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(57) Abstract: Apparatus (1) for use in amethod for psychi-
atric evaluation comprises: memory means (4) for holding a
store of pre-selected images; display means (12) for display-
ing a succession of said images to a patient; eye tracking
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the display means to display the images to the patient, and
for controlling the recording means to record said eye move-
ment data and displayed image data; and evaluation means
(10) for evaluating said eye movement data and displayed
image data for use in identifying a psychiatric profile of the
patient.



WO 2013/202768 A | Il s 430 01RO AT AR A

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, S, TZ,
UG, ZM, ZW), Eurasan (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration d the time limit for amending the
claims and to be republished in the event d receipt d
amendments (Rule 48.2(h))



10

15

20

25

30

35

WO 2013/102768 PCT/GB2013/050016

- 1 -

An Apparatus and a Method for Psychiatric Evaluation

[001] This invention relates to an apparatus and a
method for use in psychiatric evaluation, nore particularly
to such a psychiatric evaluation based on analysing eye

novenents of a patient.

[002] In this regard, many efforts have been nmade to
date to identify traits, bio-markers, behaviour, and synptons
associated wth particular psychiatric illnesses in order to

assist in distinguishing affected individuals.

[003] For exanpl e, a discovery of  abnormal eye
nmovenents present in a proportion of unnedicated psychotic
patients was nade over 100 years ago. However, in spite of
this early discovery, efforts to identify stable trait
markers associated wth illnesses such as schizophrenia that

can accurately delineate sufferers from normal control test

partici pants (control subj ect s) have et with linmted
success.

[ 004] Furt her nor e, only very Ilimted analysis of the
mul tiple and subtle variations enbedded in the mny
conponent s t hat defi ne eye t racki ng per f or mance in
schi zophreni a have been perforned, despite the apparent

robustness of the many individual deficits in eye novenent

performance reported in schizophrenics and their relatives.

[ 005] Wi | st scientists are achi evi ng a better
under st andi ng of the human mind and have nore advance
t echnol ogi es at their disposal for analysis, it remains
difficult to readily and accurately identify and diagnose

current or potential affected individuals.

[ 006] In this connection, psychiatric diagnoses are in
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practice currently synptombased with only face wvalidity,
essentially wthout bionmakers that can externally validate
a diagnosis of nental illness. This is especially problematic
where individuals and patients do not display the core
features by which the nost I|ikely diagnosis is defined or

they display features that are shared with nore than one

di agnostic cat egory. Furt her nore, in such cases, t he
di agnosis nmay not becone apparent wuntil the individual has
been expertly assessed by careful observati ons over an

extended period of time. Genotypic information nmay in the
future help with some of these uncertainties but at present
they are no better than clinical evaluation at predicting
risk of specific disorders. dinical evaluations require a

significant anount of time, expertise and hence cost. There

also remains the uncertainty as to whether an illness can in
any event be diagnosed without the full diagnostic criteria
bei ng net.

[ 007] In this connection, studies to date into eye

novenent abnormalities have not been able to define features
that in psychiatric patients are either sensitive enough or
specific enough to be of clinical value. Athough there are
group differences there is too nuch overlap between affected
cases and control subj ect s and between the different

di agnostic categories within the affected cases. For exanple,

t here is considerable evi dence t hat i ndi vi dual s with
schi zophrenia and their biol ogical famly menbers perform
poorly on Smooth Pursuit Eye Mvenents (SPEM tests. However,

when the sensitivity is set high, even a proportion of
contr ol subjects perform poorly, ie there is an inverse

correlation between sensitivity and specificity.

[ 008] A further exanpl e of a general trait of
individuals wth schizophrenia is in relation to saccades.

In general, anti-saccades tests have been used to try to
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identify schizophrenia cases: however, such tests are well
knowmn to be very difficult to perform by both cases and
contr ol subj ect s. These tests have consequently been
consistently error-prone wth considerable variation in the
results/error rates between studies and individuals. It is
known that such tests have also been significantly affected

by the age of the participants.

[ 009] Furt her nor e, individuals wth schizophrenia are
also known to have poor fixation control. They have trouble
with gaze stability and glissades. However , currently

avail abl e tests are not able to produce consi st ent

confirmatory results.

[ 0010] In relation to above, nmany studies have also
found that schizophrenia's eye novenents are frequently
confined to a limted area of the stimulus or are
concentrated on selected features, and scanning is atypical

in cont ext ual percepti on, recognition, search and

free-viewing tasks.

[ 0011] Rel atives and siblings have also showed the
trait of restricted atypical scanning. However, the abnornmal

fixation conbined with scanning tasks in schizophrenia have

not been studied and no substantial findings have energed.
I n consequence eye nmovemnent tests such as SPEM
anti-saccades , fixation/gaze mai nt enance and exploratory
scanpat hs are hi storically known to only partially

di scrim nate schizophrenia cases from control subjects. Such
poor discrinination between psychiatric patients and control

subjects means that these tests have not been viewed as
clinically/diagnostically usef ul si nce t he rate of

m s-di agnosis was unacceptably high.

[0012] Accordi ngly it is an object of the present
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invention to overcone the above problens associated with such
known apparatus and mnethods.

[0013] According to an aspect of the present invention,

there is provided appar at us for wuse in a nethod for
psychiatric evaluation conprising: nenory neans for holding
a store of pre-selected inmages; display neans for displaying

a succession of said inmages to a patient; eye tracking neans
for tracking eye novenent of the patient; recording neans for
recording eye novenent data corresponding to a patient's eye
movenment in response to the display of said succession of
i mges; control neans for controlling the display neans to
display the images to the patient in a predetermined order
and for a predetermned period of time, and for controlling

the recording nmeans to record said eye novenent data and
di spl ayed inmage data over said period of time; and evaluation
means for evaluating said eye novenent data and displayed
image data to produce a first results data set which, in
conmbination wth a second results data set obtainable from
performng one or nore of snooth pursuit tests, fixation
tests and saccade tests, is for wuse in identifying a
psychiatric profile of the patient.

[ 0014] In this connection, the present invention is
concerned with devel oping apparatus which can be used to help
to diagnose and classify i ndi vi dual s with psychiatric
synptons using criteria that are not based on face validity
but rather have validity which is external to the synptons
t hensel ves. This newy developed apparatus can as such
exploit a statistical conmbi nation of performance neasures
from a collection of i nteractive tests to classify

i ndi vi dual s

[ 0015] In this connection, the apparatus uses the
fundanmentals of a free-viewwng test to ensure that the
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i nfluence of factors other than physiol ogical conditions of
the test participants can be mnimsed so as to reduce noisy
data within the results. Under a controlled test environment,
the patient is sinply asked to look at the succession of
i mmges being displayed so that while viewing takes place the
eye novenents can be tracked. This aspect differs from other
known tests in that the patients are not required to perform
particular tasks which could introduce unnecessary noise into
the data. The applicants have found that adaptation of the
free view test in this particular application affords highly
effective results for wuse in evaluating a psychol ogical
profile of a patient. The inmages shown to the patient are
specifically chosen to be of neutral enotion, nanely inmages
whose content is intended to have a low risk of evoking

raised enmotions. The images have a noderate, undisturbing
tranquil quality. Such inages have proven to be particularly
effective in the context of the present invention in

producing extrenely highly performng data.

[ 0016] Conveniently, the control neans provides that a
total of 42 images are displayed. The total nunber of images
used in the test may change depending on the need of the
tests, however, once the total nunber is set then it should
be maintained for each of the free-viewwng tests perforned.

This wll maintain validity of the results data for
eval uation. Nevert hel ess, the total of 42 inmages have been
proved to produce a satisfactory result in relation to
provi di ng schemat a for schi zophreni a bi omar kers.

Conveni ently, the images are presented in a predeterm ned

sequence.
[0017] Conveniently, the apparatus further conprises a
menmory neans for storing a plurality of neutral inmages, and

said control neans provides that each of said inmages from
said nenory neans are displayed in turn in a predeterm ned
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sequence .
[ 0018] Preferably, the control neans provides that the
imges are displayed for a period of 5 to 10 seconds. In
gener al individuals wth schizophrenia take |onger than

unaffected individuals to begin engaging in picture view ng.

Ther ef or e, shorter durations may not vyield sufficient eye
novenents and alternatively, [|onger durations mght adversely
affect engagenent with the inmages and will certainly increase
the duration of the test causing unnecessary fatigue.

[ 0019] Preferably, the control neans further controls
the apparatus to additionally perform one or nore of snpoth
pursuit tests, fixation test and saccade tests. Each of these
tests are nodified and enhanced to sinplify the test so that
virtually all patients and control subjects can undertake
t hese successful ly. These sinplified tests focus and
capitalise on overlooked and msused earlier discovery of
abnor mal eye novenents in association wth a particular

mental di sease/ di sorder, excluding any unnecessary reliance
on cognitive behaviours of the test participants. Therefore
t he apparatus enables an alternative nethod of neasuring eye
movenments to the currently wused approaches in a nmuch nore
cost-effective way to diagnose participants.

[ 0020] Conveniently, the control neans takes results
data from said one or nore snooth pursuit tests, fixation
test and saccade tests, and uses them to refine said first
results data. In this regard, after collecting results data
from different tests and using them in the analyses, the
integrity of the data wll be enhanced as it 1is cross
validated across the tests for determining the possible
traits. The distinctions between the sufferers and the

control subjects are as a result shown nore readily.
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[ 0021] Preferably, the control neans uses an algorithm
to attribute relative inportance to the results of the first
results data set, and result data sets from said one or nore
snooth pursuits tests, fixation test and saccade test. As
such, the respective results are given a relative inportance
in the overall psychiatric evaluation. Training efficacy can
be nonitored using cross-validation to ensure a fair

description of accuracy is obtained.

[ 0022] In preferred enbodinments, the algorithm uses
nmeasur es from 3 tests, nanely free (picture) Vi ew ng,
Li ssajous O0.2Hz pursuit and fixation stability. Conveniently,

the algorithm uses 10 such neasures.

[ 0023] For a model based on a group conprising control
+ schizophrenia + bipolar + mgjor depressive disorder, such
neasures are 1) Free Viewng (fixation dispersion), 2)
Pursuit-Lissa jous 0. 2Hz (gain hori zontal ), 3)
Pursuit-Lissa jous 0.2Hz (gain vertical), 4)
Pur sui t - Hori zont al 0.4 Hz (saccade dur ation), 5)

Pursuit-Lissa jous 0.4Hz (saccade frequency), ) Free view ng
(saccade average velocity), 7) Fixation-Distracter (scanpath
| engt h), 8) Free View ng (saccade peak velocity), 9)
Pur sui t - Hori zont al 0.4Hz (saccade peak velocity), and 10)
Pur sui t - Hori zont al 0.4Hz (gain horizontal).

[ 0024] For such a nodel, the inportance attributed to
each neasure out of 100 is given as: 1) 100, 2) 66.9, 3)
58.0, 4) 41.9, s5) 33.2, 6) 31.4, 7) 31.3, 8) 27.7, 9) 27.6
and 10) 25.8. In this respect, the relative inportance of
the Free Viewing (fixation dispersion) neasure is apparent.

[ 0025] In preferred enbodi ment s, t he i mportance
wei ghting of the Free-viewing (fixation dispersion) neasure
is from 85 to 100 out of 100.
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[ 0026] According to a further aspect of the present
invention, there is provided a nethod for use in a nethod
for psychiatric eval uation conpri si ng: di spl ayi ng a
succession of different neutral imges to a patient whilst
si mul t aneousl y tracki ng eye novenent of the patient;
recording a patient's eye novenent as eye novenent data in
response to the display of said succession of inmages; wherein
said images are displayed to the patient in a predeterm ned
order and for a predeterm ned period of time;, and collecting
said eye novenent data to produce a first results data set
for use in conbination wth a second results data set
obtainable from performng one or nore of snooth pursuit
tests, fixation test and saccade tests, in identifying a
psychiatric profile of the patient.

[ 0027] This is in essence a nmethod based around a free
viewing test. The inages are neutral or bland, nanely they
are intentionally chosen so as not to provoke a strong
enot i onal response. They have a noderate, undi st ur bi ng

tranquil quality. This has proven to be highly effective in
producing extrenely highly performng data.

[ 0028] Preferably, a total of 42 images are displayed.
Conveniently, said inmages are stored and selected in turn in
a predeterm ned sequence and the inages are displayed for a
period of 5 to 10 seconds, preferably 8 seconds.

[ 0029] Preferably, the nethod further conprises carrying
out one or nore of a smooth pursuits test, fixation test and
saccade test. Results data are preferably taken from said
one or nore snooth pursuits test, fixation test and saccade

test, and used to refine said first results data.

[ 0030] The control neans preferably wuses an algorithm



10

15

20

25

30

35

WO 2013/102768 PCT/GB2013/050016

- 9 -

to weight the first results data set, and the result data
set from said one or nore snmooth pursuits test, fixation test

and saccade test.

[ 0031] Pref erably, t he nmet hod further conpri ses
attributing an inportance weighting to neasures of the first
results data set, and second result data set from said one
or nore snooth pursuit tests, fixation test and saccade

tests .

[ 0032] Conveni ently, 10 neasures are used for building

an eval uati on nodel .

[ 0033] The neasures preferably include a free view ng

(fixation dispersion) nmeasure.

[ 0034] Conveni ently, sai d free Vi ewi ng (fixation
di spersi on) nmeasure is given an inportance weighting of
85-100 out of 100.

[ 0035] Preferably, the method further conprises refining

the results data sets using preselected statistical nmethods.

[ 0036] The method may further conprise: repeating the
nmethod to obtain a nunber of sets of data from different
patient groups; building a data bank for nodeling purposes
using at least two different statistical nodeling techniques;
and cross-validating the nodels. In this connection, a
classification nodel is built from the sets of results data
obtained from the free-viewing test and one or nore snooth

pursuit tests, fixation test and saccade tests.

[ 0037] Pref erably, the nodeling t echni ques conpri se
Gr adi ent Boosted Decision Trees (GBDT) and Probabilistic
Neural Networks (PNN) . Currently the PNN nmethod is npost able
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to describe the eye nmovenment data and capable of providing
reliable and accurate nodels. These nethods are readily
available, being in the public domain, and are inplenented
in public domai n packages such as R, and in

conmer ci al | y-avail abl e packages such as DTREG

[ 0038] In preferred enbodinents, 9 nedian neasures are
taken for the free-viewing test, from (1) fixation nunber
(frequency of fixations); (2y fixation duration (mB); (3)
saccade nunber (frequency of saccades); (4 saccade duration
(n8); (5 saccade anplitude (degrees); (6) saccade average
vel ocity (deg/s); (7) saccade peak velocity (deg/s); (8)
scanpath length (deg) ; (9 fixation dispersion (how clustered

or dispersed the fixations made during the test)

[ 0039] Conveniently, the nmethod perfornms snooth pursuit
tests, further conprising steps of: displaying a noving
stimulus against a predetermned background in the niddle of
a display for a predetermined duration T; obtaining a set of
eye novenent neasurenents from the duration T excluding 1
second from the start and the last 1 second of a test; and
estimating nmedian values for Signal-to-Noise Ratio (SNR),

Root Mean Square error (RMBE) and tracking gain (eye speed

divided by stinmulus speed) . Conveniently, T is 20 seconds.
If T > 20 seconds then the patient is likely to feel
fatigue; if T < 20 seconds then calculation of the

perforrrance nmeasur es is prone to error.

[ 0040] The nmoving stinulus nay be a red circle or a spot
which changes colour (red, blue) at random intervals. The

spot is 0.5 degree dianeter.

[0041] The predetermn ned backgr ound can conprise a
colour, black or a random backdrop of spots. Wen used, 100

spots are normally adequate to provide a textured backdrop.
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The position of the spot on the display is deternmined by
random coordinates drawn from the Uniform Distribution.

[ 0042] Preferably, the stinmulus noves in a horizontal
sinusoid having a tenporal frequency between 0.2 Hz to 0.6
Hz .

[ 0043] Conveni ently, the stimulus can nmove in a 2D
si nusoi dal Lissajous pattern across the height and w dth of
the screen having a tenporal frequency between 0.2 Hz and 0.4
Hz .

[ 0044] In preferred enbodinments, 10 nedian neasures are
taken for the snooth pursuit test, from (1) fixation nunber
(frequency of fixations - interpreted as a period of
conti nuous accurate pursuit or glissade); (2) fixation
duration (ns); (3 saccade nunber (frequency of saccades);

(4) saccade duration (ms); (5 saccade anplitude (degrees);

(6) saccade average velocity (deg/s); (7) saccade peak
velocity (deg/ s); (8) si gnhal -t o-noi se rati o (anmount  of
accurate snooth pursuit conpared with 'noisy' brief saccadic
errors and adjustnents); (9) root-mnmean-square-error (aver age
positional error of the eye relative to the position of the
target); (10) gain (ratio of overall speed of the eye during
pursuit to the speed of the target) .

[ 0045] In preferred enbodinment where the stimulus noves
in a 2D sinusoidal Lissajous pattern, 10 nedian neasures are
also taken for the smooth pursuit test for vertical eye

movenent behavi our.

[ 0046] The nethod can perform a fixation stability test
conprising further steps of: displaying a central target, or
a central target together with a flanking distracter for a
predeterm ned duration T2; obtaining a set of fixation eye
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novenent neasurenents; and calculating and obtaining nedian
results from the fixation measurenments separately for single
and distracter condi tions. Preferably, the predeterm ned

duration T2 is 5 seconds.

[ 0047] In preferred enbodinents, 5 nedian neasures are
taken for the fixation t est, from (1 fixation nunber
(frequency of fixations); (2) fixation duration (ns); (3)
saccade nunber (frequency of saccades); (4) saccade anplitude

(degrees); (5 scanpath Ilength (deg)

[ 0048] The method can perform a saccade test conprising
the further steps of: displaying a novable central target;
obtaining a set of eye novenent nmneasurenents; and cal cul ating

and obtaining a set of results data.

[ 0049] In preferred enbodinents, 13 nedian neasures are
taken for a single saccade test. A saccade test is either a
pro-saccade task or an anti-saccade task. A task can be one
or both variants of gap and step conditions. This a naxinmm
65 neasurenents are available, from (1) blink frequency; (2)
nunber of saccadic adjustnents prior to first response
saccade; (3) | at ency (ns) of first response saccade;

(4) nunber of first saccades after target novenent ; (5)

anpl i tude of first response saccade (ratio of saccade

anplitude to amplitude of target novenent); (6) nunber of
correct first saccades (task dependent); (7)  nunber  of
saccadic adjustments after first response saccade; (8)

latency (ms) of return saccade; (9 nunber of return saccades
after target novenent; (10) anplitude of return saccade
(ratio of saccade anplitude to anplitude of target novenent) ;
(11) nunber of saccadic adjustnents after response saccade;
(12) gaze duration held after first response saccade (ratio
of final fixation period to actual target period); (13) gaze

anplitude after first response saccade (ratio of final
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fixation position to actual target position)

[ 0050] Preferably, the nethod additionally per formns
snmooth pursuits and fixation tests, and conbines neasures
consi stent across these tests.

[ 0051] In a further aspect of the present invention
there is provided a system for identifying and classifying
a psychiatric illnesses of a patient the system conprising: -

using the apparatus as defined above in a nethod
defined above to build an anonynous dat abase of eye
information data on individuals wth psychiatric disorders
and control subjects, wusing the apparatus in the nethod to
test said patient and conparing the patient's test results

agai nst the database for i dentifying and classifying
psychiatric illness.
[ 0052] Conveniently, the nethod or system is controlled

by software running on a conputer.

[ 0053] Preferably, the invention enconpasses a conputer
program for <carrying out the above nethod or system or a
conputer wusable nedium having control logic stored therein
for causing a conmputer to carry out the above system or
met hod.

[ 0054] An exanple of the present invention wll now be
described wth reference to the acconpanying draw ngs, of
whi ch : -

Figure 1 is a schematic drawing showi ng the apparatus

in accordance with the present invention in use; and,

Figure 2 is a flow diagram in accordance wth the

present invention.
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[ 0055] The apparatus 1 for psychiatric eval uati on
conprises a control neans 2 and a display neans 12 where the
control neans 2 is also connected to an accessible nenory
means 4 which holds a store of pre-selected images (the
stimuli of a test) . These inages are carefully chosen generic
pictures with a consideration of the cultural influences, so
that they are non-evocative and neutral to the participants.

They may for exanple be |andscapes, peopl e, f aces, or
objects. They are not noving inmages, but sinply inmges of
neut r al enot i on. Fur t her nor e, based on these inages a
free-viewing test 102, where the participants need to | ook

at the image, is prepared.

[ 0056] As shown in Figure 1, the control neans 2 is also
connected to the display means 12 so that the imges can be
di spl ayed on the display neans 12 according to the set up of
the test. These imnges are displayed in a predeternined order
and for a predetermined period of tine.

[ 0057] The display nmeans 12 nmay be a 19-inch (48cm
computer display (either as a 19-inch TFT display, or 21-inch
CRT device with visible imge scaled to match) . There is no
limtation to the size or the type of display units to be
used, however, it is inportant that the presentation of the
stimuli nust be standardised.

[ 0058] For exanple, as illustrated in Figure 1, during
the test the display neans 12 is viewed from 70cm (distance
(d) from screen to observer's eye) which can be neasured by
using a tape neasure or if in a fixed environnment neasured

from a head rest. The viewing distance (d, neasured in
degrees of visual angle) and the size of image/stimnuli is
kept constant so that the stinulus may subtend a constant

vi sual area (28.1 h x 21. 4v) t her eby stinmul ating a
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standardi sed anmount of visual cortex in the brain. This can
be appreciated in ternms of the nunber of eye novenents
required to inspect a 30cm square photograph viewed from 5
meters (i.e. virtually none) conpared with inspection of the
same photograph viewed from 0.5 neters (i.e. nmany) .

[ 0059] Using the control neans 2 and the nenory means
4, the pre-selected imges are automatically scaled to the
native resolution of the display neans 12. There nmay be
di screpancy in the appearance of the inages as the resolution
of the images may vary depending on the size and the quality

of the original i mmge, however as long as the view ng
distance (d) of the test is kept this wll not affect the
test .

[ 0060] In a nodified free viewing part of the test, the
order of presentation of the stimuli type is fixed, after

choosing a predetermned nunber of images from the nenory
means 4. A total of 42 inages may be used for each test run.
This nunber has proved effective.

[ 0061] Each of the selected images is presented on the
display nmeans 12 for 5 to 10 seconds. A duration of 8
seconds has proven nost effective to capture sufficient eye
movenents of the participants. Wen setting up the test this
duration nust be kept consistent throughout the free-view ng
test for each of its runs. Practice trials are not used for

free-view ng tests. However, calibration procedures are
al | owed .
[ 0062] During the test period, the control neans 2 which

is further connected to eye tracking neans 6 and recording
means 8, utilises these conponents to track and to record the
eye novenent of the test participants. Raw eye position data
may be acquired between 120Hz and 1000Hz. A data rate at
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250Hz or 500Hz has proven effective in collecting necessary

data from the test. Once selected, the rate mnust be also
kept consistent throughout the tests. Higher rates such as
1000 or 2000Hz may  not af ford any benefit, as the
stimuli/task do not require very high resolution dat a.

However, rates below 120Hz are not advisable because this may
not sanple eye position often enough to capture the fine

details of eye novenents induced by the stinuli.

[ 0063] The apparatus 1 may involve a helnmet system wth
no head rest or a system where a chin and head rest are
provided. This may depend on whether the participants can
keep still during eye novenent recording. The display neans

12 may vary depending on which set-up is being used.

[ 0064] The apparatus 1 further conprises a plurality of
simlar themed stimuli/imges which may be stored in the
menory means 4, and the control neans 2 takes images in turn
in a predeterm ned sequence. As discussed, the inages are
provided on the display neans 12 wherein thenes of these
i mages include |andscapes, faces and conmon everyday objects.
The inmages are intended to be neutral and the display order

preferably remains consistent.

[ 0065] From the free-viewing test, 9 median neasures can
be taken: (1) fixation nunber (frequency of fixations); (2)
fixation duration (ms); (3) saccade numnber (frequency of
saccades) ; (4 saccade duration (ms); (5 saccade anplitude
(degrees); (s) saccade average velocity (deg/s); (7)) saccade
peak velocity (deg/ s); (8) scanpath | ength (deg) ; (9)

fixation dispersion (how clustered or dispersed the fixations

made during the test)

[ 0066] As shown in Figure 2, the control means 2 further

controls the apparatus to perform one or nore of snooth



WO 2013/102768 PCT/GB2013/050016

10

15

20

25

30

35

- 17 -

pursuit tests 104, fixation test 106, and saccade tests 108

along with the free-viewng test 102.

[ 0067] In the snpboth pursuit test 104, the participant
is required to follow a target as snoothly as possible wth
their eyes, once it starts noving. The target stinmulus my
be a solid red circle shown against a black background. The
target stimulus may be a red spot or a spot which changes
its colour into such as red or blue at random intervals.

Viewed from 70cm the target is 0.5 deg in dianeter.

[ 0068] The stinmulus preferably mnoves in a horizontal
sinusoid in the mddle of the display, and in a 2D
si nusoi dal Lissajous pattern across the height and w dth of

t he screen.

[ 0069] At the experinmenter's discretion participants are
encouraged to undertake each of:

1. Horizontal 0.4Hz

2. Horizontal O0.6Hz

3. Lissajous 0.2Hz

4. Horizontal 0.4Hz changing (red/blue) target

5. Hori zont al 0. 4Hz agai nst random 100- spot
backgr ound

6. Lissajous 0.2Hz and 0.4Hz against random 100-spot
backgr ound

[ 0070] Each trial lasts 20 seconds, however, the first
and last 1 second of the trial are excluded in analysis so
that the analysis is not affected by any pursuit initiation
error, fatigue or anticipation of end of trial. There are no
practice trials. Unlike other known snmooth pursuit tests, no
distinction is nade anpongst different types of saccades such
as overshoots, <catchup and backup. Only a tally is kept of
the saccade events that have been observed during the snooth
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pursuits test 104. Furthernore, when the test results in poor
pursuit data, the paraneter estimation wusing an alternative
epoch is perforned at the evaluation stage 200.

[0071] From the smpooth pursuit test, 10 nmedian measures
are taken: (1) fixation nunber (frequency of fixations -

interpreted as a period of continuous accurate pursuit or

gl i ssade); (29 fixation duration (ns); (3) saccade nunber
(frequency of saccades); (4 saccade duration (ms) ; (5)
saccade anplitude (degrees); (6) saccade average velocity
(deg/ s); (7) saccade peak vel ocity (deg/s); (8)

si gnal -t o- noi se ratio (amount of accurate smooth pursuit
conpared with 'noisy' brief saccadic errors and adjustnents);

(9) root-nmean-square-error (average positional error of the
eye relative to the position of the target); (10) gain (ratio
of overall speed of the eye during pursuit to the speed of

the target ).

[0072] In the case the snmooth pursuit test involves
pursuing a 2D sinusoidal Lissajous pattern across the height
and width of the screen, then 10 additional nedian neasures
of the above categories are taken for vertical eye novenent

behavi our

[0073] The fixation test 106 requires the participant

to maintain steady gaze only on a central target and to
ignore flanking distracter targets when they are present. The
central t ar get my be 0.5 deg circular target. These
distracter targets appear either to the left or right of the
central target. The position of the distracter targets may
be off to 1.43 or 2.86 deg on either side of the central

target. Each condition is repeated twice. The target may be

black on a md-grey background.

[ 0074] The order of the test is fixed to:
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1. Single
2. Distracter present close |eft
3. Distracter present close right

4. Distracter present far |eft

5. Distracter present far right

6. Single
[ 0075] These stinuli are pre-rendered as imges and
present ed in exactly the same way as inages in the

free-viewng test 102. The fixed inmages are stored in the
menory nmeans 4. Each trial lasts 5 seconds and there are no

practice trials.

[ 0076] From the fixation test, 5 nedian neasures are
t aken: (1) fixation nunmber (frequency of fixations); (2)
fixation duration (ms) ; (3) saccade numnber (frequency of
saccades); (4 saccade anplitude (degrees); (5) scanpath

I ength (deg)

[0077] There are two types of tests relating to saccade
108. For a pro-saccade test, the participants are required
to keep their gaze on a target, and to follow the target
when the target noves to the side and when the target

returns to the centre of the screen.

[ 0078] For an anti-saccade test, the participants are
required to nove their gaze to the nirror location on the
opposite side of the screen when the spot noves to one side,

and to wait for the target to return to the centre.

[ 0079] From the saccade test, 13 nedian neasures are
t aken: (1) bl i nk frequency; (2) nunber of saccadi c
adjustments prior to first response saccade; (3) |latency (ns)
of first response saccade; (4) nunber of first saccades after

target novenent; (59 anplitude of first response saccade
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(ratio of saccade anplitude to anplitude of target novenent) ;
(6) nunber of correct first saccades (task dependent); (7)
nunber of saccadic adjustnents after first response saccade;
(8) latency (ms) of return saccade; (9) nunber of return
saccades after target novenent; (10) anplitude of return
saccade (ratio of saccade anplitude to anplitude of target
novenent) ; (11) numnber of saccadic adjustnments after response
saccade; (12) gaze duration held after first response saccade
(ratio of final fixation period to actual target period) ;
(13) gaze anplitude after first response saccade (ratio of

final fixation position to actual target position)

[ 0080] The test presentation depends on the type of the
participant being assessed. For exanple, the perfornmance on
the gap step and overlap <conditions in dyslexia normally
requires about 30 trials of each, in a pre-determined random
order) . Wth the psychiatric patients, for the sane

performance about 20 trials of each are required. There are

equal nunmbers of left and right displacenents and equal

nunbers of displacenments at nedium (300 pixels) and far (400
pi xel s) distances. The test lasts 4 seconds on average and
t here are 8 practice trials. A normalised saccade
di spl acenment s data is collected so that eye novenent

performance is independent of stimulus properties. This also
allows to obtain Signal to Noise Ratio (SNR and gain which

have been obtained in the smooth pursuit test 104.

[ 0081] In all four tests described above, the |ower
fixation duration threshold is 80 ms whereas the upper
threshold is unbounded. Furt her nor e, it is noted that any

alteration to the test durations nay have an adverse effect
on the success of the nodeling. Therefore consi st ency
t hr oughout the tests and collection of the data for the

analysis is required.
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[ 0082] In addition, the preference 1is to analyse data
from the volunteer's dominant eye (which could be assessed

using tests such as the 'hole-in-the-card or keyhole test)

Whenever possible binocular data can be obtained as a backup.
However, the analysis may conpensate for nonocul ar recordings
regardl ess of the dom nance of the eye wused due to

problematic setup or calibration of the eye tracker.

[ 0083] As shown in Figure 2, once all tests 100 have
been carried out, the sets of results data 202 from each of
the test s passed onto the evaluation stage 200. The
evaluation is carried out by building classification nodels
206 using super vi sed machi ne | earni ng t echni ques. In
addition, traditional nmet hods such as analysis of variance
204 can also be used. Exanples of such learning techniques
are Gradient Boosted Decision Trees (@GBDT) and Probabilistic
Neural Networks (PNN) nethods. Ootaining large data sets aids

in tweaking the paraneters of the analyses to be Iless

critical. The paraneters such as variable weighting can be
adjusted depending on the purpose of the tests.

[ 0084] Each build of the nodel to incorporate new
patient groups wll alter the inmportance of individual tests

and test neasures.

[ 0085] In this connection, the control neans attributes

an inportance weighting to the results data set from the
nodified free viewing test, and the results data set from
said one or more of smooth pursuit tests, fixation test and

saccade tests.

[ 0086] Exanpl es of how the nodels are built are
illustrated with reference to the following nodels 1, 2, 3
and 3a. As shown, each build of the nodel to incorporate new

patient groups wll alter the inportance of the individual
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tests and test neasure. The relative inportance of measures
is given for a nunber of builds. The nodels shown in tables
1, 2 and 3 use 5 tests (free-viewing, fixation stability, and
3 pursuit tasks) .

[ 0087] Model 1 relates to controls and Schizophreni a.

Classification performance for training and |eave-one-out

cross validation procedures are shown  bel ow. Aver age
sensitivity, specificity and accuracy values are given in
italics. Cross-validation was used to examne how well the
nmodel mght generalise when presented wth new data. Mre
aggressive nethods of cross validation such as 10% hol d back
can be used. However, there is a risk that inportant

information (participant variance) would be lost as nuch as
weaknesses in the nodel mght be highlighted, when it is
applied to the npdest sanple sizes wused in this nodel.

Nevert hel ess, these steps are necessary to limt the risk of
the nodel being over-fitted to noisy data. Training set
performance alone does not adeguately reflect the nodel's
efficiency or  success, and had there been a perfect

classification wunder cross validation then it is likely that
there is a fault in the nethod. Schizophrenia cases include
data from patients we tested in Germany (n=27) . The top-10

nmost influential nmeasures in determning nodel structure are

also shown in a table.
con = undiagnosed controls, scz = schizophrenia, Sens =
sensitivity, Spec = specificity, Acc = accuracy



WO 2013/102768 PCT/GB2013/050016

— 23 —
Predi ct ed Sens Spec Acc
con Scz
o con 95 100.0 100.0 100.¢C
£
-
5 g scz 87 100.0 100.0 100.¢
o D
H 0
H <
100.0 100.0 100. 0
Predi ct ed Sens Spec Acc
con sc2:
8
Ivi con 94 1 99.0 99.0 99.0
8
- 5 scz 1 86 99.0 99.0 99.0
p ot
>0
Y S8
0]
0
Q
0
99.0 99.0 99.0
Test Subtest Measure Importance
Free-viewing Fixation dispersion 100.0
Fixation Distracter Scanpath length 33.2
Pursuit Lissajous .2Hz Saccade amplitude 23.2
Pursuit Horizontal .4Hz Saccade peak velocity 16.7
Free-viewing Fixation duration 16.3
Pursuit Lissajous .4Hz Gain (vertical) 15.1
Pursuit Lissajous .2Hz Gain (horizontal) 14.0
Free-viewing Scanpath length 7.0
Pursuit Lissajous .2Hz Fixation duration 6.7
Pursuit Lissajous .2Hz Saccade average 6.5

velocity
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[ 0088] Model 2 relates to controls, Schi zophr eni a and
Bi pol ar Disorder. The sophistication of the network nodelling
approach allows bipolar cases to be distinguished from
schi zophrenia wth high accuracy. These results suggest that

there my be wunique eye novenent phenot ypes in these
illnesses
con = wundiagnosed controls, scz = schizophrenia, bpad =
bi pol ar affective disorder, Sens = sensitivity,
Spec = specificity, Acc = accuracy
Predicted Sens Spec Acc
con scz bpad
con 95 100.0 98.6 99.2
o)
=
c R 2 87 100.0 100.0 100.0
Eoo3
< bpad 2 57 96.6 100.0 99.2
98.9 99.5 99.5
Predicted Sens Spec Acc
con scz bpad
5 con 92 2 1 %8 938 950
2
6
2 T xz 5 79 3 908 9.1 954
] 3
= o
v <  bpad 4 1 54 91.5 97.8 96.3
0
153
;

93.0 96. 6 95.6
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Test Subtest Measure Importance

Pursuit Horizontal .4Hz Gain 100.0

Pursuit Lissajous .2Hz Gain (horizontal) 96.5

Pursuit Lissajous .4Hz Gain (vertical) 87.0

Free-viewing Fixation dispersion 85.0

Pursuit Lissajous .2Hz Gain (vertical) 35.9

Fixation Distracter Scanpath length 19.2

Pursuit Horizontal .4Hz Saccade peak velocity 18.9

Pursuit Lissajous .2Hz Saccade amplitude 15.4

Free-viewing Scanpath length 115

Fixation Distracter Saccade frequency 8.2
[ 0089] Model 3 relates to controls, Schizophrenia, Bipolar
Di sorder and Maj or Depr essi ve Di sorder. Data from 20
depressed cases (tabulated at the tinme of this report) are
di sti ngui shed with sur pri sing accuracy, with subtl e
consequences for the other categories. We want to recruit

further MDD cases to inprove the balance of sanple nunbers.
Schi zoaf f ecti ve cases have not been i ncl uded because
supervised classification cannot |earn enough about this
group from a small sanple size.

con = undiagnosed controls, scz = schizophrenia, bpad =

bi pol ar affective disorder, ndd = mgjor depressive disorder,
Sens = sensitivity, Spec = specificity, Acc = accuracy

Predicted Sens Spec Acc

con scz bpad mdd

con 95 100.0 99.4 99.6
é)
E - scz 87 100.0  100.0  100.0
‘© 2
- §)
= < bpad 1 58 983 1000  99.6
mdd 20 100.0  100.0  100.0

99.6 99.9 99.8
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Predicted Sens Spec Acc
con scz bpad mdd
6
= con 94 1 990 970 977
T
S § sz| 2 8 1 954 983 973
" )
a °
4 < bpad 3 2 52 2 88.1 99.0 96.6
1
(&)
mdd 19 95.0 98.8 98.5
94.4 98.3 97.5
Test Subtest Measure Importance
Free-viewing Fixation dispersion 100.0
Pursuit Lissajous .2Hz Gain (horizontal) 66.9
Pursuit Lissajous .2Hz Gain (vertical) 58.0
Pursuit Horizontal .4Hz Saccade duration 419
Pursuit Lissajous .4Hz Saccade frequency 33.2
Free-viewing Saccade average 314
velocity
Fixation Distracter Scanpath length 31.3
Free-viewing Saccade peak velocity 27.7
Pursuit Horizontal .4Hz Saccade peak velocity 27.6
Pursuit Horizontal .4Hz Gain (horizontal) 25.8
[ 0090] Model 3 can be nodified to use only 3 tests (picture
view ng, Lissajous 0.2Hz pursuit, fixation stability)
a view to refining the testing procedure. WMdel 3a shows such
sinplified network nodel relating to controls, Schizophrenia,
Bi polar Disorder and Mjor Depressive Disorder. Even in such
case, separation of cases and controls remains inpressive
using performance neasures from just three tests.
con = undiagnosed controls, scz = schizophrenia, bpad
bi pol ar affective disorder, ndd = mgjor depressive disorder,
Sens = sensitivity, Spec specificity, Acc accuracy
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Predicted Sens Spec Acc
con scz bpad mdd
con 95 100.0 100.0 100.0
8)
[
E T  scz 87 100.0  100.0  100.0
=)
£ B
< bpad 59 100.0 100.0 100.0
mdd 20 100.0 100.0 100.0
100.0 100.0 100.0
Predicted Sens Spec Acc
con scz bpad mdd
5
b con 89 3 3 93.7 97.6 96.2
o]
E T Scz 1 83 2 1 95.4 96.6 96.2
1 =3
0 ko)
9 < bpad 3 2 51 3 86.4 94.6 92.7
1]
mdd 1 6 13 65.0 98.3 95.8
85.1 96.8 95.2
Test Subtest Measure Importance
Free-viewing Fixation dispersion 100.0
Pursuit Lissajous .2Hz Gain (vertical) 71.6
Pursuit Lissajous .2Hz Gain (vertical) 37.3
Fixation Distracter Fixation duration 34.5
Free-viewing Saccade amplitude 33.8
Free-viewing Saccade average 26.7
velocity
Fixation Distracter Scanpath length 20.9
Fixation Distracter Saccade amplitude 16.7
Free-viewing Scanpath length 14.4
Fixation Single Scanpath length 10.8
[0091] Mbodels 3 and 3a show that, even if the nunber of



10

15

20

25

30

35

WO 2013/102768 PCT/GB2013/050016

- 28 -

tests has changed the inportance of free-viewing (fixation
di spersi on) test remains 100.0 whereas the inportance of
Lissajous 0.2Hz pursuit and fixation stability has been
adj ust ed. Furthernore, There can be 55 different neasures,
which can be obtained by going through all the tests to
bui | d a nodel. However , anmongst t hese 55 neasures
free-viewing fixation dispersion has highest influence values
with the nmedian 96.96 with the range of 66 to 109.

[ 0092] In the preferred enbodinents, 10 nmeasures are hence
chosen for use in the fornmulation of the nodels. Of these,
the free view ng (fixation dispersion) nmeasur e has a
consistently high inportance weighting, wth the remining

nmeasures generally contributing to dimnishing degrees in an

algorithm for determining the evaluation nodel.

[ 0093] Once the classification nodels are established,
they are refined and used to predict an illness of an
i ndi vi dual 208. In this connection, the nodels are refined

when new tests or retests are carried out on patients or
control subjects. The patients and the control subjects who
have been tested nmay be retested to check whether there have

been any changes to their performance.

[ 0094] In the case where an individual cannot conplete
a test, this leaves mssing data before nodeling 206 can take
pl ace. In such a case, the traditional nmet hod repl aces

mssing values wth the nean or nedian of the relevant

group's values for that wvariable. However , according to
present invention, surrogate splitters (GBDI) or surrogate
variables (PNN) replace nissing data at the evaluation stage
200. Surrogate values are interpolated from the individual's

avail able data based on their group's characteristics. Thi s
allows inconplete test results data which are a feature of

clinical experinments to be reflected in the analysis.
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[ 0095] Each of +the tests and the nodeling can be
cust om sed dependi ng on the i ndi vi dual partici pants,
illnesses etc. In the exanple given, the apparatus and the
method have applied to schizophrenia. However, in this

regard, the sane nmay be applicable for delineating other
psychiatric phenotypes such as bipolar affective disorder,
schi zo-af fective and maj or depressive di sorders,
obsessi ve- conpul si ve di sorder, auti sm ADHD and PTSD.
Furthernore, dyslexia, which is probably neurodevel oprental
in origin, but not technically a psychiatric disorder, nay
al so be anenable to this approach.

[ 0096] The machine l|earning nodel wusing data from a
[imted nunber of psychiatric cases with various diagnoses

t oget her with nornmal control subjects shows remarkable

predictive ability to correctly «classify new cases and
control subj ect s. Ther ef or e, the nmenory nmeans 4 can be
designed to contain data from a large sanple sizes wth
defined clinical psychiatric disorders as well as individuals

with ill defined conditions, high risk famly nenbers and
individuals with dyslexia etc. Furthernore, the nmenory neans

4 can also be constantly added to and refined.

[ 0097] The information about the variation in patients
and control subjects can be exploited by refining performance
measur enent and anal ysing these measures using sophisticated
algorithms. This indicates an accurate trait or biomarker of
risk of psychiatric illnesses using an eye novenment phenotype
is possible. The profile of the abnormalities detected may
be able to stratify psychiatric illnesses into clinically
rel evant subcategories. Wth this in nmind, the apparatus is
designed in such a way that it can be used in a clinical
setting with mnimal training and be as conpact as a personal
| aptop or desktop conmputer.



10

15

20

25

30

35

WO 2013/102768 PCT/GB2013/050016

[ 0098] In this connection, the apparatus and the nethod
my be wused for the clinical assessnent, di agnosis  and

treatment of individuals with mgjor psychiatric disorders and

probably also dyslexia. Relevant treatnment can also include
drug trials by the pharmaceutical i ndustry.
[ 0099] The apparatus and the nethod nay also be used in

the evaluation of individuals at high risk of psychiatric

disorders who may be only at the tine of assessnent be
denonstrati ng vague psychiatric synpt ons. However if the
presence of specific patterns of eye novenent abnormalities

put the individual into the ultra high risk category clinical

intervention would probably be indicated. Furt her nore, t he
apparatus and the method provides an anonynised database of
eye novenment information on |large nunmbers of individuals wth
psychiatric and ot her neur odevel opnent al di sorders and
control subjects with which new clinical assessnents and

screening tests etc can be conpared.

[0100] In addition there are certain occupations where
potential recruits are carefully screened for the absence of
psychiatric di sorders. These include the arned forces,
airline pilots, offshore workers on oil rigs etc. The above
descri bed eye novenent tests can be an invaluable adjunct to
clinical history and exam nation. For exanple, with regard
to the armed forces, they could be used not only to screen
out individuals at high risk of psychiatric disorders but
al so used as baseline nmeasurenments anobng recruits thensel ves.
This is possible because the tests are normally stable over
time so that if there are any subsequent changes in baseline
nmeasur enent s this may provide bi ol ogi cal evi dence of
traumatic brain injury (TBI) or post-traumatic stress
di sorder (PTSD)
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[0101] As described above, any eye novenent tests are
likely to be used in conmbination with clinical evaluation and

genotypic information.

[0102] It wll be understood t hat the enbodi nent
illustrated above shows an application of the invention only
for the purposes of illustration. |In practice the invention
may be applied to many different configurations, the detailed
enbodi nents being straightforward for those skilled in the
art to inplenent.

[0103] In this respect, off-the shelf hardware such as
EyeLink | (provides a helnet system and no head rest) can be
used for building the apparatus and EyelLink 2000 eye tracker
(provides a chin/head rest) which consists of a 'host PC
which acquires eye gaze data communicating wth a 'subject
PC which presents the images can also be used.

[0104] In its broadest form the invention conprises an
apparatus and a nmethod for performng a specific form of a
free-viewing test along with one or nore further tests. In
this regard, it has been found that this nodified test
affords high quality data for use in psychiatric evaluation.

The invention enconpasses a nultivariate test, conmbining the
nodified free-viewing test with one or nore of enhanced
snmooth pursuits, fixation test and saccade tests. |In this
connecti on, it is preferred that in addition to the nodified
free-viewing test, a smooth pursuit and fixation test are
carried out, wth various nedian neasures being taken from
each of the tests. It has been found that wvirtually all
patients and controls can undertake such a nultivariate test
successful ly
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d ai ns

1. Apparatus for wuse in a nethod for psychiatric

eval uati on conpri sing:

menory neans for holding a store of pre-selected
i mages ;

di splay neans for displaying a succession of said
imges to a patient;

eye tracking neans for tracking eye novenent of
the patient;

recording neans for recording eye novenent data
corresponding to a patient's eye novenent in response to the
display of said succession of imges (and for recording
di spl ayed inmage data corresponding to the imges displayed
by the display neans);

control nmeans for controlling the display neans
to display the images to the patient in a predeterm ned order
and for a predeterm ned period of tine, and for controlling
the recording means to record said eye novenent data and
di spl ayed inmage data over said period of time; and

eval uation neans for evaluating said eye novenent
data and displayed inmage data to produce a first results data
set for use, in conbination of a second results data set
obtainable from performing one or nore of snooth pursuit
tests, fixation test and saccade tests, in identifying a
psychiatric profile of the patient.

2. Apparatus as claimed in claim 1, wherein the
control nmeans provides that a total of 42 imges are
di spl ayed.

3. Apparatus as claimed in claim 1 or claim 2,
further conprising a nmenory neans for storing a plurality of
neutral inmages, and said control neans provides that each of
said imges from said nmenory neans are displayed in turn in
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a predeterm ned sequence.

4. Apparatus as claimed in any preceding claim
wherein the control neans provides that the inmges are
di splayed for a period of 5 to 10 seconds.

5. Apparatus as clainmed in any preceding claim
wherein the control nmeans further controls the apparatus to
perform one or nore of snooth pursuit tests, fixation test
and saccade tests.

6. Apparatus as clained in claim 5, wherein the
control mneans takes results data sets from said one or nore
snooth pursuit tests, fixation test and saccade tests, and
uses them to refine said first results data set.

7. Apparatus as claimed in claim 6, wherein the
control nmeans attributes an inportance weighting to neasures
fromthe first results data set, and the second results data
set from said one or nore of snooth pursuit tests, fixation

test and saccade tests.

8. Anmethod for a psychiatric evaluation conprising:
di spl aying a succession of different pre-selected
neutral inmages to a patient whilst sinmultaneously tracking
eye novenent of the patient;
recording the patient's eye novenent as eye
movenent data in response to the display of said succession
of i nmages;
wherein said inmages are displayed to the patient
in a predetermned order and for a predeterm ned period of
time; and
collecting said eye novenent data to produce a
first results data set for use, in conbination of a second

results data set obtainable from performng one or nore of
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snmooth pursuit tests, fixation test and saccade tests, in
identifying a psychiatric profile of the patient.

9. The nmethod as clained in claim 8, wherein a total
of 42 images are displayed.

10. The nmethod as clained in claim 8 or claim o9,
wherein said inages are stored and selected in turn in a
predeterm ned sequence.

11. The method as claimed in any one of claims 8 to
10, wherein the images are displayed for a period of 5 to 10
seconds .

12. The method as claimed in any one of claims 8 to
11, wherein the nethod further conprises performng one or
nore of smooth pursuit tests, fixation test and saccade
tests .

13. The method as claimed in claim 12, wherein
results data sets are taken from said one or nore snooth
pursuit tests, fixation test and saccade tests, and used to
refine said first results data set.

14. The method as claimed in any one of claims 8 to
13, wherein the nmethod further conprises attributing an
i mportance weighting to neasures of the first results data
set, and second result data set from said one or nore snooth

pursuit tests, fixation test and saccade tests.
15. A nethod as claimed in any one of claine 8 to
14, wherein 10 neasures are used from the collected eye

novenent data for building an evaluation nodel.

16. A nmethod as claimed in claim 15  wherein said
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nmeasur es include a free viewng (fixation dispersion)
nmeasure .
17. A method as clained in claim 16, wherein said
free viewng (fixation dispersion) measur e is given an

i nportance weighting of 85-100 out of 100.

18. A nmethod as clainmed in any one of clains 8 to 17
further conprising:
refining the results data using preselected

statistical nmet hods.

19. A nethod as clained in any one of clainms 8 to 18,
further conprising:
repeating the method to obtain a nunber of sets
of data from different patient groups;
building a data bank for nodeling purposes using
at least two different statistical nodeling techniques; and

cross-validating the nodels.

20.. A nmethod as claimed in claim 19, wherein the
nodel i ng techniques conprise Gadient Boosted Decision Trees
(GBDT) and Probabilistic Neural Networks (PNN)

21. The method of any one of claine 8 to 20, wherein
9 nmedian neasures are taken for the free-viewing test, from
(1) fixation nunber (frequency of fixations); (2) fixation
duration (ns); (3 saccade nunber (frequency of saccades);
(4 saccade duration (ns); (5 saccade anplitude (degrees);
(6) saccade average vel ocity (deg/s); (7) saccade peak
velocity (deg/s); (8 scanpath length (deg) ; (9 fixation
di spersion (how clustered or dispersed the fixations made

during the test)

22. A nethod of any one of claims 8 to 21, wherein
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the nethod perfornms snmooth pursuit tests, further conprising
steps of:

di spl ayi ng a novi ng stimul us agai nst a
predeterm ned background in the mddle of a display for a
predetermned duration -+

obtaining a set of eye novenent nmeasurenments from
the duration T excluding 1 second from the start and the
last 1 second of a test; and

estimating median values for Signal-to-Noise
Ratio (SNR) , Root Mean Square error (RVSE) and tracking gain
(eye speed divided by stimulus speed) .

23. The nethod as claimed in claim 22, wherein, T is

20 seconds.

24. The method as clained in claim 22 or 23, wherein
the nmoving stinmulus is a red circle or a spot which changes

colour and has a 0.5 degree dianeter.

25. The method as clainmed in any one of clains 22 to
24, wherein the predeterm ned background conprises colour,

black or is formed of a random pattern of spots.

26. The method as clainmed in any one of clains 22 to
25, wherein the stinmulus nmoves in a horizontal si nusoi d

having a tenporal frequency between 0.2 Hz to 0.6 Hz.

27. The method as clainmed in any one of clains 22 to
25, wherein the stimulus noves in a 2D sinusoidal Lissajous
pattern across the height and width of the display having a

tenmporal frequency between 0.2 Hz and 0.4 Hz.

28. The nethod of any one of claims 22 to 27, wherein
10 nedian neasures are taken for the snmooth pursuit test,

from (1 fixation nunber (frequency of fixations -
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interpreted as a period of continuous accurate pursuit or

gli ssade); (2) fixation duration (nmB); (3) saccade nunber
(frequency of saccades); (4) saccade duration (nmB); (5)
saccade anplitude (degrees); (6) saccade average velocity
(deg/s); (7) saccade peak vel ocity (deg/s); (8)

si gnal -t o- noi se ratio (anpbunt of accurate snoboth pursuit
conpared with 'noisy' brief saccadic errors and adjustnents);
(9) root-nean-square-error (average positional error of the
eye relative to the position of the target); (10) gain (ratio
of overall speed of the eye during pursuit to the speed of

the target ).

29. The mnmethod as claimed in claim 28, wherein the
10 nedian neasures are taken for the snoboth pursuit test for

vertical eye novenment behaviour.

30. The nethod as clained in any one of clainms 8 to

29, wherein the nmethod perforns a fixation stability test
conprising further steps of:

displaying a central target, or a central target
and a flanking distracter for a predetermined duration T2

obt ai ni ng a set of fixation eye novenent
measur enment s; and

calculating and obtaining nedian results fromthe
fixation neasurenents separately for single and distracter

condi tions

31. The nethod according to claim 30, wherein the

predetermined duration T2 is 5 seconds.

32. The nethod as claimed in 30 or 31, wherein 5
nmedi an neasures are taken for the fixation test, from (1
fixation nunber (frequency of fixations); (2) fixation
duration (nms); (3) saccade nunber (frequency of saccades);

(4 saccade anplitude (degrees); (5 scanpath |length (deg)



10

15

20

25

30

35

WO 2013/102768 PCT/GB2013/050016

- 38 -

33. The nmethod as clainmed in any one of clains 8 to
32, wherein the nethod perforns a saccade test conprising
further steps of:
di splaying a novable central target;
obtaining a set of eye novenent neasurenents; and

calculating and obtaining a set of results data.

34. The nmethod as clainmed in 33, wherein 13 nedian
neasures are taken for the saccade test, from (1) blink
frequency; (2 nunber of saccadic adjustnents prior to first
response saccade; (3) latency (nms) of first response saccade;
(4) number of first saccades after target novenent; (5)
anplitude of first response saccade (ratio of saccade

anplitude to anplitude of target novenent); (6) nunber of
correct first saccades (task dependent); (7) nunber of
saccadic adjustnents after first response saccade; (8)

latency (ms) of return saccade; (90 nunber of return saccades
after target novenent; (100 anplitude of return saccade
(ratio of saccade anmplitude to anplitude of target novenent) ;
(11) nunber of saccadic adjustnents after response saccade;
(12) gaze duration held after first response saccade (ratio
of final fixation period to actual target period); (13) gaze
anplitude after first response saccade (ratio of final
fixation position to actual target position) .

35. The nmethod of any one of clains 8 to 34, wherein
the nethod uses neasures that are consistent across the
different tests.

36. A system for identifying and classifying a
psychiatric illnesses of a patient the system conprising: -
using the apparatus according to any one of

claims 1 to 7 in a nethod according to any one of clains 8
to 35 to build an anonynous database of eye information data
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on individuals wth psychiatric disorders and control
subj ect s,

using the apparatus according to any one of

claimte 1 to 7 in a nmethod according to any one of clains 8
5 to 35 to

test said patient and conparing the patient's test

results against the database for identifying and classifying

psychiatric illness.

10 37. A system according to claim 36, as controlled by
software running on a conputer.

38. A conputer program for carrying out the nethod
or system of any one of clains 8 to 37.
15

39. A conputer wusable medium having control |ogic
stored therein for causing a conputer to carry out the system
or nethod of any one of clains 8 to 37.
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