that learning and retention may be im-
proved in the context of home environ-
mental cues, since in each of many ex-
periments, Rudy and Cheatle have si-
multaneously exposed all rats from a
litter to the odor. Hence, all rats were
experiencing the onset of illness not only
in the presence of the paired odor, but
also in the presence of an important
home environmental cue, conspecifics.
Experiment 3 compared the effects of
conditioning pups in isolation and with
conspecifics.

Albino rats (N = 36) were trained 2
days and tested 9 days after birth. Each
pup was randomly assigned to one of four
treatment groups (nine per group) ar-
ranged in a 2 by 2 factorial design [pres-
ence of conspecifics during training ver-
sus trained in isolation by illness (injec-
tion of 2 percent of body weight of a
0.15M solution of LiCl) versus no illness
(saline)].

The conditioning procedure was the
same as that of Rudy and Cheatle ¢) ex-
cept that each pup trained in isolation
was exposed to the experimental treat-
ments alone, in isolation from litter-
mates. Otherwise the groups were identi-
cally treated. Each pup was tested indi-
vidually over a 5-minute period for its
preference between lemon or garlic
odors (21) to determine the percentage of
time spent over the lemon odor.

Pups given the lemon odor-illness
pairing in the presence of conspecifics
spent less time over the lemon odor than
control pups given the lemon odor with
saline (Fig. 2). This replicates the Rudy-
Cheatle finding that 2-day-old pups can
learn an association of odor with illness
and retain it over a surprisingly long in-
terval. However, of primary interest is
the influence of isolating the pup during
learning (Fig. 2). Pups given the odor-ill-
ness pairings in isolation spent as much
time over the lemon odor as the controls
did. Apparently, training the pup in isola-
tion from littermates markedly disrupted
learning or the subsequent retention of
Pavlovian conditioning. Analysis of vari-
ance indicated a reliable interaction
(P < .05) and main effect of training en-
vironment (P < .01). Although pups giv-
en the odor-illness pairing in isolation did
not differ from their saline controls or sa-
line controls experiencing the odor with
conspecifics (F < 1), all these groups did
differ reliably from the group given the
odor-illness pairings in the presence of
conspecifics (P < .01).

These experiments suggest that sepa-
ration of the rat pup from familiar home
environmental cues disrupts learning or
retention. The early learning and reten-
tion reported by Kenny and Blass (2)
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may not necessarily reflect a general dis-
position of the organism to learn an ap-
petitive response sooner than a shock-
motivated response, but rather the im-
portance of learning about the response
contingencies in the presence of home
environmental cues (in their case, the
anesthetized adult female).
GREGORY J. SMITH

NoORMAN E. SPEAR*
Department of Psychology,
State University of New York,
Binghamton 13901

References and Notes

1. N. E. Spear and B. A. Campbell, Eds., O{ttogeny
of Learning and Memory (Erlbaum, Hillsdale,
N.J., 1979). )

2. J. T. Kenny and E. M. Blass, Science 196, 898

(1977). .

. J. R. Misanin, Z. M. Nagy, E. F. Keiser, W.
Bowen, J. Comp. Physiol. Psychol. 77, 188
(1971).

. J. W. Rudy and M. D. Cheatle, Science 198, 845
(1977)

. N. E. Spear and G. J. Smith, Dev. Psychobiol.,

in press.

D. A. Feigley and N. E. Spear, J. Comp.

Physiol. Psychol. 13, 515 (1970).

. D. C. Riccio, M. Rohrbaugh, L. A. Hodges, Dev.

Psychobiol. 1, 108 (1968).

. The choice of litter shavings was guided by sev-
eral experiments that indicated (i) that rat pups
can discriminate home litter shavings from clean
shavings (9) and (ii) that litter shavings tend to
exert a ‘‘quieting’’ effect on rat pups between
the ages of 2 and 20 days (10).

9. F. H. Gregory and D. W, Pfaff, Physiol. Behav.

6, 573 (1971).

w

®© N o w oA

Astigmatism in Infants

10. B. A. Campbell and L. Raskin, J. Comp.
Physiol. Psychol. 92, 176 (1978); S. Schapiro
and M. Sales, Physiol. Behav. 5, 815 (1970).

11. Animals were maintained in polypropylene cages
(45 cm long by 24 cm wide by 15 cm high) for
1 week before training. Food and water were
freely available. The infants were housed with
their littermates and parents, the adults with
three agemates of the same sex.

12. A. Amsel, D. R. Burdette, R. Letz, Nature
(London) 262, 816 (1976); G. J. Smith, N. E.
Spear, L. P. Spear, unpublished manuscript.

13. B. A. Campbell and P. K. Randall, Science 195,
888 (1977).

14. S. S. Zentall and T. R. Zentall, J. Consult. Clin.
Psychol. 44, 693 (1976).

15. F.g;\sd)oltz and M. Leon, Physiol. Behav. 10, 69

1 .

16. P. M. Bronstein, T. Dworkin, B. H. Bilder, An-
im. Learn. Behav. 2, 285 (1974); R. J. Kirkby,
Nature (London) 215, 784 (1967).

17. The T maze used for the adults has been de-
scribed [R. G. Bryan and N. E. Spear, J. Exp.
Psychol. Anim. Behav. Proc. 2, 221 (1976)]. A
second T maze scaled to the size of the 16-day-
old rat pup (stem, 14 cm long by 6 cm wide by
7.5 cm high; each arm, 13 cm long by 6 cm wide -
by 7.5 cm high) was identical except for size.

18. W. N. Dember and H. Fowler, Psychol. Bull. 6,
412 (1958); R. J. Douglas, J. Comp. Physiol.
Psychol. 62, 171 (1966).

19. J. Altman, R. L. Brunner, S. A. Bayer, Behav.
Biol. 8, 557 (1973).

20. A. H. Black, L. Nadel, J. O’Keefe, Psychol.
Bull. 84, 1107 (1977).

21. Our initial attempts to replicate Rudy and
Cheatle (¢) by using a preference test between
lemon odor and natural pine shavings were un-
successful largely because our control animals
preferred the natural pine shavings.

22. Supported by grants from Sigma Xi to G.J.S.
and the National Science Foundation (BNS 74-
24194 and 78-02360) to N.E.S. We thank N.
Richter, R. G. Bryan, and N. Barkoff for tech-
nical advice and assistance.

* Requests for reprints should be sent to N.E.S.

1 May 1978; revised 14 June 1978

Abstract. Compared with children of school age, infants show ten times the in-
cidence and considerably greater amounts of clinically significant astigmatism. The
amount begins to decrease in the second semester of life, and the incidence declines
during the third year. These unanticipated results bear on both the etiology and the

neural sequelae of astigmatism.

In the course of refracting the eyes of
276 full-term infants between birth and
50 weeks of age by means of near-reti-
noscopy (1), we discovered that clinical-
ly significant astigmatism (2, 3) occurred
in 45 percent of the sample ¢, 5). This
incidence is almost ten times that report-
ed in children (6) and five times that re-
ported in adults (7), which implies that
much of the early astigmatism must be
either reduced or eliminated in the
course of development.

The unexpectedly high incidence is in-
teresting in light of the inference that as-
tigmatism has deleterious effects upon
the development of the visual nervous
system. The meridional amblyopia found
in adult astigmats represents an optically
uncorrectable loss of acuity, attributed
to irreversible changes in the visual ner-
vous system (8). These changes are, in
turn, attributed to prolonged exposure to
the blurred edges of images of contours
of all orientations except the focused me-
ridians. Furthermore, these central ab-
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normalities in human observers have
been said to parallel the changes in the
incidence of orientationally selective
neurons in the visual cortices of cats
reared either with edges of only one ori-
entation visible (9) or with strong astig-
matic lenses (10). Finally, one wonders
how the high incidence of astigmatism
during human infancy bears on the tim-
ing of a sensitive period during which as-
tigmatism may cause irreversible deficits
in vision. o

In this report we report the results of
the initial refractions of the right eyes of
276 infants (/7). In addition, we tracked
the refractions of 28 of these infants who
had shown 2 or more diopters of astig-

- matism at some time between 3 and 6

months of age. All of the infants were
healthy and full term with birth weights
ranging from 2381 to 4904 g for 141 males
(median = 3487 g), and from 2410 to
5075 g for 135 females (median = 3289
g). The majority of the infants were solic-
ited through letters mentioning tests of
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vision and sent to parents in the Boston
area. Responses to the letters averaged
15 percent. Ninety-five percent of the in-
fants were white, the remainder black
and oriental.

During refraction, the infant was held
on the parent’s lap in a completely dark-
ened room with the retinoscope 50 cm
from the eyes. The low-intensity beam of
light from the retinoscope was shone in
the infant’s eye. While the infant gazed
at the light source, the vergence of the
retinal reflection was neutralized through
the use of a graded set of lenses mounted
in a bar for quick manipulation. Aten-
tion to the light was enhanced by testing
the infant during feeding. With older in-
fants, sounds produced by the examiner
helped maintain stable gaze for the dura-
tion necessary for measurements (/2).

Most of the infants were first refracted
between 0 and 20 weeks of age (13). The
incidence of astigmatism is low in the
youngest infants and reaches a peak in
the 11- to 20-week group (Fig. 1). Astig-
matism in the latter group is evenly di-
vided between direct and inverse (/4) (40
percent each) with 20 percent of the in-
fants showing cylindrical power at an
oblique axis. After 20 weeks of age, the
overall incidence is lower and, in partic-
ular, the higher amounts of astigmatism
(= 2.0 diopters) are reduced so that in
the 41- to 50-week group, most infants
are nonastigmatic or have small amounts
of astigmatism (< 2.0 diopters). The in-
fants in the youngest age groups (0 to 20
weeks) tend to be either simple or com-
pound myopic astigmats, those between
21 and 30 weeks tend to be mixed astig-
mats, and those in the older two age
groups (31 to 50 weeks) tend to be either
simple or compound hyperopic astig-
mats. Nonastigmatic infants show a simi-
lar trend toward hyperopia with increas-
ing age (15).

Since the incidence of large amounts
of astigmatism (= 2.0 diopters) is so high
in the first semester of life and then de-
clines in the second semester, we
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tracked the refractions of the right eyes
of 28 infants who had shown two or more
diopters between 3 and 6 months of age.
All of these infants had five or more re-
fractions at periodic intervals within the
first year of life. By 50 weeks of age, half
had no astigmatism, one-fourth showed a
reduction of one or more diopters, and
one-fourth maintained the amount pres-
ent at 3 to 6 months. No increases in the
amount of astigmatism were seen. Re-
fractive data from three infants, repre-
senting three typical patterns of devel-
opment of astigmatism, are shown in
Fig. 2.

The infant who maintained the astig-
matism had between 2.5 and 4.0 diopters
throughout the first year of life. The
amount was reduced to 2.0 diopters in
the second year, and by 2!/2 years, the
astigmatism was no longer present. The
astigmatism measured in the infant who
showed a reduction at 1 year has re-
mained stable to 21 months. Of the ten
infants (more than one-third of our
sample) who had two or more diopters at
3 to 6 months and who still had astigma-
tism at 1 year, only three lost their astig-
matism in the second year of life. We are
now tracking their refraction into the
third year of life. The infant who lost her
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Fig. 2. Three typical cases of change in astig-
matism during the first year of life. One infant
maintained the astigmatism (H), in a second it
was reduced (@), and the third lost the astig-
matism (@).

astigmatism at 1 year of age has re-
mained free of it into her second and
third years of life. Of 13 infants who
showed no astigmatism at 1 year, only
one showed its reappearance during the
second year of life. It therefore seems
that once the astigmatism disappears, it
rarely reappears.

The factors responsible for the high in-
cidence and lability of astigmatism in in-
fancy must be relevant to its etiology, al-
though that remains obscure at present
(3, 16). A sample of the astigmatic in-
fants tested psychophysically by a visual
preference procedure revealed the ef-
fects of astigmatism by reduction of acu-
ity in the blurred meridians (¢4, 7). How-
ever, optical correction for the cy-
lindrical error brought acuity back to the
age norm for this procedure (/8) and
hence revealed no evidence for merid-
ional amblyopia up to the age of 1 year.
Consequently, within the limitations of
the sample, it appears that infantile astig-
matism does not contribute to meridional
amblyopia. We are now tracking the re-
fraction and the meridional variations in
acuity of some of our infant astigmats in-
to their second and third years of life.
Preliminary results indicate that the in-
cidence of astigmatism does not decline
to adult levels until after the age of 2
years. Moreover, the earliest that we
have detected meridional amblyopia is
just prior to the end of the third year of
life, which suggests that the sensitive pe-
riod for the development of meridional
amblyopia may begin later than that for
the development of amblyopia resulting
from binocular anomalies (/9). Further
data from astigmatic children should
specify the relation between early astig-
matism and the development of merid-
ional amblyopia.
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Infant Astigmatism Measured by Photorefraction

Abstract. Photorefraction of a sample of 93 infants of ages 1 day to 12 months
showed that 63 percent of the subjects had astigmatism of 0.75 diopter or greater,
and 12 percent greater than 2 diopters. Seventy percent of these astigmatisms were
in the horizontal-vertical meridians. By comparison, only 8 percent of a sample of 26
adults tested by the same method showed astigmatism (all 0.75 to 1 diopter). The
high incidence of infant astigmatism has implications for critical periods in human

visual development and for infant acuity.

Photorefraction (/) is a photographic
method for estimating the instantaneous
refractive error of a subject’s eyes, rela-
tive to the distance of the camera used. It
requires no subjective report from sub-
jects, nor their cooperation except in the
brief fixation of a target, and so may be
used with freely accommodating infants
of all ages.

Figure 1 shows an example of the pho-
tographs on which measurements are
made. The stars centered on each eye
are produced by the retinal images of a
point flash source centered in the camera
lens and imaged on the film by a set of
four cylindrical lens segments around the
source. From the lengths of the star arms
the defocus of each image in two orthog-
onal directions may be derived (2). The
technique is therefore well suited for
measuring astigmatic errors.

We now report a high incidence of as-
tigmatism in an unselected sample of in-
fants examined as part of an extensive
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photorefractive study of accommodative
and refractive errors of infants from birth
to 1 year of age (3). This finding is of in-
terest because the first year of life is
thought to be at least part of the critical
period for human visual development

4), during which time the visual system
may be vulnerable to deficient input; dif-
ferences in image quality in different me-
ridians have been suggested to have a de-
velopmental effect (5). If so, either infant
astigmatism must result in meridional
variations in acuity in later life, or neural
plasticity must outlast the period of in-
fant astigmatism (which we find to be at
least 1 year).

The method used differed from the
original method of photorefraction (/) in
three ways. (i) An electronic flash rather
than a tungsten light source was used. (ii)
The photographs were taken on color
transparency film (High Speed Ekta-
chrome) rather than black-and-white
film; this helped interpretation of the im-
ages in that the retinal reflexes were
more readily distinguished from the
background of the infant’s face, and the
white light from the retinal image of the
source could be separated from the red-
der, more broadly distributed scattered
light. (iii) The camera-to-subject distance
was varied.

Infants in five age groups were stud-
ied: newborns (0 to 9 days), 1 month (4 to
7 weeks), 2 to 3 months, 6 to 8 months,
and 9 to 12 months. Newborn infants
from the postnatal wards of the (Cam-
bridge, England) Maternity Hospital
were tested when alert, usually shortly
before or after feeding. The older groups
were volunteered by their parents in re-
sponse to recruiting leaflets distributed
in well baby clinics in the Cambridge
area. No infant in any group was more
than 14 days premature.

Each infant was photorefracted while
seated on the mother’s or experimenter’s
knee at 150 and 75 cm from the camera.
The estimates of astigmatism are princi-
pally based on photographs taken with
the infant fixating at the camera distance.
Between four and six photographs were
taken at each of the two camera dis-
tances for each infant. This was achieved
by using the photographer as the visual
target; he or she attracted the infant’s at-
tention by calling, shaking brightly col-
ored rattles, peekaboos, and other atten-
tion-seeking activity. The camera was
operated when the infant was judged to
be fixating the operator’s face close to
the camera. In this way the camera was
always within 5° of the optical axis of the
eyes at the moment of exposure, so off-
axis errors of refraction (6) were avoid-
ed. Photographs were also taken with

Fig. 1. Photorefractive picture of infant with a
2.0-diopter astigmatism. The horizontal meri-
dians of both eyes are relatively well focused
while the vertical meridians are severely
defocused.
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