References and Notes

1. A. S. Romer, The Vertebrate Body (Saunders,
Phlladelphla, ed. 4, 1970); C. R. Noback and J.
E. Schriver, Ann. N.Y. Acad. Sci. 167, 118
(1969).

2. W.J. H. Nauta and H. J. Karten, in The Neuro-
sciences: Second Study Program, F. O.
Schmitt, Ed. (Rockefeller Univ. Press, New
York, 1970), p. 7.

3. C. J. Herrick, in Libro en Honor de D. San-
tiago, Ramon y Cajal 1, 143 (1922); R. S. Shel-
don, J. Comp. Neurol. 22, 177 (1912); L. R.
Aronson and H. Kaplan, in The Central Ner-
vous System and Fish Behavior, D. Ingle, Ed.
(Univ. of Chicago Press, Chicago, 1968), p. 107;
R. E. Davis, J. Kassel, P. Schwagmeyer, Behav.
Biol. 18, 165 (1976).

4. S. O. E. Ebbesson and D. M. Schroeder, Sci-
ence 173, 254 (1971); D. H. Cohen, T. A. Duff,
S. O. E. Ebbesson, ibid. 182, 492 (1973); C. J.
Platt, T. H. Bullock, G. Czeh, N. Kovacevic,
Dj. Konjevic, J. Comp. Physiol. 95,323 (1974).

5. E. I. Knudsen, J. Comp. Neurol. 173, 417
(1977).

6. C. U. Ariens-Kappers, G. C. Huber, E. Crosby,
The Comparative Anatomy of the Nervous Sys-
tem of Vertebrates, Including Man (Hafner,
New York, 1936), p. 1; M. Callens, E. Van-

denbussche, P. H. Greenway, Arch. Int.
Physiol. 75, 148 (1967).
7. T. E. Finger, Soc. Neurosci. Abstr. 5, 141
(1979) M. Bradford Jr.,and C. A. McCormlck
ibid., p. 139.
. T. E Fmger,J Comp. Neurol. 180, 691 (1978).
. P. G. M. Luiten and J. N. C. van der Pers, ibid.
174, 575 (1977); C. C. Bell and C. J. Russell,
ibid. 182, 367 (1978); J. Peyrichoux et al., Brain
Res. 130, 531 (1977).
10. M. Mesulam, J. Histochem. Cytochem. 24, 1273
(1976); J. S. Hanker, P. E. Yates, C. B. Metz,
K. A. Carson, A. Light, A. Rustioni, Soc. Neu-
rosci. Abstr. 3, 30 (1977).

11. W. M. Cowan, D. I. Gottlieb, A. E. Hendrick-
son, J. L. Price, T. A. Woolsey, Brain Res. 37,
21 (1972).

12. H. J. Karten, ibid. 6, 409 (1967); ibid. 11, 134
(1968).

13. T. E. Finger and T. H. Bullock, in preparation.

14. F. Scalia and S. O. E. Ebbesson, Brain Behav.
Evol. 4,376 (1971); M. Braford and R. G. North-
cutt, J. Comp. Neurol. 156, 165 (1974); T. E.
Fmger, ibid. 161, 125 (1975).

15. Supported in part by NIH grant BRSG RR-
05357, NINCDS grant NS-15258, and NSF grant
BNS-7912956.

28 March 1980; revised 8 July 1980

\O 00

Attentional Factors in the Inhibition of a

Reflex by a Visual Stimulus

Abstract. A brief stimulus presented to various regions of the visual field inhibited
the eyeblink elicited by a subsequent tap to the skin between the eyebrows. Subjects
were able to switch their attention toward or away from the target area without
moving their eyes. In doing so they changed the amount of inhibition.

More than a century ago, Helmholtz
noted the ‘‘curious fact” that by mere
conscious effort one can focus attention
on any portion of the visual field and that
the process ‘‘is entirely independent of
the position and accommodation of the
eyes”’ (I). According to Helmholtz, an
observer might be gazing at a fixation
point while at the same time concentrat-
ing on some other part of the visual field.
If, at this moment, a stimulus is present-
ed briefly, the observer’s impression of
its features in the attended region will be
markedly enhanced.

We wondered whether a reflex-modifi-
cation procedure could be used to study
the attentional phenomenon that Helm-
holtz described. Reflex-modification de-
scribes the finding that almost any sen-
sory event presented prior to a reflex-

eliciting signal can, given an appropriate.

lead interval, inhibit the reflex so that it
either fails to occur or occurs with re-
duced amplitude (2, 3). We asked if the
amount of reflex inhibition engendered
by a brief visual stimulus would vary as a
function of its location in the visual field
and if this amount would change when
subjects were told where the stimulus
would appear.

In these experiments, the target re-
sponse was the reflexive eyeblink elic-
ited by a brisk tap to the glabella (the
flattened region between the eyebrows),
and the reflex-modifying stimulus was a
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brief (50-msec) spot of light presented
150 msec before the tap. The spot of light
subtended a visual angle of 2° and had a
brightness of 5.38 uL, a value that was
near but clearly above the threshold for
its detection.

The devices for eliciting and measur-
ing the eyeblink have been described
elsewhere (3). Briefly, they consisted of
a miniature solenoid and a d’Arsonval
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Fig. 1. Mean amplitude of tap-elicited eye-
blinks when taps were preceded by a reflex-
inhibiting light flash at various visual angles.
Subjects were either informed or uninformed
of where the flash might appear. Also in-
dicated are the mean amplitudes of tap-elic-
ited eyeblinks on control trials when subjects
were informed (solid line) or uninformed
(dashed line) of where a flash might appear,
but the flash was withheld.

40°

meter, the pointer of which was con-
nected to a length of polyethylene tubing
fastened to the left eyelid with a small
piece of micropore tape. Both units were
attached to a lightweight headband and
were positioned so that activation of the
solenoid (15 V d-c for 30 msec) caused a
silicone rubber ball (5 mm in diameter) to
strike the glabella. The resulting eye-
blink caused the meter coil to move
through a magnetic field, generating a
voltage that was amplified and displayed
on a storage oscilloscope. Visual stimuli
were produced by briefly illuminating a
grain-of-wheat bulb mounted behind a
neutral density filter fastened to the cur-
sor of a standard perimeter. The track on
which the cursor rode girded a black, fi-
berboard half cylinder (radius, 28 cm)
having a series of 1-cm (diameter) holes
along the horizontal meridian at 0° (the
foveal location) and 20°, 40°, 60°, and 80°
in both the nasal and temporal fields.
Translucent plastic covered each hole so
that the subject could not tell where the
cursor was and hence where the flash
might appear. Just above 0° were two ad-
ditional holes; behind one was an in-
frared light source and behind the other
was the telescopic lens of an infrared
television camera used to monitor the
subject’s direction of gaze (¢4).

Testing was conducted in a dimly illu-
minated room. After a subject had been
fitted with the headband and experienced
a few taps, she was told that a series of
such taps would be delivered and that on
some trials the tap would be preceded by
a flash of light in one or another of the
holes. Subjects were told that they need
pay no attention to the taps but that they
should report when and where each flash
appeared. At the start of a trial, the sub-
ject placed her chin in the chin rest and
fixated her right eye on a small (visual
angle, 4 minutes) point of dim light 2 cm
above the 0° location.

Twenty subjects (5) each received 36
trials at intervals of approximately 15
seconds. Each trial ended with a tap. On
half of the trials the subject was informed
of where the light flash might appear.
This instruction had the following form:
“‘If there is to be a visual stimulus on this
trial it will appear at location X.”’ Of the
18 informed trials, 12 contained a tap
preceded by a reflex-modifying light
flash at either the foveal location (0°) or
at the 20° or 40° locations on the tempor-
al side. This stimulus was presented at
each of these three locations four times.
On the remaining six informed trials (two
per location) the tap was presented but
the visual stimulus was withheld. On the
18 uninformed trials, subjects received
no instructions regarding the location of

0036-8075/80/1107-0673$00.50/0 Copyright © 1980 AAAS 673



the light. Six trials consisted of tap only.
On the remaining 12, the tap was preced-
ed by the flash four times at one of the
three retinal locations (0°, 20°, and 40°).
All trials were presented in a random or-
der that changed from subject to subject.
On every trial, the experimenter mon-
itored the position of the subject’s right
eye, beginning the trial (presenting a
stimulus plus tap or a tap alone) only
when the direction of gaze was firmly
fixed on the spot just above the foveal
location (6).

When preceded by a light flash, taps
produced much smaller blinks than when
presented alone (Fig. 1)—the basic reflex
modification phenomenon. The configu-
ration of data in Fig. 1 illustrates the ef-
fects of the two manipulated factors,
stimulus location and foreknowledge of
that location. A repeated measures anal-
ysis of variance on the observed
amounts of inhibition (calculated by sub-
tracting the mean amplitude of a given
subject’s response to a given light plus
tap from that subject’s response to tap
alone) revealed significant overall effects
of stimulus location [F(2, 75) = 22.63,
P < .01], foreknowledge [F(1, 75 =
17.18, P < .01], and the interaction be-
tween these factors [F(2, 75) = 4.19,
P < .05]. A subsequent Newman-Keuls
analysis indicated that in the uninformed
condition the foveally presented stimu-
lus produced significantly more inhibi-
tion than either of the peripherally pre-
sented flashes: 20° (P < .05) and 40°
(P < .05), and that the latter were not
significantly different from each other
(P > .05). There were no significant dif-
ferences among the three locations on in-
formed trials. Similar statistical compari-
sons showed no significant differences in
the amount of inhibition produced by fo-
veally presented stimuli on informed ver-
sus uninformed trials (P > .05). There
were, however, significant differences
between informed and uninformed trials
when the 20° (P < .05) and 40° (P < .05)
locations were compared. In both cases
more inhibition was produced by the
flash when the subject knew where the
flash would be presented.

The results of experiment 1 indicate
that the inhibitory effects of a stimulus
presented to the periphery were en-
hanced when a subject was forewarned
of the presentation location. No such en-
hancement effects were found at the fo-
veal location. In experiment 2 we asked
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Fig. 2. Mean amplitude of tap-elicited eye-
blinks when taps were preceded by a reflex-
inhibiting flash presented to the fovea. Sub-
jects were told either to attend to or to ignore
this target location. On control trials, subjects
were told to attend to (solid line) or to ignore
(dashed line) the foveal location, but the flash
was withheld.

whether instructions to ignore the foveal
region (and attend elsewhere) would re-
duce the amount of inhibition induced by
a stimulus presented to the fovea. It
seemed possible that if foreknowledge
enhances inhibitory effects by directing
attention toward a given location, in-
structions to ignore a given region where
attention was already focused might re-
duce those effects.

The apparatus, stimuli, and number of
trials were the same as those in experi-
ment 1, with the following exceptions.
Each of 12 new subjects was instructed
that the light flash would always be pre-
sented to the fovea. On 18 of the trials,
subjects were instructed to concentrate
on the foveal location, where their gaze
was fixed. On the other half of the trials,
subjects were told to maintain their di-
rection of gaze but to ignore the foveal
location and to concentrate on the 40°
peripheral location. On 12 trials (six with
foveal concentration and six at 40°), the
tap was presented but the visual stimulus
withheld.

A test for related measures revealed
a significant difference between the
amounts of inhibition generated when
subjects attended to (as opposed to ig-
nored) the foveal location [#(11) = 3.68,
P < .05] (Fig. 2). We thus concluded
that, when instructed to do so, subjects
can ignore stimulation in the direction of
gaze and in doing so reduce its reflex
modifying effect.

When viewed together, the data from

experiments 1 and 2 indicate that the
amount of reflex inhibition produced by
a visual stimulus presented prior to a tap
to the glabella depends on where in the
visual field the stimulus is presented and
on whether or not the subject is con-
centrating on that area. When directed to
do so, subjects were able to attend to
various regions in the visual field without
shifting the direction of gaze; they there-
by enhanced or reduced the amount a
visual flash inhibited an elicited eyeblink.
In many respects these findings and
the conclusion they generate are consist-
ent with those of Posner e? al. (7), who
used a reaction-time task to assess the
effects of attention on the detection of
signals presented to various parts of the
visual field. They likened attention to a
spotlight that enhances detection of an
event within its beam. Their work, like
ours, reveals that attention can be direct-
ed either toward or away from the foveal
location. However, whereas they stud-
ied a voluntary response, we studied an
involuntary reflex and therefore made no
demand that the subjects control the in-
dicator response (their eyeblinks). This
factor may be important in future studies
of attention with subjects (such as chil-
dren) who might have difficulty in meet-
ing the demands of voluntary tasks.
EL1zABETH M. DELPEZZO
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Department of Psychology,
Bryn Mawr College,
Bryn Mawr, Pennsylvania 19010

References and Notes

1. H. von Helmholtz, Handbuch der Physio-
logischen Optik, English translation, J. P. D.
Southall, Ed. (Optical Society of America,
‘Ifs%chester, N.Y., 1925), vol. 3, chap. 31, p.

2. H. S. Hoffman and J. Ison, Psychol. Rev. 87,
175 (1980); C. L. Stitt, H. S. Hoffman, C. J. De-
Vido, Percept. Psychophys. 27, 88 (1980).

3. R. Marsh, H. S. Hoffman, C. L. Stitt, Acta Oto-
laryngol. 85, 336 (1978).

4. Direct observation of the direction of gaze has
generally been considered to be accurate enough
to recommend its use in studies of selective at-
tention [N. H. Mackworth, in Eye Movements
and Psychological Processes, R. A. Monty and
J. W. Senders, Eds. (Erlbaum, Hillsdale, N.J.,
1976)].

5. Subjects in both experiments were female high
school students at Merion Mercy Academy in
Merion, Pa.

6. All subjects correctly reported when and where
each flash appeared, suggesting that, with this
procedure, directed attention did not measura-
bly affect the detection of the visual stimuli.

7. M. L. Posner, C. R. R. Snyder, B. J. Davidson,
J. Exp. Psychol. Gen. 109, 160 (1980). .

8. Supported by NIH grant HD 10511-07 to H.S.H.
The studies reported here represent a portion
of the research conducted at Bryn Mawr College
as part of E.M.D.’s thesis.

* Reprints may be obtained from H.S.H.

21 May 1980; revised 7 July 1980

SCIENCE, VOL. 210



	Article Contents
	p.673
	p.674

	Issue Table of Contents
	Science, Vol. 210, No. 4470, Nov. 7, 1980
	Front Matter [pp.583-637]
	Letters
	Access to Grant Applications [p.590]
	Nuclear Power Potential [p.590]
	Dutch or Deutsch? [p.590]

	Electronic Data Bases [p.593]
	Eastern Geothermal Resources: Should we Pursue them? [pp.595-600]
	From Diyls to Ylides to My Idyll [pp.600-604]
	DNA Methylation and Gene Function [pp.604-610]
	News and Comment
	Upstart Television: Postponing a Threat [pp.611-615]
	Trouble in Science and Engineering Education [pp.615-616]
	Institute of Medicine Gets New President [pp.616-617]
	Making Interferon: Gains Come Slowly [p.618]

	Briefing
	OMB Offers Option on A-21 [p.612]
	Doctors Must Put Patients First, Says Editor [pp.612-613]
	Turkic Tribe Seeks Alaskan Peaks as Home [p.613]

	Research News
	1980 Nobel Prize in Physics to Cronin and Fitch [pp.619-621]
	1980 Nobel Prize in Physiology or Medicine [pp.621-623]
	Natural Killer Cells Help Defend the Body [pp.624-626]

	AAAS News
	Science 80 Reaches 1-Year Mark [p.627]
	Nomination of AAAS Fellows Invited [pp.627-628]
	Filmstrips Added to SB&F Reviews [p.628]
	Fellows Participate in Orientation Program and Begin Work [pp.628-629]
	Reminder to Members [p.629]
	Mass Media Science Fellows Report on Summer Experiences [pp.629-630]
	SACNAS to Hold 1980 National Conference [p.630]

	Book Reviews
	The Progress of Taphonomy [pp.631-632]
	Star Charts [p.632]
	Atomic Collision Physics [pp.632-633]
	Altruism in Theory [pp.633-634]

	Reports
	Bacterial Resistance to Ultraviolet Irradiation under Anaerobiosis: Implications for Pre-Phanerozoic Evolution [pp.638-640]
	Subcellular Origin of Cholinergic Transmitter Release from Mouse Brain [pp.641-642]
	Oral Contraceptives, Lanosterol, and Platelet Hyperactivity in Rat [pp.642-644]
	Somatostatin: Occurrence in Urinary Bladder Epithelium and Renal Tubules of the Toad, Bufo marinus [pp.644-646]
	Liquid-Phase Dehydration of Aqueous Ethanol-Gasoline Mixtures [pp.646-647]
	Stereospecific Nicotine Receptors on Rat Brain Membranes [pp.647-650]
	Carbon-13 Nuclear Magnetic Resonance Study of Osmoregulation in a Blue-Green Alga [pp.650-651]
	Environmental Influences on Serotonin and Cyclic Nucleotides in Rat Cerebral Cortex [pp.652-654]
	Nigral Dopamine Neurons: Intracellular Recording and Identification with L-Dopa Injection and Histofluorescence [pp.654-656]
	Bioactive Conformation of Luteinizing Hormone-Releasing Hormone: Evidence from a Conformationally Constrained Analog [pp.656-658]
	Infectious Diseases and Population Cycles of Forest Insects [pp.658-661]
	Reorganization of the Axon Membrane in Demyelinated Peripheral Nerve Fibers: Morphological Evidence [pp.661-663]
	Aspirin: An Unexpected Side Effect on Prostacyclin Synthesis in Cultured Vascular Smooth Muscle Cells [pp.663-665]
	Kin Selection: Its Components [pp.665-667]
	Adaptive Topography in Family-Structured Models of Kin Selection [pp.667-669]
	Male Photuris Fireflies Mimic Sexual Signals of their Females' Prey [pp.669-671]
	Nonolfactory Sensory Pathway to the Telencephalon in a Teleost Fish [pp.671-673]
	Attentional Factors in the Inhibition of a Reflex by a Visual Stimulus [pp.673-674]

	Back Matter [pp.634-690]





