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ABSTRACT

The endogenous eyeblink is identified as a cortically controlled response eveat, distinguishable -
from both reflexive and voluntary lid movements. It has a characteristic rate, form, and temporal -
_ distribution. These aspects of endogenous blinks are related to cognitive state variables. Allocation
of attentional resources, transition points in information processing flow, and possibly processing

mode, are indexed by blink parameters.

DESCRIPTORS: Endogenous eyeblink, Information processing. Attention, Arousal, C ognitive

events. Time-on-task.

The cveblink is a readily observable behavioral
phenomenon. The rapid closing and reopening of
the evelid. in the absence of identifiable external
stimulation. occurs in most vertebrates and all
mammals (Blount, 1928). Neither the immediate
physiological needs of the ocular system. such as
the necessary lubrication of the exposed eveball or
the inundation of foreign objects in the eve. nor
indirect defensive needs. as in the response to star-
tle. nor protection of the eye from potential physical
insult. are sufficient to account for the variability
in form and frequency of the eveblink. Although
such needs undoubtedly play an important role in

_blink production, /the available evidence suggests

that the frequency of occurrence. specific time of
production. and mechanics of the involuntary blink
reflect the influence of higher nervous processes
(Blount, 1928; Ponder & Kennedy. 1927). [llustra-
tive of such higher processes are those invoked by
the information processing demands imposed on
an individual.*The attentional and response re-
quirements of a task are important factors affecting
blink production./Additional significant contribu-
lions to variability in blinking are such organismic
variables as aleriness and arousal. fatigue. and anx-
iety.
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The combined effect of factors such as: air quak
ity. defensive responses. higher cognitive processes,
and intraindividual factors. determine the frequen-
cv of blinking. [t should be noted that some. or all,
of these factors interact to determine the waveform
characteristics of individual blinks. The situational
demands and state variables combine to determing
not only the overall blink rate but also when blinkg
are likely to occur. The purpose of this review is tq
describe and explicate some of the relationship§
among eyeblink parameters and the state and si :
uational factors relevant to cognitive behavior.

"The Behavioral Measure:
‘The Endogenous Eyeblink

The focus of this review is on the “endogenous’
blink. It is distinguished from other blinks by
absence of an identifiable eliciting stimulus. We's
argue that this response’is sensitive to a broad speo:
trum of information processing variables including
subject variables and both general and momentary;
task demands and can reflect the effect of these dur<
ing the performance of a cognitive task./One ad4
vantage of the endogenous blink measure is the posJ
sibility it offers of baseline assessmcni.%ltcratiop%
in the rate, form, or duration of blinks, and tent
poral distribution of blinks may be evaluated
changes in either direction from a pre-establish
level> Unfortunately, little experimental work h

that which has, is restricted largely to blink rate.

In order to clarify the distinction between
“endogenous™ blink and other eye closures, char?
acteristics of the latter will be described briefly.

Eye Closures Other than Endogenous Blinks
Reflex blinks. The stimulus-elicited involun

(i.e.. reflex) blink is a protective response whi
k5 T : :
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occurs to stimuli potentially injurious to the orga-
nism. A loud noise, a tap to the forehead, an elec-
trical shock to the skin, especially in the area close
1o the eves. any sudden intense stimulus, a foreign
ohject in the eye, all elicit reflex blinks. Graham
and vollaborators (Graham, Putnam, & Leavit,
1975: Silverstein, Graham, & Bohlin, 1981), Hoff-
man and Ison (1980), and Ison and Ashkenazi (1980)
have studied reflexive eyeblinks extensively. Their
focus has been on changes in reflex excitability as
a function of the interval between a warning signal
and a blink-eliciting stimulus, as well as on the al-
location of attentional resources during the lead in-
terval. They found, for example, that if the lead
© ume between the warning signal and the imperative
signal is short (100-300 ms) blink amplitude is re-
Juced. If the interval extends to several seconds.

- however. there is facilitation of the blink reflex.
vienerally. when blink initiation is signaled by a
warning stimulus. blink latency is significantly re-

. Juced. These studies. as well as eveblink condi-
noning studies. continue 1o make significant con-
tnbutions 1o our understanding of the processes by
which stimuli are associated or otherwise interact,

~ Nevertheless. we do not believe them to be as well
swited a format as studies of endogenous blinks for

- the investigation of ongoing cognitive processes.

- Loluntany blinks. Voluntary blinking has been
differentiated from both reflex and endogenous
blinking in the literature (e.g. Volkmann, Riggs. El-

~licott. & Moore. 1982). Like the reflex blink. the

~ ‘oluntary blink occursin response to an identifiable
siumulus. either self-initiated or at the request of an
~ <\peamenter. Such blinks have been used to study
inhibitory processes in the visual system (Riggs.
Volkmann. & Moore, 1981: Volkmann et al.. 1982)
and will be discussed below in connection with blink-
‘nduced visual suppression. Again. however. if our
0al 15 1o extract information from an ongoing task.
‘he voluniary blink. even if defined solely in terms
2 the presence of an eliciting stimulus. is unsat-
actony./Whether the voluntan blink can be dif-
‘erentiated from the reflex and endogenous blinks

interms of amplitude and duration is an unresolved’

Jueston. It was the position taken by Spence and
Tavlor (1951) that voluntary blinks were longer in
duration and greater in amplitude® This was sup-
Portied (somewhat informally) by Kennard and
Glaser (1964). but this observation is not universal
‘Gordon. 1951)."We might expect the nature of the
I “NSiructions to be an important factor here: whether
the subjects are instructed simply to blink or are
ol 10 simulate a reflex or endogenous blink could
Umake 3 significant difference.

\\"l"ll‘\ffgi’,‘"" The most obvious example
YA non-blink closure is that associated with the
VIset of sleep. Another is the closure associated

“less than 250 ms and frequenthy cxtends for several

-reopening phase lasting fram 100-200 ms. The re-
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with periods of microsleep (Williams, Lubin, &
Goodnow, 1959) observed in sleep-deprived or oth-
erwise fatigued individuals. Unless eye closure is
being used for the purpose of detecting such states,
it has little to offer by way of enhancing our un-
derstanding of cognitive processing. ’For\unalcl)

these closures are clearly differentiable from blinks
on three dimensions. (a) For blinks, the time from
initiation of lid movement 1o full eye closure is
shont, taking generally less than 150 ms, whereas
for non-blink closures, the time taken to close the
eyes is for most subjects generally greater than 250
ms and frequently extends over a period of seconds.
(b) The longest period during a blink in which vi-
sion is occluded is estimated to be from 270-330
ms (Miles, 1931); for non-blink closures the dura-
tion over which the eve remains closed 1s scldom

seconds.'Thus, any closure lasting morc than one
second can be safely assumed 10 be associated with

a phenomenon other than blinking. (c) Rcopcning‘
time for the blink is relatively long with the full

i

opening after a closure is generally very rapid. sel-
dom 1aking as much as 100 ms. Therefore. any cye’
closure which satisfies these criteria (l.e.. imc_to

close greater than 300 ms, closure duration greater

than I s. time to reopen less than 130 ms) can be

wﬂmﬁes'ﬁfhout losing essen-

tial information. '

Although non-blink closures are clearly of in-
terest in the study of attention and alertness, they
are equally clearly different in form and function
from endogenous blinks. Consequently. they will
not be considered further in this review.

Measuring the Eyeblink

A variety of techniques are available to measure
the eveblink. These range from attaching a string
to the lid and using a potentiometer 10 measure
closure and opening (the favorite technique of eye-
blink conditioners). to the anachment of lever sys-
tems (Kennard-& Glaser, 1964) and reflecting mir-
rors (Gordon, 1951) to mechanically or optically
transduce eyelid motion. Photoelectric techniques,
using scleral reflection or other reflections from the
eve. can also be used to index closure. When noth-
ing is reflected the lid is closed. Photographic or
video techniques have also been used. Since they
require relatively tedious data abstraction proce-
dures their use has been limited.”One can also re-
cord electromyographic activity (EMG) from the
muscles responsible for initiating lid closure. the
orbicularis oculi. '

Our favorite technique uses electro-oculographic
procedures to record the eyeblink.h‘he EOG pre-
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sumably records the potential difference between
the cornea and the retina or fundus. We say “pre-
sumably™ since some investigators have been able
to record the potential in animals with the retina
surgically removed. Because of this it has more re-
cently been referred to as the corneo-fundal poten-
tial.

How can the EOG index the eyeblink? We have
reviewed the rationale for this procedure (Oster &
Stern. 1980, pp. 290-291) and briefly review it here.
The upper evelid moves over the cornea during
blinks. closures. and as gaze shifts from the upper
to the lower portion of a visual display. The cyelid
acts as a sliding resistor, altering the standing po-
tential between the cornea and fundus. The cornea
is positively charged with respect to the fundus.
Movement of the eyelid over the comea is associ-
ated with increased positivity, retraction with in-

reased negativity (Matsuo, Peters, & Reilly, 1975).
This “artifact” is referred to as the “rider artifact.”
Itis an artifact if one is interested in using the EOG
to identify eye position in the vertical plane. It is
not an artifact to those interested in a simple pro-
cedure for recording eyelid movements\ The rider
artifact makes it impossible to use EOG procedures
for locating eye position in the vertical plane, unless
one knows what the lid is doing, independent of
the movements of the eyeball. Lid position, when
the head is restrained, is relatively constant. We say
*‘relatively constant™ since, in vigilance and other
soporific tasks. one finds the lid closing for reasons
other than blinking. -

We have assured ourselves that the vertical EOG
reasonably faithfully reproduces the position of the
evelid by concurrently videotaping the eye and the
polygraph tracing of the vertical EOG. Using a spe-
cial effects generator, one can concurrently display
both pictures on a split screen. Seeing is believing;
eyelid closures are clearly associated with potential
changes in the vertical EOG.

Blink Waveform

Itis desirable to describe the characteristic wave-
form of an endogenous eyeblink for two reasons.
First, blinks must be discriminated from grimaces
or other facial activity, from eye movements, and
from other lid activity, as indicated in the earlier
section on non-blink closures. Second, it is useful
to describe components of the typical blink so that
potentially meaningful deviations in form can be
assessed. ‘

The closing portion. Kennard and Glaser (1964)

; {dcscribc three distinct phases of the closing portion
LJ

of the blink ‘The first is a slow phase lasting between
10 and 20 mc< durino which the lid ic arralaratinna
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stant velocity, and the third is a decelerating slow
phase lasting from 20-50 ms ending in complete
closure. (Kennard and Glaser's suggestion that the
initial slow component lasts for 10-20 ms must be
taken as an approximation since it is difficult to
measure a ‘“‘slow” component lasting no more than
20 ms using mechanical transduction and strip-chan
recording.) Gordon (1951), using an optical record-
ing method. also reports an initial slow upper-lid
movement of approximately | mm which he ar-
tributed to the relaxation of the levator palpebra
superion. This would leave the orbicularis oculi free
from its influences (in Gordon's baboon prepara-
tion the levator remained inhibited throughout the
blink) to effect the rapid phase unimpeded. Al-
though Kennard and Smyth (1963) suggest that the
first component of the blink involves-a burst of
activity from the orbicularis oculi muscle, it ap-
pears from their illustratrion (Figure 1) that this
activity may, instead, follow, rather than be coin-
cident with, initiation of the lid movement. The
gain at which the EMG signal was recorded was too
low 1o make this observation definitive.“Whatever
the source of the muscular activity, it is clear that
blink initiation involves gradual lid. acceleration
rather than a sharply initiated movement.

The final, decelerating component of the closing
portion is apparent in the records of all these au-
thors (Kennard & Glaser, 1964: Kennard & Smyth.
1963: Gordon. 1951), and is also observable in EOG
recordings. We have attempted to look at this com-
ponent of the lid closure by measuring the timc
from "0% closure to full closure. The duration of
this interval ranges from 10 ms to considerably in
excess of the 50 ms reported by Kennard and Glas-
er. Since 70% of full closure does not necessarily
coincide with the onset of the final slow phase, how-
ever. these measures are not strictly comparable.

To summarize, three phases in the closing por
tion of the blink can be identified. The first phase|
persists for 10-20 ms, is associated, perhaps, with
inhibition of the levator coupled with or followed
by increased activity of the orbicularis oculi muscle.
The second, a fast component, persists for 20-50
ms and is due to orbicularis contraction. The third
compoanent, another slow component, persists for
20-60 ms. Accordingly, a reasonable estimate for
total iime taken for lid closure during a blink is
from 30 ms for the fastest closure, to 145 ms for
the slowest closure.

The reopening portion. Kennard and Glaser
(1964) report two phases associated with reopening.
An in1ual rapid return from full closure is followed
by progressively slower motion as the lids return |

1 tha macralica anelslia V. TA/S oo gl Lt e



and Glascr. does not allow easy resolution of tem-
poral parameters. Onset of the initial opening phase
is relatively rapid and, according to those authors.
its velocity is positively correlated with blink am-
plitude. Determining where the first phase ends and
where the second begins is difficult; they appear to
shade into each other. _

Identification of the point where the second phase
erminates is especially difficult. It would appear
that it should be defined as the point where the lid

. returns to the position occupied before blink ini-
tiation. Several factors militate against this simple
solution. As Kennard and Smyth (1963) pointed
out. location of the fixation point in the vertical

~ plane is a factor determining eyelid position (the
 lower the point, the Tower the eyelid). Second,
changes in vertical eye position following a blink

- were found to be especially likely. These two facts
s@esn clearly that return to initial evelid position
wor inmitial voltage level) can not be used as the ter-

_mination’ criterion. /' The determination of blink

| completion must therefore be based on final qui-
escence of the lid rather than on lid-position. Un-
tortunately. the gradual deceleration of the lid ren-
Jers precise demarcation difficult.

Although the actual completion of reopening is
dificult 1o specify exactly. there is no question but
that reopening. by any criterion. takes longer than
closing. )

The closed portion. Kennard and Glaser had pre-
viously reported that a relatively steadv level lasting
up 1o 50 ms may be maintained between termi-
nation of the closure portion of the blink and the
initiation of reopening. They further report that a

- few of their subjects appeared to become drowsy
during the course of the experiment. and that such

- drowsiness was associated with increases in the du-

- ration of the steady closure level. In two observa-
lions. plateaus lasting for up to 80 ms occurred with

. no change in the nature of either the closing or

- reopening phase of the blink. In a study of the ef-
fects of a short-acting barbiturate (Kopriva. Hor-
vath. & Stern. 1970) it was observed that after drug
administration. the EOG record of the eveblink ex-

~ hibuted a delay at full closure before the reopening
phase began. It appears. therefore. that this portion
of the blink might prove to be a useful diagnostic
ool '

Blink Rate

“ The last 20 vears has seen a paucity of research
in which parameters of the endogenous eveblink
have been dependent variables. There is. however.
3 small and valuable legacy from earlier investi-

- 2ations (ably reviewed by Hall & Cusack. 1972).
Most of the early investigators concerned them-
selves with blink rate. They demonstrated that the

naturc of the 1ask 1o be pertormed has a significant
influence on blink frequency. For example/ perfor-
mance of tasks involving visual activity, such as
reading or visual-motor tracking, produces signifi-
-cantdecreases in blinking (Ponder & Kennedy, 1927)
with more difficult visual tasks leading to greater

- blink inhibition than less demanding tasks\(Drew,

1951). Experimentally induced anger or excitement/ °

significantly increases blink rate (Ponder & Ken-
nedy, 1927). Data from field observations indicate
that blinking is markedly increased wheh a person
is being cross-examined in a courtroom (Ponder &

Kennedy, 1927), or is simply cw-
_sation (Hall, 1945).

Attentional Effects

During a blink, while the eyes are closed, visu-
ally presented information obviously cannot be as-
similated. In fact, a number of studies (Volkmann.
Riggs. & Moore. 1980: Wibbenmever. Stern. &
Chen. 1983) have gone bevond this. demonstrating
that inhibition of/information intake actually pre
cedes the blink. a phenomenon similar to presac
cade suppression/Saccade suppression refers 10 the'
inhibition of visual information processing asso-
ciated with saccadic eye movement: the general
findings (Matin. 1974) are that there is a partial loss
of information intake as much as 50 ms prior to
saccade initiation. Wibbenmeyer et al. (1983)
showed that.the processing of information pre-
sented to the eye a short time (50 ms) before blink
initiation is markedly inferior to the processing of
the same information when presented 100 ms be-
fore blink initiation. In several recent articles (Riggs
et al.. 1981; Volkmann et al., 1982: Volkmann et
al.. 1980) this observation was corroborated utiliz-
ing an ingenious procedure. Presentation of the light
was through a fiber optic bundle placed against the
roof of the mouth. A substantial loss of sensitivity
(to light offset) commenced before the blink began
and did not fully recover till about 200 ms after
blink onset. Note that introducing the light in this
manner precluded the inhibition from occurring by
direct interference with the visual stimulus. These
authors atiributed the suppression to an inhibitory
efferent signal coinciding with the discharge initi-
ating the blink. The blackout period thus starts be-
fore the onset of a blink. This, coupled with a blink
which takes not less than 200 ms (and averages over
400 ms). produces a significant period around each
blink during which visual input is reduced or not
available. The surprising fact is that we do not per
ceive this gap even though briefer blackouts of room)
lights are readily perceived (Moses. 1975).

A reduction in blink rate during visual task per-
formance under these circumstrances would seem
adapiive and the initial report of such reductions

&
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(Ponder & Kennedy. 1927) has found considerable
subsequent suppon (cf. Baumstimler & Parrot. 1971:
.Poulton & Gregery. 1952).Tvpically. reduction in
blink rate is greater in more demanding visual tasks
(Drew, 1951). Specific stimulus parameters, how-
ever. may produce periodic changes in the likeli-
hood of blink production. As will be discussed be-
low, in discrete trial procedures. which provide op-
portunities for intermittent reduced attention, blinks
often occur during each such period. The result.
consequently. may be a paradoxical increase in blink
rate. Therefore. one must be cautious in drawing
sweeping generalizations concerning blink rate
without detailed task analysis. a theme 1o which we
shall return.
¢ Alterations in blink rate are not unique 10 visual
task performance they occur during nonvisual tasks
as well. Stylus maze performance, even with vision
of the maze occluded, results in significant blink
reduction (Gregory. 1952). Gregory further report-
ed that performance of an auditory tracking task
also led to blink inhibition. Similarly. blink rate
decreases were found dunng mental arithmetic and
digit span recall (Holland & Tarlow. 1975). In
agreement with Drew's (1951) data on a visual task.
-more difficult tasks produced a greater reduction in
blinking than did easier tasks. ‘The general impli-
cation of these data is that attention leads to a re-
duction in blink frequency. with the magnitude of
blink inhibition proportional 1o attentional de-
mands.

Activation Effects

In apparent contradiction to the studies cited.
several investigators have reported increases in blink
rate while subjects were performing mental arith-
metic tasks. In the earliest study reporting this (Tel-
ford & Thompson. 1933). blink frequency was ob-
served during the performance of mental arith-
metic, reading, and conversation. Mental arith-
metic produced the greatest number of blinks, read-
ing the fewest.

The results of a series of studies involving ver-
balization as a variable may help resolve these con-
flicting observations. Schuri and von Cramon (1981)
compared the blink rate of subjects performing a
I-min mental arithmetic task under two conditions.
In the first, they were required to continually ver-
balize the updated results throughout the minute
whereas in the second they verbalized the final re-
sult only at the end of the I-min run. The mental
arithmetic task used by these investigators involved
serial addition and subtraction. /Performing the
arithmetic operations silently produced no change
in blink rate compared to a resting condition. Un-

. der verbalization instructions. however. significant
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increases in blink rate were obtained for both ad{
dition and subtraction tasks. Other cvidence sug
gests that the facilitating effect of verbalization on
endogenous blink production is probably depen-
dent on the motor aspect of the vocalization, rather
than on its “verbal” characteristics./In an earlicr
study, von Cramon and Schun (1980) had found
significant effects of vocalization on blink rate using
both verbal and numerical tasks. The tasks, reciting
the alphabet slowly or reciting sequential numbers
starting with 100, were conducted under both vo-
calization and silent conditions. Recitation gener-
ally produced increases in blink rate (significant onl:
for the counting task). Performing the tasks silentl
led to significant decreases in blink rate for both-
conditions. Von Cramon (1980) also demonstrated
that voealization led to significant increases in blink
rate in both verbal and arithmetic tasks. The verbal
task involved providing the subject with two words
to be used in the generation of a sentence; the arith-
metic task involved multiplying a single digit num-
ber with another between 10 and 20. Only whe
the vocal responses were made, and not during the
solving of the problems, were increases in blinking
observed. ‘

The work just cited implicates vocalization and
the inhibition of vocalization as contributors to the
control of endogenous blink production. Mever
(1953) suggested that the activation of cortical mo-
tor centers close to those which control the eyes
(viz.. those that mediate the motor aspect of speech!
may lead to an “overflow” of activity into the oc-
ulomotor areas resulting in increases in blink ratc.
A similar argument has been used more recentls
(Kinsbourne, 1970) to account for the relationship
between the direction of lateral eye movements and
the hemisphere presumably dominant upon intro-
duction of a particular task. Extending Meyer’s view.
von Cramon (1980) suggested that the simultane-
ous activation of the topologically adjacent motor
channels for lid and speech movements need not
necessarily be in the cortex. It is unclear, in either
case, why activation of topologically adjacent mo-
tor channels for lid and speech should lead specif-
ically to an increase in endogenous blinking rather
than, for example, to eye closure or blink inhibition.
'Perhaps as an alternative, the increase in blink rate
which accompanies vocalization may be attribut-
able. more parsimoniously, to a general activation
rather than to a specific cortical (or subcortical)
“overflow.” 'Telford and Thompson (1933) sug-
gested, in fact, that the increase in blink rate which
they observed during mental arithmetic perfor-
mance appeared to be a function of “excitement
and emotional tension.” Other authors, using 2
combtnation of task requirements, none requiring
vocalization

inAfeanmae 1o aa
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dogenous blink production. Brezinova and Kendell
(1977) evaluated blink rate while subjects per-
formed a pendulum tracking task by itself or con-
current with mental arithmetic. The mental arth-
" metic task involved serial subtraction (while at-
tempting to track the pendulum). Under these con-
. ditions mental arithmetic in conjunction with pen-
~ dulum tracking produced a significant increase in
" blink rate compared to tracking alone, though EMG
| activity (superimposed on the EOG) failed to reflect
the added tension of the incompatible tasks. There
- are other data (King & Michels, 1957), however,
- which indicate directly thavincreases in blink rate
!"are associated with induced (by hand dynamome-
~ter) muscle tension.
¢ Few investigators have attempted to index
arousal in a direct fashion rather than infer it from
the task demandss In one attempt to do this. Gille.
"o, and Ullsperger (1977) recorded blinking as
~woll as heart rate and EEG measures while subjects
~were performing 1asks differing systematically in the
nature ol the demands made. The tasks ranged in
' level of dificulty from: 1) relaxing with open eves
1in a quiet environment. 2) copying numbers. 3)
solving mental anthmetic problems and vocalizing
‘{ihe answers. 10 4) solving such problems and vo-
calizing under time stress. Significant differences in
blink rate were obtained between all but the last
two levels of 1ask difficulty with the more difficult
] 1asks leading 10 higher blink rates.sAverage blink
- rates reported were 6.5, 7.5, 13.6, and 15.0/min for
tasks in ascending order of difficulty. Since the men-
-1al anthmetic tasks required vocalization of re-
sponsés. already shown to be associated with an
increase in blink rate, it is obvious that a number
- of confounding factors make this study and the gen-
- cralizations drawn from it less than ideal:'the higher
* blink rate during anthmetic task performance could

 be attributed to the requirement for a verbal report,

" a higher level of arousal. or the cognitive demands
- ol the task! That the two arithmetic tasks did not
- differ significantly from each other makes a vocal-
. 1zation hypothesis tenable. However. the viability
~ of other hypotheses illustrates the weakness of this
. demonstration for present purposes./ More perti-
/| nent 1o the issue. however, the authors also related
|blink rate directly to two measures of arousal: an
'|EEG-based measure of activation level. and sub-
jective assessments of alertness. Blink rates per
minute for five levels of EEG-based activation val-
usswere 3.9, 2.8, 7.2, 7.7, and 8.3. with higher EEG
activation levels associated with higher blink rates!
Blink rates with seven levels of self-judged alertness
were 3304040550550 6.6. 5.5, 12,1, again with the
Mighest blink rate associated with greatest aleriness.
- Although the implication is that blink rate is as-
saciated with level of alertness. the omission of any
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statistical treatment of these data requires us to ac-
cept them as suggestive rather than definitive on
this issue.

Ponder and Kennedy (1927), as mentioned ear-
lier, observed an increase in blink rate during cross
examination in a court of law. They attributed the
increase to the anxiety engendered by the cross ex-
amination. Pertinent to this variable, von Cranach,
Schmid, and Vogel (1969) reported that when sub-
Jjects look at a person (rather than a light)’there is
significant increase in endogenous blinking and fur-
ther, more blinking occurred in a social situation,
where the person at whom the “subject™ looked,
uttered questions to which the subject had to re-
spond with YES or NO answers./ These results, and
those of Ponder and Kennedy. ‘must be tempere
by the findings that speaking is associated with a
significant increase in blink rate as is an increase
in muscle tension: These might account for the phe-
nomena. obviating “anxiety™ as an explanatory var-
iable. In a study specifically designed to explore
this. Brezinova and Kendell (1977) found that al-
though inducing anxiety (by threat of shock) pro-
duced significant increases in heart ratc and sub-
jective ratings of anxiety. there were no concomi-
tant increases in blink rate. In such a situation we
might expect that the anxiety induction would be
reflected in greater activation (which it was as in-
dexed by heart rate), and this, according to our pres-
ent thesis, would result in an increase in blink rate.
These unambiguously negative results. however.
suggest caution in asserting this argument. One pos-
sible alternative is that there exists a subject-by-
anxiety level interaction in blink rate. Additional
data are necessary to support this speculation.

In summary, increases in arousal are generall
associated with increases in endogenous blink pro
duction. The'data do not clearly explicate the nature!
of this association. Blink rate increases may be sec-
ondary to specific speech and motor activity, or
reflect a more generalized activation function. The
presumed effect of anxiety on blink rate has not
been definitively demonstrated.

1

Time-on-task and Blink R(;te

Although decreased arousal is associated with
lowered blink rate in alert. rested subjects, the per-
formance of a single task for long periods is often
accompanied by blink rate increases. This is par-
ticularly true for repetitive tasks. tasks which lead
to boredom and fatigue>Carpenter (1948) measured
blink rate duning a 2-hr vigilance task (Mackworth
clock test) and found systematic increascs in blink
rate as a function of time. Although the greatest
increase occurred over the first hour (from X=17.4
10 X =21.9 blinks/min). most subjects continued to
show additional increases in blink rate with an av-



erage increase of 43% from the first to the last half-
hour period.

Similar increases in blink rate as a function of
time-on-task, have been reported during reading
(Hoffman, 1946; Tinker, 1946; Lukiesh, 1947), and
automobile driving (Pfaff, Fruhstorfer, & Peter,
1976). Though initiation of reading produced a sig-
nificant reduction in blink frequency, these authors
all reported increases in blink rate as a function of
time. Hoffman's subjects read for 4 hrs; average
blink rate was 6.9 blinks/min initially and increased
to 11.0/min by the end. This increase was linear
across the 4-hr session. Lukiesh had subjects read
for 1 hr and observed an increase from 7.2 to 9
blinks/min. Tinker's subjects read for a half hour
and increased from 4.8 to 6.6 blinks/min. For au-
tomobile driving, Pfaffet al. (1976) report that blink
rates increased from an initial 13/min to 40/min at
the end of a monotonous driving task. Stern. Beide-
man, and Chen (1976) also noted increments in
blink rate over a half hour of simulated driving.

Other data do not so uniformly.supportthe time-
‘on-task effects descnibed for blink rates In one study
(Goldstein. Walrath & Stern. 1982). a discnmina-
tion task in which the effects of modality. visual vs.
auditory. and schedule of stimulus presentation.
fixed vs. variable. were investigated. no time-on-
task effect was suggested nor any interaction in-
volving changes in blink rate over the half-hour test
periods. Brezinova and Kendell (1977) also failed
to find a time-on-task effect over an hour period
during which subjects continueusly observed the
movements of a pendulum. Finally, to complete the
spectrum, are the results of a study of the visual
behavior of helicopter pilots in a 50-min test flight
(Stern & Bynum, 1970). Novice pilots exhibited a
significant decline in blink incidence over that pe-
riod in contrast to expenienced instructors, whose
blink frequency remained constant. Thus, we have
in the asembled studies, all possible outcomes rang-
ing from an increase through no change to a de-
crease in blink rate. over time periods that are not
radically dissimilar. So many vanables differentiate
these studies that it should surpnise us if these ap-
parent inconsistencies did not occur. Time-on-task
effects cannot be viewed as due to some unitary
factor. Explanation of a given time-related effect on
blink rate will undoubtedly require an understand-
ing of the general effects of activation, effort, fatigue
and attention. as well as the particular demands
imposed by a task.

Blink Waveform

The effects of cognitive requirements on the
waveform of the endogenous eveblink have been
largely ignored, though parameters such as ampli-
tude and duration may be sensitive to the specific

sensory requirements of a 1ask. The cffects of the
subject’s state during task performance has received
only little more attention.

Stimulus Modality Effects

Blink amplitude. The extent of lid movcmenti,
during BiAk execution is highly variable. A large
part of this varability depends on lid position at
blink initiation. When gaze is directed upward the)
lids are partially raised and the amplitude of a full}
blink from the starting position is relatively large;
Conversely, when gaze is directed downward the;
lids are allowcd to drop and blink amplitude is at
tenuated.”Most variation in blink amplitude th
reflects vertical eye position at blink initiation an
is of relatively little import in the exploration of
cognitive processes. With EOG recorded blinks we
have a further complication in that eve position an
lid position lead 10 opposite voltage level altera
tions. Voltage level changes associated with an u
ward rotation of the eveball {corneo-fundal poten-
tial) are in the same direction as those associated
with evelid closure (nder potential). Thus one can-
not identify the exact position of either the exehd|
or the eveball from EOG recordings.

There is a subset of endogenous blinks. which
are reduced in amplitude. that may be informative.
Kennard and Smyth (1963) commented on such
partial blinks emitted while subjects were engaged
in a visual tracking task. These partial closures, or
“microblinks,” are apparently not uncommon
(Kennard & Glaser. 1964; Records. 1979). On EOG
recordings these appear as small amplitude blinks
which; as far as the waveform of the blink is con-
cerned, are not discriminable from regular blinks
but which may be differentiated from them by con-.
current film or video tape recording. :

The relationship of microblinks to cognitive ac-
tivity is not well-established./Kennard and ‘S_my1h
(1963) suggested that partial blinks might be inter-
preted as poorly inhibited blinks and that in a vis-
vally demanding task. when overt blinks may be
largely inhibited. these miniature blinks may. es-
sentially, serve as surrogates. Unfortunately. they:
provide no evidence substantiating their observa-
tion. A visual and auditory discrimination study by
Sirevaag, Stern. Oster. and Walrath (1981) provid-
ed little support for Kennard's hypothesis. Onc
would expect the incidence of such microblinks to

. be greater in visual than in auditory tasks. In that

study, however, no differences were found even’
though significantly fewer full blinks occurred in the
visual task, the presumed optimal conditions f'or
demonstrating the effect.

Blink duration. A waveform parameter Wth
the evidence suggests is sensitive to the mode 0
stimulus presentation, is blink duration/In the study_
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cited above (Sirevaag et al., 1981), this relationship
was examinedyblinks were assessed for each subject
during a prestimulation baseline period, a self-paced
visual-following task (after Wilkinson & Houghton,
1975), and a fixed interval auditory discrimination

ask. Using either a 50% or an 80% amplitude cri-
~kerion to define closure duration, blinks were sig-

" nificantly shorter during the visual than during the

. following auditory task though neither differed sig-
nificantly from baseline duration which was inter-
imediate to the two tasks/ In a subsequent study
(Goldstein et al., 1982) two experimenter-paced du-

. ration-discrimination tasks were used which were

" counterbalanced in order of presentation. In this
manner, task type and task order were unconfound-
ed with modality as they had been in the Sirevaag
ot al. experiment. Task parameters were identical
tor the two modalities except that the stimulus was
a dim light in one, and a pure tone in the other.
Again, blink duration was shorter in the visual than
in the auditory conditions for either criterion se-
fected (50% or 70% in this case). ‘Apparently the

kiuration as well as the frequency of the'endogenous
'lwhnk is sensitive to the requirement for specific
scensory channel monitoring: visual presentation

.hppears to be associated with fewer and briefer clo-

'!sures than is auditory presentation. It should be

noted that no effort was made to equate the tasks

‘for difficulty. It is, thus, conceivable that this might

{account for the modality effect’(cf. Drew, 1951).

Time-on-task Effects

In the study just described (Goldstein et al., 1982)
_subjects completed four vanations of the discrim-
“ination paradigm spending a total of 128 min on

the tasks. From the first to the final 5 min of the
first task, mean blink duration (50% criterion) in-
creased significantly (133 to 189 ms) independently
of task. This was consistent with the finding that
-the proportion (arc-sine transformed) of unusually
.long duration blinks (=200 ms, using the 50% cri-
terion) increased with increasing time-on-task. This
‘effect was seen in another study, mentioned earlier,
_conducted to explore alterations in attention under
alcohol. Subjects “drove™ two 20-min motion pic-
fture scenarios in a Singer LINC simulator (Stern et
‘al.. 1976). Both for inebriated and sober subjects
there was a reliable change in closure duration from
‘the first to the second film. This study thus dem-
_onstrated significant time-on-task effects. The effect
again was accompanied by an increase in the pro-
portion of long duration eyeblinks.

Temporal Distribution of Endogenous Blink -

The endogenous blink is. by definition. not
cvoked by external events. Nevertheless. the cvi-

The Endogenous Lyeblink _v

dence cited thus far indicates. consistent with the
theme of this paper. a relationship between the oc-
currence of such blinks and ongoing cognitive op-
erations. It is only a quantitative step from this to
the expectation that the momentary demands of a
task: the mode and manner of input. the transition
from one to another stage in the scquence of pro-
cessing. as well as the type of output, might also be
reflected in alterations in some parameter of the
blink.

The central programming for an opportune time
for blink generation appears to be of three different
types‘which wiil dictate the organization of the pres-
ent section. (1) Coordination of blinks with eye
movements. This coordination could translate into
mechanical efficiency in the visual input channel.
(2) In relatively unstructured sxluauons blmks fre-
quently occur.in bursts at those pomt§_“\_\(llere pro-
cessing mode is chagg_d These usually follow a
period during which blinks have been inhibited. 3
In structured. processing tasks. blinks can be seen
1o occur in specific (emporal relauonshlp 1o stim-
ulus (and_ response) events. A blink might thus be
interpreted as indicative that a specific point in the
processing has been reached and. therefore. the
temporal relationship between blink and other
events could be used to index the quality and kind
of processing taking place.

C qo;dinatiork of Eye Movements
and Endogenous Blinks

Most eveblink data have been collected in highly
artificial settings with subjects placed in an appa-
ratus 10 restrict head movement and in situations
where visual search activity is limited and stimuli
sparse. Few saccades occur in such conditions. Thus.
little concern and attention has been devoted to eye
position changes associated with blinks.’In a fr
viewing situation. on the other hand. it would b
reasonable that relatively tight coupling of ey%
blinks and eve movements would have considerad
ble utility. Tt has been demonstrated that visual in-
formation intake is impaired before and during sac-
cadic eve movement (Matin, 1974). Since. as men-
tioned earlier. during and preceding a blink there
is also a period of visual inhibition (Riggs et al..
1981: Volkmannet al.., 1980; Volkmann et al.. 1982:
Wibbenmever et al.. 1983). it would not seem un-
likely that these two disparate sets of muscles were
coordinated so that saccades and blinks occurred
concurrently. In their visual tracking study. Ken-
nard and Smyth (1963) found that vertical eve ro-
tation affects both the frequency and form of blinks
such that blinks are integrated into normal eve and
lid movements. They observed that blinks were most
likely to occur in conjunction with downward eve
movements. Hornzontal eve movements as well. are
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consistently coordinated with the blink: von Cran-
ach et al. (1969) reported an increase in blink in-
cidence associated with large amplitude. horizontal
eye movements. :

In support of the observation that the angular
size of the eye movement is related to blink prob-
ability are the data of Watanabe, Fujita, and Gyoba
(1980) who found, further, that blinks were more
probable when the saccades were spontaneous rath-
er than elicited by tracking. Of additional note was
the fact that the frequency of saccade-associated
‘blinks was inversely related to the complexity of
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tivation associated with vocalization as suggestcd
earlier. ' |

The temporal relationship between blink occur-
rence and both stimulus and response events in
controlled, discrete trial tasks represents another in-
stance of the general phenomenon relating endog-
enous blinks to aspects of a cognitive task. Although
tightly coupled with stimulus events. it should be
pointed out that the blinks to which we refer are
not evoked or reflexive, but endogenous: in a con-
text in which there is no call for processing, the
same stimuli do not elicit blinks.

, the visual display. Watanabe et al. (1980) conclud-
I'ed, in part. that the function of saccade-associated
{ blinking was to reduce retinal blur. Under difficult
¢ perceptual conditions, however, this need was ov-
i erridden which, according to those authors, reflects
| the importance of cognitive load on blinking. This.
coordination of the eye movement and the blink,
and its integration with information processing re-
quirements clearly indicated a level of control that
is not merely reflexive.

[llustrating these pajnts are a series of studies by
the authors. In several\yariations of a visual se-
quential comparison task (Walrath, Stern. & Rude.
1980), subjects were require .to make a finger re-
sponse indicating whether or ndt a displayed letter
was different from the previous letter on one of a
number of dimensions. Upon stimulys offset they
were to return their finger as rapidly as ‘possible 10
the start position. We will ignore the fact that a
response followed both stimulus onset and offset
and concentrate, for the moment, on the distribu-
tion of blinks in this sequence. Although the inter-
stimulus interval averaged 4 s in duration, a sig- .
nificantly greater number of interstimulus blinks
were initiated in the first second following stimulus
termination than would be expected by chance.
Further, of the blinks occurring during the stimulus
period (which averaged 2.25's). a disproportionate-
Iy greater number were initiated within the second
following stimulus onset. Every subject showed this
interstimulus. and ‘stimulus effect. This stimulys-
blink temporal contingency was also observed in
the tone discrimination study by Sirevaag et al.
(1981) mentioned earlier. In the auditory portion
of that experiment, tones of either 200 or 300 ms
duration were presented at 2-s intervals (offset to
onset). A response was required only for the shorter
tone. As in the above study, a significantly greater
numbser of the interstimulus blinks occurred in the
first half of that interval Again, reinforcing the ro-
bustness of this effect, among the |8 subjects in that
study, there were no exceptions to the overall pat-
tern. These results have since been corroborated
(Goldstein et al., 1982) employing visual as well as
auditory discrimination tasks in a go/no-go para-
digm. Regardless of the underlying mechanisms, il
seems clear that the appearance of a blink is closely
related to the dynamics of task performance.

In pointing out the stimulus-blink relationships|
in these studies. no distinctions were made between
blinks following those stimuli that called for a re-
sponse and those that did not. When a motor re-
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Endogenous Blinking and
Flucruations in Cognitive Flow
! Aspreviously indicated, blinking is reduced dur-
,f ing periods of attention to external stimuli. During
i performance of relatively unstructured cognitive
| tasks, those blinks that do occur tend to coincide
‘ with periods of reduced attentional demand (Hesse.
. 1970). or with shifts from one aspect of the task to
another. Blinks seem to be produced at points in
the processing flow where they are least likely 10
interfere with information intake or performance
(cf. Carmichael & Dearborn, 1947: Poulton & Gre-
‘ gory, 1952: Baumstimler & Parrot. 1971)./As a re-
sult, blinks often occur in bursts, with each burst
! occurring at predictable points within the task.
During reading, endogenous blinking is nor-
mally suppressed. As the reader shifts from one page
of text to the next, however, Hall (1945) observed
a typical flurry of blink activity! He also noted that
short bursts or individual blinks are likely to occur
at other natural attentional breaks such as at the
end of a sentence or the end of a line. Similarly, in
visually tracking tasks blinks occur immediately
preceding and following difficult portions of the task
{Drew, 1951).
i The aperiodic bursting of blink activity is not
{restricted 10 vistually oriented tasks\ Malmstrom,
Rachofsky, and Weber (1977) observed decreases
in blink rate while subjects listened to a question
and during the period of processing prior to an-
swering. Bursts of blinks occurred during the vo-
calization of the answer. The hlinking durina v
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jrequirement in the chronological sequence) The se-
quential processing task (Walrath et al., 1980), it
will be recalled, used a two-choice procedure in
which subjects responded on every trial. This pre-
cluded investigation of the effects of response oc-
currence. In the duration-discrimination .task
{Goldstein et al., 1982). however, subjects were re-
quired to respond only to the short duration stim-
ulus which allowed for the possibility of such anal-
ysis. Accordingly, blinks were dichotomized. into
those occurring on response and non-response trials.
On response trials, blinks typically were delayed
until after initiation of the motor response. Latency
of blink initiation (measured from stimulus offset)
averaged 728 ms on response trials and only 406
ms on non-response trials, a significant difference.
The average latency between motor response and
blink was 275 ms. Two sources of artifact might
I'mitigate this effect) First, if the rate of blinking on
- response trials exceeded that on non-response trals
and blinks were randomly emitted. this would put
a posilive bias on blink latency. Blink rates on the
two trial types, however, were almost identical.
which rules out this possibility. A second possible
source of this effect lies in the confounding of the
response-nonresponse blink latency difference with
the difference in duration of the target and non-
target stimuli (in this case 200 and 400 ms, respec-
tively).\Let us assume, for purposes of argument,
that the blink latency is related only 1o the com-
pletion of the processing of the critical stimulus di-
mension and is unrelated to response occurrerce.
We may suppose, then, that when a 400-ms stim-
ulus is perceived as exceeding 200 ms, permitting
its recognition as a non-target stimulus, the blink
sequence would be initiated. Since blink latency is
measured from stimulus offset, this would decrease
the measured blink latency for non-target stimuli
and account for something less than 200 ms of the
322-ms difference. Resolution of this issue awaits
a procedure (counterbalanqed) wherein target and
non-target stimuli of equal durations may be ex-
. amined.-If taken at face value, these data suggest
fl that. in the absence of a motor response. the oc-
currence of a blink marks the termination of the
stimulus evaluation process. When a response is
required, however, the blink appears to be delayed
10 the end of the response selection. or perhaps, the
MOlor programiming, process.
If these hypotheses prove correct. the latency of
{ the blink, in such instances, may be a more sensitive
| indicator of the efficiency or speed with which these
\N'sponse processes are executed than is the motor
response. For example, in the Goldstein et al. (1982)
study, mean latencies were obtained for each of the
four 30-min tasks. Independent of the modality of
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the stimulus, auditory or visual, finger reaction time
did not vary across the four-task session nor did
blink latency on non-response trials. On response
trials, however, blink latency decreased significant-
ly (a 150-ms drop) from the initial to the final task.
What seems to be suggested by these results is that
some component(s) of the stimulus recognition/re-
sponse selection/response execution sequence had.
improved with practice. Since non-response stimuli

also require recognition time, the origin of the de- .

crease appears (o devolve upon some aspect of re-
sponse programming. Nevertheless, reaction lime\
did not reflect the inferred increase in efficiency.
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Reconciliation of this conflict awaits additional evi-L

dence. :

When blinks occur at points in the stimulus
quence, other than in temporal relationship to th
stimuli and response, they often represent break
downs in smooth efficient processing/In the go/no
go procedure, discussed above, blinks were ran-
domly distributed within the interstimulus interval
on both false alarm and miss trials, in contradis-
tinction 1o the clear patterning of blink production
seen on correct tnals. In the four-choice self-paced
following 1ask (Wilkinson & Houghton. 1973) used
by Sirevaag et al. (1981). stimulus onset was pro-
grammed 1o follow each correct response by 100
msec. In this task, blinks were markedly reduced
in frequency from baseline level. Those blinks which
did occur were associated with significantly in-
creased latency of the motor response. In these two
very different tasks, endogenous blink emission was
associated with response inefficiencies or inaccur-
acies indicative of inadequate processing. Such in-
creases in blink production may, of course. merely
reflect momentary reductions in attention to the
task, perhaps coupled with momentary increases in
activation. In either case, they mark specific points
within a task when processing efficiency is reduced.

Summary

The endogenous blink is an ocular response with
a charactenistic rate and waveform, and is coordi-
nated centrally with cognitive events. Unlike ex-
ogenous blinks. it is not evoked by specific stimulus
events. Nevertheless, its production is coordinated
with stimulus occurrence (if the stimulus is relevant
1o the task). with motor response production. and
with other oculomotor events. Parameters of the
endogenous blink are sensitive indicants of cogni-
tive activity. The allocation of atientional re-
sources, the subject’s level of activation. and the
effects of accumulated time-on-task are all evi-
denced by vanations in endogenous blinking. With-
in specific tasks the blink may index transition points
within the processing flow, i

S
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The immediate effect of externally directed at-
tention is a reduction in blink rate. This is so re-
gardless of stimulus modality though visual input
appears to result in the greatest suppression of blinks.
Visual attention is also associated with blinks of
shorter closure duration. During a task. blinks tend
to-occur during moments of decreased attention,
thus marking a temporary cessation of information
intake.’In fast-paced discrete-trial procedures. the

(rapid fluctuations in attention may result in an
‘overall increase in blink rate.

In general. higher levels of activation are asso-
- ciated with elevated blink rates. Most evidence for
this association is indirect; blink rate is higher when
a requirement to vocalize is added to the other re-
quirements of a task. Although the increased blink-
ing may be specific to speech activity. the limited
data from both EEG analysis and subjective reports
indicate that the effect is more general.
. Blink data collected during protracted involve-
ment in a single task presents a picture which at
first appears anomolous. Increasing time-on-task has
often been associated with increments in blink rate
though the data here are far from consistent. Time-
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on-task effects may be attributable to momentary
losses of attention. to compensatory activation in
the effort to maintain performance. or to some oth-
er. as yet unidentified. factor. A second variable
apparently sensitive to time-on-task is blink wave.
form. Othérwise normal blinks with unusually long
durations occur with increasing frequency as the
task progresses.

Endogenous blinks are coordinated with oculo-
motor activity in such a way as to minimize inter-
ference with information intake. In relatively un-
structured tasks, bursts of blinks mark the transi-
tion from one stage of processing to another, and
blink rate at any given time reflects the kind of
processing going on at that time. In discrete-trial
tasks. a blink is likely to occur at the end of the
stimulus input phase. If a motor response is re-
quired the blink typically follows the initiation of
the response.

The endogenous blink has been demonstrated to
be a sensitive mirror of general cognitive factors.
e.g.. attention and activation. and holds promise as
an indicator of more specific aspects of information
processing. '
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