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A movingvideo window or maskyoked to eye
movements: A system to permit free ocular

scanning within delimited areas
of the visual field

NORMAN C. NETTLETON. ROBERT G. WOOD. JOHN L. BRADSHAW.
C. DAVID L. THOMAS. and KEVIN B. DONAHOO

Monash University, Clayton, Victoria, Australia

A system is described for generating a video windowor mask that is yoked to a subject's eye
movements and that can be used to mask off either the left or the right visual field. while still
permitting prolonged examination of simple or complex visual stimuli. It can also be used to
simulate various visual field defects or scotomata and to ensure that subjects maintain fixation
during extended stimulus presentations. Circuitry is provided. and two additional options are
suggested.

In his critique of the then current approaches to
perception and cognition, Neisser (1976) quite prop
erly expressed reservations about the "ecological
validity" of tachistoscopic procedures. When stim-,
ulation of discrete retinal areas or parts of the visual
field is required. or an input free of contributions
from fixational eye movements by a subject. tachis-\
toscopic presentation has hitherto been almost obliga
tory. Because fixational eye movements can usually
be initiated in around 175 msec (Rayner, 1978; for
review, see Young, 1982) and because most of the
visual information necessary for reading can be ob
tained within the initial 50-msec period of a fixation
(Rayner, Inhoff, Morrison, Slowiaczek, & Bertera,
1981), exposure durations are usually kept at or be
low 150 msec. There are, however. a number of ap
plications in which it would be desirable to employ
longer presentations. These applications include the
central or peripheral presentation of complex figures
of high information content, studies of visual selec
tive attention with simultaneous exposures to the
peripheral and central fields (Mackworth, 1965).
laterality experiments in which the left or the right
visual field is to be stimulated with patterned or ver
bal material (for review, see Bradshaw & Nettleton,
1983, chap. 6), and clinical applications in which
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slow readers or developmental dyslexics are under
investigation (e.g.• Zangwill & Blakemore. 1972; for
review, see Bradshaw & Nettleton, 1983. chap. 13).

GETIING AWAY FROM
THE TACHISTOSCOPE

Myers and Sperry (1982) suggested a simple tech
nique for lateralizing visual input. Subjects whose
head positions are controlled by a biteboard are re
quired to turn their eyes fully to the left or the right
to view the stimulus material. Although it allows pro
longed viewing, since the subjects are physically un
able to deviate their eyes further, such a technique
introduces its own problems. notably the possibility
that such laterally directed gaze may differentially
"switch in" one or the other hemisphere by asym
metric attentional activation (Kinsbourne, 1975; but
also see Bradshaw & Nettleton, 1983. chap. 7). In
deed, it probably has no more "ecological validity"
(Neisser, 1976)than tachistoscopic techniques.

Hitherto, three major approaches have sought to
make visual stimulation either contingent upon or
independent of eye movements; each approach has
certain problems and limitations. In the stabilized
retinal image technique (Ditchburn & Ginsborg,
1952; Riggs, Ratliff, Cornsweet, & Cornsweet, 1953),
an optical system, incorporating a closely fitting
corneal contact lens that bears a mirror, places an
image onto a discrete and fixed retinal locus. irre
spective of eyemovements. Ideal for studying the
time course of perceptual processes in the absence
of saccades, drifts, or tremor, the technique is some
what uncomfortable for the subject, is unsuitable
for stimulus presentations exceeding a few seconds
(because of image fading). and does not allow for
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free scanning of the stimulus by exploratory eye
movements. More recently, Zaidel (1975) developed
a modified version of this system whereby prolonged
exposure with free ocular scanning is possible, since
it is the image of the occluder that is stabilized, rather
than that of the stimulus. Zaidel (1976, 1978a, 1978b)
has successfully used this system in a number of
studies with commissurotomy patients, but it still
retains all the drawbacks associated with fitting and
wearing contact lenses, particularly lens slippage.

A second approach, also dependent upon contact
lenses, is that of Dimond, Bures, Farrington, and
Brouwers (1975) and Dimond and Farrington (1977).
In effect, their lenses functioned as visual hemifield
occluders, being opaque except for a slit. Indepen
dently, in our own laboratory, we tried to develop
an almost identical system, but found that optical
diffraction around the edge of the slit made its worth
somewhat suspect. In any case, their lenses are no
less tedious to fit, and no less uncomfortable, than
are those used for stabilized retinal images. Indeed,
in both cases, individually fashioned lenses must be
constructed for each subject.

Finally, McConkie, Zola, Wolverton, and Burns
(1978), Rayner (1975), and Reder (1973) developed
sophisticated computer-based systems with which
subjects' eye movements are monitored as they read
text displayed on a cathode-ray tube (CRT) and
changes in the text are made contingent upon the eye
movements. A number of successful studies have
been carried out using these computer-based systems
(for review, see McConkie et aI., 1978, and Rayner,
1979; also see Pollatsek, Bolozky, Well, & Rayner,
1981, Rayner et al., 1981, Rayner, Well, & Pollatsek,
1980, and Salthouse, Ellis, Diener, & Somberg, 1981).
Such systems are, of course, in some respects the
most flexible possible, since the image can be stabil
ized relative to the retina, if desired, or scanned
within whatever limits are set by the experimenter.
They do however depend on the availability of a
fairly powerful computer and a considerable amount
of sophisticated software, and the stimulus material
is limited to whatever can be generated on the CRT.

The system described below uses a standard video
monitor on which a wide range of material can be
displayed to whatever area of the subject's visual
field the experimenter chooses. It can be used to
mask off either the left or the right visual field, to
simulate tunnel vision, or, conversely, to simulate
a central or peripheral scotoma. It can also be used
to control eye movements during tachistoscopic pre
sentations longer than the usual 150msec by masking
off the stimulus from the left-hand edge in response
to leftward eye movements, from the right-hand edge
in response to rightward eye movements, or from both
edges simultaneously in response to any eye move
ment (see Option I). Alternatively, the entire video
screen may be blanked out in response to eye move-

ments greater than a preset limit or in a particular
direction (see Option 2). Stimulus material may be
computer generated, displayed directly via a video
camera, or prerecorded on videotape. Thus, studies
of laterality differences and selective attention may
be freed from the constraints of the tachistoscope.

EYE MOVEMENT MONITORS

Eye movement recording methods were thoroughly
reviewed by Young and Sheena (1975); more recently,
electrooculographic techniques and their applications
were discussed by Oster and Stern (1980) and opto
electronic devices by Haines (1980). On-line com
puter eye movement recorders have been reviewed
by Loftus (1979) and by Rayner (1979), who also
discussed their use in cognitive psychology.

Our system uses a Gulf & Western Applied Science
Laboratories (ASL) Eye-Trac Model 200 research
eye movement monitor (formerly known as a Bio
metrics Model 200), coupled with an optional video
fixation point display unit. The Model 200 measures
the horizontal direction of gaze with respect to the
head by utilizing the differential reflectivity of the
iris and sclera. Vertical movements may, if desired,
be measured by detecting changes in the reflected
light between the eye itself and the lower lid, which
is said to follow vertical movements of the eye quite
closely (Gulf & Western Research and Development
Group, 1980). Changes in the reflected light, and
hence eye movements, are sensed by a pair of silicon
phototransistors operating in conjunction with a
gallium arsenide modulated infrared source mounted
on spectacle frames in front of each eye. The current
produced by each pair of phototransistors is treated
by an amplifier-demodulator to yield a single-ended,
low-impedance output voltage proportional to the
angular displacement of the eye. The video fixation
point display option presents the subject's eye posi
tion as cross hairs or a spot, superimposed over a
television image of the scene being viewed by the
subject. This system is said to be capable of measur
ing horizontal eye movements over a range of ap
proximately ±20 deg, with a resolution of I deg.
Horizontal resolution can be improved to a few
minutes of arc with rigid head mounting, such as is
achieved by a biteboard. The response time of the
system can be varied with filter switches from ap
proximately 4 to 26 msec (Gulf & Western Research
and Development Group, 1980).

A similar system (Narco-Biosystems Model 200)
was used by Rayner (1975, 1979)and Salthouse et al.
(1981), but Rayner and his colleagues (see Pollatsek
et aI., 1981, Rayner, 1979; and Rayner et aI., 1980,
1981) seem to have settled for a Stanford Research
Institute Dual-Purkinje Eyetracker (Clark, 1975).
The Dual-Purkinje Eyetracker has a frequency re
sponse of 300 Hz (Young & Sheena, 1975), with a
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resolution of 10 min of arc, and is linear over at least
14 deg, and, when coupled with an on-line computer
system, can accomplish a display change within 2
10 msec after the termination of a saccade (Rayner
et al., 1981).

HEAD MOVEMENTS

When eye movements are being monitored in order
to determine or control the regions of a stimulus
being fixated, it is necessary either to restrict head
movements or to monitor them and then to integrate
both head and eye movements to determine the exact
point of regard. Even the commonly used, but very
uncomfortable, biteboard (formed by getting the
subject to bite into dental wax) allows some head
movement. Some researchers have therefore been
forced to resort to somewhat barbaric methods.
Ditchburn (1973) reports that Barlow (1952) "took
extreme precautions to fix the head. The subject's
head rested on a stone slab let into the wall. A rigid
iron frame fitted round the head and wedges were
driven in on one side. The teeth were fixed by a den
tal impression" (p. 54)! It is therefore probably
preferable to limit head movements and then to mea
sure and integrate them with the eye movements.
Various methods of doing this are reviewed by Young
and Sheena (1975). The system described below in
corporates a head movement transducer, the output
of which is integrated with the output of the eye
movement monitor.

APPARATUS

Principles of Operation
A video signal for figures, words, or passages of

text may be presented on a video monitor as a
controlled-width window (the window mode) in
which areas outside the window boundaries are
blanked; alternatively, the inverse may be generated,
whereby the central window is blanked (the masked
mode) and the outer window area displays text, etc.
The width of the window or mask is achieved by
varying the pulse length of a monostable multivi
brator that has been triggered by an analog compar
ator. The comparator compares a sawtooth wave
form (integrated, computer-generated, horizontal
vertical, video-sync pulses) with the summed de levels
obtained from an ASL Model 200 Eye-Trac system
and an in-house head movement circuit (see below).
The net effect is that a mask or window will track
across the video monitor in proportion to the amount
of head and/or eye movement. A white line may be
generated within the mask to serve as a fixation stim
ulus. This line will then follow the subject's eye move
ments.

Block diagrams are shown in Figure la for the
complete system and in Figure lb for the various cir
cuits that make up the control unit for the system.
As presently used by the authors, the system uses a
National Semiconductor RMC 80/14 microcomputer
together with a BLC 8229 video board to generate
the video signal, which is simultaneously displayed
on the video fixation point display monitor and the
subject's monitor. With a few minor adjustments
to accommodate different horizontal scan frequen
cies, the system can be used with other microcom
puters, videotape recorders, or a videocamera. Like
wise the system can accommodate alternative eye
movement monitoring devices with de output.

The Head Movement System
This system (see Figure 2) consists of a fixed light

source, two cadmium sulphide photoconductive cells
(the head movement transducer) and their respective
voltage followers, a differential operational ampli
fier, a nulling amplifier, and an analog meter. The
transducer is mounted into a light-tight housing that
consists of a central fixed incandescent light and two
photocells (RPY 85) mounted onto a slider mech
anism that is attached to the Eye-Trac headband by
a semiflexible coupling (e.g., stiff polythene tubing).
The signal from each photocell is fed via a voltage
follower (lC-l and IC-2) into a differential amplifier
(IC-3), which provides an output voltage propor
tional to the horizontal linear displacement of the
subject's head. The nulling amplifier (lC-4) is used
by the operator to accommodate subject head move
ment that has occurred during intertrial rest periods.
Head movements can be observed as a deflection on
the analog meter. This system has no inherent advan
tage over commercially available linear motion trans
ducers, but it achieves linearity over the range of
movement allowed (i.e., lO-mm displacement to left
or right) and is therefore a cheaper alternative. Greater
freedom of movement would require a more sophis
ticated system to measure and integrate angular ro
tation of the head.
Eye-Trac and Head Movement Circuit

The de potential derived from the ASL Eye-Trac
unit is summed (see Figure 3) with the output of the
head movement system by a unity gain inverting am
plifier (lC-5). This output is inverted by another
unity gain amplifier (lC-6), and the outputs of each
of these amplifiers can be switched (SW-l), thus pro
viding the operator with an optional facility whereby
the window or mask moves in the same direction
as the subject's head or eye movement ("with") or
in the opposite direction ("opposite"). The switched
output is then amplified by a noninverting amplifier
(lC-7). The combined head movement and Eye-Trac
signal is fed to the inverting input of a comparator



490 NETTLETON, WOOD, BRADSHAW, THOMAS, AND DONAHOO

UCER
SUBJECT

COMPUTER see Fica 1b·e

H-SYNC }_m.
V"SYNC GENERATED

SIGNALS

VIDEO

P--HEAD {
MOVEMENT
INPUT

ASL EYE-TRAC n-
VIDEO INPUT COMPOSITE

VIDEO OUT

DC OUTPuT EYE-TRAC IN

Ii SENSOR INPUT
...---------l SYNC OUT

MONITOR SYNC au P-
VIDEOOUT1

.--------I VIDEO OUT

1 r- '"----------;J, 1
VIDEO SYNC VIDEO SYNC

OPERATORS SUBJECTS
MONITOR MONITOR

,~....,~"" ~SENSORS---

HEAD
MOvEMENT
TAANSD(b)

(a) CONTROL UNIT

lCo 13

DIP LCo'10

flGuRf t;

:>- ~"=>IP vioeo SVNC l-0""p---"''--'-'- ~ COMPOSITE VIDEO our TO

lG'8 COM8INING DIP vIDEO INPUT Of A5l fYE-IRAC

:>- '--""~ (IR(lJIT
I

Vf!HI(.:·1 SYNC

(OMPUl{R

(,[N[I(A,TtQ i HCl<!ZONJAt SYNC

SIGI';AlS i
L vi ['[;'; SlGNAl

FIGURE SFIGURE)fICiUR[ ?

HEAD

MOV[MENT 1:;"'-,-'_----,~
AMPlIFIER \C"3

HEAl:'

MOVEMENT
TRANSDuCER

o

FROM OUTPUT CF :>- -,
ASL El[-fRAC U~IT

Figure 1. Block diagrams of (a) the complete visual display system, and (b) the various circuits making up the control unit for the
visual display system.

(IC-9); this signal determines the trigger level of the
comparator.

Sawtooth Generator and Analog
to TIL Interface Circuit

This circuit (see Figure 4) consists of a transistor
level translator, 700-nanosec monostable, a fast in
tegrator, and a comparator. The level translater am
plifies the computer-generated (lVpp 19.2-kHz hori
zontal video-sync pulses to a level suitable for trig
gering TTL. The monostable (LG-l) is triggered via
each pulse, produces a 700-nanosec negative-going
pulse that, via a transistor interface (TR-2) and a
field effect transistor (FT-I), discharges the 470 pF
capacitor (C-I) in the integrating amplifier (lC-8).

This amplifier, in conjunction with the horizontal
video-sync pulses, is the sawtooth generator. The
sawtooth output is fed into the noninverting input
of a comparator (IC-9); a l-megohm resistor is used
in the feedback loop to provide hysteresis. When the
sawtooth voltage equals or is greater than the de
voltage of the Eye-Trac/head movement amplifier
(IC-7), the comparator changes state.

Video Gating Logic and Line Generator
The negative edge of the comparator (IC-9) trig

gers the mask/window width monostable multi
vibrator (LG-2; see Figure 5) producing a pulse the
duration of which can be varied by the operator.
This monostable is retriggered via the "Q" output
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of the 700-nanosec monostable (LO-l), thus ensuring
that the video logic control circuitry is synchronized
to the computer-generated horizontal video pulses.

The window/mask monostable (LO-2) can provide
two ranges of programmable pulse widths via SW-4.
This feature allows the operator to present a mask
or window from less than 1 to 69 characters (i.e.,
the full screen) wide. This is achieved by manually
switching the ISO pF capacitor (C-2) out of the mono
stable's resistor/capacitor timing network via reed
relay RLY-1. The range of window/blanking widths
required in the research parameters could not be
achieved using a single capacitor timing element.
The "Q" and "Q" (NOT Q) outputs of LO-7 (the
pulses that determine the window or mask width)
can be switched by the operator via switch SW-2.
Thus, when SW-3 is on and SW-2 is selected for win
dow mode, the "Q" output of LO-2 is fed to one
input of a nand gate (LO-5). This pulse then acts as
the gating pulse for the "buffered video in" signal.
The output of LO-5 is fed into one input of nand
gate LO-7, and this enables the video signal to the
subject's monitor.

The other input of LO-7 is controlled via the line
generating circuit (see Figure 5) consisting of LO-3,
LO-4, and LO-6. The negative transition (Q output)
of monostable LO-2 triggers the monostable LO-3,
the pulse width of which is user programmable via
a 250K potentiometer PT-4. The monostable LO-4,
with its pulse width fixed at 70 nanosec, is triggered
via the negative edge of the "Q" output of LO-3.

Thus, the 70-nanosec pulse can be effectively moved
within the window or mask by the operator, and its
relationship within the confines of the mask or win
dow is maintained for both head and eye movement
of the subject. Nand gate LO-6 inverts and buffers
the positive-going pulse derived from LO-4, and this
negative-going pulse inhibits 70 nanosec of video
information being presented to the subject's monitor
via nand gate LO-7. This 70-nanosec inhibition pe
riod generates the vertical line upon the subject's
monitor

Video/sync combining circnit
The video-sync combining circuit (see Figure 6)

distributes the computer-generated video signal, and
the horizontal and vertical sync pulses, to the Eye
Trac unit, to the sawtooth generator, and to the
video gating logic circuit. The horizontal and vertical
sync pulses are "NOR-ed" and buffered by LO-8
and LO-1O and then fed to TR-l ofthe sawtooth gen
erator circuit (see Figure 4). The video signal and the
horizontal/vertical sync pulses are buffered by LO-9,
LO-12, and LO-l1. These signals are then resistively
combined and fed via emitter follower (TR-3) to the
video input of the Eye-Trac unit. The video signal is
further buffered by LO-13 and then fed to LO-5 of
the video gating logic circuit (seeFigure 5).

Options
A number of options are being developed; these

will permit: (1) masking off a stimulus from both
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edges simultaneously in response to any eye move
ment, and (2) blanking out of the entire screen in re
sponse to eye movements greater than a preset limit
or in a particular direction. Details of the modifica
tions required for these options are available from
the second author.

Setting Up
Before fitting the "spectacles" and adjusting the

Eye-Trac sensor alignment, so that a symmetrical
output is obtained for symmetrical eye movements,
it is important to adjust the system for the required
mode of operation. This is achieved by setting the
head transducer and the Eye-Trac meters to zero and
then switching in the mask or window (SW-2; Fig
ure 5) and adjusting its position via the potentiometer
PT-2 (Figure 3), width via SW-4 and potentiometer
PT-3 (Figure 5), and direction of movement (SW-l;
Figure 3). This ensures that the mask or window will
be correctly positioned when the sensors have been
adjusted to give a symmetrical response (see Gulf &
Western Research and Development Group, 1980,
pp, 2-9 to 2-12). It is also important that, before the
sensors are adjusted, the subject's head is firmly
"secured" and his or her head and eyes are lined up
with the center of the videoscreen. In our laboratory,
this is achieved by tilting the subject back about
60 deg in a dental chair and attaching braces between
the chair's adjustable headrest and the side of the
headband (adapted from a welding mask) to which
the Eye-Trac "spectacles" and sensors are attached.
This has proved to provide sufficient restraint to
head movement without causing discomfort.

Once the Eye-Trac has been properly set up and
adjusted, according to the manual (Gulf & Western
Research and Development Group, 1980), the Eye
Trac meter should give a symmetrical deflection to
the left or the right of zero when the subject fixates
points an equal distance to the left or the right of the
central fixation point. A special 9-point, computer
generated, callibration matrix is used for this purpose
(see Gulf & Western Research and Development
Group, 1980, p. 2-10). When this initial setting up
has been achieved, further adjustments are made,
using the horizontal and vertical ZERO, GAIN, and
GAIN LINEARITY controls on the front panel of
the Eye-Trac, so that the cross hairs on the experi
menter's monitor coincide with the point that the
subject was instructed to fixate.

The complete system can then be checked by dis
playing a horizontal line of numbers across the screen.
The subject is instructed to fixate the middle number,
and the mask position is adjusted so that it is, for
example, one character to the left or the right of the
fixation character. If the subject is then instructed
to fixate on a specific number, anywhere across the
screen, the edge of the mask should retain the same
position relative to this new fixation point (i.e., one

character to the left or the right). With practice and
careful adjustment, this situation is readily achieved.

CHARACTERISTICS OF THE SYSTEM

Visual Display
The display area currently employed is 235 mm

wide and 175 mm high. At a viewing distance of
650 mm, this subtends a visual angle of 20.49 x
15.33 deg. Alphanumeric characters are 2.5 x 4 mm
(i.e., they subtend a visual angle of .22 x .35 deg).
A maximum of 25 lines of 69 characters can be gen
erated and displayed.

Linearity
An output of 55.2 mV is required from the Eye

Trac Model 200 to move the mask I character width.
When a Data Precision 8100 voltage standard was
used to simulate this output, the system was shown
to be linear over 20 characters in either direction,
with a 6-mV offset required to move the mask 30
characters. The system is thus linear within the range
likely to be employed in most laterality studies.

Response Time
The sampling rate of the ASL Eye-Trac Model 200

is continuous, and response time can (according to
Gulf & Western Research and Development Group,
1980) be switched between approximately 4 and
26 msec, The shorter response time should be em
ployed. Careful measurement has shown that, in this
mode, the response time is 8.5 msec (26 msec with
the filter switched in). The control unit (Figure la)
adds a further 28 microsec. Thus, the system responds
to an eye movement in less than 9 msec. At any point
on the screen, the mask will be repositioned in re
sponse to the output of the control system once every
20 msec (i.e., on each new raster scan). This 20-msec
"delay" is not a problem, because the points decay
to 10070 in 50 microsec and a forward or backward
eye movement will not (unless completed within
50 microsec) result in fixation on the previously il
luminated text (i.e., that put up by the last pass of
the raster), and on the next pass the mask will have
been repositioned.

Noise Characteristics
A series of readings of the mask position recorded

with an artificial eye (a prosthetic glass eye) mounted
to allow mechanical "eye movements" showed the
system to be totally free of noise over a range of eye
movements greater than those anticipated in any ex
perimental studies.

Drift
Using the artificial eye, readings were taken every

15 sec for 30 min at (1) the low end of the scale (i.e.,
central fixation) and (2) the high ends of the scale
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(i.e., left and right fixation). The amount of drift
recorded did not exceed half of a character, and for
90010 of the observations was less than a quarter of
a character.

CONCLUSION

The system described above should permit further
investigation of the nature and extent of visual field
asymmetries with a full range of verbal (letters, words,
word lists, sentences, and paragraphs of text) and
patterned stimuli. Alphanumeric and simple pat
terned stimuli can be generated by a microprocessor,
and more complex stimuli can be taken directly from
drawings, photographs, or even "live" scenes via a
video system. The ability to mask any part of a sub
ject's visual field (central or peripheral, left or right)
with a mask of almost infinitely variable horizontal
extent permits extended viewing of such stimuli. This
was not possible with tachistoscopic techniques and
severely limited the material, and often the choice
of subjects, that could be employed in laterality and
selective-attention studies.

A series of studies in our own laboratory is prov
ing the value of this system. In a recently completed
experiment, subjects demonstrated the expected right
visual field superiority when required to detect the
presence of a target letter in a 3 x 3 matrix of letters
exposed in the left or the right visual field for a range
of five exposures between 50 and 800 msec. We have
almost completed a second experiment involving the
extended presentation of pairs of words to either
visual field and requiring a decision as to whether
the words rhyme or not. Pilot studies have been com
pleted in which video recordings of biological move
ment represented by a dynamic point-light display
(Johansson, 1975) were presented in left and right
visual fields. This technique is the basis of an impor
tant new series of experiments on hemispheric func
tioning. These latter experiments would not have
been possible without a system such as this one.
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