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METHODS & DESIGNS
Monitoring visual activity in infant rhesus

monkeys: Method and calibration
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This paper describes the use of an infrared corneal reflection technique to monitor visual
activity in infant rhesus monkeys. To establish the validity of the method, calibration data
werecollectedand a mathematical correction for systematic sources oferror was used.

Behavioral research on vision in infant monkeys has
typically been limited to paradigms using motor
responses and learning techniques (see Boothe & Sackett,
1975, for a review). These methods, however, are not
useful for studying very young infants, with the notable
exception of the forced-choice preferential looking
paradigm (e.g., Teller, Regal, Videen, & Pulos, 1978).
Although preference studies can provide valuable infor
mation, they demand that questions be answerable in
terms of a discrimination. Methods of monitoring eye
movements and fixations are needed to investigate
visual activity in detail or to answer questions about
strategies of visual search.

Investigators have previously studied eye movements
and fixations in adult monkeys (e.g., Cowey, 1963), and
in human infants (e.g., Haith, 1980; Mendelson & Haith,
1976; Salapatek, 1975). Here, we outline a method for
recording eye movements in infant monkeys using
infrared corneal reflection videotape recording (Haith,
1969).

It has been widely observed that the uncorrected
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corneal reflection technique provides only an approxi
mation of the direction of visual regard (Bullinger,
1974; Bullinger & Kaufman, 1977; Maurer, 1975;
Salapatek, 1975; Slater & Findlay, 1972, 1975). There
are two principal sources of error in the technique:
First, the visual and optical axes of the eye do not
coincide perfectly; that is, a line drawn through the
center of the pupil and lens does not strike the retina
at the fovea. Second, the curved plane of the cornea
(which produces the corneal reflection) does not coin
cide with the plane of the pupil. The positional differ
ence of these planes produces parallax, and the parallax
varies as a function of the optical axis of the eye relative
to the axis of the camera. Systematic error is therefore
introduced into the scoring procedure. When fixations
are in the temporal visual field, fixations are scored
more to the temporal side than is actually the case. As
fixations move toward and into the nasal side, the error
decreases, disappears, and then reverses so that fixations
are scored more nasal than is actually the case.

Bullinger and Kaufman (1977) derived two compli
cated formulas to deal with these sources of error as
well as with errors due to idiosyncrasies in individual
subject's eyes. The functions are

x' =f(X, A, R, P, sin a, D)

Y' =fey, X, X', sin a),

where X' and y ' are the scored (i.e., uncorrected)
coordinates of fixation, X and Yare the corrected
coordinates, A is the axial length of the eye, R is the
radius of curvature of the cornea, P is the distance
between the apex of the cornea and the plane of the
pupil, a is the angle between the optical and visual axes,
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Figure 2. Schematic representation of the calibration lights
(open circles drawn to scale). The cross represents the middle
of the visual field. The marginals are the deviations from the
center of each row and column of lights in centimeters, as well
as in degrees of visual angle for the 23.5-i:m viewing distance.
The ends of the dashed lines are scored ilXations for one monkey
at Week 7; the ends of the thick lines are the corrected fixations.
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METHOD

and D is the distance between the center of rotation of
the eye and the plane of the stimulus. Unfortunately,
the formulas are too complicated to be solved readily
for corrected coordinates as a function of scored coor
dinates. Nevertheless, Bullinger and Kaufman proposed
a procedure for correcting scored fixations that involves
constructing a "look-up" table relating scored .and
corrected coordinates. Table construction is based on
information about X', y', X, Y, R, and Q that is
obtained from calibration data and on estimates of P
and A. Once constructed, the table can be used to
correct scored data from scanning studies. We describe
here the use of this error-eorrection technique with
calibration data obtained from infant monkeys to
establish the validity of the procedure for future work.

Subjects
Fifteen infant rhesus monkeys (Macaca mulatta) provided

calibration data. Each monkey was observed once a week for
at least the first 7 weeks of life. Here, we will consider data
obtained from Weeks 1, 3, and 7. When it was impossible to
get reasonable calibration data on a particular week (for four
monkeys in Week 1 and for one monkey in Week 3), data from
an adjacent week were used.

Apparatus
Monitoring visual acuity. The method for monitoring visual

activity, which involved infrared corneal reflection videotape
recording, was adapted from work with human infants (Haith,
1969). A diagram of the recording equipment is shown in
Figure 1. An infant monkey was held by the experimenter so it
faced a stimulus panel 23.5 em away. The panel was illuminated
by two incandescent tubes (not in Figure 1) mounted on either
side above the monkey's head. A video camera mounted horizon
tally behind the stimulus panel recorded the monkey's eye. The
camera was Shibaden Model HV16A, equipped with a 75-mm
f': 1.4 lens, a +3-diopter close-up lens, and an Amperex 5-1202
infrared silicon tube. Reference lights (Bausch & Lomb Nicholas
microscope substage illuminators 31-32-53) were also mounted
behind the panel, three on either side of the camera. The light
beams passed through Polaroid HN7 and Corning CS7-69 filters
that eliminated all visible, and longer, hot wavelengths. A band
of wavelengths 800-1,100 run was transmitted. The resulting
infrared beams converged at the monkey's eye and the reflection
of the infrared sources on the monkey's cornea provided pre-
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Figure 1. Apparatus for monitoring visual activity in infant
monkeys.

calibrated reference markers to be used in scoring fixation
positions. The center of the camera lens was considered the
origin of a Cartesian coordinate system. The centers of the
illuminator filaments were imaged at the plane of the stimulus
panel at locations corresponding to the following X-Y positions
(in centimeters): +17.2, .0; +5.1, +6.4; +5.1, -6.4; -17.2, .0;
-5.1, -6.4; -5.1, +6.4. A Sony CVM 112 monitor provided an
image of the monkey's eye, and a video record was obtained
with a Sony AV3600 tape recorder.

Stimuli
The calibration panel consisted of a black Plexiglas board

with holes for the infrared marker lights and the television
camera. There were 34 green calibration lights placed in an
incomplete matrix over the board (shown schematically in
Figure 2). The lights were .5 em wide and were placed, when
possible, every 3.8 em. In Figure 2, the Cartesian coordinates
of the rows and columns are indicated both in centimeters
from center and in degrees of visual angle for the 23.5-i:m
viewing distance used. The lights could be individually flashed
or illuminated by manually operating a button box.

Procedure
We tried to obtain a record of each monkey fixating as many

known points as possible, which proved to be quite difficult,
since infant monkeys did not readily direct their gaze to flashing
or illuminated lights. For each calibration point, the monkey
was held in the apparatus and a light was intermittently flashed
or illuminated until the animal was judged to have fixated,
Fixations involved a steady and relatively prolonged look at
the light and were often accompanied by marked constriction of
the pupil. If the monkey looked at the calibration light, the
animal was removed from the apparatus, and the tape was
reviewed to verify that a fixation had occurred. If the monkey
did not fixate within approximately 20 sec, it was removed
from the apparatus, the tape was rewound, and the procedure
was repeated for a different light. In general, it was possible
to obtain a record of 6 to 12 fixations in one or two 111sessions.

Scoring
A research assistant experienced with eye movement records .

scored the data. For each segment of tape, she judged whether
the monkey had fixated the calibration point immediately
prior to its removal from the apparatus. Only those fixations
judged to be on target were scored. Thus, data were used only
when the experimenter and the assistant agreed on the fixation.

A diagram of the apparatus for measuring fixation position
is shown in Figure 3. Single "frames" of the video record were
sampled manually when the monkey fixated the light. Each
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Figure 3. Schematic of apparatus for scoring fixation
position.

frame was, in turn, displayed on an 18-in. (45.7-cm) Conrac
video monitor. Also displayed on the screen were a horizontal
and a vertical cross hair whose positions were controlled by
manual potentiometers (Haith, 1969). The positions of the
cross hairs were held in electronic counters and recorded on
audio tape (Lentz & Haith, 1969).

For a given frame, the scorer rust defined a rectangle around
the pupil that ultimately provided a measure of pupil center.
The scorer set the cross hairs at the top and left margins of
the pupil and then set them at the bottom and right margins.
Finally, the scorer set the cross hairs at the infrared reflection
nearest the center of the pupil. For each setting, a button was
pressed that recorded the X-Y positions of the cross hairs. The
data on audio tape were analyzed by computer, yielding uncor
rected coordinates of fixation for each frame based on a Cartesian
system with the center of the stimulus panel as the origin.

RESULTS ANDDISCUSSION

Figure 2 shows calibration data obtained from a
monkey during Week 7. The monkey fixated 12 of the
lights, and the scored fixation points are indicated at
the end of the dashed lines. The mean deviation of the
scored fixations from the lights was 6.4 deg. The cor
rection procedure was applied to these data, and the
adjusted fixation points are indicated at the end of the
thick lines. The mean deviation of the adjusted fixations
from the lights was 2.9 deg.

Figure 4 presents a summary of calibration data for
the group of 15 monkeys. Each panel presents a histo
gram of calibration points deviating from the actual
positions of the lights by amounts indicated on the
abscissa. The data are graphed in bins whose upper
bounds are indicated (e.g., 2 deg means 0-2 deg,4 deg
means 2.14 deg, etc.). Data from Weeks 1,3, and 7 are
graphed, respectively, in the top two, middle two, and
bottom two panels, although data from an adjacent
week were substituted or added in some cases. The
panels on the left show the data for scored fixations
(i.e., before correction) and the panels on the right
show the data for the corrected fixations. The number of
calibration points and the mean deviation for each of the
six data sets are indicated in the upper right-hand
corner of each panel.

At every age, the mean deviation after correction
(4.2,4.3, and 3.5 deg for Weeks 1,3, and 7) was con
siderably lower than the mean deviation prior to correc
tion (6.4, 7.0, and 5.4 deg). At every age, more than
75% of the corrected fixations were within 6 deg of the
calibration light. Some of the errors even after correc
tion were quite large (i.e., greater than 10 deg). These
probably reflected inaccurate judgments of when the

between the optical and visual axes (i.e., Angle a). Therefore,
estimates of C/ for the horizontal axis can be obtained directly
from calibrations for points directly on the vertical axis (i.e.,
X = 0). The mean X value obtained for calibration points straight
ahead was computed for each monkey at each age, and it was
used to calculate Angle C/. The mean values of C/ were 6.9, 6.7,
and 6.3 deg at Weeks 1,3 ,and 7.

We were concerned about the accuracy of our estimates
of C/. Monkeys often had only one or two calibration points
straight ahead, and errors in the scored position of these limited
number of points would substantially alter the corrections.
Therefore, the estimate of Q for each monkey was adjusted at
each age by averaging the estimated value and the mean value
for the particular age. For example, a monkey whose value of
C/ was estimated at 8.1 deg during Week 1 was given a value of
(8.1 + 6.9)/2 = 7.5 deg. Monkeys providing no calibration points
straight ahead were given the group mean for C/ at the appro
priate age.

The distance between the apex of the cornea and the plane
of the pupil (P). An equation for P (D2 in Bullinger & Kaufman,
1977) was determined from the correction equation and was
applied to each calibration point. Thus, each monkey provided
several estimates of P at each age; the mean across all estimates
was used as the appropriate value. The mean values at each of
the three ages was 2.5 mm. In cases in which the estimates varied
considerably from calibration point to calibration point or in
which there were no calibration data, the estimate of P obtained
at an adjacent age was used.
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Estimating the Parameters for the Correction Equations
Uncorrected coordinates. As many frames as possible of each

fixation were sampled from the continuous video record. These
were scored, and the mean X and Y locations were used as the
uncorrected coordinates (X' and Y') for the calibration point.

Axial length. The axial length for five monkeys (M. mulatto
and M. arctoidest within the age range of this study were
provided by Wiesel (Note 1). Ultrasound measurements indicated
that the monkeys had a mean axial length of 14 mm (range:
14-15 mrn), The equations were tested using various axial
lengths around the value of 14 mm, and fairly wide fluctuations
in the parameter had little effect on the computation. The
14-mm value was therefore adopted for all monkeys at all ages.

Radius of curvature of the cornea. Ball bearings of various
diameters were videotaped in the apparatus at the location of the
animal's eye to Iind a radius of curvature that corresponded to
the cornea. The video image of the bearings contained the
reflections of the infrared sources. Frames of the record were
sampled and displayed on the scoring monitor, and the distances
between the infrared reflections were measured. For each
monkey at each age, the distances between the infrared reflec
tions on the cornea were also obtained. These were related to
the measurements for various ball bearings, and the radius of
curvature of the cornea was calculated by interpolation. The
mean values were 5.5 mm, 5.7 mm, 5.9 mm at Weeks 1, 3,
and 7. Again, a test of the effect of fairly wide fluctuations
around the actual value obtained for a monkey revealed little
effect on the computations. In the correction equation, the
radius of curvature is related to the axial length, and since we
used a single value for axial length across the three ages, we also
used the mean radius of curvature for each monkey computed
across the three ages.

Angle between the optical and visual axes. When the camera
is located in the central axis of the visual field and the animal
fixates straight ahead. the scoring error reflects the discrepancy
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BEFORE CORRECTION AFTER CORRECTION REFERENCE NOTES

Figure4. Histograms of the deviations from the expected
fIXation points for uncorrected and corrected data at each age.
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monkeys ftxated, rather than problems with the correc
tion procedure. This observation is supported by the
decreased variability in the errors with age. With older
monkeys, it was easier to judge when the monkeys
ftxated the calibration light.

Further advances in accuracy might be possible using
more sophisticated eye-tracking techniques. Even
without improvements, the method can provide valuable
information about vision in infant monkeys. Future
reports will describe studies in which we monitored eye
movements in the dark and while rhesus infants looked
at geometric forms (Mendelson, Haith, & Goldman,
Note 2) and social stimuli (Mendelson, Haith, &
Goldman-Rakic, in press). In addition, we have applied
these procedures to questions about the effects of early
CNS lesions on scanning. The described technique
provides further opportunities for studying the role of
visual activity in perceptual and social development, as
well as how physiological or traumatic manipulations
affect vision in infant primates.


