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Abstract Drowsiness and increased tendency to fall
asleep during daytime is still a generally underestimated
problem. An increased tendency to fall asleep limits the
efficiency at work and substantially increases the risk of
accidents. Reduced alertness is difficult to assess, par-
ticularly under real life settings. Most of the available
measuring procedures are laboratory-oriented and their
applicability under field conditions is limited; their va-
lidity and sensitivity are often a matter of controversy.
The spontaneous eye blink is considered to be a suitable
ocular indicator for fatigue diagnostics. To evaluate eye
blink parameters as a drowsiness indicator, a contact-
free method for the measurement of spontaneous eye
blinks was developed. An infrared sensor clipped to an
eyeglass frame records eyelid movements continuously.
In a series of sessions with 60 healthy adult participants,
the validity of spontaneous blink parameters was
investigated. The subjective state was determined by
means of questionnaires immediately before the
recording of eye blinks. The results show that several
parameters of the spontaneous eye blink can be used as
indicators in fatigue diagnostics. The parameters blink
duration and reopening time in particular change reli-
ably with increasing drowsiness. Furthermore, the pro-
portion of long closure duration blinks proves to be an
informative parameter. The results demonstrate that the
measurement of eye blink parameters provides reliable
information about drowsiness/sleepiness, which may
also be applied to the continuous monitoring of the
tendency to fall asleep.
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Introduction

Drowsiness and increased tendency to fall asleep during
daytime is still a generally underestimated problem.
Epidemiological studies in Germany indicate that about
24 million people suffer from daytime sleepiness (Jordan
and Hajak 1997). The increased tendency to fall asleep
represents a considerable risk, since it limits the effi-
ciency at work and increases substantially the risk of
accidents (e.g., Horne and Reyner 1999; Oginski et al.
2000; Connor et al. 2001). Drowsiness or sleepiness as
well as associated problems of reduced alertness are
difficult to assess, particularly under real life settings.
For assessment mostly questionnaires and sleepiness
scales are applied (e.g., Folstein and Luria 1973; Hoddes
et al. 1973; Johns 1991) as well as a number of objective
procedures such as EEG recording (e.g., Mitler et al.
1982; Carskadon and Dement 1985), vigilance tasks
(e.g., Randerath et al. 1997; George 2000), polyphysio-
graphic (e.g., Collet et al. 1999; Wright and McGown
1999) and oculographical measurements (Stern et al.
1996; Yamada 1998). Most of the available measuring
procedures are laboratory-oriented and their applica-
bility under field conditions is limited; their validity and
sensitivity are often a matter of controversy (Weess et al.
2000).

The spontaneous eye blink is considered to be a
suitable ocular indicator for fatigue diagnostics (Stern
et al. 1984, 1994). It offers several advantages, since it
represents a normal, simply observable and easily ac-
cessible phenomenon that reflects the influence of central
nervous activation without voluntary manipulation
(Blount 1928; Ponder and Kennedy 1928). Endogenous,
fast closings and re-openings of the eyelids occur spon-
taneously, i.e., no external stimuli are needed. Further-
more, the use of contact-free recording procedures such
as photo-, video- or reflecting techniques is possible
(Doane 1980; Sugiyama et al. 1996; Ogawa 1998; Caffier
et al. 1999). Recent studies demonstrate that the analy-
sis of spontaneous blinks may provide substantial
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information regarding central nervous activation pro-
cesses and fatigue (Sirevaag and Stern 2000). The pa-
rameters blink frequency and duration are especially
subject to characteristic modifications with increasing
drowsiness or sleepiness. However, validating investiga-
tions of larger samples of participants are still required.
Moreover, in the majority of previous investigations the
eye blink was mostly recorded by procedures requiring
the application of electrodes (recording of the electro-
oculogram; cf. Oster and Stern 1980).

The present study was carried out within the frame-
work of the doctoral thesis of the first author (Caffier
2002). It was designed to register spontaneous eye blinks
by means of a non-intrusive and easy to handle mea-
suring device, namely an infrared sensor that records
eyelid movements contact-free and continuously. The
goal of the present study was to investigate whether the
measuring device provides reliable eye blink parameters
reflecting normal variations of alertness as they occur
before and after a usual working day.

Methods

Sixty healthy volunteers (34 women, 26 men; mean age 31.9 years,
range 16–64 years) participated in this study. Written informed
consent was obtained from each of the participants. They took part
in two sessions not more than 1 week apart. The eye blinks were
recorded at the beginning and end of a working day, once in the
morning and once in the evening in their usual home environment.
Basically it was assumed that the participants felt more alert in the
morning and more drowsy in the evening. Subjective estimation of
the personal state served to evaluate the respective individually
perceived drowsiness reflecting usual variations and potential ad-
ditional influences on drowsiness level (e.g., effects of previous
night sleep or sleep deprivation) as well.

The participants were seated about 2 m in front of a static
neutral landscape picture (25 cm height x 35 cm width). They could
choose a picture for each session and were asked to look at this for
about 20 min. No further instructions about eye movements or
blinks were given.

The portable measuring device (developed by one of the authors
U. E.) consists of a contact-free sensor connected via an electronic
unit to the printer port of a Laptop-computer. The sensor is fixed at
the ear piece of a spectacle frame without disturbing the partici-
pant’s visual field. The mechanical adjustment is simple by
clamping on an empty spectacle frame or for people wearing glasses
the sensor can be clipped to their own spectacle frame. The sensor
itself is composed of an array of four infrared light emitting
diodes,1 which illuminate through a lens an area of the eye. The
reflected light is recorded by an infrared sensitive photo diode
included in the sensor. The measurement is based on the different
reflection of the emitted infrared light from eyelid and eyeball. The
reflected signals are transmitted to the computer after analog-to-
digital conversion with a sampling rate of 200 Hz. The signal is
stored on hard disk for subsequent off-line analyses. Figure 1
presents an example of the oculographic signal of spontaneous eye
blinks recorded by the sensor. To fulfill a requirement for practical
application of prospective drowsiness monitoring systems (cf.
Wierwille 1999), the infrared sensor-system automatically adjusted
the signal amplitude during recording periods to compensate for
any changes of the sensor’s placement. This procedure, a necessary

measure for long-term recording in real-life settings, proved to be
insignificant for the duration parameters detected as described
below.

For subsequent analyses all eyelid closures were determined in
the raw data by peak detection. For each blink a baseline corre-
sponding to the initial state of the completely opened eye was
calculated in a time window of 500 ms before the signal amplitude
reached 10% of the next following blink. The mean value across
this 500-ms time window represents the corresponding baseline
value. To determine the blink duration at the baseline level, linear
regression lines were fitted to both flanks of the original blink
waveform. The intersections of the regression lines with the base-
line were determined and the time between both intersections was
stored as blink duration. The vertical line from the point of inter-
section between both regression lines at the peak level divided the
blink duration into closing time and reopening time. Additionally,
the blink duration was computed at different amplitude levels, e.g.,
at 90% peak amplitude which corresponds to complete eyelid
closure over the pupil (closed time). An example of blink measures
is shown in Fig. 2.

For subsequent analyses eyelid closures not fulfilling the fol-
lowing criteria were excluded: blink duration 50–500 ms, closing
time <150 ms. This procedure served to exclude so-called non-
blink closures according to the criteria of spontaneous eye blink
defined by Stern et al. (1984, 1996). The measures under investi-
gation were blink frequency and the waveform parameters blink
duration, closing time, reopening time and closed time. In addition
the occurrence of long-closure duration blinks (300–500 ms) were
also calculated. The histogram parameters of blink measures ob-
tained in each session were computed.

The subjective estimation of drowsiness or sleepiness was
noted immediately before the recording of the eye blinks by means
of two different instruments: the personal state scale (EZ; Nitsch
1974) validated for the German population and a standardised
morning/evening log containing visual analogue scales (VAS;
Bixler et al. 1973; Hoffmann et al. 1997). For EZ participants had
to scale how much each of 40 adjectives corresponded to their
actual state (hardly ever…entirely). The adjectives represent 14
hierarchical factors including the factor SLEEPINESS (repre-
sented by three adjectives ‘‘tired’’, ‘‘sleepy’’, ‘‘exhausted’’), on
which this study mainly concentrated. Besides this verbal estima-
tion different VAS were used, presented as lines anchored by bi-
polar descriptions. The participants were asked to rate their
momentary state by marking the corresponding location with a
pencil. Of special interest in the present context was the
DROWSINESS dimension which was chosen as the basis for as-
signing the oculographic data into the categories drowsy and alert
according to perceived drowsiness.

Blink measures and subjective data were analysed by multiple
analyses of variance or repeated measures ANOVAs. To demon-
strate relationships between blink measures and subjective data
correlations were computed. All statistical tests were conducted
with SPSS, the level of significance was set to p=0.05.

Results

The subjective ratings showed characteristic differences
between the morning and evening measurements.
Regarding all participants, the repeated measures
ANOVAs reached statistical significance (p<0.001) in
both subjective scales for the dimensions DROWSINESS
(VAS) and the factor SLEEPINESS (EZ). Because both
subjective scales correlated significantly among eachother
(Spearman’s rho=0.83; p<0.01) for the remaining ana-
lysis the subjective data obtained by VAS were taken as
the basis for computations of the relationship between
subjective data and blink measures. Figure 3 shows the
VAS values of subjective drowsiness categorised into

1The sensor works with invisible chopped infrared light of low
intensity far below the permitted threshold of German regulations
DIN VDE 0837
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quartiles, and the corresponding mean values of blink
duration.

The eye-blink parameters of the 60 healthy partici-
pants showed characteristic differences for the alert and
drowsy conditions. Contrary to expectation, three par-
ticipants felt more drowsy in the morning than in the

evening. The mean values presented in Table 1 reveal
that, for the drowsy compared to the alert condition,
there is a slight decrease of blink frequency and an in-
crease of blink duration, closing time, reopening time
and closed time, as well as an increased proportion of
long closure duration blinks. By means of repeated

Fig. 2 Example of recorded
blink signal (left) and schematic
indication (right) of the
waveform parameters blink
duration, closing time,
reopening time, and closed
time. (a Regression line
computed for the reopening
flank, b regression line
computed for the closing flank,
c perpendicular line dividing
blink duration into closing and
reopening epoch)

Fig. 1 Oculographic signal of
spontaneous eye blinks
recorded by the sensor

Table 1 Mean values of eye
blink parameters recorded
under alert and drowsy
conditions. (s Level of
significance)

Measures Alert Drowsy s

Mean SE Mean SE

Blinkduration
Meanvalue (ms) 202.24 6.07 258.57 6.67 p<0.001
Variance 1474.11 96.48 2248.84 148.07 p<0.001
Skewness 0.989 0.10 0.280 0.10 p<0.001
Kurtosis 3.09 0.45 1.13 0.26 p<0.001

Closingtime (ms) 63.00 1.80 71.06 2.01 p<0.001
Reopeningtime (ms) 138.36 5.53 186.61 6.53 p<0.001
Proportionof long closure duration blinks (%) 9.19 2.53 28.78 2.53 p<0.001
Blinkfrequency (min)1) 16.33 1.64 15.84 1.79 p>0.05

321



measures ANOVAs significant differences between both
conditions were proved for the blink measures as shown
in Table 1.

Significant correlations between subjective estimation
and blink parameters were found for mean values of
blink duration (rho=)0.358, p<0.01), reopening time
(rho=)0.335, p<0.01), and proportion of long closure
duration blinks (rho=)0.369, p<0.01).

We compared the histograms of the eye blink pa-
rameters obtained in the morning to those obtained in
the evening for each individual. This intra-individual
comparison confirmed the results of the group com-
parison and clarified characteristic distribution differ-
ences of the blink measures investigated. As an example,
the individual histograms of blink duration and re-
opening time of the morning (alert) and evening
(drowsy) measurements of one male participant’s blinks
are shown in Fig. 4. While the values in the alert status
in the morning were distributed closely around the
mean, in the evening there was a broader distribution
around a clearly higher mean value. In total, 58 partic-
ipants showed significant differences between the alert
and drowsy conditions with the corresponding increase
of blink-duration mean values. Two remaining partici-
pants indicated that they felt more drowsy in the eve-
ning; however, the change in their blink-duration
parameters indicated the opposite.

Discussion

The blinks of healthy alert participants, recorded with
the infrared sensor presented, occurred with a mean
frequency of 16.3 min)1, a value which agrees with other
published values [e.g., Davson (1990): 6–30 min)1;
Zametkin et al. (1979): 25 (13) min)1]. No significant
differences between the alert and drowsy conditions were
found: the average value of mean frequency was less for
men than for women and tended to decrease in the
drowsy condition. Published data concerning alertness-
associated influences on the spontaneous blink frequency

Fig. 3 Mean values and corresponding standard errors of blink
duration in dependence on the subjective drowsiness (quartiles Q1–
Q4) computed across all measurements of the 60 participants.
(VAS Visual analogue scales)

Fig. 4 Example of individual histograms of blink duration and
reopening time of the morning and evening sessions of one male
participant
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are different. For example, Barbato et al. (2000) found
that spontaneous eye-blink rate significantly increased in
the evening (20:30 hours). Numerous studies demon-
strate an increase of blink frequency as a function
of the time-on-task, as observed during vigilance
tasks (Carpenter 1948), reading (Lukiesh 1947; Mourant
et al. 1981), driving a car (Haider and Rohmert 1976;
Stern et al. 1976) and in aviation (Morris and Miller
1996; Wilson and Lambert 1999), but there are also
contrasting results (Brezinova and Kendell 1977; Gold-
stein et al. 1982). Other investigations showed a rise in
blink frequency after a relative decrease, with the
reduction occurring in the final phase of extreme sleepi-
ness briefly before falling asleep (Caffier et al. 1999; U.S.
Department of Transportation 1999). The different
results are probably caused by multiple factors that are
hard to control, which influence the blink frequency; for
example, environmental factors, burning of eyelids, the
requirement for visual information uptake, and emo-
tional factors. In the present investigation no particular
load influenced the actual state at the point of measure-
ment. Assuming that the blink frequency does not change
in a linear manner with alertness changes (Schandry
1996), one has to consider every potential influence in
detail when detecting drowsiness. The considerable inter-
individual variability of the spontaneous blink frequency
found in this study backs up this view.

Considering the age of the participants, the correla-
tions between age and the different blink parameters
were not significant.

The mean blink duration amounted to about 200 ms
and, like the other waveform parameters, was typical
(Stern et al. 1984, 1996). The blink duration was sig-
nificantly – about 50 ms -– longer during the drowsy
than during the alert condition. That corresponds to an
average extension of about one-quarter of the total pe-
riod. The intra-individual comparison of blink duration
showed that, in more than 90% of the participants, there
were significant differences between both measurements.
Significant correlations were found with the subjective
estimation of DROWSINESS, i.e., as a rule the blink
durations were longer, the more drowsy or sleepier the
participants felt. Published data confirm these significant
effects on blink duration under different conditions
leading to fatigue (Stern et al. 1976; Satake 1995;
Sugiyama et al. 1996). Blink duration has often been
measured at 50% peak amplitude, i.e., the time elapsing
between the eyelid reaching half of its closing amplitude
and returning through the same level during reopening.
This period of time is assumed to be nearly equivalent to
the duration for which the pupil is covered (Kennard
and Glaser 1964). In this study the waveform parameters
were determined at the baseline level describing the blink
activity more generally.

The increased proportion of long closure duration
blinks observed by others (e.g., Stern et al. 1996;
Goldstein et al. 1982) was confirmed in this study. The
proportion was significantly higher (almost 20%), and in
the drowsy condition represented on average more than

one-quarter of all spontaneous blinks. The connection
between the proportion of long closure duration blinks
and blink duration is illustrated in the strong positive
correlation between both parameters (rho=0.958), i.e.,
longer normal closures of blinks shorter than 300 ms
were accompanied by an increased number of unusually
long lasting spontaneous blinks (300–500 ms).

In this study the sub-components of blink duration
were examined separately; namely, closing time, re-
opening time and closed time. There are few comparable
published results concerning these sub-components of
blink duration (e.g., Kennard and Glaser 1964; Kopriva
et al. 1970; Stern et al. 1984). As expected, total blink
duration correlated positively with the three sub-com-
ponents; the correlation with closing time was weakest
(rho=0.310), and that with reopening time the strongest
(rho=0.939). The closing time increased significantly in
the drowsy condition by about 10% of the mean value
when alert. However, the intra-individual comparisons
indicated that the differences were only significant for
approximately half the participants. The comparison
with the subjective measure DROWSINESS resulted in
rather weak correlations. The results demonstrate that
closing time alone is not suitable for the detection of
drowsiness. The reopening time increased significantly
when drowsy, on average by almost one-third of the
reopening time when alert. Intra-individual comparisons
showed that differences were statistically significant for
about 80% of the participants. With the subjective di-
mension of DROWSINESS, the significance of the
correlation coefficients was similar to that of the the
blink duration data. Obviously the reopening time forms
the main part of total blink duration and is the crucial
parameter reflecting drowsiness. The closed time was
also found to correlate with total blink duration, and its
duration was significantly greater during drowsy condi-
tions than during alert conditions. Comparisons of data
from individuals showed these differences were signifi-
cant in 70% of the participants. However, the correla-
tion with the DROWSINESS dimension did not reach
significance. Kennard and Glaser (1964) reported an
increase of the closed time up to 80 ms duration with
progressive fatigue of their participants. Kopriva et al.
(1970) observed after the administration of barbiturates
an increase of the closed time and a delayed beginning of
the period of reopening. These authors suggested that
this delay was a useful diagnostic parameter. In contrast,
the results of this study show that modifications of the
closed time make only a minor contribution to the
drowsiness-induced prolongation of blink duration;
differences of the measurement techniques may explain
this divergence.

This study confirms that drowsiness/sleepiness is
associated with characteristic modifications of the
waveform of spontaneous blinks. The blink duration,
along with its sub-components closing time, reopening
time and closed time, increases significantly, as does
the proportion of long closure duration blinks. The
waveform parameters blink duration and long closure
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duration blinks are regarded as particularly suitable for
predicting the drowsiness accompanying performance
loss (Sirevaag and Stern 2000). These authors proposed
that blink amplitude is a meaningful parameter, but this
was not considered in the present study because of the
peculiarity of its measurement system. In conclusion,
blink duration was found to be the most informative
parameter, and its prolongation when drowsy is based on
the simultaneous increase of closing and closed time, but
essentially on the prolongation of the reopening time.
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Messung der Vigilanz mittels Fahrsimulator vor und nach
nCPAP – Vergleich zweier Simulationsprogramme mit unters-
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