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Abstract

The effect of an attentional manipulation on eye tracking dysfunctorD) in the early stages of schizophrenia was
examined in 34 recent-onset schizophrenic patients and 24 demographically matched normal subjects over a 1-year
period. An attentional enhancement manipulation improved eye tracking performance of recent-onset schizophrenic
patients more than that of normal subjects. Eye tracking level also was moderately stable for both groups over the course
of 1 year. The possible role of attentional allocation in ETD highlights the need for further examination of the interface
between attentional and eye tracking measures of vulnerability to schizophrenia.

Descriptors: Smooth pursuit eye tracking, Schizophrenia, Attention, Temporal stability, Recent-onset schizophrenia,
Eye tracking dysfunction

Numerous studies have demonstrated that a significant proportioaye tracking, it is the automatic, nonvoluntary deployment of
of schizophrenic patients experience eye tracking dysfungioD), attention that seems defective.” This premise is consistent with the
as compared with normal subjedtsee reviews by Clementz & available data, yet it may be premature to dismiss the role of
Sweeney, 1990; Levy, Holzman, Matthysse, & Mendell, 1994 voluntary attention until more extensive investigations are con-
subsequent research, investigators have attempted to identify amldicted. Although the presence of ETD in schizophrenic patients
manipulate variables that might affect the poor eye tracking perand their biological relatives is well establishé@lementz &
formance observed in schizophrenic patients. For instance, chaBweeney, 1990; Levy et al., 1994bnormalities in several aspects
acteristics of the target stimulus have been manipul@ted, subjects of attention in these groups are also well documeiitédechter-
required to read numbers on the target, color of the target changedein & Dawson, 1984; Braff, 1993 Thus, the interface between

to investigate the possibility that ETD reflects inattention or a lackETD and attentional abnormalities remains of substantial interest.
of motivation to perform the tracking task.g., Shagass, Roemer, Despite an extensive literature on ETD in schizophrenia, only
& Amadeo, 1976. Attention manipulations of this sort resulted in a few studies have focused on the initial stages of this disorder. To
improved smooth-pursuit tracking in schizophrenic and normalour knowledge, no published investigation has specifically ad-
control subjects, but schizophrenic patients continued to exhibitiressed the effects of attention enhancement on ETD during the
clear ETD relative to normal control®.g., Holzman, Levy, & early stages of schizophrenia because investigators have largely
Proctor, 1976; lacono, Tuason, & Johnson, 1981; Shagass et abmployed simple moving targets. For instance, Sweeney, Haas,
1976. This consistent pattern of results led Holzn{a@87, p. 53 and Li (1992 required subjects to track the letdéas it oscillated

to conclude that “if any attentional quality is involvfd disrupted  across the screen of a computer monitor. First-episode schizo-
phrenic patients were impaired relative to normal controls in pur-
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duce or even temporarily eliminate ETD in the initial stages of nipulation to assess the stability of pursuit impairment and of
schizophrenic illness. Perhaps the corrective role of voluntary atattentional functioning as it relates to the oculomotor system. We
tention diminishes over the course of schizophrenia, reflectinchypothesized that recent-onset schizophrenic patients would ex-
factors such as a deterioration in attentional functioning in chronicibit an overrepresentation of ETD, thereby replicating previous
schizophrenia, sustained neuroleptic treatment, or adaptation tofandings. Although the attentional manipulation was expected to
chronic illness. Until such factors are controlled, the possibilityimprove tracking performance across all subjects, we predicted
remains that the failure to override or eliminate ETD completelythat eye movement deficits would persist in the schizophrenic
with attentional manipulations is a function of chronicity of illness patients even in this attentional enhancement condition. In light of
in groups that have been studied and that ETD can be normalizetthe stability coefficients reported by Gooding et €994, we
temporarily by attentional manipulations during the early course ofpredicted that ETD in our group of schizophrenic patients and
schizophrenia. Accordingly, one goal of the present research wasormal control subjects also would remain reasonably stable over
to evaluate the extent to which ETD can be improved with antime.

attentional manipulation in patients with a recent onset of schizo-

phrenia. If recent-onset patients exhibit substantial eye tracmn%ethod

improvement with an attentional manipulation and can perform as

well as normal controls, it would suggest that voluntary attentionSubjects

may be more critical to ETD than commonly believed, at leastParticipants were 34 recent-onset schizophrenic pati@dtsnen,
during the early course of iliness, and that certain aspects of vol5 womern and 24 normal control subject&8 men, 6 women
untary attentional functioning and eye tracking remain relativelySchizophrenic patient and normal control subjects were matched
intact after the immediate onset of schizophrenia. This findingfor age (M = 23.6 + SD = 3.5 years and 24.% 3.4 years,
would indicate either that ETD has not become so severe that itespectively, and level of educatiofil2.4+ 2.1 years and 13.&
cannot be altered substantially or that the deficit in voluntary at-1.6 years, respectivelyAll subjects were participating in a lon-
tention has not become so severe that it is not a viable tool fogitudinal follow-through project that examined schizophrenic pa-
reversing ETD temporarily. However, if schizophrenic patients con-ients during the initial years after onset of a schizophrenic disorder
tinue to perform poorly on the eye tracking task as compared witl{for a complete description of the study design and protocol, see
normal controls during the attentional manipulation, it would sup-Nuechterlein et al., 1992 Only subjects with eye tracking data
port the view that involvement of voluntary attention in eye track- collected at the initial outpatient and the 1-year follow-up tests
ing is minimal in schizophrenia or that voluntary attentional were included. The mean time between onset of the first psychotic
functioning is involved but already seriously compromised duringepisode and the initial outpatient test was 11.3 months for this
the initial period of schizophrenia. patient sample.

The second purpose of this study was to investigate the lon- Upon entry into the study, all patients met Research Diagnostic
gitudinal stability of smooth-pursuit tracking in recent-onset Criteria(Spitzer, Endicott, & Robins, 1978or schizophrenidn =
schizophrenia. Gooding, lacono, and Bei€E994 compared the 30) or schizoaffective disorder, mainly schizophrefia= 4), and
smooth-pursuit performance of first-episode schizophrenic, nonDSM-III-R criteria (American Psychiatric Association, 198for
schizophrenic psychotic, and normal control subjects over a 9.5schizophrenialn = 23), schizophreniform disorden = 8), or
month period. Examining root mean squ&RMS) error scores, schizoaffective disorddn = 3). Diagnoses were made on the basis
they found stability coefficients of .68 for schizophrenic patients, of a patient’s responses to an expanded version of the Present State
despite changes in medication and clinical status, and .57 for nolExamination(PSE; Wing, Cooper, & Sartorius, 197dnd relevant
mal controls. These data suggest that the temporal stability of ETOnformation provided by family members. All patients were re-
is moderately high in schizophrenic patients during the initial coursequired to have a recent onset of schizophrenia, with their first
of illness. Because temporal stability is critical to the hypothesispsychotic episode beginning within 2 years of entry into the study.
that ETD is a biological marker of schizophreiigee Clementz &  Subjects were excluded if there was any evidence of a neurological
Sweeney, 1990; lacono, 1983ve attempted to extend the evalu- disorder, significant and habitual substance abuse or alcoholism in
ation of temporal stability to a 12-month interval with a group of the 6 months prior to their psychotic episode, a history of sub-
recent-onset schizophrenic patients who were maintained on a longtance abuse that obscured the diagnosis, or mental retardation.
acting injectable neuroleptic medication. Following the procedure used by Gooding et (@994, patients

Arelated issue concerns the temporal stability of improvementsliagnosed at entry with schizophreniform disorder were included
in eye tracking performance that are associated with the introdudn these analyses only if they met criteria for schizophrenia after
tion of an attentional manipulation. There is little doubt that pursuittheir first year of participation. As a result, one additional patient
tracking is enhanced in both normal control and schizophreniavas excluded from this report.
subjects when voluntary attention is directed toward the changing Thirty of the 34 schizophrenic patients were receiving a stan-
characteristics of the target stimulus. It remains to be determinedjardized starting dosage of 12.5 mg of fluphenaziReolixin)
however, if the effects of an attentional manipulation can be du-decanoate every 2 weeks at their initial outpatient test and were on
plicated over time or if deficits in the regulation of attention follow this same dosage at the 1-year follow-up test. One patient was
a pattern of progressive decline over the early course of schizanitially stabilized on 12.5 mg of fluphenazine decanoate every 2
phrenic illness, such that the attentional manipulation has a diminweeks for 1-month, received an increase in dosage to 20.0 mg just
ished effect later in the disorder. prior to the initial outpatient test, and was maintained on 12.5 mg

In the present study, we examined ETD over a 12-month periody the 1-year follow-up test. Another patient began on 12.5 mg
by comparing smooth-pursuit performance in a group of recentevery 2 weeks but became pregnant after the initial test and was
onset schizophrenic patients with that of demographically matcheftee of medication at the time of the 1-year retest. One patient was
normal subjects. Comparisons were made between eye trackingnable to tolerate side effects from the standardized starting dosage
performance under conditions with and without an attentional maand instead received 6.25 mg of fluphenazine decanoate every
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2 weeks. One patient was stabilized initially on 10.0 mg of flu- Eye Movement Analysis
phenazine decanoate every 2 weeks but subsequently required 1&E§e tracking was assessed as part of a longitudinal study that was
mg of the same medication. To assess clinical symptomatologinitiated at a time when researchers relied upon global quantitative
during the 24-hr period prior to testing, an expanded version of thend qualitative measures of eye tracking performance. Although
Brief Psychiatric Rating ScaléExpanded BPRS; see Lukoff, global scores cannot characterize the precise nature of eye tracking
Nuechterlein, & Ventura, 1986; Overall & Gorham, 1962; Ventura impairment, quantitative and qualitative scores are valuable for
et al., 1993 was administered at each test occasion to schizoindicating the presence of ETQevy et al., 1994 As Grove and
phrenic patients and normal control subjects. lacono(1994 noted, global measures have been undervalued and
Normal comparison subjects were excluded from the project ifrejected out of hand by some, but they remain important in the
there was evidence of schizophrenia spectrum disd¢r@erschizo-  field of schizophrenia research. In particular, global measures allow
phrenia, schizotypal personality disorder, or paranoid personalityor a direct comparison with a substantial body of past research on
disordej or other major psychopathologf.e., other psychotic ETD and the influence of attention in chronic schizophrenia.
disorders, bipolar disorder, recurrent major depressive disorder, Quantitative scoring was accomplished following a procedure
cyclothymia, dysthymia, or enduring anxiety disorddrased on  developed by Lindsey, Holzman, Haberman, and Yagil®78.
an expanded version of the PSE that was adapted for a lifetimé&Jsing an analog version of a fast Fourier transform, the eye track-
perspective and a Minnesota Multiphasic Personality Inventorying signal was passed through bandpass filters with one band set
(Hathaway & McKinley, 1967 profile. Additional exclusionary for peak sensitivity at 0.4 Hz, the center of the frequency band of
criteria included evidence of a neurological disorder, significantthe target, and the second band registering higher frequency dis-
and habitual substance abuse or alcoholism, prior treatment for @rtions of the primary signal from 1.2 to 12 Hz. After power was
psychiatric disorder, or presence of a major psychiatric disorder imeasured in each of these bands to represent signal and noise,
a first-degree relative. respectively, the ratio of these two measures was transformed into
natural logarithmic units and expressed as the log signal-to-noise

Apparatus and Eye Movement Recording ;2:;?0(\:25:)[:())} I;’c?rstlgonrisngf the record containing eye blinks were

The target stimulus consisted of a 2-cm white dot projected on a o : . .
Qualitative scoring was completed using a 5-point scale, fol-

scre@ 1 m from the subject. The target was projected by a KOdalﬁowing the procedure developed by Shagass etl&l78. In the

Model B-2 carousel slide projector. Target position on the screen e .
. resent study, a score of 5 signified very good tracking and a score
was controlled by an Exact Model 119B function generator tha oo .
. . : of 1 indicated extremely poor tracking. Each record was assessed
drove a servomotor with connected mirror to deflect the light bea

to the appropriate location on the scre@esearch Oriented In- n&grzzie ofEtg(r:eherlgt(l erpviggerr: rjitrzr; \tlzl)hzxgiskilrlgtde t?]ig;]o?r?t:g:;—r
struments Movement of the target was sinusoidal with a 0.4-Hz . d 9

- reliability with an expert judge of eye movement recof@s S.
i;iﬂ:?gfg of oscillation, and the target subtended 20 degrees (ffolzmar). Interrater reliability was determined on the basis of 40

; . records, selected to reflect the range of recordings typically ob-
Pursuit eye movements were recorded using the electrooculo- X g gs typicaly

gram (EOG). with SensorMedics miniature A8gCl electrodes served in a sample of schizophrenic patients. Inte_rrater r_ella_\blllty
. as calculated independently for each rater and trial and indicated
placed at the outer canthus of each eye. Vertical eye movemeng . o
. ood reliability (Rater 1:r = .88, .90, .82, and .84 for the three
were detected with electrodes placed above and below the left eyg. . o . . . .
- o . . . fnoncolor trials and the color-variation trial, respectively; Rater 2:
EOG signals were amplified with a Princeton Applied Research i _
o : . . r=.79, .76, .81, and .77; Rater 8= .78, .74, .76, and .38
Model 113 preamplifier, monitored with a SensorMedics Model . ) .
For data analysis, scores from the first two noncolor trials were
R511A dynograph, and recorded on frequency modulaked) . N o
. averaged to create single quantitative and qualitative index scores
tape. Low- and high-frequency cutoffs were set at 0.1 and 300 Hz . . . o .
. of tracking ability. The third noncolor triali.e., the fourth trial
respectively. . oo .
overal) was not included in this average because it may have been
influenced by the introduction of an attentional manipulation.
Procedure As in previous studies of schizophrenic patiefetg)., Holzman,
The procedure we used replicates that of Holzman €876 in Solomon, Levin, & Waternaux, 1984; Levin, Lipton, & Holzman,
which pursuit eye movements were recorded during four 50-s tri<1981), quantitative and qualitative scores were highly related; dur-
als, each separated by a brief rest period. During each trial, subing the initial outpatient and 1-year follow-up testss .72 and .80
jects were instructed to follow the moving target stimulus only for noncolor trials and = .72 and .67 for color trials. Prior re-
with their eyes; head motion was restrained by the use of a chisearch has shown that these measures also correlate strongly with
rest. An attentional manipulation was used during the third of theanother commonly used measure for evaluating eye tracking per-
four trials by introducing semirandom target color chan@es, formance, RMS errofsee lacono & Clementz, 1993
white to orange to white to bljeand instructing subjects to note Subjects were classified as relatively good or poor trackers on
these changes. To assist subjects with maintaining their gaze on tlilee basis of qualitative cutoff scores comparable to those employed
target stimulus during each 50-s period, re-alerting instructionsn previous researcke.g., Levin et al., 1981; Lipton, Levin, &
(“Continue to follow the dot) were given 30 s into each trial. This Holzman, 198D Qualitative scores ranging from 1.00 to 2.75 were
same procedure was used at both the initial outpatient and theonsidered to reflect poor tracking. Scores ranging from 2.76 to
1-year follow-up tests. 5.00 were labeled as instances of good tracking.
Data were examined for two occasions. An initial outpatient
test was completed about 1 month after a relatively standardize&esults
starting outpatient medication level had been achieved and clinical
state was stabilized. One year later, a follow-up test battery waslypotheses were tested using analyses of varighb€VAs) for
administered. mixed design. Quantitative and qualitative scores were analyzed
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using a GroupXx Target TypeXx Test Occasion design. Simple phrenics relative to normal control subjects during noncolor trials,
effects ANOVAs were used to interpret significant interactions. quantitative scores=(1,56 = 6.97,p < .02; qualitative scores:
Because in some ETD studies, schizophrenic patients who preseRt1,56 = 18.82,p < .001, but that tracking performance did not
initially with schizophreniform disorder have been grouped with differ between the two groups in the presence of a color target for
schizophrenic patientg.g., Gooding et al., 1994vhereas in other  quantitative score$; (1,56 = 1.82, n.s. For qualitative scores, the
studies these groups have been evaluated sepatatgly lacono difference between schizophrenic and normal control subjects on
et al., 1992, initial comparisons were made between the two groupsthe color trial remained significank (1,56 = 10.95,p < .01, but
in the present sample. Results of these analyses revealed no sifpe magnitude of the difference was somewhat less than that ob-
nificant differences; therefore, data from the two groups were exserved on noncolor trials.

amined together. To examine the possibility that enhanced performance on the
color trial was due to practice effects because the attentional
Attention and Eye Tracking Performance manipulation always occurred on the third of four trials, eye track-

Significant group effects were obtained for quantitative and qualing scores from the fourth trial were compared with those obtained
itative scoresF (1,56 = 4.60,p < .04 andF(1,56 = 15.64,p < on the first two trials and on the color trial during the initial
.001, respectively. As predicted, schizophrenic patients displayedutpatient test. Across subjects, eye tracking on noncolor trials
poorer pursuit tracking performance than did normal control sub-rior to the color trial was not different from performance obtained
jects. Target type effects also were obtained, with schizophreniafter the attentional manipulation was introduced for quantitative,
patients and normal control subjects exhibiting improved trackingF (1,54 = 0.03, ns., or qualitativel-(1,54 = 1.93, ns., scores.
performance during attentional color manipulation of the targetHowever, subjects showed significantly better tracking in the
stimulus for quantitativel=(1,56) = 35.56,p < .001, and qualita-  color trial than in the subsequent noncolor trial for quantitative,
tive, F(1,56 = 50.22,p < .001, scores. These main effects were F(1,54 = 24.42,p < .001, and qualitativef (1,54 = 20.01,p <
qualified, however, by a significant GroupTarget Type effect for .001, scoresFigure 1. Thus, improvement during performance of
guantitative,F(1,56 = 7.15,p < .01, and qualitativel-(1,56) = the color trial appears to be due to the attentional manipulation
6.08,p < .02, scoreqFigure 1. In contrast to previous reports rather than practice.

using chronic schizophrenic patients for quantitative scores, chang-

ing the color of the target stimulus improved pursuit tracking in Stability of Eye Tracking Performance Over Time

these schizophrenic patients to such an extent that they were nS8tcatter plots of eye tracking performance during the initial outpa-
reliably different from normal controls. Simple-effects ANOVAs tient test and at the 1-year retest are presented in Figure 2. Test—
confirmed that pursuit tracking was significantly impaired in schizo- retest correlations for quantitative and qualitative scores were

Quantitative Scoring Qualitative Scoring
. 4.7
Il Sschizophrenic Pts
EZ Normal Controls
18l 4.2

Z~0n S5 -—

Before Color Color After Color ) Before Color Color After Color
Target Type Target Type

Figure 1. Effect of the attentional color manipulation on eye tracking dysfunctl6iD) in recent-onset schizophrenic patients and
normal control subjects, as quantified by the natural logarithm of the signal-to-noise(lrat®8N) and qualitative ratings on a
dichotomous scale. Higher scores are associated with more accurate tracking.
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Figure 2. Smooth-pursuit eye tracking during noncolor trials at an initial outpatient test and 1-year retest in recent-onset schizophrenic
patients and normal control subjects, as quantified by the natural logarithm of the signal-to-noifle @) and qualitative ratings
on a dichotomous scale. Higher scores are associated with more accurate tracking.

statistically significant, ranged from .35 to .47, and suggest thagbsolute score at the two time poilifble 1. To allow for direct
eye tracking performance was moderately but not highly stable&eomparisons with data reported by Gooding e{E94), the Pear-
across the 1-year period. Intraclass correlations were computed son product—-moment correlations also were computed. Comparing
provide an index of the extent to which subjects obtained the samthe Pearson correlation coefficients obtained for quantitative scor-

Table 1. Correlation Coefficients for Eye Tracking Performance to Two Targets Types on
Two Occasions

Quantitative Qualitative
Intraclass Pearson Intraclass Pearson

Target correlation correlation correlation correlation
Schizophrenic patients = 35)

Noncolor A3 AT .36* .36*

Color .36* A0** .38* .38*
Normal control subjectgn = 24)

Noncolor A4 A4 A2* A3

Color 40* .40* .35*% .35*%

*p < .05, one tailed. *p < .01, one tailed.
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ing of the noncolor trials in the present study with those reportedowest possible score. These scores, nonetheless, were signifi-
by Gooding et al. through use of Fishegswe demonstrated that cantly higher than those obtained by the normal control subjects,
there was no significant difference in correlations for the schizo-F(1,56) = 21.57,p < .001. Normal subjects received mean BPRS
phrenic samples or for the normal control groups. total scores of 20.6 3.1 and 19.6+ 1.5 at the initial and 1-year

A significant Groupx Test Occasion effect was obtained for test points, respectively. The main effect for test occasion on symp-
quantitative scores; (1,56 = 4.68,p < .04 (Figure 3, lefi. The tom levels and the Group Test Occasion interaction failed to
GroupX Target Typex Test Occasion interaction did not approach reach significancel (1,56 = 2.62,ns andF (1,56 = 0.09,ns
significance,F(1,56 = 0.00. During the initial outpatient test, respectively.
schizophrenic patients and normal control subjects demonstrated
comparable levels of performance when averaged across targBtlscussion
conditionsF(1,56 = 0.49,ns It was not until the 1-year follow-up
test that the two groups diverged; the schizophrenic patients exfhe present findings replicate those of prior research by demon-
hibited poorer smooth-pursuit eye tracking averaged across targstrating that ETD is present more often in recent-onset schizo-
conditions as compared with the normal contrél&l, 56 = 9.33, phrenic patients than in normal control subjettacono et al.,
p <.01. Figure Jleft) also suggests that eye tracking performancel1992; Lieberman et al., 1993; Sweeney et al., 19%2is study
may be declining over time for schizophrenic patients while im-also represents an extension of prior research because our findings
proving for normal control subjects. Because a change over time ishow that the introduction of an attentional manipulation can dif-
ETD would be of theoretical significance, comparisons were madderentially improve eye tracking accuracy among patients who
between the two time points for each group of subjects. Resultbave recently experienced their first schizophrenic episode. On one
indicated that schizophrenic patients were performing more poorlyf two global performance indices, this improvement was suffi-
by the 1-year retest-(1,33 = 4.70,p < .04, whereas normal cient to eliminate significant differences between recent-onset
controls maintained comparable performance over th(g,23 = schizophrenic patients and normal subjects. A similar pattern of
1.03,ns differential improvement was obtained with the second measure,

This GroupX Test Occasion interaction was not significant for suggesting that recent-onset schizophrenic patients benefit more
the qualitative score§;(1,56 = 0.46, nor was the Groug Target ~ from an attentional manipulation than do normal control subjects.
Type X Test Occasion interactiof;(1,56 = 2.22. In contrast to  These data contrast with those reported in prior research, such as
the quantitative score, when the eye tracking performance of schizahe study conducted by Levin et &.981), in which the introduc-
phrenic patients and normal controls was compared at the initiafion of a color target appeared to improve eye tracking to a similar
outpatient test on the qualitative ratingSigure 3, righi, schizo-  extent in schizophrenic patients and normal control subjects. Thus,
phrenic patients exhibited impaired tracking relative to normalour findings indicate that voluntary attention may play a notable
subjects when tested initially as outpatierii§l,56 = 10.61,p < role in reducing overall ETD during the early course of schizo-

.01, averaged across task conditions. phrenic illness.

The difference between these results and those obtained in
Influence of Time and Attentional Enhancement previous investigations examining the effects of voluntary atten-
on Eye Tracking Classification tion on the same quantitative and qualitative meas(egg, Levin

Seventeen schizophrenic patie(B88%) but only 3 normal control et al.,, 1981 as those used in the present study is most likely
subjects(12%) were classified as poor trackers based on the nonassociated with differences in duration of schizophrenic illness.
color trials at the initial outpatient tes,? = 6.41,df = 1, p < .05. Prior studies investigating the impact of attention on eye tracking
At the 1-year follow-up test, 1838%) schizophrenic patients and relied on groups of chronic schizophrenic patients, whereas the
3 normal controlg(12%) were classified as exhibiting abnormal current study was conducted with a group of schizophrenic pa-
eye tracking,y? = 4.32,df = 1, p < .05. A McNemar test for two tients having a very recent onset of illness. In addition, the present
correlated proportions showed no significant change in the progroup of schizophrenic patients was relatively asymptomatic at the
portion of schizophrenic patients classified as having poor trackingwo assessment points. Although factors such as iliness chronicity,
from the first to the second assessment. history of psychotropic medication, and symptom levels clearly
Among schizophrenic patients, 11 of (65%) who were clas- have potential bearing on attentional enhancement of eye tracking
sified as poor trackers at the initial outpatient test could be reclasperformance in schizophrenia, it is unclear which of these factors
sified as good trackers with the introduction of the attentional colormight be the key element.
manipulation. At the 1-year followup, only 6 of 136%) of the One possible explanation for differences between recent-onset
poor tracking patients exhibited enough substantial improvemenand chronic schizophrenic patients in the effectiveness of the at-
in response to the color manipulation to permit reclassification.tentional manipulation is that voluntary attention may be dimin-
Although appearing to decline somewhat, the number of individ-ished as the illness progresses. That is, perhaps the impairments
uals who showed improvement from poor to good tracking within attentional functioning that often accompany schizophrenia
attentional enhancement did not change significantly over the tware relatively subtle during the very early stage of illness. After

assessments as determined by a McNemar test. the first few years of schizophrenic iliness, however, any deteri-
oration in attentional functioning might be more apparent. Thus,
Clinical Status Across Occasions voluntary attentional processes that are critical to modifying eye

To document the symptom levels of the patients at the two testingracking may be relatively intact during the early years of schizo-
points, a Groupx Test Occasion ANOVA was completed for the phrenia represented in these analyses. A pattern of progressive
18-item total composite scores from the Expanded BPRS. Schizadecline in attentional functioning during the first few years of
phrenic patients exhibited very low symptom levels, with meanschizophrenia would be consistent with cross-sectional data sug-
(£SD) BPRS total scores of 25%# 6.4 and 24.1+ 5.5 at the initial ~ gesting that other cognitive declines might occur during this
outpatient and 1-year test occasions, respectively, where 18 is thgeriod (e.g., Bilder et al., 1992 although longitudinal data sug-
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gesting cognitive recovery during this period also eXisoff of patients is indeed on a downward trajectory associated with
et al., 1992. multiple episodes of schizophrenia.

Using the qualitative measure in the present study, results ob- Clementz and Sweendit990 proposed that the pathophysi-
tained on the basis of classifying schizophrenic patients as goodlogy underlying ETD may be independent of the neural systems
or poor trackers are directionally consistent with this hypothesisinvoked by an attentional manipulation. Attention manipulations,
We observed a tendency for the attentional manipulation to be lestherefore, may only mask a tracking abnormality rather than reflect
effective in remediating ETD by the 1-year retest, although thistrue amelioration of ETD. In contrast, Grove et@l991) reported
change was not statistically significant. This tendency might bepreliminary evidence that a vigilance abnormality and ETD may
explained by greater intrinsic motivation to perform the eye trackingbe part of a common familial component in schizophrenia. Thus, it
tasks by the 1-year retest and, therefore, less need for attentionial possible that at least some aspects of attention and ETD share
enhancement. Increased motivation, however, would presumablgommon variance.
be reflected in improved performance on the noncolor trials during  Given that attention appears to be implicated to some degree in
the 1-year retest rather than the observed poorer performance, poor eye tracking, the separability of ETD and certain attentional
least as judged by the quantitative measure. abnormalities as biological markers for schizophrenia deserves fur-

There is some evidence from research utilizing a cross-sectionaher clarification. It will be necessary to disentangle these various
design that schizophrenic patients might exhibit a deterioration irpossibilities and to elucidate potential mechanisms that might ac-
smooth-pursuit eye tracking when the illness becomes chroniccount for the differential effectiveness of attentional enhancement
Holzman et al(1974 observed that 52% of recent schizophrenic in recent-onset and chronic schizophrenic patients. Future analyses
patients exhibited ETD as compared with 86% of chronic schizo-also will be able to determine the extent to which more specific
phrenics. In a cross-sectional study comparing first-episode antheasures of oculomotor functionir(g.g., pursuit gain, saccadic
multiple-episode cases of schizophrenic patients, Sweeney et dhtrusiong are influenced by enhanced attention.

(1992 also found less ETD during the early course of schizophre- Results from the present study regarding the longitudinal sta-
nia. These findings led Sweeney and colleagues to speculate thhility of eye tracking are consistent with previous findings. Uti-
either (a) disturbances in smooth-pursuit eye tracking deterioratdizing quantitative and qualitative scores, our data suggest that the
over the course of schizophrenia @) schizophrenic illness in- temporal stability of smooth-pursuit eye tracking in recent-onset
volving recurrent episodes is associated with more severe distuschizophrenic patients and normal controls is moderate. Gooding
bances in eye tracking. Either interpretation is consistent with thest al.(1994) reported somewhat higher reliability coefficietits=
present data. It will be necessary to collect data beyond the firsi57—.68, but these values were not significantly different from
year or two of iliness to determine if the eye tracking performancethose obtained in the present study. Because the two studies included

Quantitative Scoring Qualitative Scoring
4.7
2 —
Il schizophrenic Pts
EZ Normal Controls
4.2
1.8
3.7

Z~ >S5 -—

Initial Outpatient 1-year Retest ’ Initial Outpatient 1-year Retest
Test Occasion Test Occasion
Figure 3. One-year longitudinal evaluation of smooth-pursuit eye tracking in recent-onset schizophrenic patients and normal control

subjects, as quantified by the natural logarithm of the signal-to-noise (tati®/N) and qualitative ratings on a dichotomous scale.
Higher scores are associated with more accurate tracking.
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only 38 and 34 schizophrenic patients, respectively, the statisticaind normal controls were not obtained until the 1-year retest; this
power to detect differences between the studies was limited.  was not true of qualitative scores. Results of qualitative scoring
Itis rather surprising that the degree of concurrence between thiadicated a greater likelihood of ETD in schizophrenic patients
two studies is not higher, because the subject populations werthan in normal controls even at the initial outpatient testing. Al-
generally similar on a number of dimensions. Studies have variethough quantitative and qualitative scores were highly correlated
somewhat, however, in defining first-episode and recent-onsein this and previous studigdHolzman et al., 1984; Levin et al.,
schizophrenigKeshavan & Schooler, 1992For instance, Good- 1981), the two measures are not entirely analogous. For instance,
ing et al.(1994 may have excluded schizophrenic patients with aGooding, Clementz, lacono, and Sweer{@990 compared dif-
brief prior psychotic episode that warranted contact with a mentaferent methods of measuring eye tracking and demonstrated that
health service within the past 2 years whereas the present study woulde measures produced different results depending upon the task.
have included such patients. In contrast to the present study, thieevy et al.(1994 suggested that, unlike qualitative classification,
Gooding et al. investigation may have included schizophrenic paguantitative scoring can underestimate the extent of an abnormal-
tients with prior psychotic episodes that started more than 2 yearisy when many small saccades are present; the authors assert, how-
before entry into the project if treatment was not souygbe lacono  ever, that no single measure or combination of measures has yet
& Beiser, 1989. There also was a small difference in age betweenbeen identified as the most informative indicator. Our failure to
the individuals in the present study and those included in Goodindind a group difference with quantitative scoring at the initial out-
et al.’s study, with average ages of 23.7 years and 21.6 years, r@atient test, therefore, could be a function of the measure utilized
spectively. Itis possible, therefore, that the group in the current studyather than actual lack of ETD at this point.
included patients who were somewhat older and who had been on The present results provide evidence that voluntary attention is
antipsychotic medications for a slightly longer period than the paimplicated in poor eye tracking during the early course of schizo-
tients in the Gooding et al. study, but it is not readily apparent howphrenia in that attentional enhancement produced differential re-
these small sample differences would affect eye-tracking stabilityduction in ETD in the recent-onset schizophrenia patients relative
Gooding et al(1994 did use a different quantitative measure to normal subjects. Although ETD appears to be reasonably stable
of overall eye tracking accuradRMS errop than we did in the across a 1-year period in recent-onset schizophrenic patients, the
present studyIn S/N). However, these measures are highly cor- possibility remains that transient normalization of ETD by an at-
related(lacono & Clementz, 1993We imposed a slightly longer tentional manipulation may be more effective near the onset of
intertest interval of 1 year versus the 9.5 months required by Goodidlness, even while patients are maintained on medication. Because
ing et al. Nonetheless, test-retest reliability indicated moderat&TD and attentional deficits have both been implicated as potential
stability over time. vulnerability factors for schizophrenia, the relationship between
Significant mean differences in ETD quantitative scores, avervoluntary attention and eye movement dysfunctions warrants con-
aged across attentional conditions, between schizophrenic patiertisued investigation.
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