury following environmental 
challenges and/or age-related cognitive decline. 

IX. COGNITIVE STATUS ASSESSMENT AND 
THERAPEUTIC INTERVENTION EXAMPLES 

Example 1 

0199. In this example, the cognitive status of an elderly 
Subject Suspected to have dementia (e.g., an age-associated 
dementia, Such as Alzheimer's disease) is assessed. The Sub 
ject is given the Memory Island and NINL tests described 
herein. The subject's performance on the Memory Island test 
(e.g., distance traversed, time elapsed before reaching target, 
percentage of Successful trials, time spent in target area, 
velocity of movement) and NINL tests (e.g., Novel Location 
score, Novel Image score. No Change score, total NINL 
score) is compared with previously measured performance 
benchmarks for non-demented individuals of the same sex 
and similar age. 

Example 2 

0200. In this example, the cognitive status of an elderly 
Subject Suspected to have age-associated dementia is assessed 
over time. The subject is initially given Memory Island and 
NINL tests described herein. The subject's performance on 
the Memory Island and NINL tests is compared with previ 
ously measured performance benchmarks for non-demented 
individuals of the same sex and similar age. One year later, the 
subject is given a second round of Memory Island and NINL 
tests. The subject's performance on the Memory Island and 
NINL tests is compared with the subject's own performance 
the previous year. 

Example 3 

0201 In this example, the cognitive status of a child sub 
ject Suspected to have a genetic predisposition toward demen 
tia later in life (for example an age-associated dementia, Such 
as Alzheimer's disease) is assessed. The child subject is given 
the Memory Island and NINL tests described herein. The 
child subject's performance on the Memory Island and NINL 
tests is compared with previously measured performance 
benchmarks for non-demented individuals of the same sex 
and similar age. 

Example 4 
0202 In this example, a subject who has been diagnosed 
with dementia (for example an age-associated dementia, Such 
as Alzheimer's disease) is given the Memory Island and 
NINL tests described herein. Baseline measures are deter 
mined (for Memory Island: distance traversed, time elapsed 
before reaching target, percentage of Successful trials, time 
spent in target area, velocity of movement; for NINL: Novel 
Location score, Novel Image score. No Change score, total 
NINL score), and the subject is given an anti-Alzheimer's 
drug (such as Donepezil (ARICEPT) or anti-APOE e4 drug) 
as a therapeutic intervention. 
0203 For a subject given Donepezil, the subject is treated 
with 5 mg per day of the drug for a period of at least four to six 
weeks, and then the Subject is once again given the Memory 
Island and NINL tests. If a desired improvement in scores is 
not obtained, then the dose of the drug is increased to 10 mg 
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per day. Testing with the Memory Island and NINL tests is 
then repeated to assess the response to the drug, where a 
change in test scores indicates a response to the drug. 

Example 5 

0204. In this example, a subject who has been diagnosed 
with dementia (for example anage-associated dementia, Such 
as Alzheimer's disease) is given the Memory Island and 
NINL tests described herein. Baseline measures are deter 
mined as described in Example 4, and the Subject is given an 
anti-Alzheimer's drug (such as Donepezil (ARICEPT) or 
anti-APOE e4 drug) as a therapeutic intervention. 
0205 For a subject given Donepezil, the subject is treated 
with 5 mg per day of the drug for a period of at least four to six 
weeks, and then the Subject is once again given the Memory 
Island and NINL tests. If a desired improvement in scores is 
not obtained, the Subject is given a different drug. Testing 
with the Memory Island and NINL tests is then repeated to 
assess the response to the different drug, where a change in 
test scores indicates a response to the different drug. 
0206 Having described and illustrated the principles of 
our invention with reference to various described embodi 
ments, it will be recognized that the described embodiments 
can be modified in arrangement and detail without departing 
from such principles. It should be understood that the pro 
grams, processes, or methods described herein are not related 
or limited to any particular type of computing or clinical 
environment, unless indicated otherwise. Various types of 
general purpose or specialized computing environments may 
be used with or perform operations in accordance with the 
teachings described herein. Elements of the described 
embodiments shown in Software may be implemented in 
hardware and vice versa. 
0207. In view of the many possible embodiments to which 
the principles of our invention may be applied, we claim as 
our invention all such embodiments as may come within the 
Scope and spirit of the following claims and equivalents 
thereto. 

We claim: 
1. A method comprising: 
receiving input from a user as the user interacts with Soft 
ware presenting a virtual reality environment that 
includes a first-person, three-dimensional graphical ren 
dering of the virtual reality environment; 

measuring performance of the user in the virtual reality 
environment based at least in part upon the received 
input; and 

using the measured performance of the user in the virtual 
reality environment in analysis of cognitive status; 

wherein the measured performance includes one or more 
of distance traversed in the virtual reality environment, 
time elapsed before reaching a target in the virtual reality 
environment, percentage of Successful trials, time spent 
in a target area of the virtual reality environment, and 
velocity of movement in the virtual reality environment. 

2. The method of claim 1, wherein the virtual reality envi 
ronment is organized in a coordinate space, and wherein the 
measuring comprises tracking position of the user over time 
in the coordinate space. 

3. The method of claim 2, wherein a file includes results of 
the tracking as time-stamped coordinate locations. 
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4. The method of claim 1, wherein the virtual reality envi 
ronment includes multiple areas, and wherein the measured 
performance further includes pattern of movement between 
the multiple areas. 

5. The method of claim 1, wherein the virtual reality envi 
ronment includes multiple areas, and wherein the measured 
performance further includes pattern of time spent in respec 
tive areas of the multiple areas. 

6. The method of claim 1, wherein the distance traversed is 
total distance or cumulative distance. 

7. The method of claim 1, further comprising: 
presenting the user with one or more visual or audible cues 

as to location of the target in the virtual reality environ 
ment, wherein the performance of the user is measured 
in conjunction with presentation of the cues, and 
wherein the performance of the user is subsequently 
measured without presentation of the cues to the user. 

8. The method of claim 1, further comprising: 
measuring neural activity of the user with a magnetic reso 

nance imaging tool as the user interacts with the Soft 
ware presenting the virtual reality environment, wherein 
the analysis of cognitive status is based at least in part on 
the measured neural activity. 

9. The method of claim 1, further comprising: 
measuring neural activity of the user with a functional 

magnetic resonance imaging tool as the user interacts 
with the software presenting the virtual reality environ 
ment, wherein the analysis of cognitive status is based at 
least in part on the measured neural activity. 

10. The method of claim 1, wherein a personal computer 
system presents the virtual reality environment. 

11. The method of claim 10, wherein a server computer 
system provides the virtual reality environment to the per 
Sonal computer system over a network connection. 

12. The method of claim 1, wherein the virtual reality 
environment is graphically rendered to the user using virtual 
reality goggles. 

13. The method of claim 1, wherein the input includes 
direction input and speed input received from a joystick. 

14. The method of claim 1, wherein the analysis of cogni 
tive status is used to detect presence or extent of age-related 
cognitive decline. 

15. The method of claim 14, wherein the age-related cog 
nitive decline is a decline in memory performance or learning 
performance. 

16. The method of claim 1, wherein the analysis of cogni 
tive status is used to detect presence or extent of pediatric 
cognitive disability. 

17. The method of claim 16, wherein the pediatric cogni 
tive disability is a memory performance problem or learning 
performance problem. 

18. The method of claim 1, wherein the analysis of cogni 
tive status is used to detect presence or extent of progression 
of Alzheimer's disease. 

19. The method of claim 1, wherein the analysis of cogni 
tive status is used to detect presence of a characteristic of 
pre-clinical Alzheimer's disease. 

20. The method of claim 1, wherein the analysis of cogni 
tive status is used to measure responsiveness of the user to 
treatment of Alzheimer's disease. 

21. The method of claim 1, further comprising: 
providing a treatment regimen for the user based at least in 

part on the assessed cognitive status. 
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22. The method of claim 1 further comprising: 
comparing the analysis of cognitive status to one or more 

prior analyses of cognitive status to assess change in 
cognitive status of the user. 

23. The method of claim 1, wherein the analysis comprises 
adjusting for effects of sex and/or age on the measured per 
formance. 

24. The method of claim 1, wherein the analysis comprises 
adjusting for effects of learning of navigation skills in the 
virtual reality environment on the measured performance. 

25. The method of claim 1, wherein the analysis comprises 
adjusting for effects of learning of landscape of the virtual 
reality environment on the measured performance. 

26. The method of claim 1, wherein analysis of cognitive 
status comprises analysis of a response of the user to a thera 
peutic intervention to treat cognitive decline. 

27. The method of claim 26, wherein the therapeutic inter 
vention comprises a drug therapy. 

28. The method of claim 26, wherein the analysis of a 
response of the user further comprises determining a thera 
peutic dose of the drug therapy. 

29. The method of claim 26, wherein the therapeutic inter 
vention is a proposed intervention that is being studied for 
efficacy. 

30. The method of claim 26, wherein the therapeutic inter 
vention is an APOE e3 or APOE e2 mimetic, a cholinesterase 
inhibitor, an N-methyl-aspartate receptor antagonist, a hor 
mone therapy, or a vitamin. 

31. The method of claim 1 wherein the analysis is per 
formed by a software tool that includes pattern recognition or 
other artificial intelligence aspects. 

32. The method of claim 1 wherein the analysis and the 
measuring performance are performed by an integrated Soft 
ware tool. 

33. The method of claim 1 wherein diminished cognitive 
status is indicated by one or more of increased distance tra 
versed in the virtual reality environment, increased time 
elapsed before reaching a target in the virtual reality environ 
ment, decreased percentage of Successful trials, decreased 
time spent in a target area of the virtual reality environment, 
and decreased velocity of movement in the virtual reality 
environment. 

34. A method comprising: 
receiving input from a user as the user interacts with Soft 
ware presenting a virtual reality environment that 
includes a first-person, three-dimensional graphical ren 
dering of the virtual reality environment; 

in a first round, measuring performance of the user in 
navigating in the virtual reality environment to a target 
indicated by at least a first visual cue in the virtual reality 
environment based at least in part upon the received 
input; 

in a second round that lacks the at least first visual cue, 
measuring performance of the user in navigating to the 
target in the virtual reality environment based at least in 
part upon the received input; 

using the measured performance of the user in the virtual 
reality environment for the first and second rounds in 
analysis of cognitive status. 

35. A method comprising of correlating genotype with 
cognitive status, the method comprising: 

receiving input from a user known to have a first genotype 
as the user interacts with software presenting a virtual 
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reality environment that includes a first-person, three- wherein the analysis comprises a comparison of the 
dimensional graphical rendering of the virtual reality measured performance of the user in the virtual reality 
environment; environment relative to measured performances for a 

measuring performance of the user in navigating to a target user group for the first genotype. 
in the virtual reality environment based at least in part 36. The method of claim35 wherein the first genotype is an 
upon the received input; APOE genotype. 

using the measured performance in analysis of cognitive 
status for the user known to have the first genotype, ck 


