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Is Eye Tracking
Dysfunction
Specific to
Schizophrenia?

Abstract
Based on eye tracking studies in psy-
chiatric patients, normal controls,
and first-degree relatives of patients,
Holzman, Proctor, and Levy et al.
(1974) state that eye tracking dys-
function (ETD) is specific to schizo-
phrenia and may be a genetic marker
of that disorder. A review of numer-
ous subsequent studies, however,
suggests that ETD is not specific to
schizophrenia, but Is restricted to
functional psychosis. Evidence that
ETD is a genetic marker of function-
al psychosis is, as yet, Inconclusive.

The specificity of eye tracking dys-
function (ETD) entails two interrelat-
ed issues: the prevalence/presence of
ETD within and across diagnostic

categories and the stability of ETD
over time in psychiatric patients in
whom ETD has been identified. The
specificity question was first raised
by Holzman, Proctor, and Hughes
(1973) and Holzman et al. (1974)
who asserted, on the basis of smooth
pursuit eye movement studies in psy-
chiatric patients, normal controls,
and first-degree relatives of schizo-
phrenics, that ETD is specific to
schizophrenia and may be a genetic
marker of schizophrenic disorder.

Since the study of Holzman et al.
(1974) appeared, a very substantial
research literature bearing on the is-
sue of diagnostic specificity has accu-
mulated. Both Holzman and his col-
laborators and investigators in other
laboratories (e.g., Iacono and Lykken
1979) have made important contribu-
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tions to this literature, which will be
critically reviewed here. Before this
review is undertaken, however, cer-
tain methodological issues should be
considered and certain concepts de-
fined. There is considerable variation
in diagnostic criteria and in method
of diagnosis across pursuit eye move-
ment studies in different laboratories.
Such variation quite obviously has a
critical bearing on the issue of specif-
icity. Cross-study identification of
similar or differing psychopathologi-
cal groups is called into question
when intrastudy criterion validity is
in doubt. This problem is particular-
ly troublesome in the diagnosis of
schizoaffective illness because major
diagnostic systems differ explicitly in
the criteria used to define the condi-
tion. Although a critical comparative
appraisal of criterion validity is be-
yond the scope of this review, the
diagnostic criteria and/or method
used in key studies will be noted.

There is also some variation in
scoring systems employed in studies
of pursuit eye movement in psychiat-
ric patients. Holzman and collabora-
tors, as well as some investigators in
other laboratories, have used both
qualitative ratings (deviant/normal)
and quantitative scores (velocity ar-
rests, log signal/noise ratio or root-
mean-square error deviation). A
number of other investigators, how-
ever, have applied quantitative scor-
ing exclusively. In studies in which
qualitative ratings have been made, it
is possible to estimate ETD preva-
lence percentages within diagnostic
categories. Wherever possible such
percentages will be reported here and
compared across diagnostic catego-
ries and investigations. In studies em-
ploying quantitative scoring exclu-
sively, the presence or absence of
ETD (but not prevalence) within a
given diagnostic category can be in-
ferred from comparisons of psychiat-

ric patients with neurologically in-
tact, age-equated normal controls.
Whenever such comparisons have
been made in studies under review
here, their results will be reported in
terms of presence or absence of eye
movement dysfunction.

Prevalence/Presence of Eye
Movement Dysfunction In
Psychiatric Patients

In their 1974 study Holzman et al.
examined pursuit eye movement in a
large sample of psychiatric inpa-
tients, their first-degree relatives, and
normal control subjects. When sub-
groups within that sample were con-
stituted by hospital diagnosis, devi-
ant eye tracking was manifest in 86
percent of chronic schizophrenics, 52
percent of recent schizophrenics, 50
percent of schizoaffectives, 44 percent
of first-degree relatives of schizo-
phrenics, 22 percent of manic-depres-
sives, 10 percent of relatives of non-
schizophrenics, 21 percent of nonpsy-
chotic patients, and 8.3 percent of
normal controls. A chi-square test of
this distribution was found to be
highly significant. When these sub-
groups were reconstituted by diagno-
sis based on psychological test data
and compared in terms of both pre-
alert and post-alert velocity arrest
scores, it was found that schizo-
phrenics, schizoaffectives, and the
relatives of schizophrenics, combined
as a single group, showed significant-
ly more velocity arrests than "other
groups which included the other psy-
chotic patients and their relatives."1

1 It is of interest to note here, in rela-
tion to the role that variation in diagnos-
tic criteria and methods may play in influ-
encing judgments concerning the specific-
ity hypothesis, that when subgroups with-
in the sample of psychiatric patients stud-
ied by Holzman et al. (1974) were consti-

There were, however, no significant
differences in mean velocity arrest
scores between recent and chronic
schizophrenics, paranoids and non-
paranoids, and good and poor pre-
morbid patients.

Shagass, Amadeo, and Overton
(1974) also examined pursuit eye
movement in a large sample of psy-
chiatric inpatients. They used both
velocity arrest scores and qualitative
ratings to compare hospitalized schiz-
ophrenics and affective disorder pa-
tients with age-matched normal con-
trols. Psychiatric diagnoses in this in-
vestigation "represented the consen-
sus of two or more senior psychia-
trists." Their findings indicated that
eye tracking impairment in chronic
schizophrenics is significantly greater
than in age-matched normal controls
and that paranoid and nonparanoid
subjects do not differ from each other
in this regard. Schizoaffective pa-
tients, whose mean velocity arrest
scores were greater than those of the
control subjects, did not, however,
differ significantly from the controls.
In the affective disorders group, both
"depressed" and "manic" psychotic
patients manifested significantly
greater eye tracking dysfunction than
age-matched controls. Moreover,
when five schizoaffective-depressed
patients were combined with the de-
pressed psychotic patients, this sub-
sample was found to show signifi-
cantly poorer eye tracking than the
normal controls.

Klein et al. (1976) studied eye
tracking performance in women "pre-
viously hospitalized for schizophrenia
or depression disorder," their

tuted in terms of hospital diagnosis, schiz-
ophrenics, their relative*, and other psy-
chotic* did not differ significantly from
each other in mean post-alert velocity ar-
rest scores.
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spouses, their adolescent offspring,
and normal controls. Diagnosis was
by consensus among three senior
psychiatrists employing relatively
conservative criteria. Comparison of
eye tracking in schizophrenic and in
nonschizophrenic women showed no
significant differences, although both
groups of patients manifested signifi-
cantly greater impairment than nor-
mal controls. Similar findings are re-
ported for the offspring of these pa-
tients. This study appears to invite
the same interpretation due the study
of Shagass, Amadeo, and Overton
(1974)—namely, that eye tracking
dysfunction occurs in both schizo-
phrenic and affective disorder pa-
tients. However, this interpretation
in the case of the Klein et al. study is
rendered equivocal because most of
the "schizophrenic" patients in that
study were, in fact, specifically diag-
nosed as schizoaffectives, whose ve-
locity arrest scores were comparable
to those of schizoaffectives in the
study of Shagass, Amadeo, and
Overton.

Upton, Levin, and Holzman (1980)
examined eye tracking performance
in "first break" hospitalized manic-
depressive and schizophrenic pa-
tients. Both groups showed signifi-
cantly more impaired eye tracking
than normal controls and did not dif-
fer in this regard from each other.
Both manic-depressives and schizo-
phrenics in this study were identified
by an "experienced diagnostician,"
applying the criteria of Feighner et
al. (1972), and both revealed similar
prevalence rates: "around 50%."

Finally, in most studies of smooth
pursuit eye movement in which non-
psychotic psychiatric patients were
included (Holzman et al. 1974;
Shagass, Amadeo, and Overton
1974; Pass et al. 1978; Mialet and
Pichot 1981), no evidence was re-
ported to suggest that such patients

differed significantly from normal
controls in eye tracking performance.
There are, however, two rather am-
biguous exceptions in this regard.
Pivik (1979) reported that "psychiat-
ric inpatients," comprising both
schizophrenic and other psychotic pa-
tients (63 percent) and nonpsychotic
patients (37 percent), exhibited signif-
icantly more velocity arrests than
schizophrenic outpatients and normal
controls.

Bala et al. (1981) found more fre-
quent "irregular eye pursuit move-
ment" in hyperactive boys (mean
age — 7.4 years) than in normal
boys (mean age — 8 years). These
irregularities were stable over a 3-
year period in unmedicated subjects
but were normalized by "stimulant
medication." While the eye tracking
records of hyperactive boys in this
study bear striking resemblance to
deviant records of adult schizophren-
ics, the possibility of differing under-
lying pathological mechanisms, par-
ticularly in light of the normalizing
effects of medication, cannot be read-
ily ruled out.

It will be evident, of course, from
the above review that the hypothesis
that ETD is specific to schizophrenia
is no longer tenable. An empirically
more appropriate reformulation
would be that ETD is evident primar-
ily in functional psychosis.

Eye Tracking Dysfunction as a
Trait In Functional Psychosis

The question of whether ETD is a
trait in functional psychosis bears on
the theoretical significance of the
phenomenon. Holzman's genetic
marker hypothesis requires that ETD
be a trait in functional psychosis.
Similarly, the hypothesis that ETD is
closely linked to primary pathology
or vulnerability in functional psycho-

sis and plays a role in the etiology of
these disorders entails the assumption
that ETD has trait characteristics.
The most compelling evidence on be-
half of the trait hypothesis would be
derived from longitudinal studies in
which the persistence of ETD in indi-
viduals at risk for the trait through-
out all phases of the illness and be-
fore, during, and after drug treat-
ment was determined. Although there
are test-retest reliability studies which
have fulfilled, in part, the above
longitudinal study requirements,
most of the studies, regarded by their
investigators as bearing on the trait
hypothesis, have been cross-sectional
in nature. Positive findings in such
studies—e.g., concordance of ETD in
monozygotic twins discordant for
schizophrenia or the presence of ETD
in asymptomatic, remitted schizo-
phrenics—are logically compelling,
but nonetheless engender a residue of
doubt about the persistence of ETD
in individuals tested on only one or
two occasions.

Some support for the trait hypoth-
esis is derived from three test-retest
reliability studies. Both Holzman et
al. (1974) and Shagass, Amadeo, and
Overton (1974) found moderately
high test-retest reliability coefficients
for eye tracking performance (veloc-
ity arrest scores and ratings) in psy-
chiatric patients over periods ranging
from 9 to 60 days. Iacono and
Lykken (1979) reported high test-re-
test reliability of eye tracking perfor-
mance over a 2-year period in nor-
mal monozygotic twins.

The great majority of schizophren-
ic patients in whom ETD has been
identified were receiving antipsychot-
ic medication at the time of testing.
This fact suggests the possibility that
ETD is produced by antipsychotic
medication and cannot therefore be
regarded as a trait. On the basis of
fairly substantial data, this possi-
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bility can be discounted. Holzman et
al. (1974) and Shagass, Amadeo, and
Overton (1974) have reported indi-
rect evidence indicating that ETD is
not dependent on drug state. More-
over, Spohn et al. (1982) found, in a
placebo-controlled study, that an-
Hpsychotic medication neither elicits
nor normalizes ETD in chronic schiz-
ophrenics.

Evidence obtained in two twin
studies (Holzman et al. 1978, 1980) is
also indirectly supportive of the trait
hypothesis and directly supportive of
the genetic marker hypothesis. In
both studies a substantial number of
monozygotic twin pairs discordant
for schizophrenia were concordant
for ETD. Moreover, in the second
study, at least one monozygotic twin
pair discordant for manic-depressive
illness proved to be concordant for
ETD.

Iacono, Tuason, and JoHnson
(1981) have shown that schizophrenic
outpatients in remission manifested
significantly greater ETD than nor-
mal controls. This finding suggests
that ETD is not a function of florid
psychopathology during an acute epi-
sode and thus also indirectly sup-
ports the trait hypothesis.

A study by Salzman, Klein, and
Strauss (1978) bears on the trait hy-
pothesis in affective psychosis. These
investigators obtained data from a
sample employed by Klein et al.
(1976) "augmented" somewhat by ad-
ditional subjects. They found that
predominantly schizoaffective outpa-
tients in remission did not differ sig-
nificantly in eye tracking perfor-
mance from nonschizophrenic depres-
sive patients also in remission and
that degree of ETD in both groups
was positively correlated with sever-
ity of illness during a prior acute epi-
sode, but not with current, residual
symptomatology. In its relation to
the trait hypothesis, this study is cu-

riously ambiguous. The linkage of se-
verity of illness with degree of ETD
in affective psychosis patients tends
to negate the trait hypothesis. On the
other hand, that this linkage is not
found in remission and that both re-
mitted schizoaffective and nonschizo-
phrenic depressives manifest greater
ETD than normal controls (Klein et
al. 1976) does tend to support the
trait hypothesis.

Finally, a more recent study
(Iacono et al. 1982) bears less ambig-
uously on the trait hypothesis in af-
fective disorders. These investigators
found that both unipolar and bipolar
depressives—by Research Diagnostic
Criteria (RDC; Spitzer, Endicott, and
Robins 1978) consensus diagnosis—in
remission did not differ significantly
in eye tracking performance from
normal controls. However, patients
receiving the antimanic medication
lithium tended to perform more
poorly than patients not receiving
lithium. Schizophrenic patients in re-
mission when compared with the two
depressive groups manifested greater
tracking dysfunction than both
groups, but significantly so only with
respect to the unipolar and not the
bipolar patients. A larger proportion
in the latter group were receiving
lithium than in the former group.
The investigators indicated that these
findings are consistent with the inter-
pretation that "tracking dysfunction
is not a trait characteristic of affec-
tive disorders," but quite appropri-
ately call for further study of this is-
sue.

Summary and Conclusions

When the research literature re-
viewed here, ranging as it does from
1908 to 1982, is considered in terms
of its bearing on specificity, Holzman
and Levy's (1977) conclusion that eye

tracking dysfunction in neurological-
ly intact psychiatric populations is
confined to and characteristic of
functional psychosis still seems en-
tirely valid. Thus, while eye tracking
deviance has been shown to be wide-
ly prevalent within an otherwise het-
erogeneous schizophrenic population
and is found in all phases of schizo-
phrenic illness, the presence of eye
tracking dysfunction, to some degree,
in affective psychoses has also been
demonstrated.

Similarly confident conclusions
concerning the status of ETD as a
trait variable are more difficult to
come by. However, although addi-
tional longitudinal studies need to be
done, the evidence that ETD is a trait
in schizophrenia is already quite
strong and thus supportive of the ge-
netic marker hypothesis. Moreover,
that the prevalence of ETD is sub-
stantially higher in chronic schizo-
phrenics than in recent onset schizo-
phrenics suggests the possibility that
ETD may be a trait variable only in
chronic schizophrenics and in recent
onset patients destined for chronicity.
It may be useful therefore to design
longitudinal studies with this hypoth-
esis in mind and to direct research ef-
forts to the identification of recent
onset schizophrenics not destined for
a chronic course, on the hypothesis
that generic loading in such patients
may differ from genetic loading in
chronic patients.

Evidence supporting the hypothesis
that ETD is a trait in schizoaffective
patients is only cross-sectional and
really quite fragmentary. Indeed,
both in light of lingering doubts con-
cerning prevalence in schizoaffective
patients per se, and because of recent
findings that a small proportion of
schizoaffective patients share genetic
loadings with schizophrenics while a
larger proportion of schizoaffectives
share genetic loadings with affective
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disorder patients (Mendlewicz,
Linkowski, and Wilmote 1980),
schizoaffective patients in future
longitudinal studies should be treated
as a sample independent of schizo-
phrenic and affective disorder pa-
tients. Also, some efforts should be
made to discriminate schizoaffectives
sharing genetic loadings with schizo-
phrenics from schizoaffectives shar-
ing genetic loadings with affective
psychotics. Such information would
afford an opportunity, among others,
to determine whether ETD is a trait
and a genetic marker in functional
psychosis.

Cross-sectional studies in acute and
remitted manic-depressive/bipolar
patients suggest the possibility that
ETD is not a trait in manic-depres-
sive illness and that it may be a func-
tion of severity of psychopathology
and/or antimanic drug treatment. Be-
cause of the importance of the bear-
ing of this interpretation on the hy-
pothesis that ETD is a genetic marker
of functional psychosis, longitudinal
studies of the kind called for above
are urgently needed. At the same
time, larger scale studies than those
of Holzman et al. (1974) of pursuit
eye movement in first-degree rela-
tives of manic-depressive patients
would be useful in resolving doubts
concerning the diagnostic scope of
the genetic marker hypothesis.
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Abnormal Pat-
terns of Normal
Eye Movements
In Schizophrenia

Abstract

The multilevel control of eye move-
ments for the researcher in the schiz-
ophrenic disease process includes the
saccadic trajectory, the dual mode
tracking system, and schematically
directed eye movements in fixation,
in scanpaths, and other looking
strategies, and in reading. Coordina-
tion of eye movements with head
movement in gaze and sensory conse-
quences and concomitants of eye
movements round out the picture.
Recent studies with precise bioengi-
neering instrumentation have defined
two abnormal patterns of eye move-
ments—saccadic intrusions and sac-
cadic "smooth" pursuit. Although
these signs are not pathognomonic,
they raise interesting questions con-
cerning the relationship of these eye
movements to the schizophrenic dis-
ease process.

Multilevel Control of Eye
Movements

Two different disciplines, neurology
and bioengineering, have contributed
to the concept of multilevel control
of eye movements. The neurological
contribution stems from the early
work of Hughlings Jackson (Taylor
1958) who contrasted lower level
control, which involved inputs to the
final common pathway or moto-
neuronal pool, with higher level con-
trol at the brainstem and other sub-
cortical integrative levels; he also
used highest level control to mean
the rather free cortical schematic in-

puts to motor control. For eye move-
ment control he might have con-
sidered the motor program for the
saccade trajectory as lower level con-
trol, the adaptive calibration of gain
by the cerebellum as higher level
control, and the schematic directing
of the eye saccade to fixate an ex-
pected feature of interest in the
periphery as highest level control.

Recent bioengineering con-
tributions have added concepts of a
feedback control path sharing with
input the control of the feedforward
path, and thus forming a closed loop
feedback control system. The block
of pulse-shaping algorithms for gen-
erating time-optimal saccadic trajec-
tories would be lower level control.
The block for the sample data con-
trol mechanism initiates eye move-
ment, precedes this lower level block,
but also lies in the forward loop
path; it would be higher level con-
trol. Other blocks, out of the main
feedback-feedforward loop, that cali-
brate gains and calculate spatial con-
stancy and other features of asso-
ciated sensory mechanisms would be
highest level controllers. There re-
main similarities and differences be-
tween these two views of multilevel
control. For each view, control of
eye movement is a complex affair;
some decomposition is necessary to
study individual elements of control.

Saccadic Trajectory

The eye saccade is a rapid movement
that occurs quite frequently, about
250,000 movements a day, in the
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