wo 2016/073582 A1 [N N0F 0 0RO 0 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/073582 Al

12 May 2016 (12.05.2016) WIPO I PCT

(51) International Patent Classification: (74) Agents: LINDER, Walter C. et al.; Facgre Baker Daniels
GO6F 3/14 (2006.01) LLP, 2200 Wells Fargo Center, 90 South Seventh Street,

Mi lis, Mi ta 55402-3901 .

(21) International Application Number: {neapots, Almnesota 90L(US)
PCT/US2015/059003 (81) Designated States (unless otherwise indicated, for every
. . ) kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: in ber 2015 (04112015 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
ovember 2015 (04.11.2015) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. ) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
62/074,932 4 November 2014 (04.11.2014) Us PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(71) Applicant: MAYO FOUNDATION FOR MEDICAL TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

EDUCATION AND RESEARCH [US/US]; 200 First . L
Street S.W., Rochester, Minnesota 55905 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: STEPANEK, Jan; 8317 East San Salvador GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

Drive, Scottsdale, Minnesota 55350 (US). PRADHAN,
Gaurav N.; 16623 E Ashbrook Dr. #1, Fountain Hills, Ari-
zona 85268-2013 (US). COCCO, Daniela; 4114 E Union
Hills Dr. #1210, Phoenix, Arizona 85050-3328 (US).
CEVETTE, Michael J.; 4917 East Emile Zola Avenue,
Scottsdale, Arizona 85254-3519 (US).

TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: COMPUTER SYSTEM AND METHOD FOR DIAGNOSTIC DATA DISPLAY

10 20
14 j
[) D
\ i o
£

(57) Abstract: A method for operating a com-
puter system to generate and display multidimen-
sional data. A set of multidimensional data points
and a selected deviation range is received at a
processor. The processor processes each data
point to determine its value about the selected de-
viation range. Display data representative of data
point indicia of the determined data point values
at circumferentially spaced locations and with re-
spect to an origin in a coordinate system is gener-
ated and stored by the processor. The data point
indicia for the multidimensional data points are at
circumferentially spaced locations, and a radial
distance of the indicia with respect to the origin
represents the determined data point values. A
visual display of the display data can be produced
on a printer or monitor.

FIG. 1



WO 2016/073582 A1 |IIWAT 00T 00N A

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2016/073582 PCT/US2015/059003
COMPUTER SYSTEM AND METHOD FOR

DIAGNOSTIC DATA DISPLAY
CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application Serial No.
62/074,932 filed on November 4, 2014 and entitled Computer System And Method For
Diagnostic Data Display, which is incorporated herein by reference in its entirety and for all

purposes.

FIELD OF THE INVENTION
[0002] The invention is a computer system and method for generating and displaying
medical and other data.
BACKGROUND

[0003] Activities such as research in medical and other fields can result in the generation
or collection of sets of multidimensional data. Complex data of this type is often processed and
displayed in visual form for review and analysis. There remains, however, a continuing need for
improved systems and methods for processing and displaying multidimensional data. For
example, there is a need for systems and methods that can enhance the visualization of
information from the data. In particular, there is a need for systems and methods that enhance a
user’s ability to gain insight and understanding from the data to facilitate the accurate and

efficient interpretation of the data (e.g., for diagnostic decisions).

SUMMARY
[0004] Embodiments of the invention include a method for operating a computer system
to generate display data representative of a display of multidimensional data. In embodiments, a
set of multidimensional data points is received at a processor. The processor processes each data
points to determine its value about a deviation range, including optionally a z-vector score,
standard deviation, median absolute deviation or cumulative percent. The processor generates
and stores display data representative of data point indicia of the determined data point values at
circumferentially spaced locations and with respect to an origin in a coordinate system. The data
point indicia for the multidimensional data points are at circumferentially spaced locations, and a
radial distance of the indicia with respect to the origin represents the determined data point
values. Other embodiments include producing a visual display of the generated display data on a

monitor or printer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a diagrammatic illustration of a computer system that can be used to
implement embodiments of the invention.

[0006] FIG. 2 is an exemplary visual display of a coordinate system and plotted
multidimensional data in accordance with embodiments of the invention.

[0007] FIG. 3 is an illustration of a coordinate system in accordance with embodiments
of the invention for the display of thirty-two dimension data sets.

[0008] FIG. 4 is an illustration of the coordinate system shown in FIG. 3, showing how
data plotted on the coordinate system represents values over a standard normal deviation from -
3o to + 3.

[0009] FIG. 5 is an illustration of the coordinate system shown in FIG. 4, with the
addition of indicators of data values in the range of -1.56 to + 1.56.

[0010] FIG. 6 is an example of a display of two sets of multidimensional data in
accordance with embodiments of the invention.

[0011] FIG. 7 is another example of a display of two sets of multidimensional data in
accordance with embodiments of the invention.

[0012] FIG. 8 is an illustration of a coordinate system in accordance with embodiments
of the invention for the display of forty-two dimension data sets.

[0013] FIG. 9 is an illustration of a display of multiple sets of multidimensional data on a
common coordinate system in accordance with embodiments of the invention, where each set
represents data at different times (i.e., temporally spaced data sets).

[0014] FIG. 10 is an illustration of a display of multidimensional data sets on separate
coordinate systems at spaced apart locations with respect to a time axis in a common image or

display frame in accordance with embodiments of the invention.

DESCRIPTION OF THE INVENTION

Introduction and Overview

[0015] Embodiments of the invention include computer systems, programmed media and
methods to process multidimensional data, generate data representative of visual displays of the
data, and to provide visual or graphical displays of the data. These visualization tools enable
users to efficiently gain insight from complex multidimensional data. For example, the tools can
enhance the users’ abilities to understand the data and to facilitate accurate interpretation and
diagnostic decisions. The data is transformed into a multidimensional (e.g., 2D) plane, enabling
users to interactively discover multivariate relationships among a large number of dimensions.

Embodiments of the invention can perform simultancous analysis of multiple parameters to

2
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unveil previously unknown patterns which may lead to a deeper understanding of the underlying
phenomena or trends. These embodiments can also provide simplified diagnostic views for users
that give them the ability to quickly compare and visualize individual high-dimensional data
points with normative samples.
[0016] FIG. 1 is a diagrammatic illustration of a computer system 10 in accordance with
embodiments of the invention. As shown, computer system 10 includes a graphical user
interface 12 having a monitor 14, keyboard 16 and mouse 18. A processing system 20 that has
memory (e.g., ROM and/or RAM, not separately shown) is coupled to the user interface 12.
Programs reflecting instructions and algorithms for performing data processing methods in
accordance with embodiments of the invention, and data representative of visual displays in
accordance with embodiments of the invention, can be stored in the memory. Computer system
10 can be interfaced (e.g., by wireless or wired networks) to other computer or data collection
systems (not shown). For example, multidimensional data that is to be processed by computer
system 10 can be received over such a network, and data representative of visual displays
produced by the computer system can be transferred to other computer systems over such a
network. Visual displays in accordance with the invention can be presented on monitor 14 or a
printer (not shown). The illustrated embodiment of computer system 10 is shown for purposes
of example, and other embodiments of the invention have different or additional components,
such as other user interfaces for administrators and providers that use the system, and different or
additional memory and database structures.
[0017] FIG. 2 is an exemplary visual display of a coordinate system including three (3)
sets of thirty-six (36) dimension data point indicia in accordance with embodiments of the
invention. The data point indicia of the first set are represented by open dots (i.c., “0”), those of
the second set by closed dots (i.c., “®”), and those of the third set by the letter “x”. As shown,
the data point indicia are in the form of a thirty six vertex polygon, where each vertex is
circumferentially spaced about an origin, and located on an individual radius of a two-
dimensional circumferential construct C such as a circle or oval with having a radius length RL,
where:

RL = 2 x Deviation,
and Deviation is a selected number representative of a deviation range. In some embodiments,
Deviation is 2-5. The data point indicia for each of the different dimensions is at a different
circumferentially spaced location. The location of each data point indicia along the radius length
RL represents the value of the data point along the deviation range (e.g., a standard normal
distribution in the embodiment shown in FIG. 2). For example, in embodiments where

Deviation = 3, data points representing values having a standard deviation of -3¢ are plotted at
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the origin (i.e., center of circle C), data points representing values having a standard deviation of
+3c are plotted at the circumference of the circle, and data points representing Oc values are
plotted mid-way between the origin and circumference of the circle. The display shown in FIG.
2 includes a circle illustrating the Oc coordinates, and shading that represent the range of -1.56 to
+1.56 coordinates.

General Description

[0018] In embodiments of the invention, Y is a set of X N-dimensional data points to be
processed and displayed, i.e.,
Y ={y =1, ¥x2, ¥xn ) |1 Sx <X}
where X is the total number of high-dimensional data points, and N is the dimension of the data
or total number of variables.
[0019] Along each dimension i, ¥, , 0;, and m; can be the corresponding mean, standard
deviation, and median value across X objects, respectively. Hence, the equivalent N-
dimensional mean, standard deviation and median vectors are given by,
Y ={J.¥, ,In}

o={0y,05,.. ,05}

M={m; ,m,,.. my}
Methods in accordance with the invention transform the N-dimensional data point into an N-
vertex polygon, where each vertex is located on the individual radius of a 2-D circle with a
radius length of 2 * Deviation, where Deviation is a value that can be set by the user, and is
between 2 to 5 in some embodiments.
[0020] In the exemplary coordinate system shown in FIG. 3, each radius corresponds to
one of the N variables (for e.g. N =32 in FIG. 3). The angular distance between each

(2x m)

neighboring variable on the circumference of the circle is given by Assuming without

the loss of generality that the center of the circle is at origin (0,0), the location of the i*" radius is

given as,

_ , (2= m) . , (2= m) ,
L; = {(r*cos((z—l)* ~ ),r*sm((z—l)* T)|1 <i SN}
where 7 is the radius of the circle equal to 2 * Deviation. The method transforms the nt" radius
into a standard normal distribution for the corresponding n*" variable. The standard normal

distribution for the n'" variable is derived from normal distribution N (3, , 0,,) by standardizing

the values of nt" variable. In other words, calculating z-scores of value b for variable n, which

—Yn

is given by Z = . The center end of the radius corresponds to —Deviation * o, and

On
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n'" point on the circumference corresponds to Deviation = o,,. The value of Deviation is user-
defined (e.g., as per the requirement of associate research).
[0021] FIG. 4 is an illustration of a coordinate system shown in FIG. 3, when Deviation
is set to 3. As represented by the bell curve, data plotted on the coordinate system of FIG. 4 will
represent values over a standard normal deviation from of -30 to + 3. As is also shown in FIG.
4, as all the variables are transformed to their standard normal distribution on their respective
radii, joining the standardized means (i.e. z = 0) of all variables gives a concentric circle on the
coordinate system. Similarly, other standard deviation values and ranges can be indicated on the
coordinate system. FIG. 5, for example, shows the coordinate system of FIG. 4 with indicators
such as shading that represents the values for any nt" variable below +1.50,, and above —1.50,,
(i.e. within 1.5 standard deviations of the means). The value 1.5 in connection with the
coordinate system shown in FIG. 5 is user-defined and exemplary only, and an end-user can
choose to display indicia representing any value between 0 and Deviation depending on an
application. If for any variable, values go beyond this range (i.e. z > +1.5), then the
corresponding point for that variable may be plotted out of the illustrated coordinate system.
[0022] In the embodiments described above, the data display is driven by the mean and
standard deviation of the variables. However, the mean and standard deviations may be strongly
impacted by outliers and hence models using mean as a central tendency indicator may be
unlikely to detect outliers in samples. Accordingly, other embodiments of the invention use
median as a measure of central tendency as opposed to mean. And instead of standard deviation,
other embodiments use the median absolute deviation (MAD) for nt"* variable, which can be
represented as follows:

MAD, = b * {Median (|y,n — mn|)|1 <x < X}
where b = 1/Q(0.75), and Q(0.75) is the 0.75 quantile of the underlying distribution. In case
of normal distribution, 1/Q(0.75) is 1.4826. The standardized z-score of value b for variable n
is then given by:

b—my
MAD,

Visual analytics can be represented through two types of models in accordance with the
invention:

1. (Y, 0) - “mean — standard deviation”, or

2. (M, MAD) - “median — median absolute deviation” .
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Processing Algorithm

[0023] The following is a pseudo-code algorithm that can be implemented by
embodiments of the invention (e.g., by computer system 10) to visualize (e.g., generate and and
plot) the N-dimensional data points on coordinate systems as described above:

1. Given N-dimensional data point, D = {d; ,d,, ... ,dy}. The radius of the coordinate

system is set to 2 * Deviation .
2. Convert the N-dimensional data point into z-vector,
a. For (Y, o),
d;

zg,= =2 1< i <N

4 o -

b. For (M, MAD),

di — m; ,
zg =2 —T | 1< | < N
t MAD;

3. Limiting the values of z-scores within [—Deviation ,+Deviation] to fit in the
coordinate system,
IF zy, > Deviation , then z4, = Deviation. OR IFz;, < —Deviation then z;, =
—Deviation

4. Scaling the Z-scores to fit the coordinate system,

zSq, = Zzg, +Deviation | 1< i < N
5. Plotting the scaled z-score on the respective radius of the coordinate system, assuming

the center of the coordinate system is at origin (e.g., (0,0)),

. (2 * m) o (2 * m) .
Lg, = §| zsq, * cos| (i — 1) * N , ZSq *sin((i — 1) * N 1 <i<N
Example - Case Study I: Acute Hypoxia Effects on Oculometrics
[0024] Thirty two (32) oculometric features are measured by using non-contact, non-

invasive eye-tracking technology during the performance of computerized neuro-cognitive tests.
All oculometric features are categorized mainly into four categories and can be grouped
accordingly: fixations, saccades, blinks and pupillary dynamics. FIG. 6 shows the visualization
of oculometric features for one subject performing a neuro-cognitive test in hypoxia (data points
of curve formed by open dots (i.e., “0”). The curve formed by closed dot data points (i.c., “®”)
represents the average curve of oculometric features across twenty subjects at normal baseline.
It is evident from the display of FIG. 6 that the test time (variable #1), fluctuation in fixation
time (variable #5), many saccadic features mainly including average saccadic lengths (variable

#14), saccadic velocities (variable #19) , and then blink rate (variable #23) and blink durations
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(variable #24) of the subject are significantly affected by hypoxia. This display also shows how

hidden trends of oculometrics in hypoxic environments can be unveiled by the invention.
[0025] FIG. 7 is an illustration of a display showing a comparison of oculometric
features for the same subject (from which data shown in FIG. 6 was collected) but different
hypoxic conditions: normoxic baseline (curve formed by open dots) and hypoxia (curve formed
by closed dots). From this display it is very that the blink rate (variable #23), fluctuation in left
(variable #28) and right (variable #31) pupil size are affected in hypoxia for this individual
subject.

Example - Case Study 1I: Acute Hypoxia Effects on Cardiovascular Parameters

[0026] Embodiments of the invention have been applied to visualize complete
hemodynamic physiological data that includes five different sets of cardiovascular parameters as
follows:

1. Twelve beat-to-beat (BTB) cardiovascular parameters: RR- interval (RRI), Heart Rate,
Systolic Blood Pressure (sBP), Diastolic Blood Pressure (dBP), Mean Arterial Blood
Pressure, Stoke Volume, Stroke Index, Cardiac Output, Cardiac Index, Total Peripheral
Resistance, Total Peripheral Resistance Index, Maximum rise in Pulse Pressure.

2. Six Transthoracic Bioimpedance Cardiography (ICG) parameters: End-diastolic Index
(EDI), IC, Acceleration Contractibility Index (ACI), Left Ventricular Work Index
(LVWI), Left Ventricular Ejection Time (LVET), and Thoracic Fluid Content (TFC).

3. Eight autonomic heart rate variability (HRV) parameters: RRI Low Frequency
normalized unit (LFnu-RRI), RRI High Frequency normalized unit (HFnu-RRI), RRI
Very Low Frequency (VLF-RRI), RRI Low Frequency (LF-RRI), RRI High Frequency
(HF-RRI), RRI Power Spectral Density (PSD-RRI), RRI Ratio of Low Frequency to
High Frequency (LF/HF-RRI), and Ratio of Low Frequency to High Frequency (LF/HF)

4. Eight parameters related to the frequency analysis of systolic blood pressure: sBP Low
Frequency normalized unit (LFnu- sBP), sBP High Frequency normalized unit (HFnu-
sBP), sBP Very Low Frequency (VLF-sBP), sBP Low Frequency (LF-sBP), sBP High
Frequency (HF-sBP), sBP Power Spectral Density (PSD-sBP), sBP Ratio of Low
Frequency to High Frequency (LF/HF-sBP), and Ratio of Low Frequency to High
Frequency (LF/HF).

5. Eight parameters related to the frequency analysis of diastolic blood pressure: dBP Low
Frequency normalized unit (LFnu- dBP), dBP High Frequency normalized unit (HFnu-
dBP), dBP Very Low Frequency (VLF-dBP), dBP Low Frequency (LF-dBP), dBP High
Frequency (HF-dBP), dBP Power Spectral Density (PSD-dBP), dBP Ratio of Low
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Frequency to High Frequency (LF/HF-dBP), and Ratio of Low Frequency to High

Frequency (LF/HF).

[0027] Overall, all 42 parameters from 5 different sets of hemodynamic systems were
combined and displayed to provide complete diagnostic view and interactivity to discover
multivariate relationships between multiple physiological data sets. Figure 8 shows the
individualized cardiovascular performance in hypoxic environment. The shaded zone represents
the normal range of all 42 parameters for the given subject. The curve in the center of the shaded
zone is the baseline measurement and another curve represents the cardiovascular performance
of the same subject after breathing five minutes of hypoxic gas (8% O, + balance N,) which is
equivalent to breathing at 22000 feet. The generated display clearly shows the cardiovascular
performance difference of the same individual at high altitude as compared to the baseline. This
kind of individualized display can be used in research as well as diagnostic purpose to evaluate
the physiological performance not only in high altitudes but also in other challenging
environments such as, but not limited to, space, deep water diving, during surgical operations
etc. Similar to this case study, displays generated in accordance with emebodiments of the
invention can visualize the lab results of all medical tests conducted during a medical exam.
Thus, dsiplays in accordance with the invention have the potential to visualize an entire
Electronic Medical Record (EMR) of a patient. This will facilitate all physicians to have one
unified view of all labs to diagnose the medical problem and effectively provide medical
treatment based on the results of all lab tests.

Example - Case Study 11I: Early Warning Signs during Hyperventilation

[0028] Embodiments of the invention have been adapted to continuously monitor
multiple physiological parameters as shown in Figure 9. Figure 9 shows the adaptation of a
display that monitors the changes of eight hemodynamic parameters during hyperventilation,
where each set of multidimensional data is presented on a common coordinate system. A curve
in the middle of the shaded zone corresponds to the baseline of the subject before
hyperventilation. The data represented by one curve corresponds to the hemodynamic
performance of the subject after 1 minute of hyperventilation, which is clearly outside the shaded
zone for most of the parameters. It should be noted that at 1 minute of hyperventilation even
though hemodynamic parameters are significantly different from their respective baselines the
subject did not perceive any symptoms. In this particular situation, if one continues to
hyperventilate further, he/she can later experience common symptoms of hyperventilation such
as dizziness, lightheadedness, tingling sensation, cognitive impairment and in worst case loss of
consciousness. In this specific case example, based on the interpretive visualization power of
displays in accordance with embodiments of the invention, a warning sign can be generated after

8
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1 minute of hyperventilation to alert an individual about hyperventilation. As a result, the
subject tries to recover, which can be observed in the display by curves showing the status of
hemodynamic parameters at 2™ and 3" minute of hyperventilation coming close to the shaded
zone. At 4™ and 5™ minute, the hemodynamic parameters are close to the baseline showing the
complete recovery from hyperventilation. Thus, displays in accordance with embodiments of the
invention can be integrated in real-time systems that continuously monitor multiple physiological
parameters, and can provide holistic view of all monitored parameters in a single snapshot to
assist diagnostic decisions and provide early warning signs.

[0029] Embodiments of the invention can be extended to additional domains. For
example, displays in accordance with embodiments of the invention can be presented in 3D.
Figure 10 is an example of a 3D display that visualizes multiple displays along time axes. Sets
of multidimensional data are presented in the multiple displays having separate coordinate
systems in a common image or display frame. The time axes can also represent number of
subjects where each display corresponds to each subject to monitor multiple subjects at the same
time.

[0030] Displays in accordance with the invention can be presented in a dynamic or video
domain. For example, the continuous monitoring of oculometric performance during the
parachute flight from high altitude (e.g., 30000 feet) to the ground level can be presented by a
sequence of one or more displays over time, with each sequential display labeled to identify
features of the displayed data such as the altitude at which the data was taken. The displayed
curves corresponding to high altitudes (e.g., the curves presented during the earlier portions of
the sequence) may show significant deviation (e.g., outside the shaded zone) indicating
significant changes in the oculometric performance due to hypoxia. In later-displayed curves
corresponding to data taken at lower altitudes and as the altitude drops towards the ground level,
the oculometric performance may be mainly in the shaded zone indicating return to the normal
baseline.

[0031] Although the present invention has been described with reference to preferred
embodiments, those of ordinary skill in the art will recognize that changes can be made in form
and detail without departing from the spirit and scope of the invention. For example, although
FIGs. 6 and 7 illustrate displays of oculometric data, the invention is not so limited. Other types

of data can be processed and displayed in accordance with other embodiments of the invention.
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CLAIMS

1. A method for operating a computer system to generate display data representative
of a display of multidimensional data, comprising:

receiving a set of multidimensional data points at a processor;

processing cach data point to determine its value about a deviation range, optionally one
of a z-vector score, standard deviation, median absolute deviation or cumulative
percent, by the processor; and

generating and storing by the processor display data representative of data point indicia
of the determined data point values at circumferentially spaced locations and with
respect to an origin in a coordinate system, wherein the data point indicia for the
multidimensional data points are at circumferentially spaced locations, and a
radial distance of the indicia with respect to the origin represents the determined

data point values.

2. The method of claim 1 and further including producing a visual display of the

generated display data on a monitor or printer.

3. The method of claim 1 wherein:

the method further includes receiving information representative of a user-selected
deviation range for the display;

processing cach data point includes processing the data points based on the user-selected
deviation range; and

generating display data includes generating data representative of data point indicia of the

determined data point values with respect to the selected deviation range.

4. The method of claim 3 and further including producing a visual display of the

generated display data on a monitor or printer.

5. The method of claim 3 wherein generating display data includes generating data
representative of the data point indicia within a radial distance range of two times the user-

selected deviation range.

6. The method of claim 1 wherein generating display data further includes

generating data representative of indicia of a predetermined and optionally user-selected range

10
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and/or deviation within the deviation range, optionally including highlighting a portion of the

deviation range.

7. The method of claim 6 and further including producing a visual display of the

generated display data on a monitor or printer.

8. The method of claim 1 wherein processing each data point includes processing

the data points as a function of the mean and standard deviation of the data points, including
L% 1< i < N
.

optionally for (Y, o), Zq, =
9. The method of claim 1 wherein processing each data point includes processing

the data points as a function of the median and median absolute deviation of the data points,

di — m;
MAD;

including optionally for (M, MAD), z4, = | 1< i < N.

10.  The method of claim 1 for generating display data for more than one set of

multidimensional data.

11.  The method of claim 10 and further including generating display data for a

plurality of displays with respect to a time axis in a common display frame.

12. The method of claim 11 and further including producing a visual display of the

generated display data on a monitor or printer.

13. The method of claim 10 wherein each set of the more than one set of

multidimensional data is a set representative of data at different times.

14.  The method of claim 13 wherein generating the display data includes generating
display data representative of each of the more than one set of multidimensional data on a

common coordinate system.

15.  The method of claim 14 and further including producing a visual display of the

generated display data on a monitor or printer.

11
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16.  The method of claim 13 wherein generating the display data includes generating
display data representative of each of the more than one set of multidimensional data on separate

coordinate systems for sequential display.

17.  The method of claim 16 and further including producing a visual video display of

the generated display data on a monitor.

18.  The method of claim 1 for generating display data for oculometric features.

19.  The method of claim 1 and further including processing the determined data point
values to limit the data point values within a predetermined range, including optionally the

deviation range.

20.  The method of claim 1 and further including processing the determined data point

values to scale the values.

21.  The method of claim 1 and further including generating indicia grouping two or

more of the dimensions.

22. A computer system configured to perform the method of claim 1.

23.  Program media having non-transitory stored instructions for performing the

method of claim 1.

12
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