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Microcomputer analyses of performance on a
portable, simple visual RT task during

sustained operations

DAVID F. DINGES and JOHN W. POWELL
The Institute of Pennsylvania Hospital and University of Pennsylvania, Philadelphia, Pennsylvania

There is a need for brief, portable performance measures that are free of practice effects but
that reliably show the impact of sleep loss on performance during sustained work. Reaction time
(RT) tasks hold considerable promise in meeting this need, if the extensive number of responses
they typically yield can be processed in ways that quickly provide the essential analyses. While
testing the utility of a portable visual RT task during a sustained, quasi-continuous work sched
ule of 54 h, we developed a microcomputer software system that inputs, edits, transforms, ana
lyzes, and reduces the data from the RT portable audiotapes, for each lO-min trial on the task.
With relatively minor modifications, the software system can be used on a minimally configured
microcomputer system that supports BASIC. The software is flexible and capable of retrieving
distorted data, and it generates a variety of dependent variables reflecting intratrial optimum
response capacity, lapsing, and response slowing.

Some of the more useful measures of performance dur
ing sustained operations are those known to be sensitive
to sleep loss; in particular, tasks that are portable and brief
and that are without practice effects are most important.
Reaction time tasks have the potential of meeting these
three criteria. Lisper and Kjellberg (1972) demonstrated
that a simple, lO-min auditory reaction time (ART) task
was sensitive to 24-h sleep loss. Based on this study,
Wilkinson and Houghton (1982) developed a portable, 10
min simple visual reaction time (VRT) device and showed
that performance on it was sensitive to as little as one night
without sleep (Glenville, Broughton, Wing, & Wilkinson,
1978).

Application of this portable VRT task to an experimental
protocol involving quasi-continuous performance demands
for sustained periods beyond 24 h has been underway in
our laboratory. We are interested in determining whether
aspects of VRT performance can serve as sensitive in
dices of sleep tendency and overall performance capac
ity during sustained operations. Accordingly, we sought
to have VRT task performance yield in each trial depen
dent variables that reflected the extent of lapsing
(Williams, Lubin, & Goodnow, 1959), optimum response
slowing (Dinges, Orne, & Orne, 1983), and habituation
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(Kjellberg, 1977). For practicality we sought to generate
these performance parameters by computer analyses of
the analog VRT data.

To achieve these goals, we developed programs that
allow for real time, off-line, electronic input of the VRT
data, and for execution of a series of analyses designed
to yield the most extensive intratrial evaluation of task
performance. The programs are modularly arranged and
can be used on a minimally-configured microcomputer.
This flexible system allows for analysis of either trans
formed or untransformed data, automatic and manual edit
ing of data, and retrieval of data distorted by low battery
voltage in the VRT device. The purpose of this paper is
to describe the functional characteristics of these data
handling and analysis programs.

METHOD

Wilkinson Simple VRT Device
The simple VRT test apparatus (Type RT3) was pur

chased commercially from K. E. Developments, Ltd.,
Cambridge, England, who also provided instructions and
a circuit diagram. The device is a modified audiocassette
recorder in which data tapes store both the RTs as inau
dible I-kHz tone bursts and the oral annotation of the trial.
Both the length of the tone burst and, more importantly,
the number of I-kHz voltage peaks within the tone are
measures of the RT in milliseconds. The stimulus is the
onset of a 4-digit millisecond clock, visually displayed
(3-mm LED) in a window near a built-in response
microswitch. Pressing the microswitch stops the tone burst
on the audiotape and the digital clock display at the RT,
permitting the subject 1.5 sec to read the value. The in
terstimulus interval on the task varies randomly from I
to 10 sec. The apparatus is battery powered by 6 V.
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More extensive information on using the device and a
FORTRAN computer program for analyzing responses
were obtained from Wilkinson (see Wilkinson & Hough
ton, 1982). The programs reported here were developed
to yield analyses other than those provided by the FOR
TRAN program. In addition, we sought a set of programs
written in BASIC, which is currently supported by most
microcomputers.

Computer Hardware Required
The programs were written on a BBC Acorn microcom

puter. I To run the programs, the minimal hardware con
figuration includes 32K RAM, a dual disk drive, a black
and-white monitor, a printer, a parallel port, and access
to two I-MHz internal counter/timer registers. This lat
ter item requires that the computer have the 6522 Versatile
Interface Adaptor (VIA) chip, or some equivalent chip
(e.g., Z80 Counter-Timer chip) that can be controlled
through an assembly language subroutine.

Program Modules
Figure I displays the functional characteristics of the

program modules.
Data transcription. To read the data from cassette tape

into the computer, an audiocassette recorder output is con
nected to the computer parallel port" data available flag' ,
line which is line CBl for the 6522 chip. This input re
quires TTL square pulses rather than a sinusoidal audio
waveform (the standard output from a cassette recorder).
The square pulse can be achieved by outputting from the
earphone jack of the K. E. VRT cassette device, or from
any good quality cassette recorder, with the addition of
a simple pulse-squarer circuit (e.g., TTL Schmitt Trig
ger) between the recorder output and the computer. The
recorder should have a variable electronic motor speed
control, which is a common feature.

An assembly language subroutine that controls the
6522 VIA parallel port chip assumes that the input pulse
has a l-msec period and measures RT by counting the
pulses until a gap of 3 msec is detected, whereupon the
program returns to BASIC with the accumulated count
in two bytes of storage. A second assembly language
subroutine is used with data that has been frequency
distorted due to low battery voltage in the portable device
during data collection." This subroutine measures the du-

ration of the tone envelope rather than the number of dis
crete pulses comprising the tone."

The BASIC program repeatedly calls the selected
subroutine for RTs until three RTs ofless than 100 msec
are encountered, whereupon the program for data input
is automatically terminated. Occasional RTs of 100 msec
or less exceed the human performance limit, but may oc
cur as a result of a premature (false start) response coin
ciding with stimulus onset. The program displays RTs of
100 msec or less, but does not store them as part of the
data trial. Three consecutive RT values equal to or be
low 100 msec virtually always signal the playback of
speech annotation audio (preceding the next trial)." By
timing the duration of a trial in this manner, rather than
by simply accumulating 10 min, varying trial lengths can
be accommodated.

Although the data transcription programs do not use cu
mulative time in trial to execute trial termination, cumula
tive time for each response is collected (using the TIME
function in BASIC) for the purpose of minute-by-minute
analyses (see below). In addition, the programs flag the
first and last RTs in a trial by storing them as negative
values. The negative value serves to inform the ex
perimenter and the subsequent analysis programs that
these RTs will not be included. The reason for excluding
the first and last RTs in a trial is that these values are often
contaminated by handling the portable RT device at the
beginning and end of the trial.

Data editing. Use of the programs on data collected
during sustained operations revealed that the automatic
negative flags set for certain VRTs did not provide all
of the data editing needed. Occasionally manual editing
is required (e.g., when the audio tape runs out before a
trial is ended; when a trial length exceeds the arbitrary
trial length limit; or when the second VRT in a trial is
delayed by machine handling). For these reasons, the sys
tem permits the user to manually edit data following tran
scription. Data can be added to or subtracted from a trial
file, or the data for an entire trial can be keyed into the
computer, assuming the data are available in another reli
able form.

Data transformation. Once editing is complete, the
operator has the option of continuing analyses of the raw
data or of data that are reciprocally (one/RT) transformed.
The reciprocal transformation option is included at this
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Figure 1. Functional sequence in which program modules process visual reaction time performance data obtained from a portable VRT
device.
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point to deal with the problem of proportionality between
the square of the mean and the standard deviation of RT
data in a trial (see Kirk, 1968, pp. 63-67). (Other trans
formations can be substituted with only a very minor
modification ofthe program.) Following this, data from
the VRT trial (e.g., lO-min trial) are rank-ordered from
smallest to largest value within the trial. The user has the
option of printing the rank-ordered data at this time. An
option is being added that permits saving these rank
ordered data for other special analyses, such as nonpara
metric statistics.

Data analyses. Following transformation, the data in
a trial file are subjected to a number of analyses. The
grand trial mean, variance, and standard deviation are cal
culated. The same variables for the upper 10% and lower
10% VRTs in the trial are generated, to yield data on the
increase in lapses as well as on changes in the optimum
response capability within the trial. The system then
generates the mean, variance, standard deviation, and
number of responses for each consecutive minute in the
trial by using the cumulative time data obtained at tran
scription. This minute-by-minute analysis yields data rele
vant to the rate of response slowing or habituation within
each trial. The results of these analyses are then saved
as a new trial data file, which can also be printed.

Data reduction. At this stage, the user may combine
the data trials for a given subject into one summary data
file, along with additional information, such as the num
ber of false starts in each trial and the time of day each
trial occurred for that subject. For example, if a subject
performed 17 lO-min VRT trials during a period of 54 h
of sustained wakefulness with quasi-continuous work de
mands, then the final trial data file for that subject would
contain the summary results for all 17 trials.

After combining results across trials (within a subject)
into one file, the user then has the option of combining
data across subjects into a group file. Executing this op
tion results in the mean, variance, and standard devia
tion being calculated across subjects, using each subject's
mean value, for the grand mean of a trial, the mean for
the upper and lower 10% of responses in a trial, and the
mean for each consecutive minute in the trial. The final
file summarizes average performance on each variable for
each trial for a group of subjects. It is, of course, crucial
that the user specify the appropriate trial file numbers for
group combination. This requires that all of the subjects
being averaged into a group have the same number of
trials, and that these trials occurred at approximately the
same time of day or same circadian phase. Deviations
from this requirement are handled by appropriate label
ing of trial files for individual subjects before this stage
of data processing.

DISCUSSION

The impact of involuntary sleep onsets on performance
during sustained operations is one of the key issues sur
rounding the use of work schedules that extend beyond

the 24-h day. Much research has focused on the assess
ment of sleep tendency during sustained operations
through the development of tasks that are sensitive to in
voluntary microsleeps. The most sensitive of these tasks,
however, are not necessarily the most practical to use in
actual field situations. Rather, simple portable RT devices,
such as those devised by Wilkinson and Houghton (1982),
hold considerable promise for providing an index of sleep
tendency, if the data are analyzed to yield the maximum
information. Automation of appropriate analyses further
enhances the practicality of these devices.

The analyses and programs reported here were de
veloped to use with a simple VRT device during a sus
tained work schedule. The device and the microcomputer
analysis system were extensively tested in an experimen
tal protocol involving quasi-continuous work for 54 h. An
option was included that allows for the recovery of data
distorted by low battery voltages in the VRT device, a
problem often encountered when portable devices are
used.

The data analyses contained in the programs involve
traditional measures of both response lapsing (i.e., slowest
10% ofVRTs in a trial) and response slowing (i.e., fastest
10%). Beyond this, however, the programs offer data
suitable for nonparametric statistical analyses, and more
importantly, they yield a measure of response change or
habituation (cf. Kjellberg, 1977) within each trial (i.e.,
minute-by-minute analyses). We have recently extended
analyses in this latter regard by developing programs that
fit least squares linear regression lines to the response
change data within a trial.

The results of the various analyses generated by this
system are now being compared within and between
40 subjects who were repeatedly tested during 54 h of
quasi-continuous work under conditions of sustained
wakefulness. In addition, the VRT data will be compared
to changes in self-reported mood, in body temperature,
and in other performance tasks recorded during the period.
The results from these comparisons should indicate the
extent to which the VRT task variables incorporated in
the programs yield a sensitive, valid, and reliable mea
sure of sleep tendency during sustained operations. The
ultimate goal of this approach is to develop a performance
measure of sleep tendency that can be used for predict
ing the ability of persons to function effectively at differ
ent times of the day throughout a sustained work period.
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NOTES

I. The BBC Acorn computer was used because it had the most power
ful BASIC and the most flexible 110 access of the microcomputers avail
able in our laboratory. The progamming was done by J. W. Powell.
More specific information about the analyses and copies of the programs
are available by writing to the authors.

2. This distortion is clearly audible to the user during playback of
the tape and indicates the need to call in the alternative measurement
subroutine. The K. E. Developments, Ltd. VRT device is powered by
four 1.5-V C-size alkaline batteries. The device we received had no bat
tery voltage indicator. Although the accompanying instructions state that
batteries should be changed when the 4-digit display disappears, we ob
served that, when the supply voltage drops below 4.4 V, the display
is still clear, but the crystal-controlled I-kHz RT clock generator be
gins to slow. Thus, the frequency of the VRT tone slows, resulting in
an underestimation(by frequency count) of the RT times. The VRT clock
(tone) continues to oscillate more slowly, down to 3.3 V, whereupon
the display disappears. In repeated data collection, frequency distor
tions of up to 30 % were noted. The cassette device's tape transport
mechanism, on the other hand, remained quite stable throughout these

voltage drops, and slowed only marginally below 3.4 V. This meant
that frequency-distorted RT data was still available on the tapes in the
form of overall duration of the tone envelope. Hence the alternate subrou
tine for duration measurement was developed. The duration measure
has remarkably little distortion due to motor speed variations during
recording and playback. This was validated by comparing the duration
and frequency VRT measures when the cassette voltage was above 4.5 V.
In such cases, the millisecond agreement was very high; for example,
of 146 consecutive VRT times, the two measures never disagreed by
more than 2 rnsec, and were identical or within 1 msec 98.6% of the
time. Although the frequency measure is preferable when battery vol
tage is high, the duration measure serves to salvage distorted data. One
final caveat should be mentioned. If a recorder other than the K. E.
VRT device is used to read the data into the computer, and the duration
subroutine is required, it is essential that the tape transport speed of
this second recorder be adjusted to match that of the VRT device to
insure accurate duration measurements.

3. This measurement is accomplished by using one of the ViA timer
registers as an accurate l-msec clock. The routine continues to count
this internal reference clock while external pulses are being received,
regardless of the momentary period of the pulses. Again, a 3-msec gap
between pulses signals the end of the pulse train, and the routine returns
to BASIC.

4. While coincident false starts are recorded on the audiotape as ex
trernly short RTs, false starts that do not coincide with stimulus onsets
do not get recorded on the tape at all. Although false starts are rela
tively rare in a lO-min trial on the task, they do occur. The only way
that an accurate count of the number of false starts can be obtained is
by requiring the subject to say "false start" aloud when one occurs.
The subject knows this has happened because the stimulus display shows
a zero value. To gather both false start data and the number of times
subjects made reading errors from the display, we routinely have them
state all response times aloud during performance trials.


