The phenomenon of repression is an in-
triguing one, but it does not appear to be
involved in the restoration of normal be-
havior in cross-innervated goldfish extra-
ocular muscles. Repression may be impli-
cated in other systems, but it must be phys-
iologically demonstrated before it can be
accepted.

Note added in proof: Recent experi-
ments testing the hypothesis that behav-
ioral repression is the result of rearrange-
ment of synapses in the central nervous
system demonstrate that after behavioral
repression NIII still fires in the head-down
position, which indicates that no central
reorganization occurs.

SHERYL A. SCOTT
Department of Biology, Yale University,
New Haven, Connecticut 06520
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Anomalous Myopias and the Intermediate Dark Focus

of Accommodation

Abstract. The dark focus of accommodation for an individual observer correlates high-
ly with the magnitude of night, empty field, and instrument myopia. These anomalous
myopias are interpreted as resulting from the passive return of accommodation to an in-
dividually determined intermediate dark focus when the stimulus for accommodation is
degraded or absent, or when the need for accommodation is eliminated.

Accommodation represents one of the
initial responses of the visual system, the
objective of which is to maintain a clearly
focused image on the retina. The accuracy
of this process determines how much infor-
mation is extractable from visual stimu-
lation and is therefore essential to virtually
every visual task. Under most viewing con-
ditions, the accommodation reflex results
in a rapid and accurate adjustment of the
refractive power of the lens. In view of this
normally adaptive closed loop feedback
system, the manifestation of sustained and
inappropriate myopia under certain stimu-
lus conditions represents an anomaly.

With lowered illumination level, the re-
fractive power of the eye typically increas-
es for distant objects. This phenomenon,
which was first reported by Lord Maske-
lyne in the late 18th century and is referred
to as twilight or night myopia, might be
considered maladaptive since it degrades
the quality of the retinal image (/). More-
over, night myopia is only one of a series of
potentially maladaptive manifestations of
the refractive system which are here re-
ferred to as the anomalous myopias. An-
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other example is the nearsightedness re-
ported when viewing an unstructured field
(Ganzfeld) such as a clear sky, or during a
snow storm or fog. This phenomenon,
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Fig. 1. Frequency distribution of the magnitude
of the focus in total darkness, as measured with
the laser optometer, for 124 college-age observ-
ers.

known as space, sky, or empty field
myopia, should be considered maladaptive
since the focus of the eye corresponds to
relatively close distances in spite of the fact
that the objects of interest are ordinarily
located at a distance (2). Similarly, near-
sightedness is frequently observed when
viewing through optical instruments, par-
ticularly microscopes, and is known as in-
strument myopia (3, 4).

The theoretical treatment of these phe-
nomena, in particular of night myopia, has
been both extensive and varied (5). A criti-
cal issue in any analysis of these anoma-
lous myopias is the state of accom-
modation under the conditions producing
anomalous myopia. The classic assump-
tion is that in the absence of visual stimu-
lation or a stimulus for accommodation,
the ciliary body relaxes and, assuming no
refractive error, the eye is focused to corre-
spond to optical infinity (6). This has been
the prevailing interpretation in the litera-
ture and is implicit in ophthalmological
and optometric clinical practice and the
design of optical instruments such as mi-
croscopes, dissecting microscopes, and
stereoscopes. However, an alternative
point of view, which has appeared sporad-
ically in the literature, is that the focus in
the absence of stimulation is not to infinity
but rather to some intermediate distance.
This neutral focus has been estimated to be
of the order of 1 diopter of accom-
modation, corresponding to a distance of
1 m. According to some investigators (7,
8), no accommodative effort is involved at
this neutral focus, which has been referred
to as the Akkommodationsruhelage, or
resting state of accommodation. With ade-
quate stimulation, the refractive power is
then actively increased or decreased to cor-
respond to the distance of the stimulus.

The intermediate focus hypothesis is
particularly heuristic in relation to the
anomalous myopias. In the classical con-
text of the “resting” focus at infinity, any
increase in refractive power is considered
to be an active process. However, it is diffi-
cult to explain inappropriate accom-
modation in a system that is normally
highly adaptive. On the other hand, if the
resting focus is assumed to be at some in-
termediate value, the anomalous myopias
may be simply considered as passive return
of the lens to this neutral or equilibrium
state.

A major methodological difficulty in the
literature dealing with these problems has
been the previous unavailability of a con-
venient technique for measuring accom-
modation which did not, in itself, influence
the results. Although there are several pre-
cise clinical and experimental methods to
assess accommodation, many do not per-
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mit an unbiased quantitative measurement
under the conditions that produce the
anomalous myopias. Fortunately, with the
availability of the laser optometer, it is
now feasible to evaluate accommodation
under the precise conditions for which the
anomalous myopias are typically observed.
The technique involves the intermittent su-
perimposition of a diverged beam from a
low-energy laser into the subjects’ visual
field, has no effect on accommodation, and
permits measurements under a wide vari-
ety of laboratory and field conditions in-
cluding total darkness (9).

We have carried out a series of experi-
ments, utilizing the laser optometer, to in-
vestigate the relationship between the
anomalous myopias and the focus assumed
by the eye in the absence of light stimu-
lation. The latter condition was achieved
by measuring the accommodative response
in total darkness. These measures are
therefore referred to as the dark focus of
accommodation.

Figure | presents a frequency distribu-
tion for 124 subjects of the dioptric and lin-
ear distance to which the eye is accom-
modated in total darkness. These observers
were college students ranging in age from
17 to 26 years with an average of approxi-
mately 19.5 years. All had at least 20/25
far and near acuity, as determined by a
Titmus vision tester. Normal optical cor-
rections remained in place during the
screening and determination of the dark
focus (10). The data are consistent with the
intermediate focus hypothesis. The mean
value is 1.7 diopters, corresponding to a
focal distance of 59 c¢cm (23.2 inches). Al-
though according to the classical inter-
pretation, the focus in total darkness
would be expected to correspond to optical
infinity or zero diopter, the present sample
included only four observers with a dark
focus within 0.5 diopter of optical infinity.
The marked variability in these values
should be noted. The distribution is ap-
proximately normal with a standard devia-
tion of 0.72 diopter and a range of approxi-
mately 4 diopters. Such marked inter-
subject variability in the intermediate
focus has not, to our knowledge, been pre-
viously suggested.

The intermediate dark focus and the
marked intersubject variability suggest a
parsimonious explanation for the anoma-
lous myopias. Each observer will tend to
return to an individual intermediate focus
when the stimulus for accommodation is
degraded or when accommodation is inef-
fective in changing the retinal image. In
the case of night myopia, low luminance
levels result in decreased resolution and
thus an impoverished stimulus for accom-
modation. In the case of empty field or
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space myopia, there are no contours or tex-
ture to serve as a stimulus for accom-
modation. Instrument myopia would be
expected to result from the fact that many
optical instruments, in particular light mi-
croscopes, have small exit pupils of the or-
der of 2.0 mm or less. With such small pu-
pils, the depth of field of the eye is ex-
panded; this largely eliminates the need for
accommodation since the stimulus is in
focus over a wide range of optical distances
@, 11).

As a test of the hypothesis that the
anomalous myopias result from a tendency
for accommodation to return to an inter-
mediate focus, data were obtained for the
same observers under the three conditions
that would be expected to produce anoma-
lous myopia. If a unitary factor, return to
the intermediate focus, were responsible
for all three phenomena, the magnitude of
the inappropriate myopia for all three con-
ditions should be related to the individual’s
state of accommodation in total darkness,
the dark focus. In all cases, the focus was
determined by superimposing the speckle
pattern from the laser optometer into the
visual field. Night myopia was investigated
by asking the subjects to observe monocu-
larly a building in an urban environment at
a distance of 200 m through a neutral den-
sity filter which attenuated the normal
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Fig. 2. Magnitudes of night, empty field, and in-
strument myopia as a function of the focus in
the dark. Each point represents a datum for an
individual observer who observed in all three sit-
uations.

daylight ambient illuminance by a factor
of 16,000 (12). Empty field conditions were
simulated by juxtaposing a Ping-Pong ball
hemisphere to the eye. A small hole in line
with the visual axis permitted positioning a
beam splitter for presentation of the laser
speckle pattern. To ensure that the sub-
jective appearance of the entire visual field
was uniform with no visible contours nor
luminance discontinuities (Ganzfeld), a
second Ping-Pong ball hemisphere was
aligned with the hole in the first. The lumi-
nance was uniform at 153 cd/m? In-
strument myopia was evaluated by asking
the subjects to focus clearly a square wave
grating at a luminance of 11.0 cd/m? while
viewing monocularly in a microscope with
an exit pupil of 2.0 mm.

Thirty subjects drawn from the same
population as those in Fig. 1 were tested.
The data are presented in Fig. 2 as the
magnitude of anomalous myopia as a func-
tion of the dark focus of accommodation
for the individual subjects. Each point rep-
resents the data for one subject. If anoma-
lous myopia were simply a manifestation
of the subject’s individual dark focus, the
data points would fall along the straight
lines of unit slope indicated on these
graphs. It will be observed that the data
agree closely with this interpretation. The
Pearson product moment correlations (r)
for night (/3), empty field, and instrument
myopias are 0.84, 0.81, and 0.68, respec-
tively.

These results support the intermediate
focus hypothesis rather than the classical
hypothesis that the resting focus is at in-
finity. The dark focus is distributed nor-
mally with a mean at approximately 59 cm
and large intersubject variability. We feel
that this intersubject variability is essential
to understanding the anomalous myopias.
The results demonstrate that the accom-
modation of individual subjects under con-
ditions that either degrade or eliminate the
need for accommodation is highly predict-
able from their individual dark focus. The
lens approaches an intermediate focus
when the stimulus for accommodation is
eliminated by viewing in total darkness,
when it is degraded (as by low luminance
or an unstructured visual field), or when
the need for accommodation is reduced by
observing through small pupils. In this
view, the three anomalous myopias are all
manifestations of the passive return of the
lens to the subject’s individual dark focus.
While these results do not rule out the in-
fluence of other factors, the strikingly high
correlations over the three conditions
suggest that the intermediate dark focus
of accommodation represents a major fac-
tor responsible for the three anomalous
myopias. '
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Operationally, the focus measured in the
absence of visual stimulation is referred to
as the dark focus. Morgan (7) and Schober
(8) have presented convincing evidence
that under such conditions the ciliary body
is relaxed and have suggested the term
resting state of accommodation. Since we
have no direct measurements of the state
of relaxation, it seems advisable to avoid
confusion by eliminating reference to an
inferred state of rest. In the present analy-
sis, the tendency to return to an inter-
mediate focus, determined in the absence
of light stimulation, has high predictive
value not only for the three anomalous
myopias under discussion, but also with re-
spect to the focus (i) assumed while view-
ing a diffraction pattern for which the
sharpness of the image is independent of
accommodation and (ii) when the depth of
field is enlarged by decreasing pupil size
(11). It also permits prediction of the maxi-
mum of the acuity-distance function for an
individual observer (/4).

With two exceptions, the ideas presented
in this report have appeared previously in
the literature. First, the marked variability
in the intermediate dark focus has not been
suggested previously, and provides a basis
for explaining difficulties encountered in
previous studies. For example, under the
assumption that night myopia is the result
of factors such as increased spherical aber-
ration with increased pupil size, or chro-
matic aberrations and the Purkinje shift
(5), one would not expect to encounter
large individual differences, and such vari-
ability would be erroneously attributed to
experimental error. Similarly, any attempt
to ameliorate night or empty field myopia
by prescribing a fixed negative correction
for all observers (15) would be expected to
produce inconclusive results. Subjects who
have a far dark focus would not be helped
by additional negative correction, whereas
a small negative correction would not be
adequate for subjects with a very near dark
focus. Recognition of intersubject variabil-
ity should permit a quantitative prediction
of the magnitude of night myopia as well
as the appropriate correction necessary to
overcome its deleterious effects under low
luminance observation conditions. Second,
with respect to the anomalous myopias,
our interpretation is unique in providing a
unitary explanation for all three phenome-
na.

There are a number of additional impli-
cations of our data. As Morgan (7) and
Schober (8) have pointed out, since the ac-
commodation mechanism has autonomic
innervation, the dark focus might repre-
sent a tonic balance between the activity of
both branches of the autonomic nervous
system. Thus, variations in dark focus
would reflect the balance between sympa-
thetic and parasympathetic activation.

648

When measurements are made in total
darkness, this provides a method for eval-
uating autonomic activity in the absence of
normal light stimulation.

The intermediate dark focus might also
have implications for clinical practice since
objective examinations are typically made
in a darkened room. Under such condi-
tions, to the extent that the subjects return
to their intermediate dark focus (/1), re-
fractive power would be overestimated.

Johnson (/4) recently demonstrated
that, even with high illuminance, accom-
modation is most accurate and visual acu-
ity is highest when the stimulus is con-
jugate with the individual subject’s dark
focus. His data indicate that although vari-
ation in distance from the dark focus stim-
ulates accommodation, there is a residual
error of underaccommodation for nearer
objects and overaccommodation for more
distant objects. This accommodative error
increases with distance in either direction
from the dark focus, and is exaggerated by
lowering the illuminance level. This im-
plies that for optimal performance in any
demanding visual task, such as photo-
graphic or x-ray interpretation, micros-
copy, visual inspection, driving, and flying,
the optical distance of the stimulus should
correspond to the dark focus of the individ-
ual observer.

H. W. LEIBOWITZ
D. A. OWENS
Department of Psychology,
Pennsylvania State University,
University Park 16802
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Prolongation of Gestation by Growth Hormone: A Confounding

Factor in the Assessment of Its Prenatal Action

Abstract. The administration of purified growth hormone to normally nourished preg-
nant rats prolonged gestation leading to postmaturity of the offspring. The effect ex-
plains, in part, the apparent influence of growth hormone on prenatal and early postnatal
development and supports the notion that the prenatal action of exogenous growth hor-
mone is restricted to a therapeutic one under conditions of malnutrition.

Growth hormone (GH) administered to
pregnant rats is said to enhance brain de-
velopment by the time of birth (/, 2) or in
early life (2, 3). Precocious behavioral de-
velopment (4) and improvements in adult
learning capability (3-5) are further taken
to reflect the permanence of these early
structural changes in the brain. However,
we have been unable to demonstrate any
effects of GH treatment on fetuses ob-
tained by cesarean section near term (6).
A resolution of this conflicting evidence
may come from our observation that mod-
ern preparations of purified GH prolong
the gestation period in the rat, thus raising
the possibility that the apparent facilita-
tion of development may be due to errors

in estimating true postconception age when
dating is made with respect to birth.
Long-Evans virgin rats (Blue Spruce
Farms, Altamont, New York) were housed
in a thermostatically controlled (20° to
22.5°C) room maintained on a 12-hour
light-dark cycle (LD, 12 : 12) with light on-
set at 0800 hours. Purina laboratory chow,
containing at least 23 percent protein, and
water were available at all times. After 2
weeks of acclimatization, animals were
mated, and insemination was verified by
vaginal lavage daily (between 0900 and
1000 hours). Presence of sperm defined day
0 of pregnancy, and only females in the
body-weight range 200 to 215 g on day O
were used. On day 7 of gestation, subjects
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