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Abstract

It is important to have a simple, accurate method for recording eye movements. Of the two popular approaches
commonly adopted, electro-oculograptiOG) and infrared oculograph§fROG), IROG is often accepted as the more
accurate, and it is the method that is currently used most frequently to examine eye movements in schizophrenia. This
study investigated whether the misclassification of blinks as saccades affects saccade rates when the presence of a blink
is determined using only IROG recordings of eye position. Both vertical electro-oculogtefG), which can be

used to objectively identify blinks, and IROG were recorded while 17 schizophrenia patients and 19 healthy controls
were presented with sinusoidal stimuli. Of the blinks identified with the VEOG for the total group of participants, a
substantial numbef37%) were misclassified as catch-up and anticipatory saccades when only the IROG was used.
Furthermore, in the schizophrenia group, but not in the healthy control group, the use of the IROG led to a significant
misclassification of blinks as anticipatory saccades. Therefore, when IROG alone is used to identify blinks, the
misclassification of blinks as saccades is likely to introduce measurement error into estimates of saccade rates,
particularly estimates of anticipatory saccade rates in schizophrenia patients.

Descriptors: Schizophrenia, Eye movement dysfunction, Eye movement methodology, Blink identification, Infrared
oculography, Vertical electro-oculography

There is substantial evidence that a deficit in smooth pursuierning both types of eye movement are separate but work together
functioning is an endophenotypic marker of schizophrenia, that isto keep the eyes on target in a smooth tracking task, accurate
a measurable endogenous characteristic that results from the genguantification of both types of eye response may provide useful
type that predisposes an individual to psychopatholdggono, insight into the etiology of this dysfunction in schizophrenia. In
1988. Smooth pursuit tracking proficiency can be quantified usingthis report, we show how a known artifact, the eye blink, can
various techniques, most of which are intended to characterize thenknowingly interfere with the accurate measurement of one of
quality of the smooth component of the tracking response or thehese two constituent eye movements, the saccades that occur
nature of the saccadic eye movements that are interspersed witluring pursuit tracking.

segments of smooth pursuit. Because the brain mechanisms gov- Although early reports of tracking dysfunction in schizophrenia
relied on electro-oculograph¢EOG) to monitor ocular motion,
infrared oculography(IROG) has now become the dominant re-
This project was completed in partial fulfillment of the requirements cording technique. This shift has been motivated in part by the fact
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Blinks can produce profound artifacts in IROG recoft#eono  polarity reversal of blinks that have been described in the litera-
& Clementz, 1992 but investigators using only IROG frequently ture. The third(c) and fourth(d) events, however, do not exhibit
do not mention the procedure used to identify blinks. Of 73this characteristic morphology in the IROG record, although the
investigations of smooth pursuit in schizophrenia using only IROGVEOG record indicates that the segments are coincident with
that were located in the literature, only 20 provide any informationblinks. When only the IROG record is relied on, the fourth segment
regarding how blinks were identified. Of those that do provide (d) appears to be a saccade, although it is blink contaminated. The
such information, morphological features related to the appearancgecond eventb) provides an example of a true saccade; note that
of a blink in the IROG position recording, such as spikiness andhere is no discernible deflection in the corresponding section of
polarity reversals, are typically used to identify blinks. Only two the VEOG signalsee Figure L Blink-contaminated segments are
research teams described blink identification procedures based dhus IROG segments in which a blink artifact is mistaken as a
criteria other than presumed morphology. Moser, Kompf, Arolt, saccade or in which a blink and saccade occur together with the
and Rescli1990 relied on amplitude and velocity features, but did blink artifact possibly distorting the recording of the saccade in a
not specify how this information was used to identify a blink. manner that cannot be determined. It is because blinks distort the
Radant, Hommer and colleagues reported a biphasic velocity crilROG that investigators attempt to exclude blink contaminated
terion based on preliminary studies, presumably using IROG onlysegments from analyses, but this case example indicates that the
in which subjects were instructed to blig.g., Radant & Hom- IROG alone may sometimes be distorted in such a way as to
mer, 1992. In later studies, these investigators implied, however,prevent the differentiation of blink-contaminated segments from
that they used visual inspection of the position data to verify thatpure eye movements. Only a handful of schizophrenia research
segments identified using the velocity criteria were saccéelgs, teams have used VEOG contemporaneously with IR®6., Ross
Litman, Hommer, Radant, Clem, & Pickar, 1994 et al., 1997; Schmid-Burgk, Becker, Diekman, Jurgens, & Korn-

In our laboratory, we record IROG and vertical electro- huber, 1982; Whicker, Abel, & Dell’Osso, 19858 onsequently, it
oculography(VEOG) concurrently. VEOG, measured from elec- is possible that for many published IROG studies, error has been
trodes placed above and below one eye, measures the changedritroduced into the identification and measurement of saccades.
the corneoretinal potential that arise from the “rider artifact’ gen-  Because several reports have indicated that patients with schizo-
erated by the movement of the lid over the eyeball. VEOG pro-phrenia evince increased blink rates compared with healthy con-
vides a simple and valid method for identifying blirlesg., Clarkson  trols during smooth pursuge.g., Amador et al., 199it is possible
& Berg, 1984; Stern, Walrath, & Goldstein, 198%Ve informally that the observed group differences in saccade rates are affected by
observed that blinks identified by VEOG do not always appear inthis methodological problem. Furthermore, it has been suggested
the IROG record with the typical spikiness or polarity reversal, andthat the neural mechanisms involved in the generation of blinks
indeed sometimes appeared to be, or masqueraded as, saccadet®ract with those implicated in the initiation of saccadic eye
For example, Figure 1 depicts the IROG and the correspondingnovements(Leigh & Zee, 1999. Indeed, there is evidence to
VEOG tracings from one research participant. The first evant suggest that there is a blink—saccade synkinesis, as a result of
identified by the VEOG as a blink-contaminated segment, maniwhich blinks accompany large saccades when they occur in a gaze
fests in the IROG record with the characteristic spikiness andshift (Sibony & Evinger, 1998 The evidence for a blink—saccade
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Figure 1. Sample infraredIROG) (position and velocityand the corresponding vertical electro-oculograplif OG) tracings from

one participant tracking a 0.4-Hz sinusoidal target. The first blink-contaminated se@neranifests the characteristic spikiness and
polarity reversal in the IROG position and velocity tracings and is correctly identified as a blink when only the IROG is used. The third
(c) and fourth(d) segments do not exhibit the characteristic blink morphology in the IROG position or velocity tracings. The fourth
labeled, blink-contaminated segméd} appears in the IROG position tracing to be a pure saccade. The corresponding velocity tracing
does not exhibit a polarity reversal that would assist in blink identification. The segment marked b provides an example of a true
saccade; note that there is no discernible deflection in the corresponding section of the VEOG signal.
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synkinesis and the possibility that some blinks are misclassified athe testing period and was the first task completed by each par-
saccades, as in Figure 1, suggest a potential problem with the usieipant following a brief practice trial.
of only IROG position data to assess eye movements in paradigms
designed to elicit saccadic eye movements. That is, it may be thdbata Processing
blinks that occur simultaneously with, or immediately preceding, Blink identification. Two raters(JK and MH), blind to the
saccades could be missed if the VEOG is not utilized. Consediagnostic status of the participants, identified blinks using only
quently, in saccadic paradigms, such as antisaccade and prosdhe record of the infraredROG) position tracing. Consistent with
cade tasks, estimates of saccade accuracy, duration, velocity, apast research, blink identification using IROG records was based
reaction time could be compromised when blinks contaminate then the characteristic morphology of blinks. Specifically, events
saccade. were classified as blinks when they evidenced large amplitude
In this study, we first investigated how frequently blinks iden- spikes or a distinctive reversal in polarity in the position tracing
tifiable by use of VEOG would be misclassified as saccades in dsee Figure 1 at point)aThese ratings were characterized as the
smooth pursuit paradigm when only IROG position records andROG only blink ratings. The Pearsanfor number of blinks
standard morphological criteria were used. Second, we investiidentified per participant by the two raters was (32< .001). A
gated whether these misclassifications were likely to masqueradeird rater(MC), blind to the participants diagnostic status, iden-
as particular subtypes of saccades. Third, we sought to determirtdied blinks using both the IROG and VEOMEOG rating. The
whether the misclassification of blinks as saccades differentiallROG was provided to the VEOG rater to ensure that blinks were
affected group frequencies of each saccade subtype. only counted during eligible segments of the IROG rec(rel,
discarding the first and last cycles of participants tracking, and any
segments in which the participant was not engaged in the.task

Method Blinks were identified as biphasic segments of the VEOG record
o that exceeded 5@V according to the criteria established by Tecce,
Participants Savignano-Bowman, and Kabl£978. The blinks identified using

The participants were 19 healthy control individuéismen and  the VEOG were considered the “gold standard” for the occurrence
17 psychiatric inpatient&l3 men with a diagnosis of schizophre- 4 pjinks.

nia based on the Structured Clinical Interview for DSM{BCID)

and chart review. The mean ages for controls and patients were gaccade identification and classificatio@ne of the two IR
32.7(SD= 11.2 and 35.2(SD = 9.1), respectively; the ages did ony raters(MH), who was also blind to the hypotheses of the
not significantly differ,t(34) = .68, n.s. The participants were a gy, identified and classified all saccades in the subject’s record,
subset drawn from a larger sample that participated in an extensivggain using only the IROG position tracing. There is variability
test battery. The method of participant selection is presented iBcross research teams in the criteria used to identify saccades, but

detail in Curtis, Calkins, Grove, Feil, and laco@001). there are some key components that most criteria share. Conse-
quently, we chose criteria that were representative of these com-
Procedures ponents and that were similar to the empirically derived criteria of

The recording of eye movements was conducted in a quiet, dimljrriedman et al(1992. Catch-up saccadé€US) were defined as
lit room. Eye movements were assessed monoculaight eye eye movements that took the eyes away from a position behind the
using an Applied Science Laboratorigsyetrac Model 21pinfra- target to a position on or near the target, were preceded by at least
red (IR) monitor, which has a time constant of 4 ms and a40 ms of pursuit, and werec5 degrees in amplitude. Back-up
bandwidth of 250 Hz, mounted on eyeglass frames. Sensors wesaccade$BUS) were eye movements that took the position of the
positioned according to manufacturer specificatioigplied Sci-  eye from ahead of the target back to the target, or took the eyes
ences Laboratory, 1984Participants’ heads were stabilized through- from the target to a position behind the target. Anticipatory sac-
out the procedure by a dental bite bar to minimize head movemertades(AS) were eye movements that occurred in the direction of
artifact. Contact lenses, if worn, were removed prior to eachtarget motion, moved the position of the eye from the target to a
session to minimize artifact and eye dryness. A computer monitoposition ahead of the target, and that exceeded 5 deg in amplitude.
was used to present the stimulus. The VEOG recordings wer&quare-wave jerk6SWJ) were a pair of saccades, preceded and
obtained from the superior and inferior orbital rims of the left eye followed by pursuit, with an intersaccadic interval of 80 to 450 ms,
with a shin ground. Electrode impedances were required to béoth saccades of which were5 deg in amplitude.
below 10 K} for each participant. VEOG signals were conditioned
at a low frequency cutoff of 0.1 Hz and a high frequency cut-off of
1 Hz. Data were digitized off-line at a sampling rate of 256 Hz.
The stimulus was a 0.5 deg yellow circle, within which there Data Analyses
was a small dot subtending a few minutes of visual arc; the circleThe analyses of the data were conducted in four steps. First, we
traversed the screen horizontally in a sinusoidal fashion at a rate afuantified the extent to which blinks were accurately identified
0.4 Hz. Before task commencement, the IR signal was calibrate@hen only IROG records were used. Second, we calculated the
individually for each participant so that the stimulus traversedpercentages of misclassifications of each saccade subtype as blinks.
+10 deg of visual angle. The participants were instructed toA misclassification was defined as any event that was identified as
refrain from blinking, keep their heads still and their mouths on thea blink using the VEOG but that was classified as a saccade when
bite bar as they watched the dot for 12 cycles of sinusoidal pursuitonly the IROG was used. These events include blinks occurring
Throughout the task, the experimenter monitored the signals, whichlone and may include blinks that are accompanied by saccades.
were displayed both by computer monitor and ink writer oscillo- When blinks occur simultaneously with saccades, and only the
graph, from an adjoining room. This task was part of a largerlROG record is used, it is impossible to distinguish which part of
battery of eye tracking tasks administered to the participants withirthe event represents the saccade and which the blink. For this

Results
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reason, most investigators eliminate IROG segments that appear sified blinks appeared as CUR4%), whereas the remainder
include blinks. Third, we compared the characteristics of blinksappeared as A&%). No blinks were misclassified as SWJ or BUS
that were misclassified as pure saccades with the characteristics 3%). A small percentag€l3%) of blink events was classified as
true saccades to determine whether there were any features thagither blinks nor saccades by the IROG only. An illustration of
would enable IROG users to better differentiate saccades fronthese outcomes is provided in Figure 1. Relying exclusively on the
blinks. Finally, group differences in saccade rates, both correctetROG position tracing, point a marks a blink-contaminated seg-
and uncorrected for misclassified blinks, were examined. ment that was identified correctly, b is a true CUS, ¢ denotes an
Because the distributions of several of the variables violated thevent classified as neither a blink nor a saccade, and d indicates a
assumption of normalityas determined by small significance putative CUS. Inspection of the VEOG record indicates that events
levels of the Lilliefors testupon which parametric statistics are marked c and d both reflect blink artifact.
based, the Mann—-Whitney U test was used to estimate group Because the saccade subtypes differ in their frequency, it is
differences, except where otherwise indicated. All comparisonsiseful to consider the differential effect that misclassification had
that were significant with nonparametric statistics were also sig-on each subtype. Table 1 presents the frequency data of each
nificant using parametric statistics. Effect sizdswere calculated  subtype as identified using only IROGe., before correction for
using the sample size-weighted pooled within-group standard demisclassified blinks and with IROG plus VEOGQi.e., after cor-
viation to provide estimates of group differences independent ofection for misclassified blinksas well as the percentage of each
sample sizé¢Hunter & Schmidt, 199D saccade subtype that was misclassified as blinks. Although the
Saccade counts were corrected for the number of blinks thaimpact of misclassification was minimal for total saccade frequen-
were misclassified as saccades. The correction consisted of firsies and for most saccade subtypes, a relatively large percentage of
identifying each event that was rated as a blink when the VEOGevents classified as AS using only the IROG were actually blinks
was used but not when only the IROG was used to identify blinks(see Table 1L
(we conservatively considered here only blinks that both raters We next examined whether there were any characteristics of the
using only IROG failed to identify Next, we determined whether misclassified blinks that could be relied upon by users of only
each such event had been classified as a saccade, and if so, I&OG to distinguish them from true saccades. Specifically, from
which type of saccade. We then subtracted the blinks that weréhe digitized IROG records, we obtained the velocity and acceler-
misclassified as saccades from the appropriate saccade counts fation of blinks that were misclassified as AS, blinks misclassified
each participant. The number of true saccades per se@end as CUS, and a random selection of true ®S= 15) and true CUS
saccade rajewas then calculated for each saccade subtype. Thén = 27). The mean and median velocity and acceleration were
data from the first and last cycles were excluded from analysis, asalculated from the interval between the initiation of the eye
were any segments in which a participant was not engaged in thmovement and its endpoint. Mann—Whitney U tests revealed that
task(i.e., as indicated by notes on the oscillograph charts providedone of these variables significantly differentiated blinks that were
by the psychophysiologist at the time of data collection or bymisclassified as AS and true AS, mean veloeity —0.16, Cohen’s
segments of at least one half cycle during which the IROG positiord = 0.31; median velocitg = —0.07, Cohen'sl = —0.11; mean

tracing failed to approximate a sinusoidal wave acceleratiorz = —1.03, Cohen’sd = 0.28; median acceleration
z= —0.48, Cohen'd = 0.15; allp’s > .05. Similarly, true CUS
Blinks and blinks that were misclassified as CUS did not significantly

A total of 111 blinks in the records of the 36 participants were differ in mean velocity, median velocity, mean acceleration, or
identified with the use of the VEOG. Of these blinks, only 59% median acceleration, mean velocitys —1.91, Cohen'sl= —0.36;

(n = 65) were identified as blinks when only the IROG was used; median velocityz = —0.47, Cohen'dl = 0.03; mean acceleration
in other words, 41%n = 46) of the blinks identified using the z = —0.94, Cohen’dd = 0.39; median acceleration= —1.02,
VEOG were missed when only the IROG was used. No event€ohen'sd = —0.05; allp’s > .05. Thus where blinks manifest as
were classified by both IROG raters as a blink that were notAS and CUS in the IROG record, they cannot be distinguished
identified as a blink by the VEOG. The use of VEOG records from true AS and CUS, respectively, on the basis of their velocity
allowed for the identification of significantly more blinks per or acceleration.

second than did the use of the IROG records alone, Wilcoxon

Matched-Pairs Signed-Rank Test= —3.53,p < .0004, Cohen’s

d = 0.80; VEOGM = 0.12,SD = 0.15; IROG onlyM = 0.01,

SD=0.13;z= —2.1. The blink rate as determined by the VEOG Table 1. Frequency of Saccade Subtypes Before and After

did not significantly differ between schizophrenia patieMs= Correction for Blinks Misclassified as Saccades
0.13 blinks per secon@&D = 0.16, and controldl = 0.12,SD =
0.14,z = —0.032, n.s., Cohen'sl = 0.07. The blink rate as Nurgberbf’ff Number of  Percent

: . re : saccades perore Number o ercentage
determined by the IROG only was also_ not significantly dlffe.rent cormection for saccades afterof “saccades”
between the two groups, schizophrea= 0.01, SD = 0.16; misclassified correction for  that were
controlM = 0.01,SD= 0.11,z= —0.36, n.s., Cohen'd = 0. blinks misclassified  actually

Saccade type (IROG rating blinks blinks

Saccades Il saccades 1,538 1,497 2.7
Atptal of 1,538 saccades were .|(.jent|f|ed across the 36 partlcl:llpané Catch-up saccades ’1’301 ’1’27 4 21
using the IROQall events identified as saccades were classifiable Back-up saccades 110 110 0
as follows: 85% were CUS, 7% were BUS, 6% were AS, and 2% Anticipatory saccades 95 81 14.7
were SWJ. A substantial percentade = 41, 37% of true blinks Square-wave jerks 32 32 0

(i.e., those identified with the VEOQwas misclassified as sac-
cades when only the IROG was used. The majority of the misclasNote: Data are from total groupn = 36).
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Table 2 presents the results of the analyses of mean saccagich only IROG is used to assess eye movements, estimates of
rates before and after correction for blinks that were misclassifiedyroup differences in saccade rates are likely to be affected. In
as saccades. As the right-most columns of the table indicate, thgarticular, AS rates in schizophrenia patients appear to be most
patients had significantly higher total saccade and CUS rates thavulnerable to the effects of blink misclassification. The partici-
the comparison group both before and after blink correction. Anpants in this study, from whom these data were derived, were
additional set of analyses was carried out for each group to deteinstructed to refrain from blinking and performed the task at the
mine whether saccade counts were significantly reduced followindpeginning of the eye tracking battery. Consequently, they were
the VEOG correction. With one exception, for both patients andtested under optimal conditions in which they were unlikely to be
controls, the rates of total saccades, AS, and CUS, were signififatigued or bothered by significant eye dryness from the IROG,
cantly lower when the blinks that were misclassified as saccadeand so less likely to produce extraneous blifllezono & Lykken,
were removed from the saccade tally, 28l < —2.06,p’s < .05. 1983. Investigators do not typically report that they have in-
The one exception involved the controls and AS; the removal ofstructed their participants not to blink. Thus, this investigation is
blinks misclassified as AS did not significantly affect the AS rate likely to have underestimated the effects of blinking on group
for controls,z = —1.63,p = n.s). Thus, the misclassification of differences when only IROG is used.
blinks as AS led to a significant increase in the observed rate of In the current investigation, we employed the widely used
events categorized as AS in the schizophrenia patients, but not iB-deg minimum amplitude criteria for the identification of AS.
the controls. Blinks are typically large amplitude events, and it is intuitive that
such large amplitude events could most readily masquerade in the
IROG as large amplitude eye movements, such as AS as they were
defined in the present study. Recent work by Ross, Olincy, and
The results of this investigation indicate that when standard morRadant(1999 suggests that differences between the AS rates of
phological criteria are used to identify blinks, a substantial per-schizophrenia patients and healthy controls are greater and more
centage of blink$41% of those evidenced in this samytleat were  consistent when amplitudes of 1-4 deg are used as criteria for
identifiable with VEOG were not identifiable when only IROG identifying AS than when amplitudes of 4 deg or greater are
was used. Furthermore, approximately one-tti8@d%) of blinks employed. Therefore, AS that are defined as smaller than 5 deg
were misclassified as saccadic eye movements when only IRO@ay not only have greater construct validity as Ross et al. contend,
was employed. These blinks masqueraded as AS and CUS; raut they may also be less vulnerable to the effects of blink
blinks were misclassified as BUS or SWJ. Where blinks manifesimisclassification.
as saccades in the IROG record, they cannot be distinguished from Although our results pertain specifically to smooth pursuit
pure saccades on the basis of their velocity or acceleration. Withitracking tasks, other data from our lab suggest that tasks designed
the schizophrenia and control groups, the use of the IROG led tto elicit saccades may also be subject to blink artifact. lllustrations
the misclassification of a significant number of blink-contaminatedof cases in which this could occur are presented in Figures 2 and
segments as total saccades and CUS. Furthermore, in the schiZ-Both are records from an antisaccade task in which the partici-
phrenia group, but not in the healthy control group, the use of thepant is instructed to generate a saccade in the direction opposite
IROG led to a significant misclassification of blinks as AS. that of target motion. Figure 2, upper panel, illustrates that when

Several previous reports have suggested that schizophrentae IROG is used alone, a blink contaminated segment could
patients’ evidence increased blink rates during smooth pursuiappear as an incorrect saccade to the target; inspection of the
compared with healthy controig.g., Amador et al., 1991The  VEOG indicates that the participant actually blinked at the outset
results of this investigation suggest that in samples in whichof the trial, calling into question whether a prosaccade error was
schizophrenia patients blink more frequently than controls, and irexecutedsee Figure 2 Event(a) in the lower panel of Figure 2

Discussion

Table 2. Saccade Rates Before (IROG only) and After (VEOG) Correction for Blinks
That Were Misclassified as Saccades

Patients Controls
(n=17) (n=19 z p d
Total saccades
IROG only (#/9) 2.06 £ 0.74 1.40+ 0.58 —2.62 .009 0.99
IROG plus VEOG(#/s) 2.00+ 0.74 1.36+ 0.56 —2.68 .007 0.98
Catch-up saccades
IROG only (#/s) 1.79+ 0.74 1.13+ 0.52 —2.69 .007 1.04
IROG plusVEOG(#/s) 1.75+ 0.74 1.11+ 0.51 —2.66 .008 1.02
Anticipatory saccades
IROG only (#/s) 0.11+ 0.15 0.10+ 0.16 —0.90 .366 0.06
IROG plus VEOG(#/s) 0.10+ 0.13 0.08+ 0.14 —0.66 .508 0.15
Back-up saccades
IROG plus VEOG(#/5s) 0.11+ 0.10 0.13+ 0.13 -0.30 .760 -0.17
Square-wave jerks
IROG plus VEOG(#/5s) 0.04+ 0.06 0.03+ 0.05 —0.58 .563 0.03

Note: #/s = number of saccades per second of tracking. Values are neatendard deviations.
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this antisaccade is indicative of a blink, but the corresponding peak
~I500ms in the record of the third antisacca@®, which is unaccompanied

by a blink, appears very similar in the IROG record. The appear-
Figure 2. Recordings of IROG, VEOG, and the target obtained during angnce in the IROG of the secortt) and fourth(d) antisaccades is
f';lnnsacc_ade_task, in whlch the participant |s_reqU|red to generate asaccag?nbiguous: without the use of the VEOG, the events might be
in the direction opposite that of target motion. Upper panel: The IROGgorrectIy recognized as including clipped blinks, or incorrectly

position tracing alone suggests that the participant produced a prosaccal c? ified lelv | litud des th ither cli d
error to the target at the point demarcated by the arrow. Inspection of th entliied as solely large amplitude saccades that were either clippe

VEOG indicates that the participant blinked at the outset of the trial, calling®" followed by brief periods of fixatior(see Figure B Conse-

into question whether a prosaccade error was executed. The correspondifiglently, depending on the judgment call of a researcher using only
velocity tracing exhibits some bipolarity. Lower pan&l) An example of ~ IROG records, the characteristics of such events could contaminate

an incorrect prosaccade to the target, followed by a corrective saccade, thastimates of the latency and amplitude of antisaccades.
is unaccompanied by a blink, as indicated by the VEOG tracing, but The IROG recording systertEye Trac Model 210, Applied
demonstrates bipolarity in the velocity tracing. Evelntis an uncontam-  Science Laboratori¢shat was used in this investigation has 4-ms
iqated correct an_tisaccgde. Even} is a blink-contaminated event pro- temporal resolutiofcorresponding to a maximum sampling rate of
vided for comparison with Eveni@) and (b). 250 H2), whereas some other systems allow for better resolution if
data are sampled at rates above 250 Hz. Whether better resolution
could be used to substantially improve blink identification remains
an open empirical question. However, the Eye Trac 210 has been
is an incorrect prosaccade to the target, followed by a correctivéhe most widely used apparatus for the study of schizophrenia
saccade. Unlike the event in the upper panel, this event is natmooth pursuit. Of 58 studies in this area in which the eye move-
contaminated by a blink, as indicated by the VEOG, but is accomiment recording system was reported, 31 employed the Eye Trac
panied by a similar velocity profile. Evertb) is an uncontami- 210, and an additional 17 used systems with similar or slower
nated correct antisaccade. Evérjtis a blink contaminated event sampling rates. Systems such as the Ober2, which can sample at
provided for comparison with Eventa) and (b). 1000 Hz, have been used in only a few investigati@g., Chen
Figure 3 demonstrates how undetected blinks can affect meaet al., 1999; Jacobsen, Hommer, et al., 1996; Jacobsen, Hong,
sures of amplitude and reaction time. Three of four correct anti-et al., 1996.
saccadeqlabeled a, b, and )dare accompanied by blinks, as One research team has used bipolarity in the velocity tracing to
indicated by the VEOG. The first sacca@® appears in the IROG identify blinks (e.g., Radant & Hommer, 1992The events de-
to be a valid antisaccade from which amplitude and latency inforpicted in Figures 1 and 2 suggest that such criteria may be unable
mation could be obtained; however, the VEOG indicates that theo identify certain blinks that manifest as saccades in the IROG.
entire saccade is concurrent with a blink. It could perhaps beHowever, biphasic velocity criteria were not used in the present
argued that the segment of the IROG record at the initial peak ofvestigation and as such it is unknown whether biphasic velocity
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criteria lead to similar rates of misclassification as morphologicaldenced in rates of saccade subtypes in the schizophrenia literature.
position criteria. Binocular IROG recordings might assist IROG We do not claim that all IROG recording systems are incapable of
users in the identification of blinks; in previous investigations in identifying blinks or that the only way to identify blink artifacts is
our laboratory in which we have collected binocular IROG andthrough VEOG. Rather, we believe that our results indicate that
VEOG, we have observed events in which the bliakdetermined  studies that use commonly employed IROG techniques and that
by the VEOQ was evident in one channel of the IROG but not the rely on IROG position data to identify blinksis dozens of studies
other. We have, however, also observed occasions in which thim this literature dp are misclassifying blinks as saccades. This
blink (as determined by the VEOGppeared as a saccade in both misclassification is likely to affect estimates of differences in rates
IROG channelslexamples are available upon request from theof saccade subtype@specially AS and CUSbetween patients
author$. Thus, although it is possible that binocular recordingswith schizophrenia and healthy controls when, as is often the case,
may reduce the number of misclassifications, this question shouldchizophrenia patients blink more than controls. Finally, empirical
be addressed by future investigations with VEOG and binoculainvestigations are required to determine the extent to which the
IROG. results of studies using IROG to assess eye movements during

In conclusion, the present study investigated one methodologsaccadic paradigms are vulnerable to contamination by blink
ical variable that could potentially account for the variability evi- misclassification.
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