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SUMMARY PAGE 

THE PROBLEM 

Development of methods and devices to facilitate measurement and analysis of 
nystagmus records. 

FINDINGS 

One of the two devices developed requires manual alignment of a crosshair with 

the nystagmus slope. This process is much faster than unaided manual scoring because 

U the mechanical aid in slope measurement is very effective, 2) time measurement is 

vir.ually 'automatic, and 3) all steps after the crosshair alignment, including tabulation 

of digital information and plotting of analog information, are accomplished automatical¬ 

ly.^ The second device uses an area-summating electronic circuit combined with a 

timing switch for measuring average slow phase velocity. The main components are 

inexpensive plug-in units available for recording systems commonly used in electro¬ 

nystagmography. This device is less versatile but much faster than the first. Although 

not equivalent to a complex digital computer system, this device does provide immediate 

analog and digital display of analyzed nystagmus. Additional opérerions performed on 

the output of these devices can provide immediate estimates of the 5 time constant and 

other parameters with potential clinical significance. Topics dis .ussed include sources 

of error in several methods of scoring nystagmus and advantages of rapid nystagmus 

processing for experimental purposes, for aviator evaluation, and for clinical applica¬ 
tion. 
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INTRODUCTION 

The recording of vestibular nystagmus by electronystagmography and other methods 

is becoming a common practice in clinical (8,18) and experimental (2-5) evaluation of 

the vestibular system. With adequate recording equipment, displacement of the pen is 

approximately proportional to angular displacement of the eyes, and paper speed deter¬ 

mines the time base of the recordings. Several measurements of such records have been 

of primary interest: 1) duration of nystagmus, 2) total angular displacement of the eyes 

in the slow phase direction within some time interval, 3) angular velocity of the eyes in 

the slow phase direction at a number of points in time during the course of the response, 

and 4) number of nystagmus beats. 

With the exception of duration, which requires a decision only about nystagmus 

termination, these different measures of nystagmus can be very time consuming when 

done manually. The present report describes two devices, one similar to a trace reader 

described by Benson and Stuart (2) and another complementary device, which facilitate 

measurement of nystagmus records and also facilitate the digital and analog presentation 
of the analyzed nystagmus data. 

A. ELECTROMECHANICAL SLOPE COMPUTER 

Measurement of Slow Phase Velocity and Time of Each Nystagmus Beat 

In the experimental and clinical evaluation of nystagmus it is often desirable to 

obtain paired measures of 1) the slow phase velocity of each nystagmus beat and 2) the 

time of occurrence of the beat measured from some temporal starting point, e.g., the 
end of stimulation. 

Although compute methods are available for stimulus-response patterns which 

are used a great number of times, measurement of new or occasionally used stimulus 

response patterns can be facilitated greatly by a device for "reading out" the slope and 

time of each nystagmus waveform. The device diagrammed in Figure 1 and pictured in 

Figure 2 serves to accomplish this task. It consists of: 

1) A table with bearings and ways for a main carriage that moves laterally, i.e., 

along the x-axis, which is the time-axis. A potentiometer attached to the carriage 

provides voltage, proportional to lateral displacement, which is the time analog. The 

carriage contains bearings and ways permitting perpendicular movement of a polished 

plexiglass assembly along the y-axis. The plexiglass assembly contains a central trans¬ 

parent disc with crosshairs. Aligning one of the central crosshairs with a nystagmus 

slope turns the wiper of a potentiometer which provides a voltage proportional to angu¬ 

lar displacement. The tangent of this angle is equal to nystagmus slope when the record¬ 

ing paper has been properly positioned on the table. The table is 66 inches (x-axis) by 

24 inches (y-axis) to accommodate measurement of a convenient length of an 8-channel 
oscillograph record. 
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2) A variable base function generator converts the angular~displacement voltage 
into tangents of the angle. Tangents are in turn converted into angular velocity of the 
eyes in degrees per second by setting a dial on the operational amplifier. Appropriate 
dial settings are obtained from routine eye-movement calibration procedures. 

3) An X-Y plotter produces the analog display of slow phase eye velocity plotted 
with respect to time. 

4) A digital voltmeter and a digital recorder provide printed records of the time 
and angular velocity of each measured slope. 

With this device, records can be scored, tabulated, and plotted in about one- 
tenth the time required for unaided manual completion of the job. The scorer's task of 

aligning the crosshair of the central disc with a nystagmus slope is illustrated in Figure 
3. The intersection of the crosshairs is the time printed and plotted; thus, time printed 
for the beat measured in Figure 3 is at the midpoint of the beat. Because the device is 
properly machined, the alignment is accomplished quickly. 

To compensate for baseline shifts, the outer disc can be rotated, thereby dis¬ 
placing the central disc and potentiometer together as a unit. This rotates the central 
hairline without changing the output of its potentiometer. In practice this adjustment 
has been used very little.* 

A foot switch triggers printout of the time (T) and velocity (V) of each beat and 
also triggers the X-Y plotter. The type of information thus obtained is shown in Figure 
4. The initial nystagmus recording is shown beneath the analog display (plotted graph); 
the tabulated digital readout is presented in the columns on the right in Figure 4. The 

extreme righthand column designates decimal positions for the middle column of three- 
digit number sets. Decimal points were inserted manually into these sets for illustrative 
purposes in this report. The plus and minus signs are printout designations of nystagmus 
direction. The lowermost pair of three-digit sets refers to the first nystagmus beat which 
has a slow phase velocity (V) of 4.10 deg/sec at a time of 0.733 seconds. The next pair 
of V and T scores above these refer to the second beat, et cetera. The graphic plot 
was made by the X-Y plotter; labeling of the coordinates was the only drafting work 
required before photographic reproduction of Figure 4. 

Data available on other channels of the oscillograph record can also be included 
in the digital and analog display. For example, the time of the beginning and end of 
the stimulus, the magnitude of the stimulus, and points of subjective signals can all be 
displayed. In the analog display, other events can be indicated sufficiently above or 
below the x-axis to avoid confusion with the plotted eye velocity, while in the digital 

* Another potentiometer driven by the outer disc could be used to register baseline shifts 

on one channel while nystagmus relative to this baseline would be displayed on another 
channel. This feature has not been incorporated into the present device. 

4 



I
?<
1

£

i,.o I
I ji i
' is JX O -5

- • f ■it-

-a
'i
5:
'o
■s.s
f
I
8
u

g.
■5
S

.r
S



T
im

« 
V

e
lo

c
it

y
 

mrnmmmmmrn 
/ 

fN(N<N(NCN(N{NfN(NrN'-<Nr-fSi— (N — (N^ 

1 1 ' • 4 4 4 + 4 -♦ 
<N — fN — fN (N — <N IN CO fM 

^a,o<,or.o;CKcD--:ooc0<><,c>1(ss3(o,<,o.r,-m<,<)^0,,<)0.00. 

!->►->•-> l->t->t->l->(->l_>(_> 

o 

u 
« 
(0 

CM 

8 
o 
CVi 

T- 

o 

(M 

• o 

• eo 

u> 

/ 

038/930) A1I0013A 3A3 3SVHd MOHS 

o 
I 

N- 
s 
3 
0) 

iE 

6 

A
na

lo
g 

D
is

pl
ay

 (
G

ra
ph

ic
 P

lo
t)
 a

nd
 D

ig
it

al
 D

is
pl

ay
 (

R
ig

ht
ha

nd
 C

ol
um

ns
) 

o
f 

M
ea

su
re

m
en

ts
 o

f 
th

e 
O

ri
gi

na
l 

N
ys

ta
gm

us
 R

ec
or

d 
(S

ho
w

n 
be

lo
w
 G

ra
ph

ic
 P

lo
t)

 



readout they would be displayed In a particular sequence before or after the set of V 
and T measures of nystagmus. 

This device is also convenient for analysis of cyclic events. For example, rota¬ 

tion about an Earth-horizontal axis produces prolonged nystagmus with a cyclic modula¬ 

tion regulated by position of the skull relative to gravity (5). Nystagmus velocity can 

be measured at selected points in the cycle, e.g., every 30 degrees. If desired, meas¬ 

ures obtained from 10 or 20 cycles can be superimposed on one graph to show the average 

cyclic: variation as well as the dispersion (Figure 5). Of course, the cycles can also be 

examined sequentially to ascertain temporal shifts in the cyclic modulation. 

B. ELECTRONIC SUMMATION DEVICE 

Measurement of Summed Slow Phase Displacement and Average Slow Phase Velocity 

Total angular displacement of the eyes has been measured in many studies to obtain 

a single numerical score representing the magnitude of a nystagmus reaction (3). Fast 

phases are ignored, and slow-phase displacement is summed from one beat to the next 

throughout the preselected interval. If the interval selected is the entire duration of 

he pnmary vestibular nystagmus, then the measure gives the entire angular displacement 

of the eyes m the slow phase direction. Scores may range up to several thousand degrees, 

depending upon the magnitude and duration of the stimulus and the responsiveness of the 

subject. Dividing such a score by timed duration of the response provides another score, 

average sfow phase velocity. Since responses may be either weak but long or strong but 
short, these two indicators may vary somewhat independently. 

Integrating preamplifiers used in the area-summation mode are a means of summing 

successive nystagmus beats for the entire response or for successive intervals within a 

response. It should be noted that the operations involved are the inverse of electronic 

differentiators which have been used (14,16,17) to convert eye displacement to eye 

velocity measures. The quality of the final tracing with summating circuits is not 

degraded by electrical and biological noise which would be sufficient to make qualita¬ 

tive y unacceptable the final product of electronic differentiation. The quantitative 

result ,n either of these operations can be influenced by noise, but the occasional cor¬ 

rections thus necessitated do not outweigh the advantages of electronic summation. 

. T?"60' dî°grammed în R9ure 6 assembled from commercially available 
and relahvdy inexpensive components. It comprises a basic recording system with two 

plug-.n units, an integrating preamplifier and a timing switch, and three auxiliary units 

io al f*9 9 prÎJ.mPlîfîer a,nd 'he basic recording system are required forThe 
total output scores. This preamplifier must be used in the area-summation mode 

and the Input Selector switch is set to the Single-Ended AC position. This gives a 

0-cf» low-frequency roll-off. The fast phase of nystagmus must step the recording 

pen m a positive direction to achieve acceptable accuracy. A switch for reversing 

signal polarity allows processing of either left- or right-beating nystagmus. The second 

Plug-,n unit, the timing switch, permits an analog display by the recording pen of 
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average slow phase velocity in successive time samples of the response. The X-Y 
recorder merely provides an additional analog display, with minor qualitative advantages 
The digital voltmeter and recorder* are required for digital printout. 

Typical recordings are shown in Figure 7. Line A of Figure 7 is the usual displace¬ 
ment recording, and Line B is the summated displacement recording. Multiplying the 
total number of cycles in Line B by one calibrated cycle of the record provides the total 
slow phase output. For example, one cycle represents 150 degrees of slow phase eye 
displacement, and hence the 3.5 cycles shown represent 525 degrees, i.e 3 5 x 150 
degrees, of slow phase eye displacement. Noise and other sources of error noted in 
Line A can be subtracted from the total derived from Line B. The average slow phase 
yelacity of any one cycle can be calculated by dividing the time required for the cycle 
into 150 degrees, or the average slow phase velocity for the entire response can be ob¬ 
tained by dividing total slow phase displacement by the total duration of the response 
A sensitivity control can be used to change the rate of automatic recycling;# e.g., 5.25 
cycles would have been produced in Line B if sensitivity had been increased so that 
1 cycle = 100 degrees. 

When the t.çmng swiM, !, u5ed for recycling, eye displacement is summed within 
successive intervals of preselected length. Line C of Figure 7 shows results of timer 
recycling at two-second intervals. Pen displacement at the end of each interval is 
directly proportional to average slow phase velocity within the interval. Hence, an 
analog display of average slow phase velocity plotted for each two-second interval of 
the response is immediately available. An exception to this direct relationship occurs 
it very high velocity nystagmus produces recycling before the end of an interval. Pru¬ 
dent selection of sensitivity settings and interval duration will minimize these discrep¬ 
ancies, and any which still occur can be manually corrected by brief perusal of the 
tracings. Thus, the analog display of average slow pha-e velocity plotted with respect 
to time may be corrected by comparing Line A and B records which are obtained simul¬ 
taneously. Two analog displays of the analysis of a nystagmus response by the Electronic 
Summation Device are presented in Figure 8 and compared with a hand-scored plot of 
the same response. 

Figures 9 and 10 show relations between hand-scored records and records scored 
by this computer method. From such comparisons, it has been determined that the present 
method contains sources of error which can be corrected manually, but the errors in the 
uncorrected output appear no larger than errors made when large numbers of records are 
hand scored. Re .ability on rescoring a record in this manner would far exceed relia¬ 
bility obtained when trained men score the same record independently. 

*The digital voltmeter and recorder must have fast response times; models indicated in 
Figure 1 are not adequate for this application. 

^Sensitivity is set during calibration procedures involving controlled eye sweeps with 
visual targets. 
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Displays of Average Slow Phase Velocity Per Two-Second Interval 

A was obtained directly from the oscillograph pens. Dots were placed at the end of each cycle 
to aid visualization of the velocity curve. ' 

B was produced by the X-Y plotter. Note: The eighth point is low; ad¡ustment of timing relay, 
can reduce such discrepancies. 

C was calculated from hand measurement of slow phase displacement in each two-second interval 
of the record. 
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c. ADDITIONAL OPERATIONS 

Computation of the J Time Constant 

of th«^v-,i0n!1 0pf,ra':ons“" be P«formed on the meosuremenh obtoined from either =si;~-£~s: 
theoretically to represent the ratio of frlrL f ^ ' • ^ Va Ue haS been assumed 

be pro9roredoLv^rL:™t“^iiT;:rr !rv ond,T wh!ch CO" 

I isTeTciZcol olt9 T Pe°rT Corre, 

Determination1 of the Slo4 o^^.lileVf'biífi! by T 

bltX tTrÄ^ 

to o number of interruptions in th^^ ' «»",,'’0™™,^' V°rianCe' m0y be lar9e due 
departure fnsm a stroigM line fit • T? 0f ,0 0 

v-ÂÏÏÂitÂ-ïïÂÎSt-“— 

DISCUSSION 

be analyzed and reiated ta stimulus ^ract^^Ci^r^gl^ 
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strength, blink artifacts, and other noise sources can be compensated. Much of this 

versatility derives from the fact that human judgment is an element in the operations 

that produce the final outcome. The same element which produces the versatility also 

slows the scoring process. However, the total process is much faster than unaided man¬ 

ual scoring because 1) the mechanical aid in the manual measurement of slope is very 

effective; 2) the measure of time is obtained simultaneously; and 3) all of the steps after 

the manual alignment, including tabulation and plotting of digital and analog informa¬ 

tion, respectively, are done automatically. 

The Electronic Summation Device (ESD) provides much faster analysis than the 

ESC. However, the ability to analyze each beat and segments of beats is sacrificed. 

Scores which are close estimates of total slow phase displacement can be obtained 

quickly. These are valuable in habituation studies where it is sometimes desirable to 

have one number which serves to indicate the strength of the nystagmus reaction. More¬ 

over, analog and digital displays of average slow phase velocity within successive time 

samples of the response are also immediately available with this method. The results 

of the electronic summation procedures may contain errors from unsystematic saccades, 

blinks, muscle discharge, et cetera. If noise from these sources is excessive, manual 

correction is required. 

These same sources of error are problems with electronic differentiation circuits 

that are more or less the inverse of operations involved in electronic summation. Al¬ 

though electronic differentiation is the obvious logical procedure to obtain slow phase 

velocity, it also differentiates and amplifies many sources of noise. The final tracing 

has more "hash" than was initially present, and differentiated records frequently require 

time-consuming analysis to estimate average slow phase velocity of each individual beat. 

With electronic summation procedures, the output is clean, but sources of noise in the 

nystagmus recording may require manual correction as noted above. In more complex 

computer systems, these problems can be handled by programming logical decisions to 

discontinue analysis during artifact periods. 

Rapid scoring of nystagmus and additional computer analysis of data will permit 

studies which have not been feasible with manual scoring and analysis. The ESC and 

ESD make rapid processing available to laboratories which do not have complex computer 

installations. However, there are several points which should be kept in mind as more 

advanced computation methods develop: 

1) The speed of measurement and analysis will not lessen the need for control of 

conditions which influence the initial nystagmus record itself, such as arousal (3,4), 

visual stimulation (4), electrodes (9), repeated exposure (3), and stimulus control. The 

standardization of testing procedures is a fundamental necessity if meaning is to be 

attached to norms and correlations established within and between laboratories. 

2) While it is valuable to find laborsavmg automatic scoring methods, it is equally 

valuable to find stimulus-response patterns (including responses other than nystagmus) 

which will minimize scoring effort, maximize test-retest reliability, and also generate 

16 



mre,lnfÍTa,!J0n COntenf- Effor,S in ,hiS dlre':,i°" tx-ve been suggested in the past 
(M, 13, 16) and are in progress (12). It is theoretically possible to estimate -5- by 

several stimulus patterns in addition to those mentioned in Section C, and it would be 

valuable to determine whether the different estimates are in fact closely correlated. If 

fhey are, then the simplicity of - e procedure and reliability of the test would dictate 

the choice of testing procedure. If they are not correlated, then the measures may have 

different clinical signiHcance, or alternatively, one or more of the measures may be un- 

rel.able or invalid. Nystagmus decay curves generated by some procedures may not con¬ 

tain reliable information content irrespective of the elegance and speed of processing and 

analyzing nystagmus. However, logical application of computer methods should expedite 

elimination of unreliable procedures and also speed establishment of valid procedures. 

f k .I'0" by ?mP ,eX dÍgÍtal comPuter facilities offers most of the advantages 
of both of the devices described herein and, of course, permits additional measurements 

and operations. However, the number of computer instructions which would be required 

for a I of the decisions made during the use of the ESC suggests that its versatility will 
be ditticult to match by a computer without a human component.* 

^ Rapid analysis of nystagmus is of potential advantage to aviation medicine because 

ideas can be investigated by procedures which previously would have been far too time 

consuming Many new measurements and correlations between tests and measurements 

, VeryThl9h corr?l°More “"“"S »«rol tests may result In elimination 

Ush!l TP'f • reL'iabili,>' be checked and norms can be estab- 
lished. Estimates of validity and probability statements con be put on a quantitative 

basis. All of these steps should be substantial aids in the diagnostic evaluation of din- 

ical cases and of aviation personnel disturbed by problems of equilibration, vertigo, and 

motion sickness. Moreover, detailed analysis of individual responses, which has been too 

time consuming far routine clinical evaluation of flight personnel, is becoming feasible. 

♦The process of instruction-writing may well produce explicit instructions for some judg¬ 

ments which heretofore hove been relatively personal in manual scoring. 
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Two devices are described which facilitate i »nt and analysis of nystagmus. One
device requires manual alignment of a crosshair with the nystagmus slope. This procoM is much 
faster than unaided manual scoring because 1) the me^tonicol aid in slope measurement is very 
effective, 2) time measurement is virtually automatic, and 3) all steps after the crosshair align­
ment, including tabulation of digital infarmation and plotting of analog infarmotion, ore accom­
plished automatically. The second device is a standard recorder with plug-in units for area- 
summation and timed switching. It is less versatile than the first device, and is not equlvolent to 
advanced electronic computation, but it does provide on immediate analog display and (with a 
digital voltmeter-printer) an immediate digital display of analyzed nystagmus. A^ltional 
operations performed on the output of these devices can provide estimates of the ^ time eonstont 
and other parameters. Topics discussed include sources of error in rapid processing of nystagmus 
and advantages of rapid processing far OKperimentol purposes, far pilot evaluation, and far 
clinical application.
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